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Abstract. In this paper Spiral Bevel Gear is design for the transmission of a real-gear 

vehicle drive. 3D Model has been done in PTC Creo software with number of teeth 11 and 

54 and Normal module is 5 with Uniform Depth Klingelnberg System. Finite Element 

Analysis has been done in Ansys Workbench 14.0 of the drive with a certain load of 

200Nm. Transmission Error and Contact Pattern obtained in KISSsoft Software at different 

material with applied standard torque 658.6Nm and Speed 1450RPM of Pinion with 

Klingelnberg System. The obtained results it indicates (stress, strain and transmission error 

and contact pattern) are compared with different material like (Steel, Cast Iron, Bronze and 

Dry Powered Metal) of Gear Pair. The material of SINT D39, Dry Powdered Metal is most 

suitable for the low level of noise during meshing. 

Keywords: Tooth contact Analysis, Spiral bevel gear, Transmission error, Klingelnberg, 

Simulation 

 

1. INTRODUCTION 

Since it saves money before going through the manufacturing process, modelling is essential 

in industry. To verify that the model satisfies the design criteria, designers might simulate and 

compute, but Modeling is a delicate procedure because the model must be approximated to 

real-life running conditions while still delivering rapid and trustworthy results. When each 

tooth comes into touch with another, vibrations might occur. This relates to the design, 

production, and complexity of the generated gear. A designer must consider several factors 

when designing transmission or driveline gears. The most important are transmission error, 

bending stress, and surface stress. A tool called tooth contact analysis can calculate this 

outcome. In order to conduct theoretical assessments of contact characteristics and running 

quality, TCA (tooth contact analysis) was originally utilised in the early 1960s. Compared to 

finite element analysis, several technologies can now quickly complete this analysis and 

provide suitable findings. Experimentation can be done by trial and error, However, it is 

costly, time-consuming, and in some cases deadly. This enables the use of various gear 

calculation tools for virtual gear modelling and tooth contact investigation. Gear modeling 

utilizing various software will be covered in this study. The software's output will be 

displayed, and the results will be discussed and compared. Three different software will be 

used to model the investigated gear pair. PTC Creo is a solid modeling software, KISSsoft for 

tooth contact analysis comes next, Finally, there's ANSYS, which is a finite element software. 

The analysis will take into account three conditions. The first provides fundamental geometry 

with primary micro geometry modifications, the second is the misalignment and the third 

model incorporates the last micro geometry adjustment to compensate for misalignment 

 

2. FIELD OF RESEARCH   

When using tooth contact analysis to measure transmission noise and vibration, transmission 

error is a key topic. Theoretically, uniform angular motion should be transmitted by a pair of 
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meshing gears with perfectly involute tooth profiles. However, most gear systems are unable 

to convey a same angular motion. The discrepancy between the theoretical and actual angular 

velocity constitutes the transmission error of the pair in the mesh. It is regarded as the second-

largest source of noise, after the result of tooth interaction, the angular speed fluctuation does 

not cause this. The vibrational bearing reactions caused by torsional acceleration excite the 

gearbox case, the noise is then propagated through the casing wall's pulsation. 

Transmission error, according to Wright, can be defined as 

TE= θ2- θ1(Z1/Z2) 

θ1= Pinion Rotation angle. 

θ2= Gear Rotation angle. 

Z1= Pinion of number of teeth. 

Z2= Gear of number of teeth. 

 
Figure 1.  Transmission error definition 

The units of measurement for transmission error include arcsec and μrad. The linear 

displacement can be translated to either μm or μin at the base radius or pitch radius. 

Tharmakulasingam (2010) describes many types of transmission errors, including 

manufacturing transmission error, static transmission error, kinematic transmission error, and 

dynamic transmission error.This study is only concerned with a static transmission fault. 

Static transmission error (STE) is measured at low speeds to counteract the system's dynamic 

effect. This function of gear geometry is affected by mesh stiffness, manufacturing flaws, 

load, and mesh alignment, among other factors. In order to promote beneficial contact and 

lower transmission error, Kissling (2008) defines microgeometry modification in gears as the 

deliberate removal of material from the tooth profile and flank line. A poor macro geometry 

decision can never be made up for by an appropriate micro geometry adjustment at this point 

of gear construction. A single design, however, cannot be produced that satisfies every 

criteria, including those for loudness, scuffing, micro pitting, and service life. This kind of 

adjustment is done to take into account shaft misalignment brought on by the assembly as 

well as manufacturing tolerances. The profile, lead, and bias are three different alterations that 

can be present in the design. The first two types will be described here because they were 

used in the study, according to Zhao et al. (2018). The material is removed from the tip and 

root of the teeth in order to reduce excessive pressures in those areas. Relief may be linear or 

parabolic. It is essential to decide where the relief should start. The term "tip or root relief 

start diameter" refers to this dimension. Alternative terminology for profile crowning change 

is barrelling. 
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Figure 2. Linear tip and root relief 

The material at the beginning and end of the active profile (Start at Profile) can be gradually 

removed (End at Profile). No material is removed from (Start at Profile) for the purpose of 

adjusting the slope of the profile, but the required amount is removed at the (End at Profile). 

Advantage is it useful as a safety against overly close contact at the tooth's tip. 

 
Figure 3. Profile crowning and profile slope modification 

Material remove at both (tiff and root) of tooth in Profile crowning. Material remove at one 

end (tiff or root) of tooth in profile slope modification. 

A lead modification is used to change the gear's axial direction. The surface of the tooth 

becomes considerably convex once the lead crown is applied.  

Advantage is it serves as a safeguard against overly close contact at the tooth's tip. The lead 

slope is employed to remove a certain material from the face width's end while leaving the 

face width's beginning unaltered. 

 
Figure 4.  Lead crowning and Lead slope modification 

Material remove at both end of face tooth in Lead crowning. Material remove at one end of 

face tooth in Lead slope modification. 

Advantages are like micro geometry modifications are widely used by designers to remove 

corner contact, reduce transmission error, and improve gear tooth contact patterns. 
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3. PROBLEM IDENTIFICATION 

The major goal of the research is to use appropriate optimization techniques to optimize the 

design of a differential gearbox while considering multiple objective functions and related 

restrictions.. 

The differential gearbox multi-objective design optimization presents numerous obstacles.  

They are;  

1. Using the proper optimization approach, locate the Pareto fronts. 

2. The goal is to identify the global optimum value that provides the best solution to the 

problem. 

The challenges of differential gearbox manufacturing optimization 

3. Less weight of gears and hence cost saving. 

4. Less volume and hence less space requirement. 

5. High efficiency of transmission and hence better performance. 

6. Reliable operation during service life. 

7. Minimum peak–to–peak transmission error. 

These difficulties are crucial in determining the differential gearbox's performance. The 

design of the gearbox must be optimized in the presence of numerous conflicting objectives 

that are exposed to several constraints in order to improve power transfer. The goal of the 

research presented here is to overcome the difficulties of multi-objective design optimization 

of a differential gearbox, which must be executed to meet certain requirements. Using a 

reliable model, it is desirable to identify the suitable simulation. 

 

Problem Statement and Methodology 

 
Figure 5.  The Analysis Flow Chart 

Based on the calculation of misalignments and the LTCA model. The approach for predicting 

mesh behaviours for face-hobbed Spiral Bevel gear while accounting for misalignments 

caused by system deformation is as follows. Initially, a manufacturing-based mathematic 

model of a face-hobbed spiral gear is established. 

The misalignment calculation model is built around the entire back axle. The FEA model is 

then built using the result of the preceding sub-model. The mesh behaviour analysis can be 

performed using the LTCA model (different material). 

The objectives for the proposed research work are as  

1. To create the solid model of the Klingelnberg System's spiral bevel gear pair in PTC 

Creo. 

2. To find out the Transmission error at under applying load Conditions in KISSsoft. 

3. To obtained the Maximum Line Load in Dynamic Conditions. 

4. To optimized the Material of gear pair for low noise Conditions. 
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5. To Computed the Stress, Strain and Displacement in Ansys Workbench. 

Table1. Geometric data of the available model case. (Uniform Depth Klingelnberg System) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.  3D Model of Spiral Bevel Gear (PTC Creo) 

In the figure, the pinion has 11 teeth, the gear has 54 teeth, and there are 5 modules. Pressure 

angle is 20°, Spiral Angle is 35°, The tooth height is essentially constant and the tooth curve 

in the Klingelnberg System is involute. 

Profile Modification 

 

Figure 7. Gear of Profile crowning 15µm (KISSsoft) 

  Pinion (A) Gear (B) 

Number of teeth  Z 11 54 

Normal module m 5 

Shaft angle  ∑ 90° 

Mean Spiral Angle βm 30° 

Pressure Angle  20° 

Hand of Spiral  LH RH 

Facewidth  (mm) b 50 

Outer pitch diameter (mm) da 73.489 360.763 

Addendum(mm) ha 7 3 

Dedendum (mm) df 4.25 8.25 
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In the diagram, there are 54 gear teeth, 5 gear modules, 15 µm of profile crowning gear, and 

30 µm of crowning gear. The gear's outside pitch diameter is 360.763mm. 

 

Figure 8. Pinion of Profile crowning 15µm (KISSsoft) 

The pinion in the figure has 11 teeth, a module of 5 teeth, and a profile-crowning pinion of 15 

µm. The pinion's outside pitch diameter is 73.489mm. 
Table 2: List of Material 

S.N. Material Type Material  Power, Torque 

1 Steel 18CrNiMo7-6 , Case Carburized Steel Torque at Pinion, T1=658.6Nm 

Speed, N1=1450RPM  

and 

 Power at 100Kw 

2 Cast Iron flake Graphite EN-GJL-200(GG 20) 

3 Bronze  ASTM B-148 Alloy954, Bronze Alloy 

4 Dry Powdered Metal SINT D39, Dry Powdered Metal, unalloyed 

 

4.  RESULTS AND DISCUSSIONS 

Finite Element Analysis in Ansys Workbench 14.0  

 

Figure 9.  Mesh Model (Ansys Workbench 14.0) 

Meshing the 3D model of Spiral Bevel Gear, Number of Element=& Number of Nodes 

=17516. Select, 9546 Material structural steel: 

 E =200000 Mpa 

 Poison ratio = 0.3 

 Density= 7860 kg/cu. m  

 Tensile Ultimate Strength= 460 Mpa 
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Figure 10. Equivalent (von-mises) Stress (Ansys Workbench 14.0) 

After the applying the torque 200Nm, Max value of Stress is167Mpa is obtained. The 

maximum stress is applied to the contact region of both gear. 

 

Figure 11.  Total deformation (Ansys Workbench 14.0) 

The maximum value of deformation is 0.026mm shown in the figure by red colour. The total 

deformation is the other side of the teeth because of the constraints. 

 

Figure 12.  Equivalent Elastic Strain (Ansys Workbench 14.0) 

The Max value of Equivalent Elastic Strain is 0.001 shown by red colour and Minimum Value 

is shown by blue colour. 

Tooth Contact Analysis in KISSsoft Software 

Applied Standard Torque at 658.6Nm, Speed 1450RPM and Power at 100Kw (Uniform 

Depth Klingelnberg System) 
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Figure 13. Simulation (KISSsoft) contact patterns in different materials 

The figure has shown that the contact pattern on the flank of the gear at different materials. 

The Maximum Line Load is 986.98N/mm on the material of 18CrNiMo7-6, Case Carburized 

Steel. 

Transmission Error using FEA (KISSsoft) 

TE= θ2- θ1(Z1/Z2) in Degree 

θ1= Pinion rotation angle, in degrees 

θ2= Gear rotation angle, in degrees 

Z1 denotes the number of teeth in a pinion. 

Z2 denotes the number of teeth in the gear. 

Angle through which the gear turns=Length of an arc of contact x 360°/Circumference of gear 

The angle through which the Gear turn=Length of Path of contact x 360°/ (3.14x Pitch circle 

diameter of Gear x cos20) 

Length of Path of Contact (µm)=Angle through which the Gear turn x (3.14x Pitch circle 

diameter of Gear x cos20)/360 

T.E. (µm)= T.E.(degree) x (3.14x Pitch circle diameter of Gear x cos20)/360 

Peak to peak transmission error = Maximum T.E. – Minimum T.E. 

The graph chart between transmission error and pinion rotational angle for various materials 

is shown in the figure. comparisons of simulation-based transmission faults at various pinion 

rotation angles. The simulated transmission error curve created using KISSsoft software is 

shown in the figure. 

Figure 14a to 14d produces the peak to peak transmission error for different materials, i.e., 

steel, cast iron, bronze, and dry powdered metal. These graphs conclude that dry powdered 

metal, unalloyed, peak to peak transmission error comes at about 1.3562. 18CrNiMo7-6, Case 

Carburized Steel produced a maximum line load of 986.98N/mm. 
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Figure 14. Simulation (KISSsoft) Transmission Error in different materials 

 

5.  CONCLUSION 

3D Model of Spiral Bevel Gear has been done with PTC Creo software. Tooth contact 

analysis has been done with KISSsoft Software at torque at 658.6Nm, speed of 1450RPM, 

and power at 100Kw. After comparison of results and final conclusion with the material of 

SINT D39, Dry Powdered Metal is most suitable for the low level of noise during meshing. 

The Maximum Line Load is 986.98N/mm on the material of 18CrNiMo7-6, Case Carburized 

Steel. Finite Element Analysis has been done in Ansys Workbench 14.0 on spiral bevel gear 

the drive with a certain load of 200Nm with conclusion of maximum stress 167Mpa, 

displacement 0.026mm and strain is 0.001. 
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Abstract: Non-inflated tires have wide application prospects due to theiradvantages of no 

run-flat, no need of air pressure maintenance, and low rollingresistance. In this project, the 

static and dynamic behaviours of NITs with differenthoneycomb spokes, Plate spokes 

andtriangular spokes were investigated. Based on the static behaviour of three types ofNITs 

with the same cell wall thickness of honeycomb or the same reference loadcarrying capacity, 

it is shown that the maximum stresses in spokes and tread of a NITare much lower than that 

of traditional pneumatic tires, but its load carrying capacity ishigher than the latter. 

The design of three NIT’s is designed in Catia V5 and analysis was done in ansys workbench 

2019 R3. In comparison with the dynamic behaviour of three types of NITsdesigned with the 

same load carrying capacity, it is found that the stress level in spokes and tread under dynamic 

loading are higher than that under static loading. Therolling resistance of NITs with the 

smallest cell expanding angle is lowest, which is due to the lowest mass and smallest 

deformation of honeycomb spokes. Taking all these factors into account, it is suggested that 

an optimal NIT in applications is onewith a small cell expanding angle and wall thickness. 

Keywords non-pneumatic tire; honeycomb spokes; contact pressure; rollingresistance 

 

1. INTRODUCTION 

Since non-Inflated tires (NITs) were proposed, they have received increasing attention owing to their 

remarkable advantages such as no run-flat, no need of airpressure maintenance, and low rolling 

resistance, compared with traditional pneumatic tires . A typical NIT usually consists of a hub, a 

number of flexible spokes, ashear ring and a tread. Normally, tread is made of synthetic rubber, and 

shear ring is acomposite structure composed of a shear band with two circumferentialreinforcements 

(i.e., inner and outer rings). Flexible spokes are the most uniquecomponents in NITs and they are 

based on polyurethane materials. Uniform andflexible spokes that are designed to connect the 

composite shear ring and hub of NITsare mainly deformed by compression, tension, bending or 

buckling during rolling.Honeycombs possess high stiffness and strength in out-of-plane directions, and 

relatively lower mechanical resistance and higher resilience in in-plane directions. Therefore, the in-

plane configuration of honeycombs is usually utilized in NITs. In addition, the cell structures of 

honeycombs are tenable to optimize in-plane properties, e.g. by changing the cell angle, wall 

thickness, and length to produce tailored stiffness and strength. 

Recently, an attempt has been made to use honeycomb spokes in constructing NIT sin trucks. There 

are also research works conducted to guide the structural designand optimization of NITs. For 

instancedeveloped finite element modelsof NITs with honeycomb structures as a shear band and 

investigated one-Dimensional contact pressure of tires. It was found that the auxetic hexagonal 

honeycomb shear band designed with a higher negative cell angle provided a lower contact 

pressurealong the contact patch associated with in-plane shear flexible structures. Studied the static 

contact pressure of NITs with hexagonal-cell honeycomb spokes as a function of vertical  loads. They 

discovered that the contact pressure of NITs waslower than that of traditional pneumatic tires due to a 

high lateral spoke stiffness ofNITs. Here, it is worth noting that the load carrying capacity, defined as 

thedisplacement of a hub center under a vertical concentrated force, is one of the mostimportant 

indicators of NITs. Compared two types of NITs with conventional and auxetic hexagonal 

honeycombs, and showed that, under the sameload carrying capability, conventional hexagonal 
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honeycombs with a highly positivecell angle had low local stresses and mass. 

 
Fig 1: non inflated tyres 

In order to reduce the rolling resistance of a NIT, as hear band made of a porous and fiber-reinforced 

elastomeric was proposed, and numerical simulations were conducted to demonstrate the reduced 

energy loss by using hyper elastic and visco elastic material models. The influence of geometric and 

material parameters on overall performance of NITs has been also analyzed. To the best of our 

knowledge, however, there are few works about the dynamic behaviours of NITs with honeycomb 

spokes, especially on their rolling resistance. 

A tire is most important part of any vehicle. Tire is a rubber member which provides cushioning effect 

as well as provides clearance to vehicle. The rubber member is mounted on wheel rim. In tube tire, 

tube is present inside the tire while in tubeless tire there is no tube. A tire is a ring shaped component 

that was mounted on a wheel's rim to transfer the vehicle’s load from the axle. 

Tire which is used in automobile, bicycle, motorcycle is pneumatically inflated structures which 

provide a good rolling, cushioning effect. Such tire is using numbers of year and they are developing. 

Some companies are trying to develop tire which are airless that means they are non pneumatic. 

Michelin and Bridgestone are the tire which are firstly design, they are non pneumatic. So begins an 

article discussing the development of air less tires, something that has become more prevalent in the 

past few years. Honeycomb tire are also a typr of non pneumatic tire 

In this type of tire there is a special air retaining bead arrangement. These tires are directly mounted on 

the rim. In this tire the air is filled with the help of non returning valve which provide restriction to air 

to do not leave it from tube. The valve is mounted on rim. The bead is the air tight part which fit on 

the circumference of the wheel rim. It consists of bead cores made of number of strand of steel wire. 

Carcass is the main structural element that takes the load and consist of rubber bounded cords and 

beads 

A tire is a product of complex engineered composites. It consists mainly of a reinforced rubber toroid 

mounted on a metallic rim. Their trapped inside creates an inflation pressure that is responsible for 

carrying the load, transmitting forces, absorbing shock, providing grip and resisting wear. In a tire, 

there are multitudes of components and rubber formulations. For reinforcement, tires also have several 

types of fabric and several kinds and sizes of steel. Some of the steel are twisted or braided into strong 

cables. On the external shell, the tread provides the required friction with the road surface and gives 

better traction. The purpose of the patterns on the tread is to facilitate the evacuation of water and 

optimize the wear rate. Compared to a rigid wheel, the conventional air-filled tire has Numerous 

advantages are   good radial elasticity, better grip with the road, and a low mass. 

 

2. LITERATURE REVIEW 

Mohammad Fazelpour et al, [1] stayed considered about the evolution of meso-structures in the 

development of the shear band of non-pneumatic tyre and he concluded as follows below. To increase 

fuel efficiency in NASA manned exploration system. They replaced elastomeric material with shear of 

shear band with materials which can tolerate harsh temperatures and shear loads or to replace the 

materials with linear elastic low-hysteretic loss materials. Topologies were created such as 

honeycombs; new shapes like s-type meso-structures and the structural analysis were carried out of 

shear band of non-pneumatic tyre with meso-structure was investigated through shear flexure, shear 

strain, and contact pressure. At the end of research, they set up guidelines on custom-designing meso-

structures for challenging applications such as non-pneumatic tyre and passive morphing airfoils 
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which will be addressed in future research. 

A.M. Abdul-Yazid et al, [2] examined three dissimilar structures of the Tweel, resistant technologies, 

and NIT by seeking yielding spoke structures. He conducted the quasi-static, 2D analysis on contact 

pressure, vertical tire stiffness and stress which are affected by spoke structures and shear band by 

creating two NITs, a tire with a composite ring and another without composite ring. The results 

showed that shape and size of spokes has effect on tire behavior and the shear layer reduces the impact 

of the deformed spokes shape in contact pressure distribution. 

Bert Bras et al, [3] discussed about the ecological effect of the Tweel tyre amid its lifecycle from 

assembling, through use and transfer. Since the Tweel tyre is as of now still in the examination stage 

and is most certainly not made and utilized on a vast scale, there are instabilities as for end-of-life 

situations and rolling resistance evaluates that will influence the LCA. 

The pneumatic tire may have several disadvantages; catastrophic damage by flat while driving, 

requirement of maintenance of air pressure, and complicated manufacturing processes [1]. 

The non-uniform contact pressure distribution is also one of the disadvantages of pneumatic tire. The 

high contact stress peaks at the contact edges in the lateral direction due to the interaction of air 

pressure on the road surface causes a high contact pressure difference between the shoulder and the 

crown [2-5]. 

Traction, tire/pavement interaction noise, ride over road irregularities, passengers’ comfort, vehicle 

handling and wear are worst affected by high contact pressure difference between the shoulder and the 

crown [1]. 

Therefore contact pressure distribution is an important issue on the tire design. Recently several tire 

engineers have attempted to develop non-pneumatic tires (NIT) by building polygon typed lattice 

spokes to replace air of the pneumatic tire [6-9]. 

Non pneumatic tire has several advantages; low rolling energy loss with a use of low visco elastic 

energy loss materials, low mass, and low contact pressure [9]. Considering the NIT structure, the 

spokes undergo the tension-compression cyclic loading while the tire rolls [10, 11]. 

Therefore, minimizing the local stress in the spokes is important for fatigue resistant design. 

In this paper, we suggest lattice spokes of non-pneumatic tire which has honeycomb geometries. The 

honeycomb with two-dimensional cross section has a high out-of-plane stiffness [12, 13]. 

The in-plane properties of honeycomb with two-dimensional cross section are two to three orders of 

magnitude weaker than those of the out-of-plane loading [12]. Therefore, spokes of NITs which made 

of honeycomb with two-dimensional cross section have high lateral stiffness. In this paper, we suggest 

tree-dimensional hexagonal cellular spokes of NITs which has an out-of-plane stiffness under targeted 

load and a lower mass. 

In this study, the NITs with two-dimensional hexagonal cellular spokes and tree-dimensional 

hexagonal cellular spokes are designed to have a load carrying capacity and their contact pressures are 

analyzed as a function of vertical loading. Dueto the computational complexity of the hyperelastic 

material and large deformation induced geometric nonlinearity, a commercial FE code, ABAQUS, is 

used for numerical computation of contact pressure of NITs. This study investigates a contact pressure 

of NIT through comparison of FEA result between pneumatic and non-pneumatic tires with two-

dimensional lattice spokes and tree-dimensional lattice spokes. 

 

3. METHODOLOGY 

Non inflated tires or flat-free tires are tires that are not supported by air pressure. They are used on 

some small vehicles such as riding lawn mowers and motorized golf carts. They are also used on 

heavy equipment such as backhoes, which are required to operate on sites such as building demolition, 

where risk of tire punctures is high. Tires composed of closed-cell polyurethane foam are also made 

for bicycles and wheelchairs. They are also commonly found on wheelbarrows which may be used for 

yard work or construction. 

3.1 ADVANTAGES & DISADVANTAGES 

https://en.wikipedia.org/wiki/Tire
https://en.wikipedia.org/wiki/Air_pressure
https://en.wikipedia.org/wiki/Lawn_mower#Riding_(ride-on)_mowers
https://en.wikipedia.org/wiki/Golf_cart
https://en.wikipedia.org/wiki/Backhoe
https://en.wikipedia.org/wiki/Bicycle
https://en.wikipedia.org/wiki/Wheelchair
https://en.wikipedia.org/wiki/Wheelbarrow
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The main advantage of airless tires is that they do not go flat. Other advantages are that airless tires 

need to be replaced less frequently, resulting in savings. Heavy equipment outfitted with airless tires 

will be able to carry more weight and engage in more rugged activities. 

Airless tires generally have higher rolling resistance and provide somewhat less suspension than 

similarly shaped and sized pneumatic tires. 

 
Fig2: Non inflated tires 

3.2 BENEFITS OF AIRLESS TIRES FOR CARS  

3.2.1 NO FLAT TIRES – EVER 

With airless tires, you never have to worry about your tires leaking because--you knew this was 

coming--non-pneumatic tires have no air to leak. For most drivers, this feature will sound nothing 

short of revolutionary. When you run over a sharp object in the road, you won’t have to worry about a 

flat tire because tires without air can’t go flat. An end to the days of changing a tire on the highway 

shoulder would be welcome to drivers everywhere. 

3.2.2 YOU WON’T NEED A SPARE TIRE 

Since you won’t be changing or repairing a flat, you don’t need to carry a spare. Just like cars 

using run-flat tires, this feature could free up trunk space. No spare also means less weight and less 

weight means better fuel economy 

3.2.3 VEHICLE-HEAVY INDUSTRIES CAN SAVE MONEY 

Airless tires also may offer other specific advantages for trucks in industrial application. In the 

farming, mining, and construction industries, tire failure can cause a loss of productivity and 

efficiency. Tires that never leak or puncture would be a welcome advancement. 

3.2.4 REDUCED CO2 EMISSIONS 

About 90% of energy loss from tire rolling resistance comes from repeated changes in the shape of the 

tries as they roll. By simplifying the structure of the tire, Bridgestone was able to minimize the energy 

loss in these “air free concept tires.” As a result, these tires have the same level of low rolling 

resistance as Bridgestone pneumatic fuel efficient Ecopia tires, contributing to reductions in CO2 

emissions. 

3.2.5 ECO-CONSCIOUS 

The airless concept tire is one of the initiatives aimed toward Bridgestone’s long-term vision of the use 

of sustainable materials. The materials used in the tire are recyclable, contributing to the efficient use 

of resources. No part of a non-pneumatic tire ever needs to go in the garbage, which goes hand-in-

hand with Bridgestone’s effort to create a “cradle-to-cradle” system in which all tires are first recycled 

and then factory-refashioned into new tires. Airless tires will be among the first for which this process 

is a reality. 

3.3 THE FUTURE 

Bridgestone is advancing development of the air-free concept tire are a more environmentally friendly 

product than existing tires and aims to bring about commercial use in a wide range of vehicles as soon 

as possible. 

Bridgestone believes that through effective resource usage and efficient operations alongside CO2 

emissions from improved fuel efficiency, as part of its aim to achieve a balance between its business 

and the environment, it can continue to offer attractive products to its consumers far into the future. 

Bridgestone will continue to implement multiple technological innovations to help bring about a more 

sustainable society. 

 

4. MODELLING OF NON INFATED TYRES 

Dassault systems have begun serving shipbuilders with CATIA V5 R8, which includes special 

https://en.wikipedia.org/wiki/Rolling_resistance
https://en.wikipedia.org/wiki/Tire
https://www.bridgestonetire.com/learn/maintenance/how-to-change-a-flat-tire/
https://www.bridgestonetire.com/learn/tire-technology/run-flat-tires/
https://www.bridgestonetire.com/our-tires/tire-brand/ecopia/
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features useful to ship builders. 

4.1FEATURE BASED MODELLING - 
A feature is defined as the smallest building block that can be modified individually. A model 

created in CATIA V5 is a combination of a number of individual features and each feature is related to 

other directly or indirectly. These features understand their limiting functions properly and therefore 

can be modified any time during the design process. If proper design intent is maintained while 

creating the model, then these features automatically adjust their value to any change in Assembly 

environment is used to provide mating to two or more part models to from complete assembly 

4.2 DESIGN OF NON-INFLATED TIRES 

   
Fig.3:Tire design in cad    Fig.4: Rectangular airless non inflated tire 

   
Fig 5:Honeycomb non inflated tire   Fig.6: assembly of honeycomb tire 

 
Fig.7: Design of curve model no inflated tire 

 

5. ANALSYSIS OF NON INFLATED TYRES USING ANSYS 

5.1 RESULTS OF FINITE ELEMENT ANALYSIS 

FEA has become a solution to the task of predicting failure due to unknown stresses by showing 

problem areas in a material and allowing designers to see all of the theoretical stresses within. This 

method of product design and testing is far superior to the manufacturing costs which would accrue if 

each sample was actually built and tested. 

In practice, a finite element analysis usually consists of three principal steps: 

Preprocessing: The user constructs a model of the part to be analyzed in which the geometry is 

divided into a number of discrete sub regions, or elements," connected at discrete points called nodes." 

Certain of these nodes will have fixed displacements, and others will have prescribed loads. These 

models can be extremely time consuming to prepare, and commercial codes vie with one another to 

have the most user-friendly graphical “preprocessor" to assist in this rather tedious chore. Some of 

these preprocessors can overlay a mesh on a preexisting CAD file, so that finite element analysis can 

be done conveniently as part of the computerized drafting-and-design process. 
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Analysis: The dataset prepared by the preprocessor is used as input to the finite element code itself, 

which constructs and solves a system of linear or nonlinear algebraic equations 

Post processing: In the earlier days of finite element analysis, the user would pore through reams of 

numbers generated by the code, listing displacements and stresses at discrete positions within the 

model. It is easy to miss important trends and hot spots this way, and modern codes use graphical 

displays to assist in visualizing the results. Typical postprocessor display overlays colored contours 

representing stress levels on the model, showing a full field picture similar to that of photo elastic or 

moiré experimental results. 

5.2 RESULTS OF NON INFLATED TYRES 

Materials: Structural steel 

Table 1: properties of structural steel 

 
5.2.1 Materials: aluminum alloy 

Table 2: aluminum alloy properties 
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5.2.3 Polyurethane 

Table 3 :polyurethene mechanical properties 

 
5.3 : Results of honey comb tire 

  
Fig.5.1 Imported file from catia   Fig.5.2 meshed file 

  
Fig.5.3 boundary conditions applied 3000N  Fig.5.4: boundary conditions applied 3000N 

  
Fig.5.5: total deformation    Fig.5.6: Equivalent elastic strain 
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Fig.5.7: equivalent stress 

Table 2: Results of honeycomb tire 

 
5.4 : Results of rectangular tire 

   
Fig.5.8: Imported file from catia   Fig.5.9:Boundary conditions 

  
Fig.5.10 Total deformation    Fig.5.11 Equivalent elastic strain 

 
Fig.5.12 Equivalent stress 

Table 3: Results of rectangular tire 
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5.5: Results of curved tire 

  
Fig.5.13:Imported file from catia   Fig.5.14: Boudary conditions 

  
Fig.5.15: Total deformation    Fig.5.16: Equivalent elastic strain 

Table 3:  Results of curved no inflated tires 

 
6. CONCLUSION 

Modeling and analysis of the Non-Pneumatic Tire is done in CATIA and imported to Ansys (19.3) for 

processing work. An amount of load 3000N applied along the circumference of the tire, made up of 

hub ring with material Aluminum, spokes with material polyurethane, outer ring with material steel  

and shear band with material synthetic rubber. 

 Four different spoke structures (Curved spoke, rectagular spoke, Honeycomb spoke) are designed 

using CATIA. 

 Based on comparison of stress, strain, shear stress and total deformation when load of 3000N 

applied on all the structures, the highest values occurred in honey comb structure. 

 Honey comb spoke structure is the best suitable design of spoke structure because of high stress, 

strain, shear stress and total deformation values. 

 By manufacturing of honeycomb spoke structure, it is a good strength, fatigue life, reliability, 

reduces the overall weight and cost compared to the other two spoke structures. 
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Abstract: Glass-carbon reinforced composites polymeric materials are one of the most 

effective hybrid composites for aviation and oceanic building components. Isolated glass and 

carbon fibers has recently been supplanted with hybrid FRP Composites in order to take full 

advantage of a hybridization effects. The new research looks at the effects of different fiber 

stacking sequences on the mechanical characteristics of carbon fiber (T300)/ S-glass 

composite laminates utilizing epoxy as the matrix material that have been made using hand 

lay-up technique. The impact of hybridization on six different Carbon (C) and Glass (G) 

stacking configurations (CGGC /CGCG /CCGG /GCCG /GCGC /GGCC) laminates at 

[0
0
/90

0
] orientations clearly show variation in tensile, flexural, and impact features. Tensile, 

flexural, and impact characteristics of the manufactured composite laminates were assessed 

under various acidic environments like HCl, H2SO4, NaCland dry environments. From the 

experimental results, the tensile and flexural strength was diminished due to chemical 

degradation effect where as % of elongation at both tensile and flexural cases and impact 

strength of composite was enhanced. Scanning Electron microscopy has been used for 

microstructural characterization to verify the influence of chemical on bonding strength 

between fiber and matrix. From the examination it is evident that, under dry condition 

efficient load transformation has taken place as well neat fiber distribution to matrix. On the 

other hand, thefiberpulls out, matrix cracks, and voids were noticed due to chemical 

integration of fabricated laminates.  

Keywords: Carbon; S-Glass; Epoxy; Hybrid; Mechanical Properties, Chemical absorption 

 

1. INTRODUCTION  

Since few decades, vast research is being conducted globally to manufacture the new hybrid 

materials which are most efficient in their thermal, physical, electrical and mechanical 

characteristics. In this context, FRPC (Fiber reinforced polymer composites) materials are 

highly eye-catching due to their widespread uses notably for structural, mechanical, air-craft 

and automotive components. As hybrid properties are highly enhanced in present day 

scientific discovery, it has become very essential to address the accurate production and 

application for the efficient usage. Fibers have such a special reinforcement that really is 

continuous in diameter from 120 to 7400 pins. When fibers are in bulk form, they will be 

remained perfectly flexible or linearly elastic but they become more stiffer and tougher 

structures. The most sufficient quantity are glass, carbon, and aramid (ballistic armor). 

mailto:kavithavarikola@gmail.com
mailto:k_sivajibabu@yahoo.com
mailto:rssmunukurthi@yahoo.com
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Evolving of whisker and fiber technologies is a continuous process [1]. The composite 

materials fabricated from these technologies are made of fibers like basalt, aramid, glass, 

carbon etc. along with the polymer matrix. Also, fibers including asbestos, wood and paper 

also used. Currently, phenol formaldehyde resin is utilized instead of epoxy, vinyl ester, or 

polyester thermoplastics plastics. The procedures utilized to make a polymer are additive 

polymerization and phase expansion polymerization. Post the bonding process of two or more 

homogenous materials but having variable properties for acquiring subsequent goods which 

have quality in material and better mechanical properties as well, the obtained result will be 

the plastic. Reinforced fiber plastic is one of the types of composite plastic which use fiber 

elements to increase the elasticity and strength of the materials. Matrix began off as a polymer 

compound having zero reinforcement. They have been reinforced with more stiff and strong 

reinforcing fibers or filaments, culminating in a harder but weaker material. The range of 

elasticity and strength which in a plastic that was fiber reinforced is limited by the mechanical 

behavior of both the matrix length and orientation of the fiber [2]. Matrix behavior is learned 

when Fiber reinforced polymer materials show some additional elasticity or strength in 

proportion with the elasticity and strength of matrix [3]. Fibers in thermoplastics can be 

organized into consistent specific design programs utilizing FRP. The resistance for the 

deformation of a polymer could be boosted by indicating the tougher fibers orientations. 

When compared to other composite materials and alloys with artificial fiber reinforcement are 

growing like much popular and significant in recent times and also have huge variety of 

applications because they acquire top quality mechanical characteristics, compact size, 

distinctive flexibility, resistance to corrosion, ease of processing, and more [4]. When 

contrasted to other synthetic fibers, Kevlar fibers (Poly aramid) do exhibit highly unique 

properties. Hence,it has also been identified as nylon, which is having additional benzene 

rings in the polymeric chains, resulting in greater rigidity [5]. As a consequence, it is rapidly 

used in advanced technology and sectors such as armour, firearms, chopper blades, pneumatic 

reinforcement, and sports equipment. It has a prolonged elongation and high strength and 

modulus as compared to other man-made fibers [6–8]. Epoxy resin has surpassed all other 

polymer matrixes as the majorly utilized polymer matrix in composites. In recent times, a 

wide range of research has been conducted to alter the characteristics of epoxy by including 

rubber [9, 10] or fillers [11, 12] in a thought of improving qualities of matrix dominated 

composite. This addition of rubber element increases toughness of epoxy’s fracture while 

lowering its strength and modulus. The outcome suggests that adding of rubber element 

enhanced the toughness for fracture but reduces the strength and modulus, while introducing 

fillers enhanced the modulus and strength of epoxy while lowering the fracture toughness. 

Additionally, the heat distortion temperature of epoxy was boosted by fillers [13]. Micro and 

nano-scaled particles have lately been suggested as a filler material for epoxy in order to 

produce composites with improved properties and performance. When DMA is conducted 

right after the immersion of composites of composites in water at various temperatures, the 

outcomes like glass transition temperature and shear properties were proved to be sensitive to 

hygrothermal effects. Also, both the mechanical and thermal properties had been able to 

retained mostly only on the condition that moisture absorption had not exceeded the saturation 

point [13]. Also, when the composites had been undergone tests like XRD and SEM, the 

outcomes prove that spacing of interlayers in between clay platelets has been increased 

drastically which indicates the ability of intercalation of polymer between the clay layers [14]. 

For pure polyamide composite materials, the threshold of water concentration could be 
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observed at beyond points for which mechanical property values have reduced significantly 

[15]. Huge research is also being conducted using alternate metallic alloys like Titanium, 

Magnesium, Stainless steel etc. to know their mechanical stability and respective results have 

been analyzed including their modes of failure [16]. In the other trail of investigating the 

hygrothermal aging effect on both thermomechanical and static behavior for the composites 

of polyetherimide, the greater values of thermal expansion caused the mismatching problem 

in between PEI matrix and carbon fiber [17]. As for the case of composites of S2-glass/vinyl 

ester hygrothermal and thermal aging analysis, the resistance of indentation and strength of 

compression showed some increment in the stage of thermal exposure [18]. 3D printed 

reinforced glass fiber composites are also analyzed for the effects of aging. The results 

obtained proved that the change in mechanical properties which was induced due to 

hygrothermal aging had been influenced by the rivalry of various mechanisms [19]. The 

building materials which are bio-aggregate also when undergo tests of aging and the outcomes 

stressed the porosity impact on the complex structure of bio-concrete composite [20]. By the 

increment in uptake of water the hygrothermal aging effect is decreased, when the analysis is 

done using differential scanning calorimetry [21]. The results of experiments which 

conducted on glare and glass/epoxy laminates showed the autoclave pressure increases to 

some range of interfacial bonding of glare which have less voids, hence leads to increase for 

resistance to thermal and hygro aging [22]. After hygrothermal conditioning at elevated 

temperatures of FRPC’s, it was observed that there is a reduction in values of strength 

properties [23]. 

From the literature survey it is noticed that alimited studies was noticed on this particular 

research work, this reason motivates to carry out current research workswhich aims to 

investigate the impact of chemical environment on the mechanical behavior of carbon T300 

and S glass fiber hybrid polymer in epoxy composites. The composite laminates were stacked 

with different sequences were chosen to explore the hygrothermal behavior laminates under 

various acidic solutions and validates to make use of marine application. 

 

2. MATERIALS AND METHODOLOGY 

2.1 Materials  

The reinforcements, T-300 carbon fiber woven laminates, S-glass fiber woven laminates and 

epoxy resin as matrix materials were chosen in this investigation. The properties of these 

materials were represented in the Table 1. The epoxy resin and hardener were obtained from 

HUNTSMAN Corporation. In order to investigate the samples various acidic environments, 

the chemicals, HCl, H2SO4, and NaCl were chosen. Where, the HCl is obtained from industry 

and its concentration is about 99.00%. Similarly, NaCl with 99.00% concentration obtained 

from industry and H2SO4 with 99.00% concentration obtained from industry. 

Table1:Properties of selected materials 

Material Type 
Density 

(g/cm3) 

Diameter 

(µm) 

Tensile Strength 

(Mpa) 

Elastic modulus 

(Gpa) 

Carbon fiber T-300 1.6 16-22 3400 240 

Glass fiber S-Glass 2.53 5-10 4600 89 

Epoxy LY556 1.15 - 
58 - 

Hardener HY 951 0.97 - 
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2.2 Sample Preparation  

The hybrid laminates with different stacking configurations were fabricated through hand 

layup method due to its economical advantage. Initially, the surface preparation of the mold 

was carried out to make it tack free, where little or no moisture can be seen. The epoxy layer 

is applied first and a single carbon/ glass laminate in (0
0
/90

0
) was allowed to lay on. Upon laid 

layer, the matrix material was evenly spread through a hand roller and prepared surface for 

next consecutive layers and so on until the desired thickness was obtained for a single 

specimen. The distribution of matrix material upon laminates were carefully monitored to 

make sure, with less or no voids in samples. Similar, procedure was followed to prepare all 

the specimens with six different stacking configurations of carbon and glass unidirectional 

composite laminates shown in Figure 2. All the prepared specimens were allowed to cure 

under the room temperature of 30
o
C for 24 hours. The cured samples were then subjected to 

diamond disc cutting to obtained all samples in standard dimensions for tensile, flexural and 

impact tests. 

 
Figure 2:Stacking sequence of prepared Carbon (C)/ Glass(G) unidirectional composite laminates. 

 

3. CHARACTERIZATION 

3.1 Hygrothermal condition 

Secondary processes were performed on the resulting composites in order to shape them into 

ASTM shapes acceptable for tensile, flexural, and impact tests.The composite samples were 

then placed in a hygrothermal environment. Initially, all of the samples were dried in an oven 

at 60-70
o
C for 4 hours, until all of the moisture in the samples was evaporated. The samples 

were then weighed and the initial weight was recorded. The samples were now immersed in 

acidic environments such as HCl, H2SO4, and NaCl for 24 hours to obtain saturation. Before 

weighing, specimens were removed from the acidic bath and allowed to dry at room 

temperature. Acidic absorption in the samples was determined by weighing the samples 

before and after immersion. Finally, the acidic treated samples were tested, and the results 

were compared to the properties of the non-acidic treated samples. 

Amount of acid absorption is determined by M= 
     

  
 x100 

Where w2= weight of the sample after acid immersion and w1= initial weight of the sample. 

3.2 Mechanical characterization 

Tensile, flexural, and impact testing were performed on hybrid composites that were 

fabricated using a hand-layup procedure and then treated with chemicals to evaluate their 

mechanical properties. The results obtained from dry samples and chemically treated samples 

were compared. 
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3.2.1 Tensile test: 

Tensile testing on Tensometer with 20KN load capacity were performed at room temperature 

(22-25
o
C). The fabricated composite samples were diamond cut according to the ASTM 

D638M89 standard, with dimensions of 165mm length, 19mm width, and 3mm thickness. 

The obtained samples were tensile tested on a gauge length of 57mm at a crosshead speed of 

1mm/min. The test was ended when the strain rate of the samples reached 50%, and load-

displacement and stress-strain curves were recorded. For accurate results, four sets of each 

sample were analyzed, and average values were recorded. 

3.2.2 Flexural test: 

The samples were subjected to three-point bending tests in accordance with ASTM D79M-86 

standards. Secondary processes were performed on prepared composites with dimensions of 

100mm length, 25mm width, and 3mm thickness to create test samples. Flexural tests were 

performed on three sets of each sample, and the average value was recorded. The test was 

carried out using a tensometer with a load capability of 20KN. The test was carried out with a 

constant cross-head speed of 1 mm/min and a span length of 40mm. When the load was 

reduced to 40%, the test was terminated. Because of chemical integration in the sample, fibres 

were split out and the matrix was shattered throughout the test. 

3.2.3 Impact Properties 

The samples were tested for impact according to the ASTM D256 standard, with dimensions 

of 63.5mm length, 12.7mm width, and 3mm thickness at room temperature of 22-25
o
C. Using 

a notch cutter, a V-notch with a depth of 2.5mm and a 45
o
 angle was slotted on the sample. 

The samples were then placed on a computerized pendulum type izod/charpy impact testing 

machine with a hammer force of 22J energy purchased from International Equipments in 

Mumbai. Samples were put 2mm from the stoppers, and a hammer weighing 21.5kg was 

permitted to impact the center of the sample on the reverse side of the notch with an energy of 

2.71J. The impact energy received by the samples prior to fracture was measured, and an 

average of four samples was collected for each set for accuracy. Later, the findings of 

hydrothermally treated samples and dry samples were compared. 

 

4. RESULTS AND DISCUSSIONS 

4.1 Hygrothermal Impact on Tensile Properties: 

Experimental results shown tensile strength of non-aged specimens is greater than the aged 

specimens (Hygrothermally treated).  From figure 3 it is observed that the CGCG composite 

has greater tensile strength in both dry and acidic conditions. The presence of acidity in 

between the layers of composite leads to decrement in their mechanical and physical 

characteristics. According to the results of the test, acid absorption causes a lack of 

interbonding forces between the fibers and the matrix, which leads to laminate inefficiency, 

leading composites to weaken and their properties to degrade. The load bearing capacity of 

the laminates is determined by the adhesive strength of the stacking sequences and matrix, 

which is influenced by two main impacts on aged samples: plasticization and temperature 

post-treating produced by hygrothermal behavior. 

From different stacking samples dry CGCG sample shows higher tensile strength of 5700 

N/mm
2
 and for hygrothermal environment CGCG shows high tensile strength of 5300 

N/mm
2
at HCl region, where as CGGC stacking sample shows low tensile property in both dry 

3000N/mm
2
 and aged condition 2700 N/mm

2
 at NaCl region. 
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a) b) 

Figure 3: Comparison of specimens subjected to dry and acidic environment a) tensile strength b) 

elongation percentage 

4.2 Hygrothermal Impact on Flexural Properties 

Under three point bending test, aged samples exhibit a similar pattern of failure mechanisms 

through disbandment of mechanical characteristics. During the test, matrix cracks and fiber 

breakouts were detected due to weakened adhesive strength between laminates and the 

production of blow holes during sample fabrication, which generates voids and affects the 

elasticity modulus of the specimens. We observed that samples ruptured on the tension face 

during the test due to a lack of fracturing resistance, but the failure pattern also indicates that 

samples were converted into ductile materials by increasing elongation at break point.During 

the test, the samples initially entered an elastic zone with linear correspondence to the applied 

load, then into a plasticity region where deformation can be seen visually, and finally into a 

rupture region by delaminating the specimen internal layers and forming cracks by breaking 

the bond between matrix and fibers, ultimately leading to a decrease in mechanical properties 

and material failure.  

Flexural strength of dry CCGG stacking composite is high with 8800 N/mm2 and in 

hygrothermal condition flexural strength of same CCGG composite is high with 8300 N/mm2 

for NaCl region, according to the results. In the H2SO4 environment, flexural modulus was 

shown to be highly prevalent in GCCG composite for both dry and hygrothermal regions. 

4.3 Hygrothermal Impact on Impact Properties 

Carbon Glass Carbon Glass stacking composite (CGCG) displayed good impact resistance by 

absorbing more energy at old conditions in a NaCl environment, with a value of 0.52J.This 

sample has a higher impact strength than a dry sample, with 0.47J, due to its brittle This 

sample has a higher impact strength than a dry sample, with 0.47J, due to its brittle 

nature. The test findings demonstrate that all of the composite samples exhibited low impact 

energy at dry circumstances due to the brittle nature of the fibers caused by non-treatment.The 

tests indicated that the orientation and order of the fibers in the matrix affect impact 

strength.The shear resistance of the covalent bonding between laminates transfers the impact 

load to polymeric chains all across stacked laminates, so the toughness of the samples treated 

hygrothermally is higher than the toughness of the samples evaluated in dry conditions. The 

impact resistance of CGGC composite differs little between dry and aged environments in this 

test due to de-cohesion and weak interbonding forces between fiber and matrix, resulting in 

material fracture and failure. 
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a) b) 

Figure 4: Comparison of specimens subjected to dry and acidic environment a) Flexural strength b) 

elongation percentage 

 
Figure 5: Impact strength of specimens subjected to dry and acidic environment  

 

5. CONCLUSIONS 

In this article, the effect of the hydrothermal impact on the mechanical properties of 

carbon/glass fiber laminates with different stacking configurations, fabricated through hand 

layup method were investigated. The samples fabricated were subjected to the various acidic 

(HCl, H2SO4, NaCl) and dry environmentsto compare their tensile, flexural and impact 

behaviors. From results, the following conclusions were drawn: 

 The CGCG stacking configuration laminates exhibited higher tensile strength under acidic 

and dry conditions.Under acidic environments the samples subjected were degraded and 

their tensile strengths were decreased.Where, the NaCl exposed sample exhibited higher 

degradation behavior, followed by H2SO4 and HCl environments. However, the 

percentage of elongations were increased for the samples subjected to acidic 

environments, where HCl sample exhibited better elongation. The similar effect has been 

observed for all stacking configurations under tensile properties investigation. 

 The CCGG laminates exhibited higher flexural strength under acidic and dry conditions 

compared to all laminates. Under acidic environments the samples subjected were 

degraded and their flexural strengths were decreased for almost all samples. The H2SO4 

exposed sample exhibited higher degradation behavior, followed by HCl and 

NaClenvironments. 

 The GCCG laminates exhibited higher percentage of elongation under acidic and dry 

conditions during flexural properties investigation. The HClexposed sample exhibited 
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higher degradation behavior, followed by H2SO4and NaClenvironments. 

 From tensile and flexural tests, degradation of their strengths and increasein percentage of 

elongations wasclearly evident and the influence of acidic environments on these 

properties for different stacking configurations was a considerable effect. 

 The impact strengths were increased for all stacking configurations subjected to acidic 

environments compared dry. Where, NaCl exposed samples exhibited higher impact 

strengths, followed by H2SO4 and HCl and dry environments. 
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Abstract - Logistics is a global business in which multi-tasking and multiple sorting of 

packages or objects is critical to quickly determining their location before distribution. Part-

time automated picking systems can address the challenge of acquiring personnel for 

operation and handling product ranges by creating a cooperative working environment 

between robots and humans. The paper proposes collaborative learning robots to enable a 

step-by-step transition from manual to highly automated picking processes. 

Index Terms – collaborative, IGUS, robots, Industry 4.0, CPROG 

 

I.  INTRODUCTION 

 Under the new industrial paradigm known as "Industry 4.0," which requires robots to 

dynamically engage with other robots in a networked environment, robots face significant 

challenges. The primary goal of this paper is to provide a concise outline of how collective 

robots could be used to reduce human risk in Industry 4.0 production environments. 

Collaborative robot use undoubtedly has numerous advantages because these devices assist 

people with both physical and mental tasks, allowing for more efficient production processes. 

Machines make production systems more efficient. 

Human-robot interaction, on the other hand, may pose certain problems if human factors 

concerns are not carefully considered throughout the process. Furthermore, The role that 

individuals have traditionally played in the manufacturing environment is rapidly changing. 

To adapt to these new systems, human employees will need to develop a set of abilities that 

have previously been overlooked. 

Since the advent of the Fourth Industrial Revolution, collaborative robots have become 

increasingly important in the production and manufacturing industries. Collaborative robots 

outperform industrial robots in terms of productivity, flexibility, versatility, and safety. 

Collective robots are devised to perform tasks alongside human workers while sharing the 

same working space, allowing for greater mobility. 

Collective robots improve production, manufacturing, and assembly tasks by reducing basic 

interaction with humans in a communal workspace. These robots are designed to be easily 

reprogrammed, with no programming experience. Collaborative robots offer promising 

methods for increasing productivity while lowering fabrication costs by combining human 

decision-making ability with robot repeatability and strength. 

Path planning with lazy PRM, as proposed by R. Bohlin and L. E. Kavraki, [1] finds a 

suitable motion planner for two different scenes and three different queries. They suggested 

algorithms for sampling-based motion planning optimization. 

Randomized Kinodynamic Planning, proposed by [2] LaValle, S.M., and Kuffner, J.J., 

introduces a randomized path planning technique to compute impact-free kinodynamic traces 

for high-degree-of-freedom challenges 

P. Ferbach's [3]  technique of progressive restraints for nonholonomic motion design 

presents a general method for nonholonomic motion design (NMD) that can solve difficulties 

for systems with high-dimensional structure spaces. The initial NMP problem is replaced by a 

sequence of progressively constrained ones that are solved sequentially and whose solution 

path unites towards the original problem's solution. 

Frieder Loch, Gennadiy Koltun, Victoria Karaseva, Dorothea Pantforder, and Birgit 

Vogel-Heuser [4] used SysML models in their paper Prototype-based training of manual 

procedures in automatic production systems. The training system consists of an preliminary 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 31 

 

 

virtual training system for assistance during procedures. 

The proposal by [5] P. Poor, T. Broum, and J. Basl, Role of Collaborative Robots in 

Industry 4.0 with a Focus on Education in Industrial Engineering, ideally presents the first 3.0 

industrial revolution, major inventions, and their impact on society and industrial growth. 

Then, Industry 4.0 is introduced, emphasis on the use of collaborative robots and their role 

underlined. 

This paper examines the current significance of collaborative robots and speculates on 

their future potential. 

The Robotic Arm: 

A robotic arm is a particular kind of mechanical arm that can be programmed and 

performs tasks comparable to those of a human arm. It can be a standalone robot or a 

component of a more sophisticated robot. Such a manipulator has joints that allow for either 

translational (linear) displacement or rotational motion, similar to an articulated robot. 

 

A kinematic chain may be thought of as being formed by the manipulator's linkages. The end 

effector, which is similar to the human hand, is the culmination of the manipulator's kinematic 

chain. However, the phrase "robotic hand" is frequently used as a synonym for the robotic 

arm. 

Table 1 Robot Specifications 

 5 axis small 

version 

5 axis big 

version 

Payload 0.5KG 2.5KG 

Reach 600mm 

(450mm) 

750mm 

(580mm) 

JointVel

. 

max 45-60
o
/sec max 45-

60
o
/sec 

 
Figure 1Robotic ARM 

 
Figure 2 Arm Movement Zone 

 

II. PERIPHERALS FOR COLLABORATION 

DIGITAL INPUT/OUTPUT MODULE: 

 The DIO Module provides input and output channels, e.g., to operate a gripper valve. The 

outputs can switch up to 500 mA. The inputs use opto-couplers and are compatible with input 

Voltages between 12 and 24 V. If the current exceeds 500 mA, the solid-state relays can 

suffer damage. For safety reasons, the inputs and outputs of the DIO Module are electrically 

isolated. This means that the circuits of the inputs and outputs are not connected to the 
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internal circuits of the controller.  

 It is, therefore, necessary to connect a supply voltage for the outputs and a ground line for 

the inputs. For this purpose, the 24 V available in the robot controller can be used, but also an 

external independent voltage source. In Software the inputs and outputs of the first DIO 

Module are numbered 21-27, the second DIO Module (if supplied) has numbers 31-37, and 

the third 41-47. 

Digital Out connector A (D-out A): The output relays connect the pin of the power 

supply with the corresponding output pins. 

 Pin 1 (left): Input voltage (for all seven channels)  

Pin 2: D-Out channel 1 (in software: Dout21) 

 Pin 3: D-Out channel 2 (in software: Dout22)  

 Pin 4: D-Out channel 3 (in software Dout23) 

Digital Out connector B (D-out B): The D-out B pins are from left to right digital out 

channels 4-7. 

Digital In connector A (D-in A): Pin 1 of D-In A is the corresponding GND pin for all input 

pins. 

 Pin 1 (left): Signal GND (for all seven channels)  

 Pin 2: D-In channel 1 (in software DIn21) 

 Pin 3: D-In channel 2 (in software DIn22)  

 Pin 4: D-In channel 3 (in software Din23)  

Digital In connector B (D-in B): The D-in B pins are (from left to right) the Digital In 

channels 4-7. 

 

III. CPRog CONTROL SOFTWARE 

 CPRog is a robot control and programming environment. The 3D user interface aids in 

quickly getting the robot up and running. Different kinematics and motor drivers can be 

controlled thanks to the modular structure. The CPRog programming environment allows for 

robot control and programming. You can work both online and offline, with or without the 

robot (with the robot switched off or not connected). 

A.   REFERENCING THE ROBOT 

 The position is kept in an EEPROM by the motor modules. However, when the motor 

power is turned off, the axes could move as a result of gravity or other forces. In this situation, 

the motor modules no longer inform the software of the proper position. Referencing must be 

done in order to synchronize the position of the software, stepper motor module, and robot 

axis. 

Step-by-step guide to referencing: 

 Start the robot controller and the CPRog Software. 

 Press the buttons "Connect", "Reset" and "Activate”. 

 Click the "Reference" button in the button group "Physical 

 Robot" in the "Motion" tab (or "Robot Reference" in the "File" tab) to open the 

referencing window.  

 Click on the "Reference Axis" buttons to start referencing an axis. Multiple joints can 

perform referencing in parallel. 

 You can also click on "Reference all", and then the axes will start referencing in an order 

defined in the project file. 

 Once all movements have been executed and the robot is a rest again, click on "Reset" and 

"Activate". Now the robot is fully functional. 

B. MOVING THE ROBOT 

 The robot can be moved manually (or "jogged") when no program is running. The 

following options are available for this purpose: 

Software keys dragging joints in a 3D area 
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 Game pad 

Software buttons allow the selection of the motion mode. Three modes are available: 

 "Axis": Clicking on A1 to A6 moves the corresponding robot axis (if present). E1- E3 

moves the external joints. This may be a linear or a rotational axis. 

 "Base": (Cartesian mode) moves the robot in straight lines along the X, Y, and Z axes of 

the base coordinate system. 

 "Tool": (Cartesian mode) moves the robot in X, Y, and Z of the current tool coordinate 

system. 

C.   DIGITAL INPUTS AND OUTPUTS 

 Under "Inputs/Outputs," you may check the status of the inputs and outputs. It is possible 

to manually activate or deactivate inputs and outputs: 

 When no application is running, outputs can be manually configured. 

 When there is no robot attached, inputs can only be changed in simulation. So even 

without hardware, you can test how programs respond to various inputs. 

D.   SOFTWARE INTERFACES  
 The robot controller provides various interfaces: 

 PLC interface for control via the digital inputs and outputs. Especially for easy starting 

and stopping of programs via a PLC or push button. 

 Mod-bus TCP interfaces for control via a PLC or PC. 

 CRI Ethernet interface for control and configuration via a PLC or PC. This interface offers 

the widest range of functions, but requires individual implementation. 

 ROS interface for operating the robot via the Robot Operating System. 

 Interface for object detection cameras. 

 Cloud interface for monitoring the robot state. 

Proposed Collaborative Interface:  

 The blow code table displays the operating code used for collaborative picking from the 

partner robot. This code is used to select objects of various sizes and shapes and sort them 

into their proper positions. The program directs the movement of the arm's joints in various 

directions based on the requirements.  

 Co-bots are very useful in manufacturing industries where a large number of objects must 

be sorted and fixed together with a few lines of code modification based on changes in 

coordinate positions and object size (payload). It’s hardware module includes internal storage 

and allows for multiple programs to be stored and used as needed. 

 

IV. ESTABLISHING THE COLLABORATION 

 Collaboration between robots is defined as a type of coordinated activity in which two or 

more robots work together to complete a task or carry out the activities required to achieve a 

common goal. Typically, the process entails programming the robots so that the task is 

completed accurately. 

 It is critical for effective robot-robot collaboration that the robot understands and 

interprets several communication mechanisms similar to those used in human-human 

interaction. The robot must also communicate its own set of intentions and goals to the other 

in order to establish and maintain synchronization in order to coordinate its actions and 

achieve the desired output. Robots should be able to learn the required process in order to 

establish collaboration. The robots are interfaced with CPRog software to establish the 

collaboration.  

 The following section describes the proposed model in order to demonstrate the 

collaborative working mechanism that must be implemented in order for the IGUS robots to 

interact with one another.  

Software Command interface programming: 

 The programming is based on the coordinate axis positions, and servo motor motion, 
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some variables and elements are required to access them. 

Variables and Variable Access: 

 CPRog works with integer, float type and position variables, Cartesian and joint position.  

User Variables: 
“DefPosVariable” and “DefNumberVariable” are the user variables. 

Element Access: 

 The subsequent elements of the variables can be retrieved with the “.” Operator: 

 Position: x, y, z 

 Rotation:  A, B, C 

 Joints: A1, A2, A3, A4, A5, A6 

 

A. MOTION RELATED COMMANDS 

Joint Motion 

 Leads to a target position in joint co-ordinates. The joint swiftness during the motion are 

constant. The resulting motion of the TCP is generally not a line, but a curve. 

Table 2 Joint Motion 
Nr Cmd X Y Z A B C E1 E2 E3 Vel acc smoo cond Desc 

0 Joint A1 

0 

A2 

20 

A3 

10 

A4 

15 

A5 

0 

A6 

0 

E1 

0 

E2 

0 

E3 

0 

10… 40% 50% false  

A1 to A6: Joint values of the target in deg(
0
); E1 to E3: Joint values of the external joints; Vel: 

Velocity in percent; Acc: Acceleration in % ; Smooth: Utterance at the edge points; Condition: 

Abort state when true motion is aborted; Description: comment description 

Linear Motion 

A traditional linear motion for utterance of both position and orientation. 

 Table 3 Linear Motion 

N 

r 

Cmd X Y Z A B C E 

1 

E 

2 

E 

3 

vel acc smo 

o 

con 

d 
0 Linea X Y Z A B C E E E 10 40 50% false 
 r 568. 1 230

. 
177. 26.2 178. 1 2 3 … %   

  8 5 1 9 1 4 0 0 0     

 X,Y,Z: Cartesian position of the target position(mm) 

 A,B,C: Orientation of the target position in deg(
0
), encrypted in eular angles. 

 E1 to E3: Joint values of the external joints 

 Vel: Velocity in mm/s 

 Acc: Acceleration in %  

 Smooth: Interpolation at the edge places 

 Condition: Abort condition 

 Description: Free field   

 
       Figure 3 Sample Code 

 The step-by-step iterations and collaborative work of the IGUS robots are depicted in the 

figures below. The left arm is equipped with a self-contained vacuum compressor. It is 
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activated during component selection from a desired location, and the right-side robotic arm 

has a self-attached electromagnetic field generator end tool that is activated when robotic arm 

one receives the object. The operation was described in detail at each level in the steps below. 

  
STEP-1 STEP-2 

  
STEP-3 STEP-4 

  
STEP-5 STEP-6 

STEP 1: The robotic arm is in its starting position, ready to begin the iteration. The vacuum 

compressor located at the arm's mouth holds the selected object. 

STEP-2: Based on the programme statements, the first arm now synchronises with the 

movement of the second arm. 

STEP 3: The momentary objects must be correctly identified, and the positioning must be 

precisely at the centre of the receptor. 

STEP 4: The robotic arm one sends a hand-shake signal to the arm 2 so that it can pick up the 

object before releasing it. A mutual exchange of the object is required. Once the object has 

been located, the vacuum gripping on the first robot must be released as soon as it is received 

by the second robot, which is equipped with an electromagnetic gripper. 

STEP 5: After mutual exchange of the sensing hand shake signal to the robotic arm one, the 

object will be released. 

STEP 6: At the receiving end, the object will be moved based on the coordinate positions 

defined in the programme. 

Once the process of moving the object from one position to another has been completed, the 

same things can be repeated a greater number of times with fewer errors, providing greater 

accuracy in the placement of the object. This allows for quick sorting and placement of 

objects in the appropriate locations. Amazon now employs both object component sorters and 

goods sorters, both of which are costly. If developed at the subsystem level, this will be a 

cost-effective solution. Once the coordinate values for a task are fixed, we must reset the 

entire motion control logic to make the same robots work for a different task. 

 

           IV. DISCUSSION 

 In order to implement the collaborative robot mechanism, one must have sufficient space 

for the related equipment and trained personnel for its usage in terms of mechanical fixations 

and programming.  Motor controllers and other accessories, if locally manufactured in house, 

then the development is feasible thereby reducing the cost.  Complex programming is 

required for the robot to work in a multitasking environment and skilled programmers are 
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required for writing a complex code. 

 For example, if we join a third robot to the existing system, the coordinate positions have 

to be mapped individually with the help of a program with an understanding of the coordinate 

values. The transformation for the position of arm is to be done as shown in the figure:  

 
Figure 4 Position in base coordinates  

 One must have a clear understanding about multitasking and the corresponding delays or 

latencies in handling the tasks which needs to be addressed properly. The robot used in the 

present work is capable to pick up to 500gms of load.  The end tool can be altered for 

different payloads from 5-10kg based on the availability in the market. The vacuum 

compressor that is attached is operating at 6 bars for a load up to 500gms.  In complex 

programming or multitasking environment, the latency can be varied according to the 

requirement and initial operating conditions. The speed can also be varied as required, to 

reduce the latency. 

 

     V. CONCLUSION 

 Collaborative robots are opening up new possibilities for opportunities to automate an 

operation. They are a great approach to improve the areas where robots can assist and make 

our lives easier and our processes more efficient. a few successful co-bot applications can 

inspire fresh concepts for their application. A co-bot movement can even sync with the 

actions of humans working concurrently in a shared workspace. Additionally, co-bots are 

made to be simpler to programme than conventional robots. 
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Abstract : The bi-metallic cantilever structural components are advantageously used where 

stiffness requirement is of great importance in the fields of automobile, aerospace, defence 

and power generation applications. The design of bi-metallic structural components is 

necessary due the stringent requirement of light weight and low margins of safety. The 

flexural behavior and flexural buckling behavior of bi-metallic cantilever beam and column 

with two segments of equal lengths, made up of two different materials, is investigated in this 

paper when bi-metallic structural components are subjected to free end concentrated load at 

three different temperatures. The material in the first segment from the clamped end to the L/2 

is chosen to have a higher Young's modulus, when compared to the same for the remaining 

segment and area moment of inertia is constant for both segments. where L is the length of the 

structural component. Such two segmented bi-metallic structural components are used in 

many engineering structural applications, like bi-metallic engine valves, universal joints, gear 

hubs, diesel injectors, turbine blade assemblies, nuclear reactors, twisted drills etc. 

The specific material combinations Ti-Al, Invar-Al and Steel-Al are considered due to their 

light weight and good thermo mechanical properties. 

It is essential to establish the design adequacy by evaluating the stiffness related 

behavior such as deflection, slope buckling load, mode-shapes through versatile finite element 

analysis. In addition, some of the properties are strong functions of temperature such as 

thermal conductivity, young’s modulus, thermal expansion coefficient etc. Hence it is necessary 

to study the flexural behavior of bimetallic cantilever structural components at three different 

thermal environments namely cryogenic temperature, ambient temperature and elevated 

temperature.  The temperatures-200°C, 20°C and 200°C are choosen for this study from 

cryogenic temperature zone, ambient temperature zone and elevated temperature zone 

respectively. In the present study the effect of important design parameters deflection, end 

slope, critical buckling load and mode-shapes of bi-metallic cantilever structural components 

made of Ti-Al, Invar-Al and Steel-Al  at  -200°C, 20°C and 200°C are studied by developing 

the simple finite element formulations and Matlab code. The present investigation reveals 

some interesting trends based on the numerical results obtained, hitherto not reported 

explicitly. 

Keywords: Bending, flexural buckling, bimetallic cantilever beam, bimetallic cantilever 

column, critical buckling load parameters, mode-shapes, material nonlinearity, finite element 

method and Matlab code.  
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1. INTRODUCTION  

Bending analysis of bimetallic cantilever beam subjected to free end concentrated load and 

buckling analysis of bimetallic cantilever column subjected to axial compressive concentrated 

load at free end has been studied at different temperatures using versatile Finite Element 

Method [1]. Such bimetallic structural components made up of different materials 

combinations are used in many fields of modern engineering such as automobile, aerospace 

and defense sector. Bimetallic engine valves, universal joints, gear hubs, diesel injectors, 

turbine blade assemblies, nuclear reactors, twisted drills etc., are a few applications of 

bimetallic structural components. The dual stepped or multiple stepped structural components 

with different flexural rigidities are used to obtain the optimum configuration with volume or 

mass as the objective function of the large scale structural systems with more number of 

degrees of freedom (dof). Such structural systems are the plane truss that contains two-

dimensional beams, and also the structural members with the moderate dof, like beams, and 

columns [2 to 5]. In these studies the different behavioral constraints, considered are the 

deflection, buckling load, natural frequencies etc. computed by using the finite element 

method (FEM) based optimality criterion approach. 

The bimetallic cantilever beam or bimetallic cantilever column is clamped at one end, 

for which the coordinate value x = 0 and is free at the other end the coordinate value x = L, 

where L is the length, and contains two segments of equal length 
 

 
   The bimetallic structural 

cantilever component have two segments contain two different materials, for which the 

Young's modulus of the material in the first segment from x = 0 to 
 

 
  is   ,  and the same of 

the material in the second segment from x = 
 

 
 to L is   , as shown in Fig. 1(a).  Though the 

area moment of inertia of the cross-section I for both the segments is taken as constant, but 

the  flexural rigidities EI of the two segments will be different, as the materials of the two 

segments have different values of E1 and E2. In the present investigation specific material 

combinations Ti-Al, Invar-Al and Steel-Al are considered due to their light weight and good 

thermo mechanical properties.  But a parametric study of n    
  

  
   is carried out for different 

material combination and n = 1 represents the bimetallic cantilever beam or bimetallic 

cantilever column made of the same material.  The values of    and    at three different 

temperatures environments namely Ambient Temperature 20°C, Cryogenic Temperature -

200°C  and  Elevated Temperature 200°C are taken from the literature shown in table.1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

A C B 

L 

E
1
 E

2
 

P 

  X 

Fig 1 (a): A bimetallic cantilever beam subjected to concentrated lateral load at free 
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Fig 1 (b): A bimetallic cantilever column subjected to concentrated compressive load 

at free end 
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This configuration of bimetallic cantilever beam increases the free end concentrated lateral 

load P to obtain the same deflection or slope parameters of the uniform cantilever beam. 

Similarly the flexural buckling load of bimetallic cantilever column will be increased from 

that of the uniform cantilever column, when this column is subjected to a free end axial 

compressive load P. In this study, the advantage of the use of two different materials in the 

two segments is brought out by defining the efficiency of bimetallic cantilever beam or 

bimetallic cantilever column. The efficiency of bimetallic cantilever column is defined as 
  

  
 , 

where    is the lateral concentrated load taken to produce the same lateral deflection at the 

free end, for a specific value of n, when the corresponding load is   , for n=1, which 

represents the uniform  cantilever beam.  It is to be noted that the efficiency calculated for the 

free end slope parameter of bimetallic cantilever beam is different from that obtained for the 

free end lateral deflection.  In a similar way the efficiency of bimetallic cantilever column is 

defined as  
   

   
 , where      is the buckling load for the value of n other than 1 and      is the 

same for n = 1. 

The major aim of the present study is to evaluate the variation of the deflection and slope 

parameters of bimetallic cantilever beam along its length, and also to evaluate the flexural 

buckling load parameter and the corresponding mode shapes of deflection and slope along its 

length of bimetallic cantilever column for choosen material combination at different 

temperatures by through Matlab code. The other equally interesting aspect of the present 

investigation is to obtain the efficiency of bimetallic cantilever beam or bimetallic cantilever 

column in terms of the ratio of the increased the free end concentrated lateral load and the 

increased buckling load corresponding to the free end concentrated axial compressive load, 

for the different values of n at different temperatures with the same quantities of the uniform 

cantilever beam or column, with the value of n = 1.  

Another important aspect to be considered in realizing bimetallic cantilever beam or 

bimetallic cantilever column, is the production technology, used in joining the two segments, 

made up of the two different materials at the midpoint    
 

 
    The joining of the two 

materials, with higher weld efficiency and without any unwanted effects like the heat affected 

zones, is a difficult task earlier. However, due to the development of the modern welding 

technologies      [6, 7, 8], it is now possible to realize the perfect bimetallic cantilever beam or 

bimetallic cantilever column.  

 

Table.1:Young Modulus values(GPa) for different Materials at different temperatures 

Material T=20°C T= - 200°C T=200°C 

Titanium alloy (Ti) 106.87 -- 96.52 

Aluminum Alloy (Al) 71.62 80.34-77.64 59.98 

Steel 198.8 214.4 182.71 

Invar 150.8 140.5 -- 

Modular ratio (E1/E2) of different material combinations at different temperatures 

Steel-Al 2.775 2.669 3.046 

Ti-Al 1.492 -- 1.609 

Invar-Al 2.106 1.749 -- 
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1. Deflection and slope of bimetallic cantilever beam 

The geometry of bimetallic cantilever beam is shown in Fig. 1(a), in which the value of E1 > 

E2 or 
  

  
   = n. A special case of bimetallic cantilever beam is the uniform cantilever beam, 

for which the values of E1 = E2 = E, and the value of n = 1. The present investigation is 

mainly to obtain the variation of the lateral deflection w and the slope    (
  

  
 ) parameters, 

along the length x = 0 to L, when subjected to the concentrated lateral load P at the free end x 

= L, by using the FEM.  Without going into the basic details of the very popular FEM [1], the 

equations of equilibrium of bimetallic cantilever beam is obtained, in the matrix form as  

 [K] {W} = {F}                 (1) 

In Eq. (1), [K] is the global elastic stiffness matrix, which is obtained by assembling the N 

number of equal length beam element stiffness matrices [ke].  The global solution vector {W} 

is obtained by assembling the beam element solution vectors {we},  where the elements 

contain the values of the lateral deflection w and its first derivative w', with respect to the 

axial coordinate x,  at each node of bimetallic cantilever beam.  The global load vector {F} is 

obtained by assembling the element load vectors {fe}.  In the present investigation, the global 

load vector {F} contains only the zero elements, as the distributed lateral loads are not present 

in bimetallic cantilever beam. However, the global load vector {F}, contains the lateral 

concentrated load P at the dof corresponding to the lateral deflection w at the free end.  

The solution vector {W} is obtained, from Eq. (1), after applying the essential boundary 

conditions of bimetallic cantilever beam, which is a standard procedure, as 

{W} = [K]
-1

  {F}                 (2) 

The derivation of the element elastic stiffness matrix [ke] and the load vector {fe} of the beam 

element used for the flexural analysis of beams, as the FEM is well known, and these details 

are available in the Refs. [1,9]. It is mandatory to perform the convergence study, if the FEM 

is used in the analysis and in the present investigation also the convergence of the global 

displacement vector {W} is studied systematically by idealizing the beam with the N number 

of equal length beam finite elements.  It is to be noted that the value of N has to be even, so 

that the first segment (from x = 0 to 
 

 
), with the value of E1, and the second segment (from x = 

 

 
  to L), with the value of E2, are discretized by   

 

 
  beam finite elements, in bimetallic 

cantilever beam. In the convergence study, the values of N are taken as 2, 4, 8 and 16, which 

is a standard procedure to study the convergence. The convergence study revealed an 

interesting phenomenon, perhaps not observed by others working on the finite element 

analysis  (FEA) of the flexure of the uniform cantilever beam, with the constant value of E, 

from x = 0 to L, and also for bimetallic cantilever beam with the two values of E1 and E2 in 

the two segments.  

 

2. Flexural buckling of bimetallic cantilever column  

Flexural buckling of bimetallic cantilever column subjected to the axial compressive 

concentrated load P at the free end, as shown Fig. 1(b) is another practically interesting 

problem. The FEM is used to obtain the eigenvalues (buckling loads) and the corresponding 

eigenvectors (mode shapes), eigenvalues represents buckling loads and the corresponding 

eigenvectors represents mode shapes.  Though the evaluation of the buckling load parameters 
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and the corresponding buckling mode shapes is straight forward for the uniform cantilever 

column with the constant E or n = 1 [10], but is relatively a difficult task involved to obtain 

the same, where the values of E1 and E2 are different in the two segments of bimetallic 

cantilever column.  

The use of the FEM, to obtain the eigenvalues and eigenvectors requires not only the elastic 

stiffness matrix [ke] of the beam element, but also the geometric stiffness [ge] of the beam 

element. The bimetallic cantilever column is idealized with the N equal length beam finite 

elements, where N is even.  The final matrix equilibrium equation governing the buckling of 

bimetallic cantilever column after applying the boundary conditions, is given by 

[K] {δ}   Pb[G]{δ}  =  {0}                               (3) 

In Eq. (3), [K] is the global elastic stiffness, [G] is the global geometric stiffness matrices, Pb  

are the buckling loads and {δ} are the buckling mode shapes. Equation (3) represents the 

standard eigenvalue problem, the solution of which, gives as many eigenvalues and the 

eigenvectors, as the dof of the global matrix equilibrium equation.  The eigenvalues and the 

eigenvectors can be obtained, by using the QR algorithm [11, 12] to evaluate the eigenvalues 

and eigenvectors. It is to be noted that the lowest eigenvalue (buckling load) and the 

corresponding normalized eigenvector (buckling mode shape) are of practical interest to the 

structural engineers. There are many ways of normalizing the eigenvector, and in the present 

investigation, the eigenvector is normalized by the free end lateral deflection of bimetallic 

cantilever column. 

3. Numerical results and discussion 

The numerical results, in the form of the free end of lateral deflection and slope parameters 

   and       of the flexure of bimetallic cantilever beam, subjected to the concentrated lateral 

load P at the free end, as shown in Fig. 1(a), are obtained, by using the FEM in the present 

investigation.  For bimetallic cantilever column shown in Fig. 1(b), the FEM is used to obtain 

the flexural buckling load parameter, subjected to the axial concentrated compressive load P 

at the free end. The details of the geometry, load and material properties of bimetallic 

cantilever beam or bimetallic cantilever column are shown in Fig. 1(a) and Fig. 1(b).  Initially 

the deflection and slope analysis of bimetallic cantilever beam is presented and for a better 

appreciation of the flexural buckling of bimetallic cantilever column is presented.  In the 

flexure of bimetallic cantilever beam, as FEM is used, it is essential to study the convergence 

of the numerical results, by varying the number of N equal length finite elements, which are 

used to discretize bimetallic cantilever beam.  The numerical results obtained for the free end 

lateral deflection and slope parameters    and      , from the convergence study, where the 

value of N varies from  4, 8 and 16, and for the different combination of materials at Ambient 

Temperature 20°C, Cryogenic Temperature -200°C  and  Elevated Temperature 200°C are 

presented in Table 2. It is very interesting to observe from Table 2 that the numerical values 

of    and     are the same and independent of the number of finite elements N, with which 

bimetallic cantilever beam is discretized, for the values of n considered. 

This unexpected phenomenon can be explained as the lateral deflection of the uniform 

cantilever beam, represented by n = 1, varies as a cubic polynomial with respect to the axial 

coordinate x of bimetallic cantilever beam. The elastic stiffness matrix of the beam element is 

also derived by using the cubic Hermite shape functions, which contains the term    or lesser 
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powers of the element coordinate  .  Hence, it is obvious that the deflection and slope 

parameters of the uniform cantilever column (n = 1) are the same, which is independent of N.  

However, for bimetallic cantilever beam the parameter n value is different for different 

combination of material, the convergence of the deflection and slope parameters is 

independent of N. This behavior of invariance of the parameters    and      of bimetallic 

cantilever beam is unexpected, but based on the present numerical results, it can be inferred 

that for bimetallic cantilever beam also the deflection parameter varies as a cubic polynomial 

with respect to the axial coordinate x, along the length of bimetallic cantilever beam.  As a 

further confirmation of these unexpected results for    and      of bimetallic cantilever beam, 

obtained from FEM, the same values of    and        are evaluated, by applying the Area-

Moment method  and double ntegration method [13], From these methods the values of the  

TABLE-2:Convergence Study of Deflection and Slope Parameters of Flexure of 

Bimetallic Cantilever Beam subjected to Free end Concentrated Load P 

Material 

Combinations 

Modular 

Ratio 

No. of 

Elements 

N 

At Ambient Temperature           

T = 20ºC 

          

Uniform  1.0 

4 0.3334 0.50 

8 0.3334 0.4999 

16 0.3334 0.4999 

Steel-Al  2.7758 

4 0.1467 0.2601 

8 0.1467 0.2600 

16 0.1467 0.2600 

Invar-Al 

 
2.1056 

4 0.1802 0.3031 

8 0.1801 0.3030 

16 0.1801 0.3030 

Ti-Al 

 

1.4922 

4 0.2371 0.3763 

8 0.2371 0.3763 

16 0.2371 0.3763 

  
At  Cryogenic Temperature        

T = -200ºC 

Steel-Al      2.6687 

4 0.1510 0.2656 

8 0.1509 0.2655 

16 0.1509 0.2655 

Invar-Al 

 
1.7488 

4 0.2084 0.3394 

8 0.2084 0.3394 

16 0.2084 0.3394 

   
At  Elevated Temperature         

T = 200ºC 

Steel-Al  3.0462 

4 0.1375 0.2482 

8 0.1374 0.2481 

16 0.1374 0.2481 
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free end     and     are obtained as 
   

    
  and 

   

   
 . The values of the free end lateral 

deflection and slope parameters    and     of bimetallic cantilever beam obtained for the 

different values of n at three different temperatures from the classical methods such as area-

moment method, double integration method and the same obtained from FEM which are 

presented in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The variation of the lateral deflection and slope parameters along the length of bimetallic 

cantilever beam at different temperatures are presented in Figs. 2, 3, 4 and Figs. 5, 6, 7 

respectively.  The number of finite elements N used to discretize the bimetallic cantilever 

beam do not effect these distributions as has been already discussed.  It is worth noting here 

that the lateral deflection parameter is continuous and varies smoothly along the length of 

bimetallic cantilever beam. Whereas the variation of the slope parameter, which can be 

obtained by the differentiation of the lateral deflection parameter though continuous but 

shows an appreciable kink at the midpoint of bimetallic cantilever beam at   (  
 

 
), the 

discontinuity of E exists, when the value E1 abruptly changes to E2. The continuity aspects are 

typical to FEA where the continuity of the quantities under investigation, which are the lateral 

deflection and slope parameters are continuous within the element.  The requirement of 

Ti-Al 

 
1.6092 

4 0.2229 0.3580 

8 0.2229 0.3580 

16 0.2229 0.3580 

``Table-3: Free end Deflection and Slope Parameters of Bimetallic Cantilever Beam 

subjected to Free end Concentrated Load P – Comparison of Numerical Results of Finite 

Element Method-Area Moment Method – Double integration Method 

Material 

Combinations 

Modular 

Ratio 

Finite Element 

Method 

Area- Moment 

Method 

Double Integration 

Method 

At Ambient Temperature Environment T = 20 ºC 

                              

Uniform  1.0 0.3334 0.4999 0.3334 0.50 0.3334 0.50 

Steel-Al  2.7758 0.1467 0.2600 0.1467 0.2600 0.1467 0.2600 

Invar-Al 2.1056 0.1801 0.3030 0.1801 0.3030 0.1801 0.3030 

Ti-Al 1.4922 0.2371 0.3763 0.2371 0.3763 0.2371 0.3763 

 
At  Cryogenic Temperature T = -200 ºC 

Steel-Al      2.6687 0.1509 0.2655 0.1509 0.2655 0.1509 0.2655 

Invar-Al 1.7488 0.2084 0.3394 0.2084 0.3394 0.2084 0.3394 

 
At  Elevated Temperature T = 200 ºC 

Steel-Al  3.0462 0.1374 0.2481 0.1374 0.2481 0.1374 0.2481 

Ti-Al 1.6092 0.2229 0.3580 0.2229 0.3580 0.2229 0.3580 
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continuity between the two adjacent elements, which is satisfied through the assembly 

procedure, by using the requirement of continuity, where the dof consisting the lateral 

deflection and slope parameters at the common basic reason for the continuous variation of 

the lateral deflection and the slope parameters along the length of bimetallic cantilever beam.  

However, the kink existing in the continuously varying slope parameter, at the midpoint of 

bimetallic cantilever beam, suggests that the derivative of the slope with respect to      
   

     

contributes to the internal moment term, which can be discontinuous, because of the sudden 

reduction of E  from E1 to E2. Thus, a kink in the slope parameters at x = 
 

 
  is justified.  

Following a similar logical argument, no kink is observed in the length-wise variation of the 

lateral deflection parameter, as a kink makes its first derivative 
  

  
 (slope parameter) 

discontinuous, which is not physically possible. As a consequence, the free end lateral 

concentrated load P acting on bimetallic cantilever beam increases to have the same free end 

lateral deflection (or slope) of the uniform cantilever beam with constant E2 .  The advantage 

of this configuration is the increase of the free end concentrated load Pn of bimetallic 

cantilever beam for different n values, when compared to the load P1, when n = 1. The 

increase in the load P is denoted here as the efficiency of bimetallic cantilever beam, and is 

defined as 
  

  
 . The numerical results of the efficiency of bimetallic cantilever beam are 

presented in Table 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Variation of Deflection Parameter along the length of a bimetallic cantilever beam subjected 

to free end lateral concentrated load at ambient temperature T=20°C 

Fig 3: Variation of Deflection Parameter along the length of a bimetallic cantilever beam subjected 

to free end lateral concentrated load at cryogenic temperature T= -200°C 
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Fig 5: Variation of Slope Parameter along the length of a bimetallic cantilever beam subjected to 

free end lateral concentrated load at ambient temperature T= 20°C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Variation of Deflection Parameter along the length of a bimetallic cantilever beam subjected 

to free end lateral concentrated load at elevated temperature T= 200°C 

Fig 6: Variation of Slope Parameter along the length of a bimetallic cantilever beam subjected to 

free end lateral concentrated load at cryogenic temperature T= -200°C 
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The numerical results for the flexural buckling of bimetallic cantilever column are discussed 

here, with respect to the buckling load parameters and the corresponding mode shapes, 

obtained by using the FEM for the different combinations of materials at Ambient 

Temperature 20 °C, Cryogenic Temperature -200 °C and Elevated Temperature 200 °C. The 

lowest buckling load parameter, which is of practical interest, converged with the 8 equal 

length beam element discretization of bimetallic cantilever column, as shown in Table 5, for 

different material combinations considered at three different temperatures in this 

investigation. The corresponding buckling mode shapes, in terms of the variation of the lateral 

deflection and the slope parameters, which are normalized with respect to the free end lateral 

deflection and slope, are presented in Table. 6, with the main aim of demonstrating the effect 

of discontinuity of the Young's modulus at the midpoint of bimetallic cantilever column. The 

behavior of the normalized lateral deflection or the normalized slope parameters is similar to 

that of bimetallic cantilever beam shown in Fig. 8, 9 and 10.  While the variation of the 

normalized lateral deflection parameter does not show any conspicuous behavior, the 

variation of the normalized slope parameter shows a clear kink at the midpoint of bimetallic 

cantilever column, where E is discontinuous. Finally, for the configuration of bimetallic 

cantilever column, the buckling load parameter increases with n other than 1 when compared 

to the value of n = 1, for which the buckling load parameter [10] is 
  

 
 (= 2.4674).  The 

efficiency of the buckling load parameter, obtained by using the two equal segments with E1 

and  E2 of bimetallic cantilever column is defined as    
   

   
 , where     is the buckling load 

parameter when n is other than 1 and     is the same for n = 1. The efficiency of the 

buckling load parameter for bimetallic cantilever column is presented in Table 7 

Table-4:  Values of  
  

  
  of Bimetallic Cantilever Beam to obtain same free end deflection 

and slope parameters  

Material 

Combinations 

Modular 

Ratio 
At Ambient Temperature T = 20 ºC 

Fig 7: Variation of Slope Parameter along the length of a bimetallic cantilever beam subjected to 

free end lateral concentrated load at elevated temperature T= 200°C 
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5. Conclusions   

The flexural analysis of the bimetallic cantilever beam and the flexural buckling analysis of 

the bimetallic cantilever column which have two equal length ( 

 
 ) segments, where L is the 

length of cantilever structural component at different temperatures is investigated in the 

present study. The first segment spans from x = 0 to 
 

 
 , with the Young's modulus E1 and the 

second segment spans from x = ( 
 

 
 )  to L, with the Young's modulus E2, where E1 > E2 or in 

terms of a parameter n = 
  

  
  , and a constant area and moment of inertia I of the cross-sections 

of both the segments is taken, in this study. Such configurations of bimetallic cantilever beam 

and bimetallic cantilever column are used to achieve the present day efficient and cost 

effective structural members that are used in the manufacturing sectors of automobile, 

aerospace, marine, nuclear, defense, and also in the consumer products sectors, like hand 

tools, domestic appliances, sports equipment etc. As a special case, if the Young's modulii E1 

= E2 = E, or the value of the parameter n = 1, bimetallic cantilever beam or bimetallic 

cantilever column becomes a uniform cantilever beam or column. Based on the present 

investigation in this paper on the deflection, slope and flexural buckling analysis of bimetallic 

cantilever beam or bimetallic cantilever column, the important observations/conclusions are 

briefly summarized below. 

 The flexural analysis of bimetallic cantilever beam shows that the numerical results in terms 

of the lateral deflection and slope parameters do not depend on the number of beam finite 

elements with which bimetallic cantilever beam is discretized.  Though this behavior can be 

explained for the uniform beams (n = 1), as the variation of deflection along the length of the 

beam is cubic in x and the beam finite element is also derived by using the cubic Hermite 

Deflection 

parameter
$
 

 
  

  
 
 

 Slope 

parameter
#
 

 
  

  
 
 

 

Uniform  1.0 0.3334 1.0 0.4999 1.0 

Steel-Al  2.7758 0.1467 2.2727 0.2600 1.9227 

Invar-Al 2.1056 0.1801 1.8512 0.3030 1.6498 

Ti-Al 1.4922 0.2371 1.4062 0.3763 1.3285 

 
At  Cryogenic Temperature T = -200 ºC 

Steel-Al      2.6687 0.1509 1.5113 0.2655 1.8829 

Invar-Al 1.7488 0.2084 2.5011 0.3394 1.4729 

 
At  Elevated Temperature T = 200 ºC  

Steel-Al  3.0462 0.1374 1.5959 0.2481 2.0149 

Ti-Al 1.6092 0.2229 2.7350 0.3580 1.3963 
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interpolation functions. However, this behavior is unexpected for bimetallic cantilever beam 

and perhaps hitherto not recognized by others. 

 The same behavior of the independency of discretization of bimetallic cantilever beam with 

the number of beam elements is observed for the slope parameters also. 

 The functions of the deflection and slope parameters, obtained from the FEA are continuous 

along the length of bimetallic cantilever beam.  However, the function of the slope parameter 

shows a kink at the midpoint (  
 

 
 ) of bimetallic cantilever beam, as at that point the E1 of 

the first segment abruptly changes to E2 (as a step) of the second segment.  This behavior is 

due to the fact that at the midpoint of bimetallic cantilever beam, the bending moment 

obtained from the derivative of the function of the slope parameter with respect to the axial 

coordinate x is not continuous.  A similar kink at the midpoint is not observed in the function 

for the lateral deflection parameter, as the function for the slope parameter, which is the 

derivative of the function for the deflection parameter with respect to x, becomes 

discontinuous at that point, which is physically not possible. 

 Though the FEM gives reliable results, to cross-check this unexpected behavior, the free end 

lateral deflection and slope parameters are obtained from an altogether different Area-

Moment method and Double Integration method.  The results obtained by the Area-Moment 

method and Double Integration method exactly match with those obtained by using FEM, 

which clearly shows that the free end lateral deflection and slope parameters are accurate and 

no anomaly exists.  

 The efficiency of the free end concentrated lateral load carrying capacity of bimetallic 

cantilever beam increases for specific material combinations Ti-Al, Invar-Al and Steel-Al at 

all three different temperature zones and for the same free end lateral deflection and slope 

parameters, when compared to the uniform cantilever beam represented by n = 1.  It is to be 

noted that the efficiencies are different for the deflection and slope parameters. 

 The flexural buckling loads of bimetallic cantilever column converged to the specified 

accuracy of four decimal digits, when the number beam elements used in FEA are eight. 

 The mode shapes corresponding to the normalized lateral deflection and slope parameters are 

found to be continuous.  However, the variation of the normalized mode shape corresponding 

to the variation of the slope parameter, shows a kink at the midpoint (x = 
 

 
 ) of bimetallic 

cantilever column, which indicates that its derivate with respect to the axial coordinate x 

represents the bending moment that is not continuous at the midpoint, as anticipated, where 

the E1 of the first segment changes abruptly as a step, to the E2 of the second segment. 

 The efficiency, in terms of the increasing flexural buckling load of bimetallic cantilever 

column for material combinations Ti-Al, Invar-Al and Steel-Al at all three different 

temperature zones, when compared to the same of the uniform cantilever column, for n = 1, is 

demonstrated in this investigation. 

The present investigation of the bending and flexural buckling of bimetallic cantilever beam 

and bimetallic cantilever column revealed some unexpected interesting phenomena, hither to 

not mentioned explicitly by other researchers.  A similar investigation on the bimetallic 

cantilever beams and bimetallic cantilever column with the other boundary conditions, and the 

other compound structural members like circular and rectangular plates, will be useful to the 

structural design engineers, to achieve cost effective designs. 
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Table:6 Buckling load parameter values  of Bimetallic 

Cantilever Column subjected to free end Concentrated 

axial compressive load P  

At Ambient Temperature T = 20 ºC 

Material 

combinations 

Galerkin 

FE 

Solution  

Solution of 

differential 

equation(Timoshenko 

and Gere 1961) 

Uniform 2.4674 2.4674 

Steel-Al 5.0487 5.0487 

Invar-Al 4.2752 4.2752 

Table:5 Convergence Study of    
  for Bimetallic Cantilever Column 

subjected to free end axial concentrated compressive load P 

Material 

Combinations 

Modular Ratio No. of 

Elements  N 

 

At Ambient Temperature 

T = 20 ºC 

 

 

 

T = 20 ºC 

Uniform  1.0 

4 2.4675 

8 2.4674 

16 2.4674 

Steel-Al  2.7758 

4 5.0491 

8 5.0487 

16 5.0487 

Invar-Al 

 
2.1056 

4 4.2755 

8 4.2752 

16 4.2752 

Ti-Al 

 

1.4922 

4 3.3702 

8 3.3701 

16 3.3701 

 
At  Cryogenic Temperature  

T = -200ºC 

Steel-Al      2.6687 

4 4.9381 

8 4.9377 

16 4.9377 

Invar-Al 

 
1.7488 

4 3.7755 

8 3.7753 

16 3.7753 

  
At  Elevated Temperature 

T = 200ºC 

Steel-Al  3.0462 

4 5.3110 

8 5.3106 

16 5.3106 

Ti-Al 

 
1.6092 

4 3.5601 

8 3.5599 

16 3.5599 
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Ti-Al 3.3701 3.3701 

At  Cryogenic Temperature T = -200ºC 

Steel-Al 4.9377 4.9377 

Invar-Al 3.7753 3.7753 

At  Elevated Temperature T = 200ºC 

Steel-Al 5.3106 5.3106 

Ti-Al 3.5599 3.5599 

 

Table:7 Values of Efficiency  
   

   
   of Bimetallic 

Cantilever Column subjected to free end 

Concentrated axial compressive load P  

At Ambient Temperature T = 20 ºC 

Material 

combinations 
       

   

   
 **

 

Uniform 2.4674 1.0 

Steel-Al 5.0487 2.0461 

Invar-Al  4.2752 1.7326 

Ti-Al 3.3701 1.3658 

At  Cryogenic Temperature T = -200ºC 

Steel-Al 4.9377 2.0011 

Invar-Al 3.7753 1.5301 

At  Elevated Temperature T = 200ºC 

Steel-Al 5.3106 2.1523 

Ti-Al 3.5599 1.4427 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8: Variation of Deflection Modeshape  and Slope Modeshape along the length of a bimetallic cantilever 

column subjected to free end concentrated compressive load at ambient temperature T= 20°C 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 51 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgements 

The authors would like to sincerely thank the Managements of their respective Institutions for 

the constant encouragements during the course of this work. 

 

References 

[1]  O. C. Zienkiewicz, "Finite Element Method in Engineering Science", McGraw-Hill, New York, 1971. 

[2]  V. B. Venkayya, N. S. Khot and L. Berke, "Application of optimality criterion approaches to automated 

design of large practical structures", AGARD-CP-123 (1973) 3-1 - 3-19. 

[3] L. Berke and N. S. Khot, "Use of optimality criteria methods for large scale systems", AGARD-LS-70 (1974) 

1-1 - 1-29. 

[4] N. S. Khot, V. B. Venkayya and L. Berke, "Optimum structural design with stability constraints", 

International Journal of Numerical methods in Engineering, 10 (1976) 1097-1114. 

[5]  G. Venkateswara Rao and R. Narayanaswami, "Optimum design of cantilever columns in the post buckling 

region with constraint on axial load - An optimality criterion approach", Computers and Structures, 12 

(1980) 843-848.    

[6] C. J. Dawes, "Micro-friction welding of aluminum studs mild steel plates", Metal   Construction, 9 (1977) 

Fig 9: Variation of Deflection Modeshape  and Slope Modeshape along the length of a bimetallic cantilever 

column subjected to free end concentrated compressive load at cryogenic temperature T= -200°C 

Fig 10: Variation of Deflection Modeshape  and Slope Modeshape along the length of a bimetallic cantilever 

column subjected to free end concentrated compressive load at elevated temperature T= -200°C 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 52 

 

 

196-197. 

[7]   M. Aritoshi, K. Okita, T. Enjo, K. Ikeuchi and F. Matsuda, "Friction welding of oxygen free copper to pure 

aluminum", Quarterly Journal of Japan Welding Society, 9 (1991) 467-474.  

[8]  W. Lee, M. Schmuecker,  U. A. Mercardo, G. Biallas and S. Jung, "Interfacial reaction in steel-aluminum 

joints made by friction stir welding", Scripta Materialia, 55 (2006) 355-358. 

[9]   J. N. Reddy, "An Introduction to the Finite Element Method", McGraw-Hill, London, 2005. 

[10]  S. P. Timoshenko and J.M. Gere, "Theory of Elastic Stability", McGraw-Hill, New York, 1961. 

[11]   J. G. F. Francis, "The QR transformation, I", The Computer Journal, 4 (1961) 265-271. 

[12]   J. G. F. Francis, "The QR transformation, II", The Computer Journal, 4 (1962) 332-345.        

[13]  R. C. Hibbeler, "Structural Analysis", Upper Saddle River, NJ, Pearson, (2012), 316-325. 

  



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 53 

 

 

Buckling Behavior investigations on thin-walled rectangular open 

and extended closed-drop flange beams 

Sarswati R Suryawanshi
1
, Sudhir Sastry Y. B

1
*, CH V K N S N Moorthy 

2
 

1
Department of Aerospace Engineering, JAIN (Deemed-to-be University), Kanakapura Road, 

Bengaluru-562112,Karnataka, India, 
2
Vasavi College of Engineering, Ibrahimbagh, Hyderabad, Telangana State, India

 

*Corresponding author: Sudhir Sastry, email: sudhirsastry@gmail.com. 

 

Abstract: The study of thin-walled beams is very much required in the automobile and 

aerospace industry, in this paper it has been performed the lateral buckling analysis of cold-

formed thin-walled beams subjected to pure bending moments by using the finite element 

analysis and the critical buckling loads are estimated. The estimated critical buckling stresses 

are compared with the analytical results and are observed to be in close agreement. The effect 

of the dimensions of the flanges, the thickness of the flanges and the length of the extended 

open flanges on the critical buckling stresses has been studied for several combinations of the 

geometry parameters of the beam. Among the three beams, for the given loading conditions, 

the critical buckling moments for the beam with the extended open flanges are found to be the 

maximum. 

Keywords:   Thin-walled Beams, cold-formed channels, FEM 

 
Introduction 

Thin-walled beams are preferably used in the aerospace industry and many other structural 

applications due to their better strength-to-weight ratio and easy manufacturing. They have a 

higher stiffness-to-weight ratio as compared to their counterpart hot-rolled thick steel 

products. Generally, cold-formed mild steel members have lower embodied carbon. Cold-

formed beams are lighter in weight and they are easier to handle, transport and install. There 

is a need for more efficient cold-formed structural components for improved performance and 

minimize material use. Highly efficient cold formed thin walled beams will have increased 

environmental and economic benefits. Cold-formed structural components are generally 

fabricated by bending the metal in a press brake machine or a roll-forming process, using 

metal sheets. Therefore, these channels can be made in various different configurations as 

compared to hot-rolled steel elements.  

The other advantages of using cold-formed structural members when compared with hot-

rolled thick members are a higher stiffness-to-weight ratio, off-site manufacturing, and full 

recyclability. Cold-formed thin-walled beams can be reused without compromising the 

quality. They have smaller foundations, better durability and faster forming due to its 

malleability with lesser labour and easier fabrication. Cold-formed thin-walled structural 

members can be produced in larger volumes with minimal tools and machines. Such structural 

members are, however, likely to buckle locally in compression, bending or shear. 

 

Literature Review   

(Pignataro et al)[1] Performed post-buckling analysis of simply supported channels under 

uniform compression. The study is mainly focused on buckling modes interactions. Rehfeild 

[2] has found that a thin-walled composite c-channel has better buckling resistance which can 

be used over closed channels and Yu [5] has deduced increased strength of the C-section over 

the z-section using the FE model. Web width is also a determining factor when designing a 

mailto:sudhirsastry@gmail.com
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thin-walled beam. Ben Young [3] displayed thin-walled channel columns of different cross-

sections to give optimum web width. B. W. Schafer, M. ASCE (Schafer and ASCE) [4] 

demonstrated design methods for local, distortional and Euler buckling modes in thin-walled 

cold-formed open sections. Schafer [6] developed a reliable Direct Strength Method for 

beams and columns. The Direct Strength Method by Schafer [6] employs gross cross-section 

properties. He states that for stability calculations the finite strip method or generalized beam 

theory, is the best choice [6]. The finite strip method is used by Mahendran [8], Ovesy [9] for 

the analysis of elastic and post-buckling behaviour of thin-walled beams respectively. 

Hancock and R Rasmussen [7] compare all the test results of a research program which was 

performed on the interaction buckling behaviour of thin-walled beam columns over several 

years at the University of Sydney. Slender cross-section square hollow sections (SHS) and 

thin-walled I-sections experienced local buckling before overall buckling. Rondal [10] 

reviewed progress in the field of cold-formed steel members. Particularly emphasized 

progresses in the field of distortional buckling and in the recent development of new types of 

joints. Cold-formed lipped channel members’ distortion buckling formulae were developed by 

Silvestre and Camotim [11] using GBT. Camotim and Basaglia[12] addressed the use of 

(GBT) to analyse the local and global buckling behaviour of hollow-flange lipped channel 

beams. The results are validated by comparing them with the values yielded by shell finite 

element analyses, performed in the commercial programs ABAQUS or ANSYS which are 

quite similar. Sastry [13] analyzed the post-buckling behaviour of stiffened composite panels 

using finite element methods. Al-Mosawi and Saka [14] demonstrated an optimized cross-

section of thin-walled steel beams under different loading conditions where it is found that the 

lipped channel gives better results which are in line with Silvestre and camotim[11]. 

Magnucki K [15] has given optimal geometrical parameters under safe bending moments for 

open thin-walled beams with a flat web and circular flanges. Magnucki and Paczos[16] 

discussed shape optimization of cold-formed thin-walled channel beams with an open or 

closed profile of drop flanges. It is concluded that thin-walled channel beams with closed drop 

flanges are distinctly better than beams with open drop flanges or standard cold-formed 

channel beams Magnucki and Paczos[16] and Magnucka-Blandzi[17]. The numerical 

investigations clearly show that there is a need to search for new shapes of the cross-sections 

of cold-formed thin-walled beams in order to make them less prone to global and local 

buckling. Magnucka-Blandzi and Magnucki [17] reviewed selected problems of buckling 

behaviour of cold-formed thin-walled channel beams with open or closed flanges. The review 

includes simple analytical descriptions and calculations, numerical analyses, and laboratory 

tests of selected beams.  Magnucka-Blandzi[18] presented analytical solutions for global and 

local buckling problems of thin-walled beams with double box flanges. He also concluded 

that double-box flanges are more buckling resistant than that of standard flanges. Szymczak 

and Kujawa[19] analyzed the initial post-buckling behaviour of a cold-formed channel 

member flange after its local buckling which is subjected to pure bending. The paper 

discusses the comparison of the proposed analytical solution with the finite element method 

(FEM) and finite strip method (FSM) results for validation. The buckling behaviour of double 

box flange thin-walled beams under pure bending is given by Magnucka-Blandzi [20]. The 

Finite strip method is used for numerical investigation and then results were compared with 

experimental investigation of buckling behaviour.  They also stated that cold formed thin-

walled beams with double box flanges are more buckling resistant than beams with riveted 

joints. Jin [21] developed a constrained shell Finite Element Method (cFEM) based on a force 
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approach for elastic buckling analysis of thin-walled members. The new cFEM can 

distinguish three fundamental deformation modes in buckling known as Global (G), 

Distortional (D), and Local (L).  The development of a new constrained shell Finite Element 

Method (cFEM) enables the modal decomposition and identification in elastic buckling 

analysis of thin-walled members. Nguyen [22] discussed lateral buckling of functionally 

graded beams.  

Thin walled open section beams are analysed with different types of material distributions 

using finite element methods. It also highlighted the load carrying capacity of thin walled 

functionally graded open channels.  P. Paczos[23] investigated experimentally open channel 

beams with unconventional flanges under effect of pure bending. Sastry et al [24] performed 

buckling analysis of thin walled beams with different geometric parameters and various 

flange shapes subjected to pure bending where he concluded that rounded flange beams are 

buckling proof as compared to others.Jasion [25] investigated buckling behaviour of thin 

walled beams with different flange shapes using FEM. Modified flange may increase buckling 

and limit load of beams notably.  

 

FE Analysis 

Geometry 

Beam mainly experiences bending moments and a little bit of twisting. The forces 

experienced by the beam are predominantly normal stress and very small shear stress. The 

stress distribution is non-uniform throughout the cross-section. Stress has the maximum value 

at the top and bottom of the beam and zero at the centroid. The conventional shape of the 

cross-section contains two flanges and to carry the main load and a web connecting the 

flanges. As the flange is the most loaded part of the beam and also to increase the stiffness 

conventional cold-formed thin-walled open channels are amended with unconventional flange 

shapes. One such cross section with an unconventional flange is shown in Fig 1. 

 
Fig.1 

The geometry of the beam is made by drawing the cross section of the beam and extruding it 

to a length of 1000 mm. Different thickness of the beam are considered such as t = 0.6, 1.1 

and 2 mm. Two different beams are considered one is an open channel and the other one is 

open channel with drop flange as shown in Fig 2. As the name suggests it is a thin walled 

beam, the beam is modelled using 3D shell elements for the thickness. Each thickness is 

analysed for different values of b1, h and h1 where b1, h and h1 are dimensions of the drop 

flange as shown in Fig 1. 
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(a)                                                                                     (b) 

Fig. 2 (a) Open channel beam (b) Open channel beam with drop flange 

Modelling 

The element size is decided by convergence analysis. The beam is analysed using different 

element sizes. The number of elements changed from 12750 elements to 5511 elements. The 

results were approximately the same so the highest possible element size is considered for 

computation to reduce the computation time. 

The modelled open channel and open channel with drop flange is illustrated in fig 3. 

  
(a)                                                                                     (b) 

Fig 3 (a) Open channel mesh (b) Open channel with drop flange mesh 

For FE analysis aluminium 6061 is considered. The material parameters are ρ = 2710 kg/m^3, 

Young’s modulus = 68000MPa, Poisson’s ratio = 0.33.  

Boundary conditions 

Two types of analysis were conducted one static structural analysis and another is modal 

analysis. 

For the modal analysis the beam is simply supported and analysed for 10 mode shapes. 

For static structural analysis the beam is simply supported at the ends and the transverse force 

is applied on the upper surface.  

The mathematical equations 

The moment of inertia for the beam = Iw 

The beam is divided into 5 sections.  

                          )      (1) 
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   ,   ,    and     are the area of section 2, section 3, section 4 and section 5 

respectively. 

  = Distance of centroidal axis of section 2 from the centroid axis of the beam. 

  = Distance of centroidal axis of section 3 from the centroid axis of the beam. 

  = Distance of centroidal axis of section 4 from the centroid axis of the beam. 

  = Distance of centroidal axis of section 5 from the centroid axis of the beam. 

RA and RB are the reaction forces on the beam. And w is applied load. L is the length of the 

beam. M is a moment acting at a point.  Where A and B are the end points of the beam. 

M at distance x from point A. 

                  

                   

             

                            

                                 

                                  

                                        

                                                            

     ))  

Iw value can be calculated using the formula in equation (1), E is young's modulus (taken 

aluminium 6061 for the analysis which has E=68 GPa.) 

 

RESULTS AND DISCUSSION 

First of all, open channels with different thicknesses are analysed. Total deformation, Von 

mises stress and equivalent strain and mode shape of the open channel can be seen in fig. 

   
(a)                                                                                     (b) 

    
                                            (c)                                                                              (d) 

Fig 4. Open channel (a) Total deformation (b) Von mises stress (c) Equivalent strain (d) Mode 

shape  
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The total deformation, Von mises stress and equivalent strain for open channel with drop 

flange is as shown in fig. 

    
(a)                                                                                     (b) 

    
                                      (c)                                                                            (d)                                                                                                               

Fig 5. Open channel with drop flange (a) Total deformation (b) Von mises stress (c) 

Equivalent strain (d) Mode shape 

 

Structural analysis 

To understand the behaviour of the channel under load, different channels with 

unconventional flanges are analysed. Also the influence of thickness on the behaviour of the 

channel is examined using different thickness such as t=0.6mm, 1.1mm, 2mm.   First open 

channel beam is compared with drop flange open channel beam to understand the effects of 

modification in the cross section of the beam.  The comparison shows that stiffness of the 

beam increases with the application of drop flange. Then beams with drop flange having 

different values of b1(width of drop flange) are analysed to illustrate its effect on the stiffness 

of the channel. The graphs are plotted for b1 vs deformation, b1 vs Von mises stress, b1 vs 

normal stress, b1 vs shear stress, b1 vs equivalent strain and b1 vs deformation in Y direction.  

In the graph b1=0 indicate open channel beam, and b1=8 indicate open channel with a drop 

flange of width 8mm and so on and so forth.  

The different colours of bars indicate different thickness of the beams.  

It can be seen from the above Fig 6(a) that deformation is drastically decreased when drop 

flange is added which means the stiffness of the beam increases with modification in the cross 

section of the beam. The reason behind it is that the moment of inertia is increased. More the 

moment of inertia, more the stiffness.  Fig 6 (b) indicates the b1 vs Von mises stress graph 

where it can be seen that the von mises stresses are decreasing with the application of drop 

flange in the open channel beam. So the load resisting capacity of the beam is increasing. 
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(a)                                                                              (b) 

Under the transverse loading condition, the beam undergoes bending which induces normal 

and shear stresses. The normal stresses are more and shear stresses induced are very less 

which is nearly negligible. Fig 6 (c) and Fig 6(d) shows Normal stress and shear stress in the 

given beams with changing b1. It can be deduced that very small twisting occurs in the beam 

due to transverse loading. 

  
                                               (c)                                                                     (d) 

 
                                            (e)                                                                      (f) 

Fig. 6 (a) b1 vs Deformation (b) b1 vs Von mises stress (c) b1 vs Normal stress (d) b1 vs 

Shear stress (e) b1 vs Equivalent strain (f) b1 vs Deformation in y direction. 

 

Modal analysis 

Modal analysis is carried out to find the natural frequencies and mode shapes of the beam in 

free vibration. Another reason to carry out the modal analysis is to find the effect of 

modification of cross section on the natural frequencies of the beam.  The stiffness of the 

beam is proportional to the natural frequency of the beam so stiffness behaviour of the beam 

can be deduced using modal analysis. 

Modal analysis of the open channel beam and open channel with drop flange is carried out 

with different b1 values. From Fig 7(a) it can be noticed that after the amendment of drop 
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flange, the natural frequency of the beam is increased and so is the stiffness of the beam.  

 
Fig 7(a) t=0.6 

The analysis is carried out for different thickness values. From the Fig 7 (b) it can also be 

deduced that if drop flange is incorporated, natural frequencies of beam in different modes are 

increasing but the width of the flange is not a deciding factor. There is no uniform change in 

natural frequency with change in the width of drop flange i.e. b1.  

 
Fig 7 (b) t=1.1mm 

The scale of Fig 7 (c) is different from the scale of Fig 7 (a) and Fig 7(b) which also indicate 

that the natural frequency of the beam with higher thickness is more. So the natural frequency 

increases with increase in thickness of the beam. With the thickness, stiffness of the beam 

increases which in turn results in an increase in the natural frequency of the beam.  

 
Fig 7(c) t=2mm 
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CONCLUSION 

From the analysis of open channel beam and drop flange open channel beam. it is concluded 

that the modification in the cross section of the beam changes the behaviour of the beam. The 

stiffness of the drop flange open channel is more as compared to open channel beam. These 

beams have more buckling resistance when compared to standard channels. The modal 

analysis also shows that, the natural frequency of the beams are increased when amended with 

drop flange which also indicate that the stiffness is more decidedly more. Thickness is another 

contributing factor for the stiffness. If thickness is increased, stiffness increases but there are 

manufacturing limitations to increase the thickness so the modification of flange is a more 

feasible option. The values of b1 also change the behavior of the beam. If b1 is increased, the 

area moment of inertia of the drop flange increases, so does the stiffness but again the b1 can 

be increased upto some limit. it should not increase the overall mass of the beam. Stiffness 

should increase without any increase in overall mass and also the manufacturing process 

should be easy enough hence the proposed design is best of all analysed designs. 
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Abstract: In Aerospace applications, every aspect of aircrafts is fixed by using tens of 

thousands of brackets to assemble the parts. Design of brackets in aerospace engines is a 

crucial part which needs to haveinspection of numerous shapes and sizes. Main applications 

of these brackets are mounting bleed air ducting, starter air duct fuel lines and hydraulic lines 

engine core. These brackets are continuously subjected to constant and cyclic loading, which 

generates high amount of stress. So, the inspection is done manually which is time-taking and 

error-prone. To improve examination capability, many researchershave attempted to develop 

inspection techniques using certain software’s. Abaqus is one of the software’s, used for finite 

element analysis and computer aided engineering in the automotive, aerospace and industrial 

products. This software is used in research institutions in engineering because of the wide 

material modelling capability, and the editing capability. In Abaqus the users can construe 

their own materialsas a result new materials could also be simulated. Abaqus also facilitates 

compilation of multiphysics capabilities like coupled acoustic-structural and structural-pore 

capabilities. So, it is convenient for production-level simulations.  

In this paper, a 3D prototype of the bracket used in aircraft engine component is created and 

the von-misses stress analysis is done. As this bracket under goes continuous load more stress 

is developed in it which may lead to failure of the material. Hence, the deformation and 

failure is examined using this ABAQUS software (early monitoring is possible). A 3D vision 

monitoring is also done by using Finite Element Analysis. The result is assuring for large-

scale industrial application. 

Key words: Abaqus, Aerospace bracket, Von mises stress, Deformation, stress concentration 

 

1. Introduction: 

Abaqus is a opted forsoftware application [1-2] used for modelling [3] and analysis of 

mechanical components [4-5]. And one of thebest suited software for finite elemental results 

[1-5]. The Abaqus usesprogramming languages like Java, Python for scripting and modifying. 

It is ideally suited for static, low speed dynamic and steady state transport applications. It 

enables analysis of a model in both time and frequency domain in one single simulation. It 

also delivers highly accurate stress analysis. Abaqus uses the neutral database files. 

Sequence involved in this software: 

 
The Abaqus follows the primary three steps in the designing and analysis of a model. The pre-

processing or modelling includes creation of a input file for a finite-element analysis. The 

evaluation and simulation process includes applying the desired requirements like mechanical, 

thermal and electrical analysis. The post processing is a creation of output file from the 

mailto:praveenchapala@gmail.com
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simulation [6]. 

Aerospace brackets,are the structural components that are used for attaching and supporting 

assemblies [7]. These brackets are found in large tens of thousands in aircrafts.These brackets 

are used for applications like fuselage airframe assembly,fuel tanks, landing gears, engine 

mounts, wings assembly, and electric wire installation brackets are meant for carrying loads, 

supports structures, bearing that supports the shafts. Most commonly L, T and Z shaped 

brackets are used. Mounting Brackets are used in various fields such as Aerospace Industries, 

applications etc [8].  

In the present work we deal with the brackets used in the aerospace industries which are used 

to carry loads of pipelines, sliding rods, batteries, electronics goods etc. As minimum weight, 

sufficient strength, easy to manufacture to integrate the system are the critical factors in 

aerospace industries [9],we have considered working with Titanium Ti-6Al-4V(Grade 

5),annealed.The titanium alloy consists of α and β phase. The α-phase is stable at low 

temperature and β at high temperature. Al stabilizes the α-phase and V stabilizes the β-phase. 

Al also reduces density and vanadium provides ductile β phase used for hot working. The 

detailed weight composition of the alloy is Aluminium of 6%, Vanadium of 4%, Iron of 

maximum (0.25%), Oxygen of up to (0.2%) and Titanium of major contribution of 90% [10-

13]. 

Ti6al4v provides high strength and toughness than steel and aluminium alloys and also has 

approximately same stiffness than pure titanium but have high strength. 

. 

2. Deformation of aerospace bracket: 

2.1 Working with the model: 

On the basis of our objective of creating a model, applying the load, and analysing the model, 

three-dimensional finite element model of aerospace bracket is developed using Abaqus 

software. This bracket is used for holding sliding rods in aerospace frames and engine 

pipelines. The modelling steps are addressed as follows: 

Firstly, an element type is defined as a solid extrude, in which a 2D shape is created and later 

protrude into 3D shape. Two hollow cylindrical pipeshave been created for holding pipelines 

as shown in Fig.1.The smallhollow cylindrical pipe is placed at 56mm height from the surface 

with a diameter of 40mm and with an internal diameter of 18mm and the length of the 

cylindrical pipe is 30mm. The other hollow cylindrical pipe is placed at 118mm height from 

the bottom with a diameter of 55mm and with an internal diameter of 30mm and the length of 

this pipe is 36mm. The two pipes are connected to each other by a curvature with a radius of 

25mm. One end of the cylinders is connected to the base and the arrangement of the two 

cylinders along their length are shown in the top view. In the top view, a rectangle of 

140mmx85mm is observed which consists of two cylindrical holes for fixing the bracket. The 

two cylindrical holes have the diameter of 16mmand they are placed at a distance of 35mm 

and 105mm from the left respectively, and from the bottom both are placed at a height of 

30mm as shown in Fig. 2. The width of the front view plate is 12mm and the width of the 

rectangular plate and its design used is shown in Fig. 3. From the side view, the clear 

arrangement of the hollow cylinders is observed and the height of the rectangular base is 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 65 

 

 

18mm and it has a length of 85mm from which a 3mmx49mm part is removed. 

 
Fig .1. Front view   Fig.2. Top view 

 
Fig.3. Side View 

After the modelling of the bracket, the properties of Ti64 alloy is assigned to this model. The 

properties of this alloy are chosen based on ASM standards i.e., density (4.43g/cc), Young’s 

modulus (113.8GPa) and Poisson’s ratio (0.342). A section is created in the Abaqus software 

specifying the material with these properties and assigned to the model. 

In order to assign coordinates for the model for positioning an ‘instance’ is created in the 

assembly module. A loading and output request step is created for the model. In the ‘load’ 

module, a boundary condition is considered for this bracket. The 16mm hollow cylinders are 

encastred. The other hollow cylinders of the bracket are holding sliding rods and pipelines a 

continuous and cyclic loads are acting on it. A pressure of 116GPa is applied on the surface of 

this hollow cylinders in two loading conditionsas shown in the Fig.4. 

 
Fig.4. Boundary Conditions and Loading Conditions 

Meshing is done to the model; it contains nodes and elements. Meshing involves defining 

nodes and connecting them to form elements.  Seeds of size 30mm with curvature of 0.5mm 

(number of elements per circle:2) is considered and these nodes are connected to form 

tetrahedral shaped elements [4] as shown in Fig.5.For this finite element model a ‘job’ is 

created for visualizing and analysing the final result in graphics and graphical formats [11]. 
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Fig.5. Mesh applied to the model 

 

3. Results and discussion: 

The different colours in the plot shows the affected area due to the application of load, the 

intensity of the stress field is observed in the bracket. Red coloured region shows the more 

stress concentration and as the stress concentration decreases the colour changes from yellow 

to green and green to blue. Even the blue coloured regions also show some deformation. The 

plate of the bracketused for boundary condition acts as more stress concentrated region 

because the movement of this plate is restricted in all the directions resulting in the degree of 

freedom as zero with respect to the force applied on this bracket. While the other part of the 

bracket that is experiencing the force results in rotatory motion around the edge that connects 

the two parts of the bracket. As it is able to rotate in one dimension it is having a degree of 

freedom as one. The plate of bracket used for holding pipelines is not symmetrical and 

because of this asymmetry the stress distribution in the bracket is varied. Since the bracket 

holds the sliding rods and avionics it experiences both the forward and backward application 

of loads by considering as two separate conditionsi.e., the bracket experiencing the load in the 

front side towards it at the holding region of pipes as shown in Fig.6, and the other condition 

is the bracket experiencing the load in the back side towards the bracket at the holding region 

of the pipes as shown in the Fig.7, material deformation can be analysed. Analysing the 

results helps us to monitor and decide the ability of the material to withstand the load. 

 
Fig. 6. Load applied on the front side, a) front view, b) side view 

When the load is applied it acts as a torque resulting in the material to bend and the 

dislocation movement from the load applied region to the constrained region results in 

bending of the material. The deformation of the material starts withthe movement of 

dislocations. At the boundary condition region, where it is constrained with riveting, high 

stress concentration is present which is surrounded by high strain energy. The bent region in 

the L shaped bracket also acts as a constrain with some stress concentration. During 

deformation, when the dislocations move towards these regions, the dislocations are locked 
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(immobile) because of strain field interactions between the dislocations and constrained 

region. This results in pile up of dislocations and the dislocation density in the bracket also 

increases. This is observed clearly by the colour variation in Fig. 6 and Fig.7. 

In Fig.6, the load applied lead the bracket to open in obtuse angle. As the distance from 

loading region (cylindrical hole with small diameter) to the constrained region is less, high 

stress is accumulated at constrained region (riveted region) because of pile up of dislocations 

which is observed in red colour. The distance from the cylindrical hole (large diameter) i.e., 

from the load applied region to the constraint region is high. As the bracket is L shaped, the 

bent region will also act as obstacle for the movement of dislocations. At this region also pile 

up of dislocations takes place but the dislocation density is less compared to the constrained 

region. Hence the stress concentration region is observed in yellow colour. The decrease in 

stress concentration or the distribution of stress is observed in the other regions of bracket and 

it is indicated in green and blue colour. 

 
Fig. 7. Load applied on the back side, a) Front view, b) side view 

In Fig.7, the load applied is on back of the bracket which tends the bracket to close into the 

acute angle. Here the force is acting as torque resulting in internal anti parallel torque 

generation, in order to maintain stability. The stress concentration observed and the 

dislocation interaction with the constrained region (riveted) is similar with respect to Fig. 6 

which is shown in red colour. But the bracket is observed to be closing towards the base plate 

which generate compressive forces leading to pile up of dislocation at that region and stress 

concentration is observed in yellow colour. The decrease in stress concentration or the 

distribution of stress is observed in the other regions of bracket and it is indicated in green and 

blue colour. 

The addition of Aluminium plays an important role in increasing the strength of the alloy by 

stabilizing and strengthening the α phase and also forms strong precipitates with titanium 

which act as obstacles for the movement of dislocations. High plastic deformation region is 

maintained by the addition of Vanadium which results in delay of crack propagation before 

failure. The two conditions stating that the pile up of dislocations is the cause of the stress 

concentration, if the load is further increased the dislocations having higher energy move 

easily towards the defect region and until the UTS point the material with stands the load. If 

the load exceeds the critical load, crack initiates at the high stress concentration region leading 

to failure of the bracket. 

  

4. Conclusion: 

 Ti64 alloy is used for modelling and analysis of aerospace bracket using ABAQUS 

software. 
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 Tensile stresses are developed in the bracket when load is applied on the front side and 

compressive forces are generated at the bent region on the application of load on back side 

of the bracket. 

 High stress accumulation is observed at the riveted region in both loading conditions. 

From the simulation data, high amount of stress accumulation is observed in the bracket 

when load is applied on the front side. 
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Abstarct: PV based solar Power systems are nowadays being widely used in domestic and 

commercial installations for fulfilling the in-house power requirement, auxiliary power 

requirement in buses, trains and can be extended to solar powered UAVs (Unmanned Aerial 

Vehicles). However, Solar Powered UAVs can be rendered useless in the event of rapid and 

drastic decline of performance level in terms of power back up to the UAVs. The probable 

reason for such a decline may be failure of an individual solar cell of the panel, accumulation 

of dust and/ or shading of the solar panel etc. The present work aims at developing an IOT 

based system for energy monitoring in a solar powered UAV. It is expected that through the 

real time monitoring, data pertaining to relevant performance variables of the solar power 

back-up system can be acquired in advance. 

 

INTRODUCTION 

Power generation and consumption capacity is a major indicator of the development stage of 

countries across the world. Hence worldwide attention is oriented towards discovering and 

harnessing renewable energy source to produce green energy for meeting the energy 

requirement. Among the various renewable sources, solar photovoltaic technique is gaining 

popularity due to huge availability, reduced cost, easy installation, and maintenance. Hence 

real-time solar monitoring system is essential for ensuring optimum performance of the PV 

based solar power plants. Currently, Internet of Things (IoT) is an evolving technology that 

makes things smarter and user-friendly when connected through the communication protocol 

and cloud platform in monitoring solar power plants functioning [1]. In recent years, several 

research works have been carried out with reference to IOT application for PV panel 

performance monitoring. A PV monitoring system is developed based on wired and wireless 

networks to transmit the parameters to a remote coordinator that offers a web-based 

application for remote access [2]. Research endeavour to monitor solar power plant 

operations using IOT and Machine learning techniques is however limited to the static 

installations on commercial building rooftops and solar farms. 

The importance of similar systems for tracking performance of PV based solar power 

systems on various applications likes transport modes viz. Bus, Trains, Drones etc. cannot be 

undermined. However, monitoring and diagnosis system developed for these fixed 

installations do not offer a turnkey type solution and hence need to be customized keeping in 

view the constraints involved in the mobile power support system [3]. Next chapter presents 

a literature review carried out to identify the design considerations involved in the design and 
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development of monitoring and diagnosis systems for the PV based solar system 

performance in unmanned aerial vehicles or popularly referred as drones. 

 

LITERATURE REVIEW 

The literature review performed to identify the considerations involved in the design and 

development of monitoring and diagnosis systems for the PV based solar system 

performance. 

Energy Monitoring System 

Solar monitoring systems operate through the solar system’s inverter(s). Companies often offer solar 

inverters that come with a proprietary monitoring software setup [4]. As the solar inverter converts 

DC current into AC current for use in a home, information about power levels and production is 

collected and sent to the cloud-based monitoring systems and their companion apps [5]. As a result, if 

the personal internet connection is lost, one may still be able to access the solar monitoring system. 

Systems with power optimizers don’t rely on a wireless connection to transmit data, so monitoring 

continues during internet outages. Depending on the interface that has been set up, one can access the 

monitoring data even when the internet is down. However, this isn’t the case for micro inverter 

monitoring systems. They rely on a Wi-Fi connection to monitor each panel individually, in real time 

[6] [7]. This means that when the internet goes down, the monitoring capabilities also suffer. 

Monitoring software often can help detect problems and defects with panels, and recommend repairs 

to your setup [8]. One can often track historical data from the system. For example, monitoring 

systems offer data on historical weather-based performance, so anybody can know how the weather 

has impacted solar production in the past, and what one can expect in the future [9]. An effective 

monitoring system for a PV array must address several aspects such as, the placement and accuracy 

of sensors, communication systems that can transfer the database, algorithms to manage and process 

the collected data and user interfaces to visualize the state of the PV arrays. These measurements can 

then be transmitted to a central server and integrated into an automated monitoring system.[10]. 

IoT in solar Energy Monitoring System 

Energy monitoring systems are the most significant demands to decrease the energy 

expenditure from the businesses. Smart energy monitoring system technique tracks the usage 

of energy of different regions of the plant throughout round-the-clock. The energy 

Monitoring System is accomplished through the use of Energy meters, along with data 

loggers. Data loggers are utilized to get these data from Energy meters via communication 

interface protocol [11]. The Smart Monitoring Devices can interface with IoT networked 

imaging sensors to predict shading. The development of customized prediction algorithms 

for cloud movement and panel shading represents a significant advancement over previous 

efforts and can enable new strategies for power grid control, array topology reconfiguration, 

and control of inverter transients [12]. The new SMDs will enable us to develop and embed 

machine learning methods that employ recently developed divergence measures which will 

reduce uncertainty in fault detection. Moreover, new imaging techniques can allow improved 

shading prediction [13]. 

https://www.energysage.com/solar/101/string-inverters-microinverters-power-optimizers/
https://www.energysage.com/solar/101/microinverters-vs-power-optimizers/
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Fig.2.1: Applications of IoT Enabled Solar Power Monitoring 

Multifaceted benefits leading to improvements in productivity and profitability can be 

achieved by tracking and analysis, early malfunction detection, predictive maintenance, 

operational intelligence, system portfolio, and increased life efficiency. 

Conclusion of Literature Review 

Hence, Photovoltaic based solar power systems with lithium ion batteries as storage medium 

have emerged as a popular choice for driving Direct Current (DC) based applications. Due to 

the potential risk of solar cell fault, shading etc. there exists a risk of underutilisation of the 

PV based solar power system. Hence monitoring the solar power system is indispensable for 

realising optimum performance. 

Project Objectives 

Based on the literature review, the project objectives are specified as below. 

i) Design a customized IOT based system for monitoring and diagnosing the PV based solar 

power system mounted on an Unmanned Aerial Vehicle. It is to be noted that the PV based 

solar power system is being used to provide power back up to a UAV. 

(ii) The device should yield data pertaining to Solar Power system performance to a ground 

control station so that any degradation in system performance can be identified at the earliest 

and a corrective action can be taken. 

In essence, the project objective is to design an IOT based system for ensuring reliable 

performance of a solar powered Unmanned Aerial Vehicle. 

 

METHODOLOGY 

The project is envisaged to be carried out in following phases: 

A. Modelling and Simulation for the system identification purpose. 

B. Building the prototype of IOT based device for monitoring solar power system 

performance. 

C. Validating efficacy of the device for monitoring system performance. 

BUILDING IOT BASED DEVICE FOR MONITORING SOLAR POWER SYSTEM 

PERFORMANCE 

In order to build a physical prototype for monitoring the solar power system performance, 

parameters related to critical components need to be identified. For the purpose, modelling 

and simulation of solar power system dynamics has been carried out through for modelling 

and Simulation of the solar power system dynamics, MATLAB/ SIMULINK have been used. 

Simulation of Solar panel in Simulink: A model of PV panel based power system using 

MATLAB/ SIMULINK has been built. The model has been built with an objective to 

initially investigate solar power system performance at multiple temperatures and at different 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 72 

 

 

irradiance values. The model has been built using multiple blocks for representing real-time 

monitoring of solar power system performance [14]. 

The model has been further simulated for obtaining Current (i), Voltage (V) and power (P) 

obtained from the solar panel, and maximum power point related condition at various 

operating temperature and irradiance value combinations [15] [16]. 

 

SIMULATION 

Simulation of Performance without MPPT charge controller Implementation The 

figures below depict the simulation of solar powered IoT device which take irradiance as 

input and gives temperature, voltage and current as outputs without MPPT and with MPPT. 

4.1 4.2 

Fig 4.1 Schematic representation of solar panel simulation in Simulink without 

MPPT 

Fig 4.2 Schematic representation of solar panel simulation with MPPT 

 

RESULTS 

Simulation results without and with Maximum power point tracking 

CASE 1: At Constant temperature (25degrees) and at different ranges of irradiance the solar 

panel is simulated and corresponding voltage and current values are taken. 

CASE 2: At constant Irradiances (1000) and at different range of temperatures the solar 

panel is simulated and corresponding voltage and current values are taken. 

Table 4.1 Results at Constant Temperature without MPPT and with MPPT 
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Note: The Temperature coefficient makes a note that in a percentage per degree Celsius, how 

much power a solar panel will lose when the temperature increases by 1 degree over 25 

degree Centigrade [17]. 

 

(a) 

 

(b) 

 

(c ) 

 

(d) 

 

(e) 

 

(f) 

Fig 4.3 (a) Irradiance value at 1250W/m
2
 (b) Ambient temperature (c) PV Panel output 

Current (d) PV Panel Output Voltage (e) Output Current from MPPT Controller (f) Power 

Output from MPPT Controller 

Experimental Investigation of Solar Power System Monitoring 

In the previous observation we have simulated the solar power monitoring of a solar panel 

with and without Maximum Power Point Tracking (MPPT) system using MATLAB/ 

SIMULINK software. In this experimental investigation pertaining to influence of shading 

and dusting on the solar panel performance has been carried out through experimental testbed 

in the form of a solar powered quadcopter has been developed to do so. 
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Description of PV based Solar Power System enabled with IoT device The experimental 

setup consists of Electro–Mechanical components are used in this device we can measure the 

voltage, light intensity (irradiance), current, temperature using multiple sensors obtained 

from the solar panel and also current is calibrated. 

 
Fig. Block diagram representation of Solar Power System with IOT device 

ThingSpeak Channel: ThingSpeak is an IoT analytics platform service that allows 

aggregating, visualizing, and analysing live data streams in the cloud. Data can be sent to 

ThingSpeak from devices, create instant visualization of live data, and send alerts. 

 
Fig. Thingspeak Channel (Courtesy: https://thingspeak.com/) 

Description of Quadcopter: 

For performing experiment, a Solar Powered Quadrotor has been built for being used as test-

bed for investigating the efficacy of the IOT system implementation. The quadrotor has been 

built for the purpose of inspecting large solar power generation farms and such captive power 

plants. Hence the built size has been kept small. Weight of the Quadrotor is limited to 3 Kg 

and its footprint area is less than 0.25 sq. m. 

 
Figure. Quadrotor Prototype 

Endurance of the solar panel is the attainable flight duration per recharge of the power 

source. Power source used here is a 3-cell battery pack. The nominal operating voltage of the 

pack is 11.1 volts or 3.7V per cell. 

 
Figure: Schematic of Solar Powered Quadcopter Enabled with Internet of Things 

https://thingspeak.com/


Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 75 

 

 

The solar panel along with all the sensors have been mounted on the unmanned aerial 

vehicle. The voltage, current, temperature and light intensity are sensed by the respective 

sensors. The sensory data is acquired by Arduino UNO microcontroller board. The data is 

processed according to a program to record the appropriate values of all the above-mentioned 

performance characteristics. The code used for the purpose is presented in the appendix II. 

 
Fig. Sensory Data Transmitted to ThingSpeak 

The processed data is communicated to “Thingspeak” through the ESP8266 Wi-F module. 

ThingSpeak is an open-source online portal where we receive the recorded sensory data and 

can also have its graphical visualisation. The recorded data can be downloaded in the form of 

comma separated values (.CSV format) file. In order to test the influence of integrating the 

solar power system on the endurance of the quadcopter, endurance tests were performed. 

Solar insolation rate and ambient temperature was recorded prior to the endurance tests for 

the Solar Powered Quadrotor. During the tests, Solar Insolation rate varied within 650-

700W/m
2
 and temperature was around 32°C. The average endurance time has increased from 

8 to 10 minutes. 

Experiments for Validating Efficacy of the IOT Device 

In this experiment we have taken the whole experimental setup and left it ideal for 10 

minutes and corresponding current, voltage, light intensity and temperature are taken. 

 
Fig. 5.13: General condition of Solar Power system Monitoring 

To investigate the effect of shading, multiple situations have been considered. The solar 

panel has been covered in three differentways i.e., 33.33%, 66.66%, 99.99% and 

corresponding results from the ThingSpeak are taken. 

i) Solar panel covered 33.33%: 

The solar panel that have been taken have 36 cells out of 36 cells 12 cells are covered 

completely and remaining cells in the PV array are subjected to irradiance and temperature, 

and allowed to set for 5 min and the values are extracted from the Thingspeak cloud web. 

ii) Solar power covered 66.66%: 

In this situation the solar panel is covered 66.66% by covering an area of 24 cells of the solar 

panel, remaining 12 cells are subjected to irradiance at room temperature, the results thus 

obtained are stored in Thingspeak cloud web. 

iii) Solar Panel Covered Completely: 
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In this condition the solar panel is completely, all the cells in the PV array are covered and 

left it for 5 min to get isolated and then the values corresponding to this condition are saved 

in the Thingspeak cloud web. 

 
Fig. 5.14: Shading Effect Investigation: 33% Covered Solar Panel 

 
Fig. 5.15: Shading Effect Investigation: 66% Covered Solar Panel 

 
Fig. 5.16: Shading Effect Investigation: 100% Covered Solar Panel 

Solar Cell Fault Simulation: 

In this type of experimentation cells are identified by assigning names to it, here we have 

taken rows with digits from (1-9) and columns are assigned with alphabets from (A-D) such 

that cells can be defined as A1- A4, B1- B4, C1- C4, D1-D4. Now we have covered any one 

of the cells in the panel and values are taken from the Thingspeak web.We have covered A4, 

B8, C2, and D9 at different times and values for 5 min time limit are taken and 

corresponding current, temperature, voltage and light intensity are calculated. 
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a 
b 

c 

          Solar Cell fault Investigation (a) B-8 cell (b) C-2 cell (c) D-9 cell 

Experimental Results and Discussion 

The presents the plots based on data recorded in Thingspeak channel and the .csv file thus 

generated. The results plotted are pertaining to the shading effect on the solar power system 

performance. It can be noted that the Voltage output decreases from 12 V to 4V 

corresponding to the 33.3% shading effect. It further drops down to Zero Volts under the 

66.6% shading effect. 

The result presented in figure indicates that the solar power system performance undergoes 

exponential decline due to shading effect. Hence, whenever there is a trend of sharp decline 

in the voltage output it may be interpreted as due to the shading effect and hence the fail-safe 

mode be triggered for avoiding failure of the overall solar powered quadrotor. Thus, it 

ensures the reliable operation of the overall system. 

(a) 

 
(b) 

 

 

 

 

 

 

 

(c) 
 

(d) 

Fig. 5.18: Experimental Results from Thingspeak Channel corresponding to Shading of PV 

panel (a) Solar Radiation (b) Temperature (c) Voltage (d) Current 

Figure 5.13 presents the plots pertaining to the Cell fault effect on the solar power system 

performance. Figure represents a continuum of observation for four different cell faults 

simulated. The cells A-4, B-8, C-2, and D-9 have been considered to fail (one at a time only). 

For each cell fault simulation, sensory data pertaining to solar radiation, ambient 

temperature, voltage and current data has been recorded for 5 minutes. Thingspeak channel is 
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updated every 15 seconds based on the prevalent internet protocol used for online 

communication. Hence every 20 recorded data points as shown on the x-axis corresponds to 

a single cell fault. Hence the entire X-axis scale comprising of 85 recorded data points 

corresponding to the cell faults in the order A4, B8, C2, and D9 (though one at a time only!). 

It can be noted from fig. 5.13 (C) that the voltage generated is around 8V. The voltage output 

can be considered to drop from the nominal solar panel output voltage of 12 Volts to 8 V as a 

result of cell fault simulation. Fig. 5.13 (d) indicates that the current drawn is almost constant 

varying slightly between narrow ranges of 0.10 to 0.125 Amperes. Fig. 5.13 (a) and (b) 

respectively presents the solar radiation value and ambient temperature values over the 

period. 

It can be noted that sharp decrease in the voltage generated due to cell fault is quite alarming. 

It droops down from 12V to 8V. Literature suggests that a single cell fault initiation, if 

overlooked may cause colossal damage to the functioning of the entire solar panel. Hence the 

sharp decline in the voltage output needs to be taken care of by calling back the Quadcopter 

by triggering the Fail-Safe mode. Then the repair or replacement of the solar panel can be 

addressed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.19: Experimental Results from Thingspeak Channel corresponding to Cell Fault 

Simulation (a) Solar Radiation (b) Temperature (c) Voltage (d) Current 

 

CONCLUSION 

The work presented in this report describes the development of a solar powered quadcopter 

enabled with IOT technology. An IOT system based on Arduino Uno, ESP8266 and 

ThingSpeak (an Open source IOT platform) has been used for sensory data acquisition and 

communication to the ThingSpeak portal. Thingspeak offers for recording and visualizing the 

solar powered quadcopter system performance data remotely. In the context of the problem, 

the data generated by a flying quadcopter can be observed at the ground control station and 

timely control/ corrective action can be initiated to ensure reliable (safe) operation of the 

quadcopter. Based on the data observed through Thingspeak portal, a fail-safe mode can be 

triggered remotely causing the quadcopter to return to the ground control station safely. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 
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Advanced algorithms can be also implemented to ensure automatic retreat of the quadcopter 

to ground control station. 
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Abstract: The ceramic block was printed with eight infill patterns (rectilinear, line, 

concentric, honeycomb, 3D honeycomb, Hilbert curve, Archimedean chords, and octagram 

spiral) by varying the infill percent. The infill percentages are 5%, 10%, 15%, 20%, 25%, 

30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100%. The area of the block is 60mm × 60mm 

square in shape, and the thickness depends on the layer height and the number of layers. The 

printing time and material consumption changed according to the infill pattern, the infill 

percent, and the layer height of the part. The density, weight, structural, and other properties 

depend on the effect of the infill pattern and infill percentage. The extrusion flow depends on 

the pressure in the nozzle and the slurry viscosity. 

 

1. Introduction  

3D printing, also referred to as additive manufacturing, is a computer-aided design 

prototype of the required model to deposit layer by layer of materials using various 

techniques. This manufacturing aspect provides distinct advantages compared to the standard 

manufacturing processes by eradicating the need for model-dependent jigs and fixtures for 

every precise model design, offering multiple custom designs within a single parallel build, 

and efficiently utilizing materials, thereby lowering the scrap [1],[2]. Recent advancements in 

the additive manufacturing sector include multi-material and multi-color manufacturing, 

allowing variable properties and aesthetics across the model and printing complex structures 

[3]. The progress in the additive manufacturing process provides new insights into the distinct 

capabilities of the technologies besides the opportunities to improve the manufacturing of the 

products widely [2]. There are three classes of complexity involved. They are shape, material, 

and hierarchy. Shape complexity affects the ability to build any form that can be 

geometrically customized [4]. Material complexity involves the ability to have conventional 

processes manufacture a complex material.  

The hierarchical complexity demands manufacturing parts with features of ranging scales. For 

instance, microstructure through a geometric mesostructure [2]. This work uses infill patterns 

(line, rectilinear, honeycomb, concentric, 3D honeycomb, Archimedean chord, Hilbert curve, 

Octa gram spiral) with infill percentages ranging from 5 % to 100 % are 3D printed by 

extrusion-based 3D printing technology. The porcelain ceramic is a model archetype or 

framework. Also, the literature underlining the importance of various infill patterns and infill 

percentages in different ceramic 3D printing processes is discussed.  

The rectilinear geometry with an orientation of 45
o
 has shown enhanced mechanical 
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response with high strength. Also, at the solid loading of 70 wt.% and 67.5 wt.%, the 45
o
 

rectilinear pattern showed enhanced compression strength of 8 mol% dense yttria-stabilized 

zirconia parts [5]. The change in the infill orientation could also lead to defects and porosity 

in the printed samples [6]. Characterizing yttria-stabilized zirconia, 3D-printed features for 

prostheses revealed relatively low porosity, low roughness, and enhanced compressive 

strength [7]. Catalytic experiments and finite element modeling performed for alumina 

ceramic inks displayed that additively manufactured features with 40% infill density and 

rectilinear infill pattern favored catalytic activity [8]. The combination of engineered macro 

porosity and internal nano porosity derived from 3D printed yttria partially stabilized zirconia 

rectilinear pattern makes the ceramic features ideal for demanding gas flow in a corrosive or 

high-temperature application [9]. In a study on additive manufacturing of alumina ceramics 

and the characterization of sintered parts, a rectilinear filling pattern with a filling angle of 90
o 

is observed to be beneficial among all the designs [10]. 3D printing of partially stabilized 

tetragonal zirconia with eight molar percent of yttria solid oxide fuel cell electrolytes revealed 

that the rectilinear pattern yielded the best outcomes for the cylindrical geometry than the 

concentric ones [11]. Extrusion and sintering of binder-coated zirconia with a rectilinear infill 

pattern revealed that the low layer thickness enhanced the mechanical properties [12]. In 

extrusion-based 3D printing of alumina and zirconia models, the external contour profile that 

is accountable for the surface quality of the models is discarded, and a rectilinear infill pattern 

with a fill angle of 45
o
 is considered. The part orientation of the zirconia and alumina samples 

with vertical direction showed significantly enhanced Vickers hardness than the horizontal 

orientation as the load bearing or the resistance against micro-scale penetration; that is, the 

hardness is higher in specimens that are vertically oriented [13]. 3D printing using non-

cylindrical nozzles added a new degree of freedom. It allowed obtaining surfaces with more 

specific surface area and even introducing concave surfaces in the architecture printed.  

Due to the rectilinear pattern used and the nature of the direct ink writing process, even a non-

cylindrical nozzle resulted in an interlinked pore network. Most pores were open besides trace 

amounts (less than 0.2 %) of closed porosity due to air bubbles [14]. 3D printed 

hydroxyapatite scaffolds with the rectilinear arrangement of pores and with a thermoplastic 

binder polyvinyl alcohol were found not to affect the adhesion and cell colonization. Still, 

elevated temperatures during scaffold sintering are better for colonizing cells. Scaffolds 

sintered at low temperatures inhibited cell proliferation [15].  

A report on the impact and role of 3D printing in casting recommends line infill 

patterns in parting lines [16]. The line pattern is also used for filling the space between the 

tool path lines, which are closer [17]. Similarly, the line pattern can also be used in printed 

circuit boards. The printability of the zirconia coated with binder was assessed by printing a 

line pattern under several process parameters' combinations like extrusion flow rate and 

printing speed [12]. Lauder et al. reported that surface integrity and microstructures are 

improved by optimization of process parameters like line spacing, droplet spacing, layer 

spacing, and placement [18]. The Low-Temperature Co-fired Ceramic (LTCC) slurry filled a 

layer-by-layer pattern following the moving extruder's path. The deposited line of the slurry 

could bond with the adjacent bar, forming a relatively flat upper surface. However, for the 

side walls, no such fusion behavior was found. The previously deposited layer is solidified 

when the new layers are printed, retaining layer lines on the side walls [19]. On the other 

hand, while printing the delicate patterns, the flow of the paste can be reduced slightly, 

thereby making the patterns of the line clear [20]. Increasing the overlap between the 0-45-90-
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135 orientation lines lowered local stress, whereas the double-layered configurations are 

mechanically weaker [21]. The width of the line is directly proportional to the extrusion flow 

in a user interactive fabricating framework. The modelling is made using sweeping lines as 

the design tool for clay 3D printing [22].  

A concentric infill pattern is akin to the onion consisting of concentric layers around 

the center from the center to the exterior. 3D printing of nanocomposites containing 

polypropylene and different kaolinite contents with concentric infill patterns showed lower 

mechanical properties. This is out of its giant cavity formation between the layers in the 

structure [23]. In a concentric fill pattern, the alignment of the deposits in the loading 

direction yielded desirable flexural tensile and tensile properties [24]. A concentric infill 

pattern with 100 % density has displayed enhanced recovery time [25]. Due to the lack of 

pattern connectivity, in the case of a concentric pattern, there is a lowered stress transfer 

observed [26].  

The concentric multi-layered structure is an essential feature in bone osteons, also seen in tree 

annular rings, sea sponges, and bamboo [27]. 3D printing uses a novel in-line mixing system 

to design functionally graded composites: boron carbide at the bottom and silicon carbide at 

the top as a gradient [28]. The concentric patterns in 3D printing for hip and knee 

replacements using carbon fiber composite akin to bone ceramics revealed that the more 

concentric fiber fill is added per layer, the stronger the part [29]. The scaffolds containing 

alternating layers deposited in concentric fill patterns made using polylactic acid and 

carbohydrate particles formed integrity surfaces [30]. The mechanical properties are varied by 

changing the interaction between the polylactic acid and carbohydrate particles [31]. A 

concentric fill pattern was found to be a stable geometry mechanically when stressed by a 

fatigue load frame in the case of piezoelectric films for pressure sensor applications [32]. 3D-

printed alumina concentric filling patterns exhibit a minimal effect on the mechanical 

properties and density of the additive manufactured parts [10]. Attaining isotropic behaviors 

while depositing concentric patterns is challenging [33]. Bone healing with concentric rings 

guided new bone formation between the struts [34]. The electric field circular component as 

concentric curves led to a strong magnetic field in dielectric anisotropic composite 3D printed 

with meta-material characteristics [35]. Implants 3D printed for bone tuberculosis treatment 

with powder containing poly (DL-lactic acid) in multilayer concentric cylinder shape. Each 

layer was loaded with the antibiotics rifampicin or isoniazid [36]. The effect of continuous 

concentric Kevlar fiber rings on the elastic characteristics of polyamide composites revealed 

that an increase in the number of Kevlar fiber rings enhanced the composites' mechanical 

properties [37]. Laminated 3D printed composites with isotropic infill patterns had improved 

tensile performance compared to the concentric infill pattern [38]. 3D printing of nanoporous 

ceramics using a 406 µm nozzle in the concentric circle line spacing with a cylinder height of 

10 in the wagon wheel structure revealed the smallest feature size printed was 250µm [9]. The 

assessment of bending characteristics of additive manufactured coconut wood poly lactic acid 

showed that the enhanced bending properties are attained by 75 % infill concentric pattern 

[39]. Examination of thermal characteristics of tube-in-tube porous alumina ceramics for 

recovering the heat from the thermochemical solar reactor led to enhanced heat transfer 

coefficient [40]. Flexible bio-ceramic-dependent scaffolds with concentric microstructures are 

successfully manufactured by combining additive manufacturing and two-dimensional bio-

ceramics [41]. Additive manufacturing of calcium phosphate scaffolds revealed that the bone 

was distributed homogeneously over the complete implant in the calcium-deficient 
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hydroxyapatite foams. Also, no considerable differences among the five concentric volumes 

of interest are observed [42].  

In the four-dimensional printing of energy harvesting devices and pressure sensors, the 

concentric fill pattern was set up to maximize tensile strength for dynamic load frame testing 

[43].  

A filling pattern of hierarchical models like 3D honeycomb and honeycomb is applied 

for low-weight designs. 3D printed honeycomb infill patterned scaffold with poly lactic acid 

altered with hydroxyapatite and chitosan revealed enhanced proliferation and attachment of 

human osteosarcoma cells in vitro [44]. Self-propagation of photopolymerization is restricted 

to the models with linear characteristics, which protrude from the exposed surface like 

honeycombs [45]. As per the few reports, the mechanical stability of the additive 

manufactured parts is attributed to the honeycomb structure [46],[47]. Additive manufactured 

alumina honeycomb-shaped structures displayed a reduction in density and increased 

compressive strength with the introduction of nanoparticles [48]. Comparatively, it is also 

suggested that for the more efficient designs of lattice structures like honeycombs, a 

significant enhancement in the compressive strength properties can be achieved [49]. The 

sandwich panel's bending performance relies heavily on the geometric configuration. A 

ceramic sandwich reinforced with the honeycomb core exhibited enhanced mechanical 

characteristics in simulation [50]. Direct foam writing of hexagonal closed-cell porous struts 

revealed exceptional specific stiffness, a major step for the scalable formation of porous 

materials like tissue scaffolds and lightweight structures [51]. The largest honeycomb fill 

factor in 3D printing of transformer core gave the greatest printed core performance [52]. 

Hierarchical re-entrant honeycomb manufactured by 3D printing technique enhanced specific 

initial-buckling strength, specific stiffness, specific energy absorption capacity, and structural 

stability [53]. Improving rheology, homogeneity of ceramic suspension, and optimized 

sintering, a honeycomb structure can be made with no cracking and high specific strength 

besides better dimensional stability [54]. The potential of additive manufacturing in the 

monolith design with a sophisticated honeycomb structure for catalytic end applications is 

unveiled [55]. A study on the compression evolution of prismatic metal-ceramic composite 

disclosed that the ceramic particles are apprehended between the honeycomb-like metallic 

phase that maintained the potential for carrying the load even after the ceramic phase had 

attained the failure stress value [56]. 3d printing of ultra-high temperature porous multi-scale 

zirconium diboride honeycomb infilled ceramics revealed a high strength ratio to density in a 

4-point bending test [57]. Honeycomb infill cordierite samples with perpendicular and regular 

vertical channels were fabricated, and the samples sintered were almost intact without many 

observable visible cracks, and the shape retained undistorted [58].  

Copper or active ceria phase loaded on traditional and enhanced monoliths of honeycomb are 

used for the acceleration of oxidation of carbon monoxide in excess oxygen. They are also 

used to accelerate carbon monoxide in hydrogen-rich mixture. These are the reactions 

corresponding to the response of environmental protection's actual relevance, and perfect 

utilization of energy in the fuel cells, respectively [59]. 4D printing of honeycomb elastomer-

extracted ceramics led to structural applications of high-temperature microelectromechanical 

systems, electronic devices, aerospace propulsion components, space exploration, and 

autonomous morphing structures [60]. Additive manufactured structures with honeycomb 

infill patterns in the longitudinal direction exhibited the most effective strength ratio to mass 

and were mainly used for low-weight applications. A 100% dense honeycomb pattern 
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indicates high strength and is nominated for application with no restrictions on weight [61]. 

3D-printed silicon nitride ceramics with honeycomb patterns exhibited high compressive 

strength as high as 1.1GPa [62]. The 3D-printed inner honeycomb pattern can exceptionally 

resist mechanical loads [63]. Hexagonal honeycomb structures displayed enhanced specific 

strength under high compression force [54]. Inkjet 3D printing of honeycomb infill antenna 

provides 15 % higher efficiency than a similarly manufactured solid substrate antenna. The 

3D-printed antenna showed less weight, low dielectric constant value, and significant 

dielectric loss, which are advantageous [64]. In the combination of the 3D printing process of 

pattern making and investment casting, the honeycomb patterns manufactured from aluminum 

alloys exhibited good strength, high stiffness, excellent surface accuracy, and dimension [65]. 

By bridging silicon carbide chemical vapor infiltration and 3D printing, 3D porous lattices 

with remarkable mechanical characteristics are fabricated [66]. Multi-material 3D printed 

carbonyl iron powder/barium titanate composites with honeycomb structural absorber 

exhibited enhanced microwave absorption of electromagnetic waves [67]. 3D printing of 

polymer-extracted honeycomb ceramics, namely polylactic acid lattices dip-coated with two 

preceramic polymers. Dip-coated polymers are then converted into silicon carbide nitride and 

silicon carbide ceramics. 3D printed stable silicon-based 3D non-oxide ceramic materials 

displayed retention of highly porous honeycomb structure after pyrolysis [68]. 3D printing of 

oblique honeycomb alumina silicon carbide whisker structure provides a practical and novel 

avenue for the fabrication of structural composites with higher and broader microwave 

absorption performance [69]. Barium titanate-dependent piezoelectric composite ceramics 

with honeycomb infill structure design, which are 3D printed, are more effective than those 

produced by traditional dicing-filling [70].  

Samples 3D printed with a raster angle of 90
o 

in a Hilbert curve infill pattern showed a 

better outcome than the 0
o
 value. These outcomes indicate that the research should be done 

along the lines of ignored parameters which may yield more precise results than earlier [71]. 

A high temperature is maintained when the raster is deposited at fewer distances in the Hilbert 

curve, resulting in better fusion and bonding between the adjacent raster [72]. The lower 

number of voids in the Hilbert pattern indicates better mechanical properties. However, in the 

designs with low infill density, the Hilbert pattern presented lower tensile and flexural 

strength [72]. Structural quality and textural quality of the mashed potatoes with Hilbert curve 

infill pattern and various infill percentages reveal that, although a direct relationship has been 

followed between infill percentage, gumminess, hardness, and Young's modulus of the 

additive manufactured samples, no comparable akin outcomes have been found for the infill 

pattern [73]. The Hilbert curve infill algorithm proposed by Butz has became a most popular 

infill techniques in the additive manufacturing are out of its scope in reducing deformation of 

the material and ensuring better mechanical properties of the model [74]. The Hilbert curve 

pattern showed the enhanced compressive strength of 121.35 MPa of neat poly lactic acid 

printed at 60 mm/s, 210
o
C, 0.2 mm layer thickness with three shells and infill, 60

o
C bed 

temperature [75]. For improving the printing time and path planning for a feasible infill of 3D 

objects by lowering sharp angles that have continuity in the path, the Hilbert pattern is 

preferred over the other designs [76]. Few defects were also observed in the Hilbert curve 

infill pattern. The printing time of Hilbert curve patterns is found to increase compared to the 

other designs [77]. The amount of material required and time are affected by the type of infill 

pattern chosen [78]. The texture strength is high in the case of the Hilbert infill pattern. The 

modification in the strength of the texture was determined via the alterations in the internal 
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structure of the hard food material, using 3D printing, which showed diverse categories of 

modifications compared with the soft traditional food materials [79]. The surface smoothness 

of the models considerably enhanced the Hilbert curve pattern. However, the outcomes 

proved that surface roughness and Young's modulus of the printed parts varied directly 

proportional to the infill density in the Hilbert pattern [80]. Griffiths proposed a tool path 

strategy for machining curved surfaces based on the Hilbert curve [81]. A study is also 

presented based on the Hilbert curve for fused filament fabrication [82]. In the printing of 

solid infill patterns using the Hilbert pattern, it is observed from the outcomes the best 

mechanical properties besides high build duration and high material consumption [83].  

There are no observable changes to the external structure or texture with the 

Archimedean chord infill pattern for an Osteo Ink [84].  

The Archimedean chord infill pattern has a near diamond-like pore shape with curved edges 

recommended for tissue engineering applications [85]. In 3D printing of gelatine 

methacrylate/silica bioactive nanocomposite bio-ink for osteogenic differentiation of the stem 

cell, the Archimedean chord fill pattern with layer height as constant yielded the best 

outcomes [86]. In 3D printing of Archimedean chords complex geometries with hydrogel-

based printing ink, the error percentage in the y and z directions is found to be in the order of 

0.1% and 2%, respectively [87]. In an attempt to evaluate the effect of heating on tensile 

behavior and dimensional stability of additive-manufactured reinforced carbon fiber 

composites, the rectilinear pattern gave 33% higher strength than the Archimedean chord 

infill pattern [88]. 

Open designs like octa gram spiral would favor the spreading of the liquid electrolyte, 

unlike the closed patterns discussed earlier for fluid electrolyte uptake in the 3D printed 

electrolyte battery systems [89]. It is well known that the compressive strength varies in direct 

proportion to the infill density. The compressive strength reported for fused deposition 

additive manufacturing poly lactic acid materials with octa gram spiral infill pattern is 70.07 

MPa [80]. The flexural strength and modulus are found to vary in direct proportion with the 

infill density in the case of the sole octa-gram spiral infill pattern and are reported to be lowest 

for the octa-gram spiral infill pattern in point of comparison with other designs [39]. The 

octagram spiral pattern has the weakest young's modulus, with 0.1482GPa with 3D printed 

copper composition. Ultimate tensile strength, young's modulus, and flexural strength is found 

to be lowered with an increase in the copper content. The flexural modulus increased with the 

copper content [90].  

 

2. Materials and methods  

2.1. Materials  

The ceramic material composition includes 75 grams of porcelain, 1.5 grams of 

polymer, and 29 grams of water. The total weight of the slurry is 105.5 grams. 

2.2. Slurry preparation  

All the ingredients are mixed to obtain a slurry optimized to extrude the part. 

Sometimes the stirring is laborious before completely dissolving in water due to the stickiness 

of a slurry. Little alcohol is added and stirred until it dissolves completely to get a suitable 

slurry. This is very important to optimize the slurry composition to obtain high density, low 

shrinkage, and sufficient strength to produce a product. If water is added in excess amounts, 

the slurry becomes softer, and the expansion rate is high, which can cause more deformation 

and change the line thickness. Moreover, the slurry can leak above the piston in the nozzle 
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during the extrusion. This effect can cause a flow due to pressure leakage.  

In contrast, the flow problem is found when the slurry is stickier. Therefore, the slurry 

condition is critical for printing the part with desired properties, structure, etc. 

2.3. 3D printing 

Nowadays, ceramic 3D printing technology is widely used in various fields to produce 

products, mainly in medicine, to replace ceramic human body parts. Moreover, ceramic 3D 

printing technology has reduced the waste of materials and labor. It can reduce the cost and 

time to produce a part. 3D printing technology can create complex shapes and more precise 

details. The model is printed on the platform using the layer-by-layer deposition method in 

this study. The position of the nozzle movement is in the X-Y plane, and the platform is 

moved along the Z direction. The nozzle is moved by rectilinear motion and driven by a screw 

gear. The nozzle has approached the build platform with a 45 º diagonal path to print the part. 

The motion speed of the nozzle is 30mm/s for the unloading operation, and the nozzle 

diameter is 1.2mm, which is the same dimension as the extruder width. The actual printing 

speed is only 5mm/s. All the layer's height is 0.6mm, and the infill density varies according to 

the part's infill percentage. The platform is dived along the Z axis after the printing of each 

layer. When the whole piece is complete to print, the extruder or nozzle automatically returns 

to the home position.  

2.4. Experimental procedure   

After the preparation of suitable slurry, it is loaded into the syringe. The syringe is 

then set up in the assigned location of the printer to print the part. The desired program is 

chosen according to the structure of the part. Before printing the part, the flow condition must 

be tested to avoid bubbles and intermittent flow during the printing of the part. And then, the 

distance has to be adjusted in the z-direction between the nozzle and the platform, as this 

distance affects the material's expansion and flow. If the platform and nozzle are very close, 

the material is more expanded, making the line thicker. In addition, the skirt structure is also 

printed before printing the actual part to detect and adjust the adhesion and cohesion of the 

flow. The gap between the skirt and the object is 5mm, and the layer height is 0.6 mm. The 

number of loops is two loops, and the number of layers is one layer for the skirt. The skirt 

layer height is equal to the actual part layer height. The actual part is printed according to its 

infill percentage and pattern. Therefore, the number of lines, the printing time, and material 

utilization are varied according to their infill pattern and share. 

 

3. Results and discussion  

3.1. Rectilinear infill pattern  

In this infill pattern, the infill density and properties of the part differ according to the infill 

percentage. Figure 1 shows the relationship between the printing time and the infill 

percentage of the rectilinear pattern. The corresponding infill percentages for the rectilinear 

pattern are shown in Figure 2. Moreover, the detailed data of printing conditions and 

parameters for this pattern are described in table 1. In 5% infill density, the part is lightweight. 

The density and mechanical properties are also weak because the space is ample in part. For 

10% infill, the number of lines is increased. So, the vacuum is also less inside the part. 

Moreover, the density and other mechanical properties are also increased. But, the printing 

time and own weight are more. At the15% of the infill, the amount of space is less in part. 

Therefore the weight, density, and printing time increase. However, the mechanical properties 

are better than the previous infill percentage (5% and 10%). For the 20% infill, the number of 
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lines increases, so the line gap is less and close to each other. The printing time and own 

weight are higher. But it has better mechanical properties and density. 

 

Table 1.  The printing time and printing parameters of the rectilinear infill pattern 

Rectilinear  

Infill (Percentage) Printing time (minutes) Number of lines Height of the printed part (mm) 

5 21 451 60×60×5 

10 12.57 325 60×60×2 

15 13.95 343 60×60×2 

20 15.23 367 60×60×2 

25 16.525 385 60×60×2 

30 18 409 60×60×2 

40 20.57 451 60×60×2 

50 23.22 493 60×60×2 

60 25.8 535 60×60×2 

70 28.38 577 60×60×2 

80 31.02 613 60×60×2 

90 33.62 655 60×60×2 

100 36.2 703 60×60×2 

The 25% infill density slightly increases the number of lines and the printing time. The 

vacuum, in part, is decreased. Although the weight is heavier, the density is improved. This 

improves the mechanical properties of the part. In the 30% infill pattern, the material 

consumption is slightly more, and the gap between the lines is less. This infill percentage is 

suitable for lightweight and to get some mechanical properties of the part. Increasing the infill 

percentage to 40%, the number of lines and usage of the material is significantly high. 

Moreover, the structure is more compact and denser because the space area is less in part. The 

line spacing is much less, and material and printing time consumption is a little high in the 

50% infill density. So, the density and the mechanical properties also increase. This infill 

percentage has medium weight and medium properties of the part. In 60% infill for this infill 

pattern, the vacuum is minimal in the part that almost lacks vacuum. This is due to the number 

of lines increasing, corresponding to the infill percentage. Moreover, for the 70% infill, there 

is no space between lines corresponding to the increase in the infill rate; the number of lines 

also increases. Therefore, the gap becomes tiny. And then, the material is separated when it 

touches the bed. 

Due to these effects, the part does not have the space. The part significantly becomes a solid 

type for 80%. There is no space in part. This can get dense and withstand the force and any 

other effect. But the weight is heavier, and material consumption and printing time are also 

higher. In 90% infill, the part is denser and has more robust mechanical properties. The 

number of infill lines is increasing, and the cost is higher because time and material 

consumption are high. Whereas for the full percent (100%) infill, the part has become entirely 

solid, so the density and weight of the part are increased. Moreover, the number of lines, 

utilization of materials, and production time are the highest than any other infill percentage.  
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Figure 1. The relation of the infill percentage and printing time for the rectilinear infill 

pattern. 

In conclusion, the thickness of the lines is decided by the gap between the bed and the nozzle. 

As the expansion rate of the material depends on this gap, the thickness of the line varies 

according to the material's expansion. If the distance is very close, the expansion rate is high, 

and the line is thicker. Moreover, this expansion rate of the material also depends on the 

slurry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The infill design and infill percentages of the rectilinear infill pattern. 
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3.2. Line infill pattern  

The detailed data of the printed part for the line infill pattern is presented in table 2. 

Figure 3 describes the relationship between the printing time and infill density. The various 

infill densities are shown in figure 4. For a 5% infill percentage, there is very little material 

consumption and printing time. There are so many spaces in part. It is lightweight and has less 

density, so the withstand force is also less. The increase in the infill percentage to 10, the 

number of lines, the printing time, and material usage are also high. As a result, the density 

and weight of the part also increase. The other mechanical properties are more robust because 

the amount of space is decreased. In the 15% infill, the number of lines is about 343, and the 

production time is 14.25 minutes.  The weight is not heavy, and the gap of lines in the part 

becomes less. Therefore, the amount of resistance force and density is slightly higher.  

At the 20% infill density, the number of lines is higher by 24 lines than the 15% infill 

percentage. Compared to the less infill percentage part, the space in part is less; heavier 

weight and compact density can be obtained in this part. The amount of material 

consumption, printing time, and the number of lines increase in the 25% infill. Therefore, 

density, weight, and other mechanical properties are also increased. Increasing the infill 

percentage to 30%, the number of lines and the production time also increased. Moreover, the 

spacing between lines is decreased, so the vacuum in part is reduced. This increases the 

density and weight of the product, and then the other properties (such as stress, strain, 

deformation, etc.) of the part are also improved. For 40% infill, the number of lines slightly 

increases, so the amount of material consumption is more. Therefore, the time takes a little 

longer to complete the part, but the density of the part becomes high. The space area inside of 

the part is less. Moreover, the weight of the part is increased as well. On the other hand, the 

mechanical properties of the part are improved. The gap between lines is minimal in 50% of 

the infill pattern. The printing time and the number of lines are increased. The weight is 

heavier, but the density of the part is better. Moreover, the amount of material usage is 

increased, and the part's mechanical properties are advanced. For 60% infill density, the space 

in part is slightly decreased because the infill percentage is higher. Therefore, the material 

requirement and the time to print the part are higher. The part's weight, density, and other 

properties (mechanical properties) are improved. 

Table 2. The printing time and printing parameters of the line infill pattern 

Line 

Infill 

(Percentage) 

Printing time 

(minutes) 

Number of lines Height of the printed part 

(mm) 

5 11.02 301 60×60×2 

10 12.97 325 60×60×2 

15 14.35 343 60×60×2 

20 15.77 367 60×60×2 

25 17.05 385 60×60×2 

30 18.33 409 60×60×2 

40 20.87 451 60×60×2 

50 23.43 493 60×60×2 

60 26.02 535 60×60×2 

70 28.27 577 60×60×2 

80 31.12 613 60×60×2 
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90 33.67 655 60×60×2 

In the 70% infill design, the part is an almost solid state, and the gap is scarce in part. So, the 

weight, material usage, density, and resistance to load are increased. The number of lines, 

materials, and time consumed to print the part becomes growth for 80% infill density. There is 

no space in part due to the effect of material expansion and the increase in the infill 

percentage. Therefore, the part is quite a solid type in this infill percentage pattern. 

Consequently, some mechanical properties such as; weight, density, hardness, strength, etc., 

are improved. 

 
Figure 3. The relation of the infill percentage and printing time for the line infill pattern. 

For 90% of infill for this pattern, the vacuum, in part, is less and becomes a robust solid state. 

The infill pattern type is not found. The weight is heavy, and the density is higher. Moreover, 

the mechanical properties are advanced. In addition, the time to print, the amount of used 

material, and the number of lines are high to print the part. There is no space in the part to 

print a 100% infill percentage. Therefore, no printing is possible for a 100% infill pattern. In 

summary, the number of lines, printing time, and other characteristics of the part are different 

according to the infill density. 

3.3. Concentric infill pattern  

The details of the printing time and parameters of the concentric infill pattern are shown in 

table 3. Moreover, the relationship between the printing time and infill density for this pattern 

is shown in figure 5. Figure 6 shows the individual infill percentages of this pattern. In this 

type of infill pattern, the shape of the part is like a shell or sleeve type for the amount of 5% 

infill. The number of lines and the printing time is more than the rectilinear and line patterns. 
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Figure 4. The infill design and infill percentages of the line infill pattern. 

Moreover, the material used is also higher than in the previous patterns. But strength, strain, 

the resistance of force, etc., are less than the above infill pattern types. The space, in part, is 

vast. Although the amount of infill percentage is increased to 10%, the infill line in the part is 

separate. Therefore, the part's density and other mechanical properties are not improved 

because of the lack of supporting force in each part. The 15% infill density is less space in the 

part because the number of pattern lines is increased, corresponding to the infill percentage. 

However, this pattern type is a sleeve shape, so the infill lines are separated into individual 

profiles. In addition, the part is not united because the infill lines are not connected with each 

other. Therefore, each infill line's density, weight, and other mechanical properties are also 

different. Increasing the percentage of the infill by 20%, the number of pattern lines is more. 

The printing time and the amount of material required are more. The gap in the line is 

becoming closer. However, there is just a sleeve shape, and they are not in contact with each 

other, so the infill line is individual. These results can reduce the specific density, weight, and 

resistance force. Moreover, these cannot be used as a whole part. It is suitable for users to 

prefer the dimensional of individual infill lines. The 25% amount of infill percentage is only 

slightly different from the 20% infill pattern. There is less space between lines because the 

number of lines is improved. But the infill line in the part does not support each other. 

Therefore, the weight, density, and other mechanical properties are assigned by individual 

parts corresponding to the infill line and their dimension. For 30% infill density, the number 

of lines and the printing time also increased.  

However, the printing lines are individual in part, and there is no link to each other printing 

line. So, the resistance force, the density of the part, and the weight are separate for each print 

line. In 40% infill, the number of lines, the amount of material usage, and the production time 

are increased, corresponding to the amount of infill percent. But there is still space in part. 

There is no improvement in the part's specific density, weight, and other mechanical 

properties because the printing lines are individual conditions. For the 50% infill percentage, 

the line spacing is significantly less and close to each other. They did not wholly bind, except 

the outermost printing line is combined. So the printing lines are still separated. Therefore, 

there is no whole part printed. Consequently, the mechanical properties, weight, and density 

are also individual, corresponding to the individual printed lines. In 60% infill density, the 

flow is less due to the reduced pressure effect. Therefore, the thickness of the printing line is 

small, and the lines are not binding. But almost all the printing lines bind each other as the 

infill percentage increases, and the material is diffused when touching the bed. After that, the 

part becomes a unit product. But the density and other mechanical properties of force 

resistance are weak. For the infill percentage of 70%, the printing lines are binding to each 

other except for the lines with less material which is the effect of the low pressure as the 

printing infill percentage is higher and the gap between the infill line is reduced.  
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Table 3.  The printing time and printing parameters of the concentric infill pattern 

Concentric 

Infill 

(Percentage) 

Printing time 

(minutes) 

Number of lines Height of the printed part 

(mm) 

5 11.68 316 60×60×2 

10 12.93 334 60×60×2 

15 14.17 352 60×60×2 

20 15.4 370 60×60×2 

25 16.63 388 60×60×2 

30 17.97 424 60×60×2 

40 20.52 460 60×60×2 

50 23.03 496 60×60×2 

60 25.63 550 60×60×2 

70 28.17 586 60×60×2 

80 30.75 583 60×60×2 

90 33.3 613 60×60×2 

100 35.4 643 60×60×2 

It is due to the spread of the material when it comes into contact with the platform. In 

addition, the inside of the innermost layer is like a hollow, which is very small. But the 

product is as like a part. At the same time, the structural properties of the part are poor. For 

80% infill, according to the high infill percentage, the consumption of material and printing 

time is also high. Moreover, the number of lines is increased, and the space in part is absent. 

Sometimes, the flow is a shortage due to the slurry and pressure effect. However, all the 

printing lines combine because the space between each line is minimal, and the material 

expands the line. In the 90% infill percentage, the binding of the line is significant, and the 

part becomes solid type. Therefore, the weight and density can be expressed for the whole 

part. After that, the resistance force and other mechanical properties are stronger due to like 

the solid type. In the 100% infill density, the part becomes a clear solid type, and the binding 

capacity of the printing line is improved. There is no gap in the part between the infill lines. 

Therefore, the part is dense, and the weight of the part is increased. This fact increases the 

mechanical properties of the part. The printing time and the amount of material required are 

also growing because the number of lines is increasing. 

 
Figure 5. The relation between the infill percentage and printing time for the concentric infill 

pattern. 
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3.4. Honeycomb infill pattern  

The printing time and parameters of the honeycomb infill pattern corresponding to their infill 

percentage are presented in table 4. Figure 7 shows the relation between the infill percentage 

and printing time for the honeycomb, and figure 8 describes each infill density for the 

honeycomb infill pattern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The infill design and infill percentages of the concentric pattern. 

The observations of the experiment about the honeycomb infill pattern are detailed as per the 

infill percentage. In this 5% infill pattern, the printing time was decreased because it reduced 

the layer's height. But the number of lines and material consumption is slightly higher than 

other patterns of 5% infill. The vacuum is large, the part being the less infill percentage. For 

the 10% infill pattern, the layer height has been reduced to 1.2mm, so the time is less to print 

the part. However, the material requirement is more to print this pattern as the number of 

pattern designs increases. Therefore, the vacuum is small in part. Moreover, this pattern 

design supports each other lines by contacting each point.  This results in increases in weight, 

density, and other mechanical properties. The pattern design is more and more to 

accommodate the 15% infill percentage. In addition, the pattern design is neater, and the 

amount of gap is low in the part. Therefore, the printing line and time are higher to produce 

the part. The part is stronger due to the reaction force to each other of the infill pattern. The 

amount of density, the resistance forces, and other properties of the part improve. In this 20% 

of infill percentage, the printing line is more than 121 lines than the 15% infill, but the 

printing time is increased slightly. The clearance, in part, is small, and the material utilization 

is so high.  
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In contrast, the part's mass and natural properties rise. For 25% infill density, reducing the 

layer height to one-half, the time also declines to print the part. As a result, the number of 

lines is directly proportional to the layer's size. However, the percentage of infill and the 

occupied area of the pattern in part is higher. Therefore, the gap area between the pattern is 

less, and the other mechanical features are robust. Moreover, the pattern design is neater and 

pretty. At the 30% infill, although the layer height is the same as the 25% infill, due to the 

increase in the ability of infill percentage to 30%, the number of lines and the production time 

are slightly high. The number of pattern designs is also increasing, so the space area in part is 

low. Consequently, the ability of the part, such as weight, density, stress, strain, etc., becomes 

improved. For the 40% infill, the number of lines and the printing time is higher than 30% 

infill. Once, the flow is occurring shortage, but this cause is very short and affects only one 

pattern design. Therefore, there is no effect on the other properties of the part. The internal 

space area of the pattern is very narrow due to increasing the infill percentage. In 50% infill, 

the flow rate is not constant as the pressure in the nozzle is low because the amount of 

material in the nozzle is decreased. So this can cause an interruption of flow during the 

printing of the part. According to the part's structure, the part's mass and other characteristics 

are better, and the clearance volume in the part is low in quantity. But the number of lines, the 

material usage, and the printing time are relatively high.  

Table 4.  The printing time and printing parameters of the honeycomb infill pattern 

Honeycomb 

Infill (Percentage) Printing time 

(minutes) 

Number of lines Height of the printed part (mm) 

5 8.55 302 60×60×1.2 

10 9.78 369 60×60×1.2 

15 10.97 458 60×60×1.2 

20 11.88 579 60×60×1.2 

25 7.55 468 60×60×0.6 

30 8.00 554 60×60×0.6 

40 9.00 777 60×60×0.6 

50 9.83 1040 60×60×0.6 

60 10.67 1359 60×60×0.6 

70 11.45 1746 60×60×0.6 

80 12.17 2187 60×60×0.6 

90 12.83 2661 60×60×0.6 

The number of lines in this 60% infill percentage is significantly increased, and the time 

required to print the part is slightly more than 50% infill. The amount of material expended is 

high, and the space area, in part, is minimal due to the expansion of the material. Therefore, 

the pattern design of the part is not explicit. But the weight, density, and other mechanical 

properties are increased. In this 70% infill pattern, the number of lines is increased by about 

387 lines than 60% infill. However, the time increment is only 0.78 minutes. Therefore, the 

time increment is less compared with the increment of lines. The flow problem occurred 

during printing because the amount of material in the syringe was less, and the pressure in the 

syringe was low. Except for this flow interrupt area, other areas in part have no space. But this 

space is tiny. This lack of space is caused by a higher amount of infill percentage and the 

expansion of the material.  The shape of the product is as like a solid part. The number of 
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lines for this 80% infill structure is higher than 70 percent. There is no space in part, and the 

capacity of binding between the lines is perfect. The surface of the part is as like a plane 

surface, and it is not obviously found in the shape of the honeycomb pattern.  The pattern is 

only like a waveform. A small cavity is located on the surface because of the bubble flow of 

the material. However, it is very tiny. The print structure is heavy and dense. Therefore, the 

material's strength and other structural properties are so high. In the 90% infill part, the piece 

is entire of a solid structure form. There is no clearance in the component. The number of 

lines, printing time, and material consumption are too high. But if the incremental rate 

expresses the time, it is less than the previous infill percentages. The part becomes 

heavyweight, and density also rises. Whereas the resistance force and mechanical 

characteristics of the part are more potent. 

 
Figure 7. The relation of the infill percentage and printing time for the honeycomb infill 

pattern. 

For a 100% infill pattern, it is impossible to print the total percentage because there is no 

space in the part. The part is thicker if the print is for the 100% infill pattern. Therefore, the 

part increases in weight, and the cost increases to print. But, other abilities and attributes of 

the part are not significantly different from the 90% infill structure. In summary, this infill 

pattern is more potent than any other infill pattern because this pattern type is like a network 

with a stronger support form to each other. 
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Figure 8. The infill design and infill percentages of the honeycomb infill pattern. 

3.5. 3D Honeycomb infill pattern  

The printing time and parameters of the 3D honeycomb infill pattern are shown in 

table 5. The relationship between the printing time and infill percentage is shown in figure 9 

and figure 10 shows the infill density of patterns from 5% to 90%. In the 5% infill percentage 

for this pattern, the layer height is 0.6mm, and the number of lines is 253. The printing time is 

5.05 minutes, and the amount of material used is more than any other infill pattern. The 

vacuum, in part, is wide. The part is lightweight, and the density is poor. The part's strength is 

weak due to the effect of the vacuum. The height of the layer is not changed for 10% infill 

density. But the infill percentage increases, so the number of lines and the printing time 

increase. Therefore, the demand for materials and pattern design is increasing. The space 

between lines is narrow, and the weight of the component increases. For the 15% infill, the 

number of lines is more than 74 lines compared with the 10% infill, and the time required to 

print the part is over 0.69 minutes than the 10% infill structure.  

The gap between the infill lines is reduced in the part, and the part's weight is slightly 

increased. The pattern design is neat and pretty. In the 20% infill pattern, the total number of 

lines is 455 lines, and there are 86 more lines than in the 15% infill pattern. But the time 

requirement is only 0.36 minutes than the 15% infill part. The material consumption is 

slightly rising, and the space area in part becomes less. The weight, density, and other 

structural attributes are increased. For 20% infill density in this type of pattern, the printing 

time is more, 0.54 minutes than 15%, and the number of lines is 118 lines increasing over the 

previous infill percent (15%). The material consumption rate is slightly high, and the gap 

space between the pattern line is more contract. Therefore, the clearance volume in part is 

reduced. Consequently, the part's mass, density, and strength are somewhat improved. For the 

30% infill percentage, although the number of lines is extra by 124 lines than 25% infill, the 

time taken is increased to only 0.33 minutes to print the part. This printing time increment is 

less amount compared with the increment of lines. The utilization of material is also 

increasing. Therefore, the vacuum area is less in part, and the other structural properties (such 

as; stress, strain, density, etc.) grow. The whole printing time of the part is almost 9 minutes, 

and the number of lines is 1053 lines for 40% infill type. The material consumption is high, 

and the weight and density of the part are increased. The space area in part is small, and the 

mechanical properties of the component are advanced. 

Table 5.  The printing time and printing parameters of the 3D honeycomb infill pattern 

3D Honeycomb 

Infill (Percentage) Printing time 

(minutes) 

Number of lines Height of the printed part (mm) 

5 5.05 253 60×60×0.6 

10 5.58 295 60×60×0.6 

15 6.27 369 60×60×0.6 
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20 6.63 455 60×60×0.6 

25 7.17 573 60×60×0.6 

30 7.5 697 60×60×0.6 

40 8.33 1053 60×60×0.6 

50 9.17 1510 60×60×0.6 

60 9.73 1975 60×60×0.6 

70 10.72 2645 60×60×0.6 

80 12.00 3474 60×60×0.6 

90 12.98 4195 60×60×0.6 

In this 50% infill percent, the flow problem was found at almost finishing the printing part. 

Because the amount of material in the pump is less and the pressure is low. Therefore, the 

flow rate of material is significantly less. As a result, the printing line is very thin, and the 

pattern quality of the part is not the same as any other pattern in part. So, the part is not good 

looking, and different mechanical abilities cannot get the perfect condition. For the 60% infill 

density, the number of lines is higher than 465 lines than 50% infill, and the incrementation in 

production time is 0.566 minutes. The line gap is very narrow, and the lines are in close 

contact. There is no original pattern, and it is like a straight line. The amount of material 

usage is rising, and the part becomes heavier. But the other characteristics of the part are 

improved. In the 70% infill percent, there are more than 670 printing lines than in the 60% 

infill pattern, and the total manufacturing time for the whole part is 10.72 minutes. There is no 

space in part because of the growing number of lines and expansion of the material. The 

density and the resistance properties of the part are better. In the 80% infill for this design, 

corresponding to the higher infill percentage, the number of printing lines also increased. 

There are 3474 lines, and the printing time is 12 minutes to print the part. Except for a small 

hole found near the side due to the bubble effect of the material and the remaining area of the 

part is perfect. The part is completed with the solid type, and the surface is like a plane.  

 
Figure 9. The relation of the infill percentage and printing time for the 3D honeycomb infill 

pattern. 

The weight, density, and mechanical features are more advanced. The amount of material 

consumption in the 90% infill percentage is significantly high, and the printing lines are 4195. 

The manufacturing time is nearly 13 minutes long. The part is heavier and more compact. But 

the last line is thin because the material flow rate is less due to pressure and reduces the 

amount of material in the extruder. The part possessed properties corresponding to the amount 
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of material in part. This 100% infill percent is unachievable because there is no area to print 

in part. Moreover, there are no apparent changes in the shape and properties of the part 

compared with 90% infill. To sum up, in this infill pattern type, the material utilization is 

more than in the honeycomb infill pattern. But the printing time is less than the honeycomb 

type. Moreover, although the pattern shape is like a honeycomb, the structure is different, and 

this type of structure is like a pillar type. Therefore, this is not strong as the like honeycomb. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. The infill design and infill percentages of the 3D honeycomb infill pattern.  

3.6. Hilbert curve infill pattern  

The data for the Hilbert curve infill pattern, infill density, and their related parameters 

are described in Table 6. Moreover, the relation between the printing time and individual infill 

percentage is shown in figure 11. The variation in the infill density is shown in figure 12. In 

general, this 5% infill pattern is less material requirement and lead time reduced to print the 

part compared with other infill designs. The layer's height is 0.6 mm, and the length and width 

of the part are equal to 60 mm. The number of infill lines is 247, and the printing time is 4.9 

minutes. The pattern design is an open one-end, and the space area is partly enlarged. 

Therefore, the withstand force of the part is weak and lightweight. For 10% infill, according 

to the experiment data, the number of lines is higher by 27 lines than 5% infill. The total 

printing time is 5.367 (nearly 5.5) minutes. The vacuum portion in the part is high, so the 

part's density is inferior. The strength and other properties of the part are also poor. In this 

15% infill percentage, the total number of lines is 318, and the manufacturing lead time is 

nearly six minutes. But the clearance volume is not significantly reduced, and the part's 

characteristics also have no changes compared with the 10% infill. For this pattern's 20% 

infill density, the amount of infill and the printing time is slightly increased. The pattern's 

infill percentage is higher, but the vacancy area of the part left is high. Therefore, the part's 

structural properties are only slightly improved than the previous infill percentage. In this 

25% infill percentage, the total number of lines is 400, and the production time is 6.68 

minutes. The amount of material utilization is increased, and the space area in part is less. The 

weight of the part is a little rising, but the density of the part is poor.  Moreover, the part's 
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strength is weak because this pattern design cannot be supported for more robust support at 

the center of the part. For the 30% infill percentage, the production time and the number of 

infill lines are increased. The mass is increased corresponding to the amount of material used, 

but the structural characteristics and properties are not significantly improved.  

Table 6.  The printing time and printing parameters of the Hilbert curve infill pattern 

Hilbert Curve 

Infill (Percentage) Printing time 

(minutes) 

Number of lines Height of the printed part (mm) 

5 4.9 247 60×60×0.6 

10 5.37 274 60×60×0.6 

15 5.83 318 60×60×0.6 

20 6.25 345 60×60×0.6 

25 6.68 400 60×60×0.6 

30 7.002 471 60×60×0.6 

40 8.00 615 60×60×0.6 

50 8.87 812 60×60×0.6 

60 9.72 1042 60×60×0.6 

70 10.55 1307 60×60×0.6 

80 11.45 1610 60×60×0.6 

90 12.28 1956 60×60×0.6 

100 13.17 2316 60×60×0.6 

The clearance volume is reduced due to the effect of the material's infill percent and 

expansion properties. In the 40% infill density, the number of lines is 144 lines, more than 

30% infill, and the total printing time is 8 minutes. Sometimes, the flow rate is not constant 

due to the effect of pressure inside the pump. Therefore, the thickness of the lines is not equal. 

The gap space between the lines is narrow. And the shape of the pattern design is not precise 

in some portions of the part because some lines are in contact with each other due to the 

flow's effect and the material's expansion when the material is in touch with the platform's 

bed. For 50% infill, the flow is intermittent, but this cause is significantly less, and all the line 

thicknesses are nearly the same. Therefore, the pattern design is neat, and the space in part is 

considerably less. Moreover, the material consumption is slightly increased, and the part's 

mass is high. The density and other mechanical attributes are also increased. To print for 60% 

infill density, the total number of infill lines is 1042, and the time taken is about 10 minutes. 

The line spacing limit is minimal, and the vacuum is also less. Moreover, in some areas of the 

part is no space because lines are bound with each other. The material consumption is slightly 

high, and the properties and characteristics of the part are improved. The material 

consumption and printing time are increased, for 70% infill percentage. The clearance in part 

is less, and most lines are binding. The part is heavyweight and denser.  
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Figure 11. The relation of the infill percentage and printing time for the Hilbert curve infill 

pattern. 

Therefore, this part is slightly strong to withstand the force acting upon it. In 80% infill 

percent, some area of the part is fully binding and have no gap between lines. But some areas 

have minimal vacancy areas left. The most binding area is the side of the part. Because of the 

expansion of the material and the number of lines increased, the gap space is very few in part. 

Consequently, the mass and weight of the part are also high, and the mechanical attributes of 

the part are better than the previous infill percentage. For the 90% infill percentage, the total 

number of infill lines is 1956, and all the lines are bound due to the properties of material 

expansion. But some areas of the part lack material because of the flow problem. The flow is 

a shortage due to the loss of material and low pressure in the pump. Therefore, the part is not 

in a fully solid state. But the weight and mass are rising correspondingly to high material 

consumption. However, the strength characteristics of the part are weak according to the 

flowing material shortage. In this 100% infill percentage, the utilization of material and 

production time are high. However, the properties of the part are not improved. There are 

many vacant areas in the part because the effect of the pressure in the nozzle is an extrusion 

problem. 
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Figure 12. The infill design and infill percentages of the Hilbert Curve infill pattern. 

Exactly, this infill percentage is poor than the 90% infill for the structural and other 

mechanical properties except for the weight. 

3.7. Archimedean chords infill pattern  

The details of the infill percentage and related parameters are expressed in Table 7. 

The overview of the infill percentage with the printing time is presented in figure 13, and 

figure 14 shows the infill percentage variation of the Archimedean chords infill pattern. This 

5% infill percentage of this pattern has less material usage and time taken to print the part 

compared with the previous pattern. Moreover, the vacuum area in part is enlarged. For 10% 

infill density, the printing time and the number of lines also increase. The space area in part is 

reduced. But the density and the strength of the part are not significantly improved. In the 

15% infill percentage, the distance between the lines is narrow because the number of lines is 

also increasing. Therefore, the clearance volume in part is reduced, and the material used is a 

little more. The strength and weight of the part also rise. For the 20% infill, there is more the 

number of lines to correspond with the infill percentage. The flow condition is no problem, 

and the gap area is small between the lines in the part. But the density and other properties are 

not improving compared with the previous (15%) infill percent. 

Table 7.  The printing time and printing parameters of the Archimedean chords infill pattern 

Archimedean Chords 

Infill 

(Percentage) 

Printing time 

(minutes) 

Number of lines Height of the printed part 

(mm) 

5 4.78 247 60×60×0.6 

10 5.03 266 60×60×0.6 

15 5.77 303 60×60×0.6 

20 6.22 351 60×60×0.6 

25 6.65 411 60×60×0.6 

30 7.00 481 60×60×0.6 

40 7.95 663 60×60×0.6 

50 8.8 887 60×60×0.6 

60 9.67 1157 60×60×0.6 

70 10.53 1479 60×60×0.6 

80 11.38 1839 60×60×0.6 

90 12.23 2239 60×60×0.6 

100 13.1 2694 60×60×0.6 

    

100% 
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For the 25% infill percentage of this pattern, the flow is intermittent due to the vacuum in the 

syringe. But there is not an occurrence in a long time. Increasing the infill percentage, the 

space area of the part is less. The weight and density are more and more. Other structural 

characteristics are also rising. This pattern has no flow problem for the 30% infill, but the 

material is accumulated at some of the starting points due to the soft slurry. Moreover, the 

pattern design is like the same circle and has no precise shape of the chord design. The 

material utilization and printing time are rising. The space area in part is less and mechanical 

attributes are also increased. The thickness of some lines is thin due to the less flow of 

material in the 40% infill. Moreover, the contact point of each other of the lines is thicker than 

any other line of the part because of the expansion of the material. The vacancy of the part is 

small, and the mass and strength of the part are better than the previous infill percent. For a 

50% infill percentage, the flow shortage often occurred, but its time was only a moment. 

Therefore, except the thickness of the lines is a little thin, it cannot affect the pattern design of 

the part. For the 60% infill, the material flow rate is difficult to control for getting a constant 

flow due to the material leakage above the piston. Its effect can cause intermittent flow and 

less flow rate during printing. Due to this effect, some printing lines are very thin, and some 

are the same as the dots. Consequently, the density and other mechanical properties are weak 

compared with the infill percentage.  

 
Figure 13. The relation of the infill percentage and printing time for the Archimedean chords 

infill pattern. 

For 70% of infill in this type of pattern, all the infill lines are bound, so there is no space in 

part. Therefore, the part is as like a solid state. However, the unsteady flow finds small holes 

in the part's surface. The material consumption is high. The density, weight, and structural 

properties also improved. For the 80% infill percentage, sometimes the flow is a shortage, but 

this portion is tiny and is like a crack in part. Another area is full of material, and there is no 

space in part. The mass and density are improved. The strength of the part is also advanced. In 

this pattern's 90% infill density, the amount of material consumption is high, and there is no 

vacancy in part because of the increase in the infill percentage. Moreover, the materials 

expand when it is touching the building platform. The part is in a fully solid state and has 

more weight. Other mechanical properties are significantly improved. For this 100% infill 

percentage, the number of lines is increased. But the flow is intermittent due to the less 

pressure in the nozzle. Therefore, in part are found many small vacuums. Its effect can cause 

poor density, mechanical and other properties. 
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Figure 14. The infill design and infill percentages of the Archimedean chords infill pattern.  

3.8. Octagram spiral infill pattern  

The relation between the printing time and infill percentage is shown in figure 15 and 

infill pattern and their percentage are shown in figure 16. Table 8 expresses the individual 

infill percent and related parameters of Octagram spiral infill pattern. According to the figure, 

for the 5% infill pattern and percentage, the occupancy of the part is enlarged, and the shape 

of the part is rectangular. Therefore, the density and weight are less. The resistance and 

structural attributes are also weak. For this pattern's 10% infill density, the flow has no 

problem, and the pattern design is neat. The vacuum area is reduced compared with the 5% 

infill pattern. Therefore, the weight and other properties are a little increased. In the 15% 

infill, according to the increase in the infill percentage, the infill lines are more and more. 

Therefore, the gap space area in part is less. The flow is discontinuous only while printing the 

skirt, but there is no flow problem while printing the actual part. The material usage and 

printing time are little rises. However, the mechanical properties of the part are not 

significantly changed. The shortage of the flow occurred two times in the 20% infill density. 

But the duration time of shortage is considerably less. Therefore, the area of the lack of 

material is minimal. The line spacing becomes narrow because the infill percentage is 

increased. The attributes of the part properties are a little improved.  

Table 8.  The printing time and printing parameters of the Octagram Spiral infill pattern 

Octagram Spiral 

Infill Printing time Number of lines Height of the printed part 
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(Percentage) (minutes) (mm) 

5 4.73 250 60×60×0.6 

10 5.27 282 60×60×0.6 

15 5.63 284 60×60×0.6 

20 6.02 314 60×60×0.6 

25 6.48 348 60×60×0.6 

30 6.82 362 60×60×0.6 

40 7.6 395 60×60×0.6 

50 8.42 459 60×60×0.6 

60 9.2 467 60×60×0.6 

70 9.97 507 60×60×0.6 

80 10.75 537 60×60×0.6 

90 11.53 587 60×60×0.6 

100 12.3 624 60×60×0.6 

For the 25% infill percentage, one time, the flow occurred discontinuously during the printing 

of the borderline. However, there is no problem with the flow while printing the part. The 

pattern design is neater, and the vacuum area in part is less. The weight and material 

consumption are increased. The structural characteristics are also advanced. The flow 

condition is perfect for this pattern's 30% infill density, and the printing time is more. The 

demand for material is increasing due to the more significant number of lines. The part's mass 

is increased, and the vacancy area in part is less. For the 40% infill, according to the increase 

in the percent of infill, the number of infill lines and the lead time to print the part is high. 

Sometimes, flowing off the slurry is intermittent, but this time is short, and the area of 

material shortage is minimal. In this 50% infill pattern, the number of infill lines increased by 

64 lines, more than 40% infill. Therefore, the amount of vacuum in part is less. Moreover, 

some lines are binding in the part because the space is less between the lines, and the material 

is expanded. So, the density of the part is improved. The weight and other mechanical 

properties are also increased. For the 60% infill, due to the decreasing material in the syringe, 

the pressure is also decreased. Therefore, the flow occurs intermittently flow. Some infill lines 

combine because of the expansion properties of the material and the less space between lines. 

Especially in the corner of the part are more binding the lines due to the pattern design. For 

this 70% infill percent, the material shortage occurred due to the low pressure in the nozzle 

during the extrusion.  

 
Figure 15. The relation of the infill percentage and printing time for the Octagram spiral 

infill pattern. 
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However, this effect is insignificant because the infill line spacing is narrow and the 

expansion of the material. The number of lines and the printing time is increased. But, the 

part's characteristics are only slightly changed compared with the 60% infill part. In this 

pattern for 80% infill, the hole is found in some areas of the part due to the intermitted flow of 

material. The space area, in part, is not significantly reduced more than the previous infill 

percentage. The density and other structural properties are only slightly increased. For this 

pattern's 90% infill density, there is no space area in the part, and the whole part is filled with 

the material. The part is solid, and the surface is like a plane. But some places have thin 

cavities due to the effect of air bubbles during the extrusion process.  The density of the part is 

high, and other mechanical properties are also improved. For the 100% infill percentage, the 

material consumption and the printing time of the part become rise. Therefore, the weight and 

density of the part are slightly increased. However, other properties and characteristics of the 

part are not significantly changed compared with the 90% infill. In summary, most 100% 

infill patterns are the same as a solid type and not a transparent form of pattern design. 

Moreover, the part's properties are not clearly different from the 90% infill. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. The infill design and infill percentages of the Octagram spiral infill pattern.  

The graph (figure 17) describes the relationship between the printing time and infill 

percentage. Generally, the printing time is extended when the infill percentage is significant. 

The highest time is about 35 minutes in a rectilinear infill pattern for 100% infill, and the 

lowest time is 4.73 minutes for an octagram spiral with 5% infill. For 5% infill, the rectilinear 

is the highest time consumption, about 36.2 minutes. The line is 11.02 minutes, and the 

concentric is 11.68 minutes. The honeycomb and the 3D honeycomb are 8.55 and 5.05 
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minutes, respectively. The printing time of the Hilbert curve is about 5 minutes, and the 

archimedean chord is over 13 minutes. 

 
Figure 17. The relation of the infill percentage and printing time for all patterns. 

From 10% to 100% infill, the printing times are nearly the same to produce the part for the 

line, the rectilinear, and the concentric. Moreover, the time consumption of the Hilbert curve 

and Archimedean chords are mostly the same for all infill percentages. For all infill 

percentages, the printing time of the octagram spiral is the lowest compared with the other 

infill pattern. In summary, the printing time differs depending on the infill pattern and density.  

4. Conclusion 

To sum up, the line, rectilinear and concentric lines have higher printing times than 

other infill patterns. The reason is that the printing part's thickness for these infill patterns is 

more than different infill patterns. The parameter of the part for these infill patterns is 

60×60×2. The number of lines in rectilinear and line infill patterns is the same for all infill 

percentages, but the printing time is different. The rectilinear pattern has more printing time 

than the line pattern, about 3 minutes for each infill percentage. However, the number of 

printing lines is the same for both rectilinear and line patterns. But the amount of space is not 

the same in part, because of the expansion rate and due to the pattern design. Therefore, the 

line pattern has no space to produce 100% infill density. The concentric infill pattern has 

more infill lines than the line and rectilinear pattern, but the number of infills decreases from 

80% infill density. However, the printing time is less than the line infill pattern except for 5% 

infill density. The parameter of the honeycomb, 3D honeycomb, Hilbert curve, Archimedean 

chords, and octagram pattern are 60×60×0.6. Although the number of infill lines of the 

honeycomb infill pattern is less than that of the 3D honeycomb infill pattern, the printing time 

is higher than that of the 3D honeycomb. The honeycomb and 3D honeycomb patterns are 
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impossible to print for 100% infill density because there is no space for both patterns to 

produce full density. The number of lines and time consumption of the Hilbert curve pattern is 

less than the 3D honeycomb. The printing time of the Archimedean chords is less than the 

Hilbert curve. But the amount of material utilization is higher than the Hilbert curve. The 

material consumption and the printing time of the octagram spiral pattern are less than the 

others infill pattern. In summary, the 3D honeycomb has the highest printing time and the 

number of lines. Therefore, material consumption is also high. The octagram spiral pattern is 

the lowest time and material consumption rate. According to the data, the printing time and 

the material consumption differ depending on the infill pattern, infill percentage, and printing 

parameter. Moreover, the number of printing lines varies according to the part's infill percent 

and infill pattern. In addition, the thickness of the line and the expansion rate depends on the 

gap between the nozzle and the build platform. It also depends on the slurry condition. 

 

5. Future Prospects  

The main contributions of this experiment are the pattern design and infill percentage. The 

printing time and the number of infill lines differ depending on the infill pattern design and 

ratio. Moreover, the part's properties also rely on the infill pattern design and infill 

percentage. Therefore, the next set of experiments would depend on more analysis of printing 

time, material consumption, and their properties corresponding to their infill percentage 

according to the infill pattern design. 
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Abstract: Owing to increments in heavy vehicles for transporting the materials and reducing 

the vehicle weight, magnesium alloys plays the mandatory role in various fabricating 

industries. The Mg alloy alone is not satisfied their necessities without adding the 

strengthening particles, therefore this investigation stated the silicon carbide (SiC) was the 

reinforcing into AZ91D Mg alloy to compose the coating metal matrix composites through 

the laser cladding process. This method is unique when appropriated processing parameters 

is chosen and compared to laser melting process; laser cladding is the significant one. The 

laser cladding processing parameters are scanning speed (3 to 5 m/s), SiC proportions (10 to 

30%) and laser output power (0.6 to 0.8 kW), respectively. Then the composed coating 

AZ91D Mg alloy with SiC specimen is accounted for experimentation of microhardness and 

wear rates. The microahrdness and wear rates are improved at increasing of weight 

percentaged from 20 to 30%, maximum of scanning speed at 5 m/s and 0.7 kW of laser 

output power parameters. The grey relational multi task optimization method was utilized to 

recognize the single responses from various laser cladding processing parameters. Finally the 

SEM with worn surfaces was taken on the optimal specimen composite. 

Keywords: SiC, laser, AZ91D, Hardness, SEM 

 

1. Introduction 

In aerospace and automotive industries, the magnesium alloys are much influenced as a 

capable material due to less weight with maximum strength, lower density and more strength 

to weight ratio. The magnesium alloys normally had a lesser corrosion, weaker hardness and 

low in wear resistances when appropriated process does not meet with magnesium materials 

[1-5]. But the laser surface method is most appropriated technique to improve their properties 

which is related to surface enhancement exclusive modifying the bulk material properties and 

this technique is recently developed in many fabricating sectors. The metal substrate is 
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iridescences with maximum sources of laser beam while in processing, from their surfaces it 

was melts into some numerous micrometers depth and then suddenly solidification is 

achieved in the molten pool. Finally the grain refinement is attained in the selected substrates 

and secondary phases are restructured [6-8]. 

The laser cladding process is influenced with ceramic based strengthening particles or 

metallic powders are illuminated through the laser beam to compose the additional thickness 

layer on the substrates which consists of hard ceramics reinforcements improves the substrate 

surfaces with superior characteristics like corrosion, hardness and wear resistances. These 

laser processes are extensively utilized and are confirmed to improve the surface 

characteristics of magnesium based alloys [9-12]. Laser cladding process is an alternative 

technique to the conventional methods like cold spray and electroplating process but 

especially in magnesium alloys, this treatment improves the surface properties when 

compared to convention methods. The laser melting process on the magnesium alloy with 

sequence of CO2 laser  wave causes the fine grain structure and improved 

intermetallic phases. Similarly, the corrosion resistance and hardness properties are improved 

by the laser melting process [13-15]. 

In some studies, the corrosion resistances are enhanced by the influence of laser with 500 Hz 

with magnesium alloy. The refinement of microstructure is attained owing to manipulated 

galvanic corrosion among the secondary phases and matrix which happened by laser 

treatment. Similarly diminishes the proportions of secondary phase’s also significant reason 

for improving the properties [16-18]. Subsequently, the acceleration and laser power 

manipulated the structure of grains in the molten pool. During the process of corrosion 

behavior by salt based solution, the development of better grains and improved deposition of 

calcium phosphates were reason for superior properties [19-20]. 

Some researchers carried out the laser cladding process on magnesium alloys with various 

composite reinforcement, ceramic materials and metal. They found that the processed 

magnesium alloys enhances the mechanical properties with superior corrosion rated when 

contrasted to the laser melting process. Based on the environments of fabricated components 

were utilized, the appropriate processing condition will be used. Therefore, the aluminium is 

commonly used in various applications but in the process of cladding this alloy is broadly 

spread. This alloy much similar to magnesium alloy and it enhances the fine bonding strength 

along with substrate of magnesium [21]. 

Compared to various ceramic particulates, the silicon based materials are extensively used 

owing to maximum wear resistances, hardness strength and thermal steadiness in different 

process and this material is the most significant strengthening materials while in laser 

cladding process, this combination of aluminium and silicon carbide composes the metal 

matrix composites which is more preferable to improve the coating strength and mechanical 

characteristics. During the process of laser cladding on the material of aluminium and silicon 

carbide coating on the magnesium alloy, the silicon and titanium combinations were 

developed to improve the hardness strength du tot the added proportion of silicon. Similarly, 

some researchers studied that the addition of silicon carbide particles on the aluminium alloy 

during the laser cladding the tribological behaviors were improved. At the same time some 

researchers, the maximum proportions of silicon carbide with more than 25% proportions on 

the magnesium alloy during the coating through the laser cladding hardness and wear 

rates are improved [22]. 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 114 

 

 

The zirconium and titanium based ceramic particles on the magnesium alloy through the 

coating of laser cladding the corrosion and tribological performances were enhanced. The 

aluminium silicon alloy on the magnesium based substrate, the mechanical properties were 

enhanced with maximum of scanning speed due to the attained intermetallic regions 

are major impact to improve the thickness. Subsequently, the scanning speed was established 

at certain time during the coating process, the hardness strength is similarly diminishes. This 

results solidification was not properly attained owing to volume fraction; shapes of the 

particles, dispersed secondary phases are the secondary reason for decreasing the mechanical 

performances. Based on above the ample reviews, the combinations of aluminium and silicon 

particles as significant aspects to carrying the mechanical properties due to the silicon was 

presented with cladded form layer at maximum temperature. Due to that maximum 

temperature, silicon was occurred on the substrate by form coarse structure led to 

decrease the characteristics of mechanical strengths. In a related study, the mechanical 

characteristics of glass fibre and banana fibre were compared to determine which fibre was 

superior [29]. To enhance the qualities of the composite materials, a mechanical investigation 

was conducted on AA2024-T3 plates [30]. From similar study, how kenaf/glass/epoxy 

hybrids' mechanical characteristics are impacted by nano- and micro-TiO2 [31]. 

Especially in the magnesium alloy of AZ91D, extensively used in the various industrial 

defense sectors due to the presence of light weight maximum strength ratio combinations and 

also this material is the most desirable element in rare earth elements to improve the 

mechanical attributes and creep resistances in the elevated room temperatures. This 

magnesium ally specifically utilized in the bio medical related fields. Due to the presence of 

secondary phases which influenced by the galvanic reactions causes the poorer corrosion but 

maintain the period of primary phased in magnesium alloy is the main aspects to improve 

their mechanical attributes [23]. The modification of secondary phases is to enhance the 

corrosion and wear rates in the rare earth elements of magnesium alloys. The previous 

literatures exhibited that the laser cladding the most suitable method to improve the 

mechanical properties than the laser melting process. This technology is also the beneficial 

method to enhance the mechanical properties at the same time this AZ91D mg alloy was not 

widely utilized in these previous research and the strengthening particles of SiC also not 

influenced till now. Therefore, this present a study, the severe effort was achieved to 

complete the laser cladding process on AZ91D alloy with influence of various processing 

parameters. The microhardness and wear rates are evaluated scientifically. The grey 

relational analysis was utilized to find the optimal processing parameters through the 

Taguchi principles. 

 

2. Methodology 

In this present investigation, the AZ91D magnesium alloy was utilized to carry out the 

process of laser cladding. The chemical composition of AZ91D alloy is 9.7 of Al, 0.50 

of Mn, 1 of Zn, 0.005 of Fe, 0.1 of Si, 0.002 of Ni, 0.03 of Cu, 0.02 of others and Bal of Mg, 

respectively. These samples were extracted from the raw plat and transformed into required 

dimension of 60 X 50 X 10 mm
3
. These plates were refined for the surfaces with various grit 

sizes 500 to 1500 of SiC sheets having the abraded one and cleaned with ethanol solution to 

prepare for cladding process. The CO2 with cross current Han’s laser having the 1060 

wavelength with 100 mm of spot size specification was utilized. The selected Mg alloy was 

irradiated with laser power density with constant range at 60 W/cm
2
. Meanwhile, the 3 times 
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having the equivalent direction throughout the entire process under the manipulation of argon 

gas shielding. Before that the mixing of SiC particles were blended via the mechanical 

mixing for about 3 hrs. Throughout the cladding process with effect of SiC powders on 

AZ91D alloy, there are different processing constraints like scanning speed from (3 to 5 

mm/s), SiC proportions feed rate (10 to 30%) and laser output power (0.6 to 0.8 kW), 

respectively. Then the microhardness test and wear rates were utilized by the vicker’s 

hardness test and pin on disc apparatus. During the hardness experimentation, ASTM 

E18 was used for the entire hardness test under the dwell time of 10 sec and 250 g load with 

minimum of three average values were taken. Similarly, the wear test was carried out by the 

ASTM G99 standards through the pin on disc apparatus having the counter disc made of EN 

32 steel. The schematic illustration of laser cladding process is presented in Figure 1. These 

processing parameters are approached with taguchi L9 level for identifying the optimal laser 

cladding processing constraints. Table 1 shows the level of taguchi L16 with unexpanded 

ranges. Table 2 shows the expanded levels with three factors of laser output power, SiC 

proportions and scanning speed. 

 
Figure 1 Laser cladding schematic representation  

Table 1 laser cladding constraints with their three factors 

Cladding processing 

constraints 

Level 

1 

Level 

2 

Level 

3 

Scanning speed (m/s) 3 4 5 

SiC proportions (%) 10 20 30 

Laser output power (kW) 0.6 0.7 0.8 

Table 2 Taguchi L9 array with laser cladding process parameters 

Run Scanning speed 

(m/s) 

SiC proportions 

(%) 

Laser output 

power (kW) 

1 3 10 0.6 

2 3 20 0.7 

3 3 30 0.8 

4 4 10 0.7 

5 4 20 0.8 

6 4 30 0.6 

7 5 10 0.8 

8 5 20 0.6 

9 5 30 0.7 
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3. Results and Discussion 

3.1. Mechanical properties of laser cladded AZ91D Mg alloy with SiC particles 

Based on the Taguchi L9 array the entire processing was carried out which mentioned in 

Table 2. The mechanical properties of microhardness and wear resistances are subjected to 

respective investigation as discussed in section 2 and displayed in Table 3. From the table 3, 

runs 9 shows the better microhardness than other runs. The parameters are 5 m/s of scanning 

speed, 30 wt. % of SiC and 0.7 kW of output laser power. Similarly, the superior wear rates 

are attained at the runs 3 having the parameters at 3 m/s of scanning speed, 30 wt. % of SiC 

and 0.8 kW of output laser power. In both the properties were improved at increment of SiC 

particles with increasing of output laser power. According to the Hall Petch equation, the 

generated fine grains of dendritic region caused to enhance the microhardness. While in 

dissolution of AZ91D Mg alloy was dissolved properly to compose the solidified material. 

Due to the condition of lattice distortion, the solid solution gets strengthened. Figure 2 shows 

the hardness representation with different laser cladding processing parameters. At the 

same time, wear rates are improved with increasing of silicon carbide particles and 

homogeneous dispersion was occurred in the cladded Mg alloy and superior dilution rate was 

happed during the process of coating on the magnesium alloy with influence through the SiC 

particles. The scanning speed at 5 mm/s and maximum proportions of SiC was the major 

reason to enhance the wear rates. Figure 3 displays the wear rate illustration with various 

processing constraints. 

Table 3 Microhardness and wear rates of laser cladded AZ91D alloy with their outcomes 

 

Run 

Scanning 

speed 
(m/s) 

SiC 

proportions 
(%) 

Laser output 

power (kW) 

Micro 

hardness 
(HV) 

Wear rate 

(10
-6

 
mm

3
/mN) 

1 3 10 0.6 144 0.00486 

2 3 20 0.7 147 0.00478 

3 3 30 0.8 155 0.00193 

4 4 10 0.7 140 0.00514 

5 4 20 0.8 142 0.00471 

6 4 30 0.6 148 0.00361 

7 5 10 0.8 146 0.00392 

8 5 20 0.6 145 0.00357 

9 5 30 0.7 159 0.00214 

 
Figure 2 Microhardness on laser cladded AZ91D MG alloy 
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Figure 3 Wear rate on laser cladded AZ91D MG alloy  

3.2 Contour analysis of microhardness and wear rates with various processing variables 

Figure 4(a) to 4(c) shows the contour analysis of mechanical properties of microhardness 

with different laser processing constraints. Figure 4(a) exhibits the contour analysis on 

microhardness with scanning speed and various weight proportions of SiC. From the figure 

4(a) it is implicit that the superior hardness was attained at increment of scanning speed and 

proportions of SiC. Figure 4(b) shows the hardness with their contour analysis with different 

process constraints of SiC weight proportions and laser output power. From the figure 4(b), it 

is understood that the increasing of microhardness with increment of SiC proportions at 30% 

and moderate laser power at 0.7 kW. Figure 4(c) shows the contour analysis on composed 

composites of AZ91D with SiC hardness with interaction of laser output power and scanning 

speed. From the figure 4(c), it is concluded that the superior hardness was achieved at the 

process parameters maximum of scanning speed at 5 m/s and moderate laser output power 

at 0.7 kW. From these contour analyses, maximum hardness was attained at the process 

parameters like scanning speed at maximum range (5 m/s), SiC proportions at 30% and laser 

output power at 0.7 kW, respectively. 

 

 
Figure 4(a) Contour analysis on hardness with scanning speed and SiC fractions 
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Figure 4(b) Contour analysis on hardness with SiC fractions and laser output power 

 

 
Figure 4(c) Contour analysis on hardness with laser output power and scanning speed 

 

 
Figure 5(a) Contour analysis on wear rates with scanning speed and SiC fractions 
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Figure 5(b) Contour analysis on wear rates with SiC fractions and laser output power 

 

 
Figure 5(c) Contour analysis on wear rates with laser output power and scanning speed 

Figures 5(a) to 5(c) illustrates the contour analysis of wear resistances with special laser 

processing parameters like scanning speed, SiC proportions and laser output power. Figure 

5(a) displays the contour interpretation on wear resistances with scanning speed and different 

fractions of SiC. From the figure 5(a) it is showed that the enhanced wear rate was 

achieved at increasing of scanning speed from 4 to 5 m/s and proportions of SiC from 20 to 

30%. Figure 5(b) presents the wear rates with their contour performances with laser cladding 

process like SiC weight proportions and laser output power. From the figure 5(b), it is 

understood that te enhancing of wear rates with increment of SiC proportions from 20 to 30% 

and laser output power from 0.7 to 0.8 kW. Figure 5(c) shows the contour analysis on 

composed composites of AZ91D with SiC wear rates with correlation of laser output power 

and scanning speed. From the figure 5(c), it is concluded that the superior wear was 

achieved at the process parameters maximum of scanning speed at 5 m/s and laser output 

power ncreased from 0.7 to 0.8 kW. From these contour analyses, superior wear rate was 

attained at the process parameters like scanning speed at maximum range (5 m/s), SiC 

proportions at 30% and laser output power at 0.8 kW, respectively. 

3.3. Grey relational analysis on microhardness and wear rates with different laser 

cladding process parameters 

In this investigation, the various parameters of laser cladding like scanning speed, SiC 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 120 

 

 

proportions and laser output power. These processing constraints achieved better outcomes 

like microhardness and wear rates. But this conditions only significant with individual 

response. This study employed with various processing parameters so it is necessary to 

transformed into single responses from group of responses. Therefore this present study 

suggests grey relational approach to implement the single responses from multi responses. 

This grey approach is one of the best multi objective methods to identify the optimal laser 

cladding processing parameters [22]. The outcomes like microhardness and wear rate are the 

responses and it is taken as considered for choosing the options. This option is necessary to 

face the options like larger the better and smaller the better selection. Then this initiation is 

better for identifying the standardized data, grey coefficient and finally grey value with their 

specified rank method. The overall computed grey values with their converted single 

responses are presented in table 4. From the table 4, it is concludes that the maximum rank 

was attained at the process parameters 5 m/s of scanning speed, 30% of SiC proportions 

and 0.7 kW of laser output power, respectively. Figure 6 shows the GRG rank with their 

responses. From the figure 6, it is clearly mentioned that increasing of scanning speed, SiC 

proportions and medium range of laser output power was significant reason to improve the 

mechanical responses on the composed specimen of AZ91D Mg alloy and SiC proportions. 

Table 4 Computed Grey values with their responses 

 
Runs 

Evaluation with standardized Grey Relational 
Coefficient 

 
GRG 

 
Rank 

Microhardness Wear Microhardness Wear 

1 0.789 0.913 0.388 0.354 0.3708346 7 

2 0.632 0.888 0.442 0.360 0.4010649 6 

3 0.211 0.000 0.704 1.000 0.8518519 2 

4 1.000 1.000 0.333 0.333 0.3333333 9 

5 0.895 0.866 0.358 0.366 0.3622555 8 

6 0.579 0.523 0.463 0.489 0.4759996 3 

7 0.684 0.620 0.422 0.446 0.4343378 5 

8 0.737 0.511 0.404 0.495 0.4494312 4 

9 0.000 0.065 1.000 0.884 0.9421488 1 

 

 
Figure 6 grey with their rank of mechanical properties 
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 3.4 Microstructure of optimal parameter with grey responses 

Figure 7 shows the SEM image of wear rates with composed composites of AZ91D Mg alloy 

with SiC particles. This SEM is taken as per the grey approached values with maximum and 

superior rank order. Therefore, this condition only met with 9
th

 optimal runs and the 

parameters are 5 m/s of scanning speed, 30% of SiC proportions and 0.7 kW of laser output 

power, respectively. These parameters exhibit the better microhardness and wear rates and 

that the specified specimen is subjected for SEM analysis. From the figure 7, the worn 

surfaces are clearly indicates that the presence of SiC particles were occurred in maximum 

range with smoother grooved surfaces and better dispersion is utilized to absorbs the wear on 

hard carbide particles during the wear tests [20]. Some modified grains improve the 

wear rates and hardness with influence of superior toughness and solidification reinforced 

composites. Aluminium and carbide with Silicon strengthening particles presents majorly in 

the worn surfaces image it is one of the reason to improve the wear rates with plasticized 

deformation. The presence of collection agglomeration is occurred majorly in the worn 

surfaces. The little cut and lesser wear tracks were formed in the worn surface s due to 

presence of SiC particles. 

 
Figure 7 SEM of worn surfaces for Specimen 9 

   

  4. Conclusions 

In this present study, the laser cladding process was effectively employed on AZ91D Mg 

alloy with influence of SiC strengthening particles through different processing constraints. 

The scanning speed, SiC wt. proportions and laser output power processing parameters are 

utilized successfully to carry out the coating process on AZ D substrates. The taguchi 

provides the better responses like microhardness and wear rates with single responses optimal 

parameters are 5 m/s of scanning speed, 30 wt. % of SiC and 0.7 kW of output laser power. 

Similarly, the superior wear rates are attained at the parameters 3 m/s of scanning speed, 30 

wt. % of SiC and 0.8 kW of output laser power, respectively. The grey relational approach 

was successfully optimized the processing parameters with grey ranking procedures. The 

single response optimal parameters are 5 m/s of scanning speed, 30% of SiC proportions and 

0.7kW of laser output power, respectively. In both the cases, maximum of SiC proportions 

was accumulated in the composed composite specimens due to the selected parameters amd 

confirmation of worn surface images was verified effectively in the optimal parameter 

specimen. The solidification and even dispersion of SiC particles on the substrates was the 
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significant aspects to enhancing the wear rates. 
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Abstract: Hardness and compressive strength of metal matrix composites (MMCs) are 

influenced by different processing constraints like various sizes of reinforcing particles, 

different weight ratios and mixing time. Due to segregation of strengthening particles in the 

MMCs were easily occurred in the stir casting process and it is very complex to evade. 

Therefore, the powder metallurgy process is the significant route to prepare the composites 

with base matrix of aluminium alloy AA1050 and ceramic hard particles of chromium 

carbide (Cr3C2) were utilized in this research. During this process, instead of ball milling, 

the barrel based mixer was utilized to mixing the powders to compose quality based 

composites. Therefore, in this study barrel mixing time is considered as main parameters 

consequently the various sizes of strengthening particle and different weight proportions 

were utilized. The new approach of barrel mixing with different time durations from 15 to 45 

min, different nano sized ceramic particles (10 to 20 nm) and various weight proportions of 

particles (10 to 14%) were investigated through the powder metallurgy process. finally, the 

maximum time at 45 min and increasing the particles from 10 to 14% and nano sizes 

composes better hardness and compressive strength. The contour interpretation is 

explained the different approaches of process parameters on the prepared composites. 

Keyword: MMCs, Hardness, Compressive, Cr3C2 and Contour. 

 

1. Introduction 

Owing to various exclusive performances and the possibility of tailor related characteristics, 

the metal matrix composites possess attained from the different researchers. Some of the few 

exemplar properties like creep, maximum specific strength, lesser densities, and greater 

fatigue are specific properties which are based on the metal matrix composites and advances 

to traditional materials [1-2]. The generally composed metal matrix composites might exhibit 

the lesser thermal expansion and maximum wear resistances to appropriate for utilize in 

packaging sections, nuclear components for aerospace applications. There are various 

applications in the automotive sectors like, pistons, transmission shafts and turbine blades are 

the components and it’s also implemented MMCs in the different automobile companies [3-
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4]. 

The different ceramic particles like aluminium oxide, titanium carbide, and chromium oxide, 

chromium carbide and silicon carbide are strengthened into aluminium based alloy and other 

magnesium alloy or aluminium alloy matrix. The incorporation of magnesium in the ceramic 

particulates of Cr3O2 or Cr3C2 related MMC can participate important aspects in the 

maintaining tailored made characteristics like creep strength, yield strength and tensile 

strength [5]. The preferred properties of metal matrix composites could be obtained by the 

different shapes, categories and proportions of strengthened particulate. When compared to 

other process for the production of metal matrix composites, the powder metallurgy method 

provides better manufacturing and also gives reliable technique [6-7]. For example, the stir 

casting process normally produces the wettability issues but in powder metallurgy process 

some free defects like temperature gradient, surface tension, density issues and other 

chemical reactions and mass agglomeration. During the powder metallurgy process, the 

appropriated powders were well mixed into the base material; the fore mentioned defects are 

not produced [8]. 

The proper blending of matrix material is the major advancing process and the strengthened 

particles could obtain in solid state and it is the major reasonable management from the 

other processing constraints. It leads to composes defect free intermetallic surface without 

any change of phase in the processed materials and chemical responses. When utilizing the 

powder metallurgy process, reinforcement isolation is not produced and it is one of the major 

disadvantages in stir casting process [9-10]. The powder metallurgy process is most suited 

technique to produce the metal matrix composites and it is a clear cut process and valuable 

processing ways to achieve the end product. It is far sighted to identify that the reinforcement 

particle sizes and its dimensions will change the characteristic of objective metal matrix 

composite material. Similarly, the compaction pressure may be influenced by the size of the 

particles and potency of strengthening particle. Next to compaction, the sintering process is 

the most significant one for resolving the creation of large angle grain boundary and 

porosities in the MMCs [11-12]. 

The essential mechanical tool is also straightforward when it is contrasted to other 

techniques like PVD, infiltration spray deposition process, CVD and other specific methods 

like rapid prototyping process. In powder metallurgy process, the above issues will easily 

solve. The better arrangement of metal and non metals to compose the different metal matrix 

composites are offered by the powder metallurgy process [14-15]. Usually, in the process of 

liquid metallurgy reaction products and their creations will easily formed and these 

overcomes are rectified in this powder metallurgy process. The superiority of processed 

MMCs based components and their mechanical properties are very much reliant on the 

blending and evenly scattered distribution of strengthening particles is composed via the 

powder metallurgy process. There are various researchers have specified advances in the 

mixing of powders in the powder metallurgy process. The following steps like, blending 

powders; compaction and post processing are required to compose the MMCs. Therefore, the 

most advantages of this process are mixing of powders to get the desired MMCs without 

defects [16-18].  

Mulisa et al. [19] reported that the fabricated Fe based MMCs through the powder metallurgy 

process are developed in hardness strength and corrosion performances. The increasing 

amount of reinforcing particles improves the strength and reduces density. Chufan et al. [20] 

fabricated the lamellar structure in Ti-Ta alloys under the sintering pressure of 1600 
0
C. The 
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mechanical properties were enhanced by the increasing of Ta content through the powder 

metallurgy process. Dinaharan et al. [21] prepared the copper matrix composites through the 

powder metallurgy process with different industrials waste ceramic materials. It is concluded 

that the copper and boron carbide particles presented composites had better mechanical 

strength when compared to the other combinations of copper-flyash and copper-W. Mofijul 

et al. [22] conducted the EDM on the composites by the powder metallurgy process. During 

the process, various sintering and compaction loads were applied on the SiC-nano graphite 

on the aluminium alloy and strengthen the characteristics. By increasing the content of 

ceramic particles improves the hardness and enhances the surface roughness. Dinesh kumar 

et al. [23] synthesized the MMCs by increasing of SiC into the magnesium powders. The 

mixing of SiC powders with 12% enhances the mechanical strength. The maintaining of ball 

mill at 10 min improves the grain refinement and strengthens the MMCs. From these 

reviews, carbide based ceramic particles strengthens the MMCs and improves the wear rates 

which is clearly indicated in the above mentioned literatures. 

From the detailed literatures, metal matrix composites can be composed defect free by the 

route of powder metallurgy process. The segregation of reinforcement is easily avoided 

during this process. At the same time, appropriated reinforcement in solid state and 

permitting allowable control from the different processing constraints. Considering these 

issues, the aim of this current work is to investigate the influence of different processing 

variables like particles proportions, mixing time and particle sizes are the significant key 

aspects which can affect that the blending characteristics of the selected nano powders [24-

26]. From the similar research, the mechanical properties of glass fiber and banana fiber was 

analysed and found the better fiber [27]. The mechanical study was carried out on AA2024-

T3 plates to improve the properties of the composite materials [28]. From another study, to 

ascertain how nano-/micro-TiO2 affects the mechanical properties of kenaf/glass/epoxy 

hybrids [29]. 

In this research, barrel based mixer was utilized to mixing the powders with different time 

period. Owing to this method, clustering of powder is easily removed and led to produce the 

superior blending behaviors when utilizing the barrel based mixer. The different researchers 

proved that the blending by the barrel based mixers composes better hardness and 

compressive strength on the processed MMCs. Consequently, the novel method is achieved 

in the blending of nano powders are approached in this research. Moreover, this works also 

explored the impact of different proportion of Cr3C2 and particle different dimensions on the 

hardness and compressive strength of the composed metal matrix composites. Utilizing these 

processing constraints, the defect free metal matrix composites are developed during the 

powder metallurgy process by the influence of chromium carbide particles. It is cleared from 

the literatures; the barrel mixing time and different strengthening particulates of chromium 

carbide through the powder metallurgy process is not conducted so far. Similarly, the 

Taguchi combinations with contour analysis is effectively implemented with their different 

parameters is done in previous research. 

 

 2. Materials and Methods 

The selected essential powders of AA1050 aluminium alloy and chromium carbide have 

been utilized to arrange the metal matrix composites. From the various strengthening 

particulates, chromium carbide is extensively approached in the production of metal matrix 

composites material. The accessibility of Cr3C2 in the form of powder in various sizes and 
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cleanliness is an added motive to desire Cr3C2 among the other strengthening particles. The 

average size of Cr3C2 particle having the sizes of 10, 15 and 20 nm is used for powder 

metallurgy process. The moisture content test is utilized for each and every sample of 

chromium oxide powder and AA1050 aluminium alloy powder. Around 15% of chromium 

oxide powder of lesser reinforcing size which is less than 30 mm and it takes the better 

advancement in the particle sizes added much potency in the processed composites. The 

powder metallurgy composes the green compacted composites in the sintering steps which 

influenced by intermetallic region with particle size. The Cr3C2 is added into the AA1050 

aluminium alloy with three ratios like 10, 12 and 14%. The barrel mixing with stimulated 

shear is utilized to mixing both powders to generate the quality of composites. The schematic 

illustration of present research is displayed in figure 1. 

 
Figure 1 Schematic illustration compose composites through powder metallurgy process 

The barrel based mixer having components of agitator, the both components are rotating 

opposite direction to get desired composites mixing without agglomeration and clustering in 

the localized region. These issues were easily eradicated during the mixing process. After 

adding the different proportions of Cr3C2 into the aluminium alloy by barrel mixer, the 

proposed green MMCs were fabricated by powder metallurgy process. The mixed powders 

were poured into circular die with support of steel punch machine by maintain of 200 

MPa pressure. After that the completed specimens were taken for sintering process with 

utilizing of argon gas inert atmosphere by 600
0
C of sintering temperature at holding time 60 

min. Subsequently, water quenching and drying is approached for all the samples. The 

microstructure is used to analyze the presence of chromium carbide particles by the 

following procedures like 100 to 800 grit size emery paper and diamond paste having the 2 

micro meters to takes place in the processed samples for attaining the uniform dispersion in 

MMCs. The processing constraints like different chromium carbide particle sizes, different 

proportions and barrel mixing time are approached into Taguchi design for arranging the 

levels of parameters. It is considered that above levels, L9 Taguchi method is suitable for 

that. Then the processed composites samples were accounted for investigating hardness 

and compressive strength. Table 1 shows the different processing parameters for present 

powder metallurgy process. 

Table 1 Various processing variable in powder metallurgy process 

 

Sample 

No 

Nano 

Cr3C2 sizes 
Weight 

ratio of 

Cr3C2 

Barrel 

Mixing 

duration 

(min) 
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1 10 10 15 

2 10 12 30 

3 10 14 45 

4 15 10 30 

5 15 12 45 

6 15 14 15 

7 20 10 45 

8 20 12 15 

9 20 14 30 

   

3. Results and Discussion 

3.1 Hardness measurements and compressive strength on MMCs 

The required properties of MMCs are only achieved with support of hardness measurement. 

The hardness property is one of the significant one for processed materials. The occurrence 

of hard particles in the soft matrix alloy consequently enhances the hardness and also 

improves with increment of weight proportions of the ceramic hard particles. There are many 

investigates revealed that the increment of weight proportions of ceramic particles improves 

the surface hardness of the MMCs. In some special cases, the blending of powders were 

composed by some traditional techniques like ball milling are employed to form the intense 

deformation, even dispersion and fine refinement. This forwarded to the advancement of 

MMCs hardness and the maximum hardness of ceramic hard particulates involves improving 

the hardness as the shifting of load to the ceramic particle of MMCs. Nevertheless, the 

particulates dimensions were too superior, the contribution of improvement in hardness of 

MMCs were arrived from ceramic based hard particles and interfacial bonding among the 

strengthening particulates and matrix alloy also improves the hardness without voids and 

porosities. 

From the table 2, it is understood that the increasing of chromium carbide particles enhances 

the hardness in the metal matrix composites. By increasing of chromium carbide content in 

the MMCs, attained with maximum hardness at the same time mixing time with longer 

duration takes place the better effectiveness when mixing chromium particles and matrix 

alloy and the dispersion of ceramic particles also achieves the better strength and Cr3C2 

particles were dispersed evenly in the processed matrix composites. Especially the sample 

number 5 shows that the hardness were maximum at the processing constraints of 15 nm of 

Cr3C2 particle sizes, 12% of weight ratios and 45 min of barrel mixing. Figure 2 show the 

evidence of hardness measurement in the metal matrix composites. Similarly, the lesser 

barrel mixing time with lesser proportions of chromium carbide particles reduces the 

hardness on the MMCs due to less uniform dispersion of reinforcing particles on the matrix 

alloy. It is concluded that the barrel mixer improves the dispersion evenly in the matrix 

composites and indentation of maximum load is withstand highly during the hardness test on 

the composites. 

As per the micromechanical model, the metal matrix composites of aluminium alloy AA1050 

were improved by the strengthening of chromium carbide reinforcements. The increment of 

chromium carbide particles improves the mechanical strength when added to the aluminium 

alloy matrix. Similarly, the dislocation density and shear modulus are the key factor to 

improve the MMCs potency. Therefore, the strengthening particles with maximum value of 
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shear modulus are enhanced to the alloy of matrix material and it forward straight effect on 

the strength. Owing to fine grain sizes, compressive strength is maximized as per the 

estimated Hall petch equation. The hardness is initiated when blending the powders and the 

particle sizes. The nano particles influence the maximum work hardening. When increases 

the ratio from 10 to 14% chromium carbide particles, the compressive strength also increased 

and the Cr3C2 particles restricts the cracks with loading during the compressive test and the 

severe plastic defroamtion was takes place in the processed MMCs composites. From the 

table 2, the specimen 4 with processing variable at 10 nm of particle sizes, 14% weight ratio 

and 45 min barrel mixing composes the better compressive properties in the composites. 

Figure 2 shows the compressive strength on MMCs with different proportions and sizes of 

chromium carbide particles. 

Table 2 Various processing variable on hardness and compressive strength 

 
Sample 

No 

Nano 

Cr3C2 

sizes (nm) 

Weight 

ratio of 

Cr3C2 (%) 

Barrel 

Mixing 

duration 

(min) 

Hardness 

(HV) 

Compressive 

Strength 

(MPa) 

1 10 10 15 63 165 

2 10 12 30 66 168 

3 10 14 45 68 181 

4 15 10 30 73 175 

5 15 12 45 82 179 

6 15 14 15 70 169 

7 20 10 45 76 177 

8 20 12 15 78 174 

9 20 14 30 80 176 

 

 
Figure 2 Hardness measurement of processed MMCs 
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Figure 3 Compressive strength of processed MMCs 

3.2 Contour analysis of hardness measurement and compressive strength on AA1050 

and chromium carbide composites 

Figure 4(a) to 4(c) shows the contour analysis of different processing constraints of metal 

matrix composites. From these figure, it is understood that the interpretation of different 

processing parameters with surface hardness on processed composites are clearly indicated. 

Figure 4(a) shows the hardness measurement by the influence of different chromium carbide 

particle sizes and various weight proportions. From the figure 4(a), it is implicit that the 

improved surface hardness was increased by the influence increment of nano chromium 

carbide particles from 10 to 15 and their weight proportion from 10 to 12%. Figure 4(b) 

shows the surface hardness on matrix composites under the parameters at weight ratio of 

Cr3C2 particulates and barrel mixing of matrix alloy and reinforcing particles. It is clearly 

understood that the enhanced hardness is developed from increasing of mixing time at 

maximum level and maximum weight proportion of chromium carbide particulates. Figure 

4(c) shows the relation between the parameters of barrel mixing duration and nano 

reinforcing particles. From the figure 4(c), it is explored that the increasing of mixing time 

and increment of reinforcing particles sizes are the major reason to enhance hardness strength 

on the MMCs. 

 
Figure 4(a) Chromium carbide particle with various sizes and proportion of composites 
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Figure 4(b) Reinforcing particle with various proportion and blending time of composites 

 
Figure 4(c) Barrel blending time and different nano particle dimensions of composites 

Figure 5(a) to 5(c) exhibits the contour analysis of special processing constraints of metal 

matrix composites. From these figure, it is unstated that the analysis of various processing 

parameters with compressive strength on processed composites are evidently specified in this 

section. Figure 5(a) displays the compressive strength on composites by the utilizing of 

various chromium carbide particle sizes and different weight proportions. From the figure 

5(a), it is understood that the superior compressive strength is improved by the increasing of 

nano chromium carbide particles from 15 to 20 nm and their weight proportion from 12 to 

14%. Figure 5(b) exhibits the compressive strength on prepared matrix composites under the 

different parameters at weight proportion of Cr3C2 particulates and barrel mixing of matrix 

alloy and reinforcing particles. It is evidently implicit that the enhanced compressive strength 

is expanded from increasing of mixing time at higher range at 45 min and maximum weight 

proportion (14%) of chromium carbide particulates. Figure 5(c) shows the correlation 

between the parameters of barrel mixing time and nano carbide reinforcing particles. From 

the figure 5(c), it is investigated that the rising of blending time of alloy matrix and its 

reinforcement and addition of reinforcing particles sizes are the main significant reason to 

enhance compressive strength on prepared MMCs through powder metallurgy process. 
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Figure 5(a) Compressive strength at different sizes and weight ratio of reinforcing particles 

 
Figure 5(b) Compressive strength at various proportions and blending time of composites 

 
Figure 5(c) Compressive strength at Barrel blending time and various sizes of particles 

 

4. Conclusions 

In this research, the powder metallurgy processing was successfully produced the metal 

matrix composites from the alloy of AA1050 and chromium carbide particles. Especially the 

mixing of barrel is effectively composes the blended powder to make the effectiveness in the 

form of fine dispersion and severe plastic deformation is occurred during the process of 
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powder metallurgy. The different processing constraints like different proportion of nano 

Cr3C2 particles, various sizes and mixing time was effectively conducted on the processed 

metal matrix composites. Particularly, the mixing of barrel in powders at maximum range of 

time duration is the major significant aspects for improving the mechanical properties 

like hardness measurement and compressive strength. The process parameter at maximum 

sizes of Cr3C2 particles, 12 weight ratio and macimum mixing time at 45 min composes the 

better hardness on the prepared composites. Similarly, lesser size of chromium carbide 

particles, maximum weight proportion of particles and high level of mixing time at 45 min, 

produces the greater compressive strength. 
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Abstract: Parenteral administration of these drugs is required since the gastrointestinal 

tract's degradative environment and poor absorption limit the oral drug distribution of 

proteins. Luminal mucus is one of the initial steric and dynamic obstacles to absorption. This 

article will cover the Robopill, a robotic oral drug delivery capsule that enhances luminal 

mixing, eliminates localized mucus layer blockages, and topically delivers the drug payload 

throughout the small intestine to enhance drug absorption. The plicae circulares, villi, and 

mucus are removed and churned by the robopill's internal motor and surface properties 

working together. L-carnitine treatment with Robopill resulted in improved bioavailability 

that was 20–40 times larger than standard oral dosage in ex vivo and in vivo pig models. The 

therapeutic hypoglycemia brought on by insulin delivery via the Robopill is further evidence 

of the Robopill's potential to permit oral administration of drugs that are often restricted by 

absorption constraints. 

Keywords: micropill, microneedles, L-Carnitine, iontophoresis, ultrasound and epithelial 

layer 

 

1. INTRODUCTION 

The capacity of medication to dissolve in GI fluid, traverse the tough belly's acid, maintain 

stability no matter the intestine's constantly converting microbiota in addition to degradative 

enzymes, avoid being absorbed lower back by using efflux pumps, and accomplish healing 

bioavailability are all important [1]. due to the sub - therapeutic bioavailability levels of 

many capsules, more, time-consuming administration strategies are required. For instance, 

millions of diabetes patients global want to take insulin each day, a peptide with a 

bioavailability within the mouth of less than 1%. Subcutaneous injections are required 

for this, which can also motive anxiety, discomfort, and nonadherence because of the 

injection procedure [2]. Because of the bad oral bioavailability of vancomycin, a tiny drug 

typically used to deal with extreme Gram-effective bacterial infections, intravenous treatment 

and a high priced clinic stay are required [3]. technology have a great capacity to assist 

sufferers gather necessary pharmacological therapy and assist the pharmaceutical enterprise 

in creating more widely established medicinal drugs by using putting off boundaries to 

absorption, distribution, metabolism, and removal [4]. 

In the beyond, micro stirrers were developed to carry out in-situ stirring, and that they have 

mailto:rajevikram@gmail.com
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established the capability to hurry up bioavailability and absorption [5, 6]. Nano 

biotechnology techniques, along with tubular μm in diameter lined with pH-responsive 

polymers, have shown centered distribution and better retention in stomach tissues and 

mucosa, but their utilization is confined to pick pharmaceutical classes and has now not but 

been scaled as much as huge mouse models or people [7]. Higher tissue permeability is 

provided via PEGylated liposomes which can go mucus, although they require time-

consuming drug-unique tailoring. Although ultrasonic vibrations and low-frequency micro 

vibrations have proven promise in mechanically reaching better delivery charges, scientific 

programs require greater realistic transport techniques. Drug transport fees through viscous 

mucus can be extended via enhancing drug dispersion, producing mucus layer mixing, and 

momentarily exposing the epithelial layer [8]. 

 
Figure 1. Prototype Robopill 

This article will cover the creation of the RoboCap, a robot oral pharmaceutical delivery 

device that enhances blending, topically distributes the drug payload, and reduces localized 

mucus to promote drug absorption (figure 1). Small intestine (SI) plicae, villi, and mucus 

fast interact with surface elements at the RoboCap to provide spinning and churning 

motions. We anticipate that using the RoboCap as adverse to conventional oral shipping 

will significantly growth the drug's bioavailability. We examine the RoboCap's performance 

in administering the version peptide medicines, insulin and vancomycin in vivo on pigs and 

Franz cell diffusion [9]. 

The Section II of the remaining portions of the report discussed the numerous robopill-

related work. The recommended technique of the study in this article was presented in 

Section III. The outcomes of the suggested work are displayed and discussed in section IV. 

The intended work was completed in Section V. 

 

2. LITERATURE SURVEY 

The gastrointestinal machine can be used to physically distribute remedy via an expansion of 

various drug management methods. Warmth has been proven to significantly enhance 

physical routes of medication delivery [10]. The stratum corneum has been removed by 

means of direct laser ablation the use of targeted microsecond heat pulses which will create 

microchannel with a diameter of between 10 and a hundred m within the pores and skin for 

transdermal distribution. Additionally, hyperthermia has been utilized for most cancer 

remedy for a long time, and localized heating using magnetic nanoparticles has been 

investigated as a technique to improve remedy delivery [11]. Further to the physical switch 

of warmth to tissue to start or beautify drug transport, heat has also been studied as a trigger 

mechanism for managed drug management in the GI tract [12]. Using this technique, 

medicine transport drugs have been blanketed from the pH variations within the GI tract 

surroundings through being wrapped in a wax that included nanoparticles. Magnetic 
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hyperthermia changed into used to motive heating within the wax by way of nanoparticle 

movement, exposing the capsule to create warmth and cause the drug shipping mechanism. 

Further to at once handing over heat by means of laser ablation or magnetic hyperthermia, 

close to-infrared radiation (NIR) has been validated to be a useful method for starting bodily 

remedy delivery [14]. The possibility for a reliable and at ease outside triggering mechanism 

is suggested through the capacity of NIR waves from 650 to 900 nm to permeate tissue as 

much as centimeters deep with little or no of the tissue that absorbs these wavelengths. it has 

been tested that using gold nanoparticles that absorb NIR has substantial benefits for the 

drug transport method [15]. 

Research has also been performed on magnetic drug delivery techniques [16]. These 

strategies normally hire a magnetically nanoparticle that acts because the particle's center and 

which reasons the machine to move or prompt while faced with an external magnetic area. 

Then, a protectingcloth like silica or a chemical coating is applied to this particle. Then, a 

natural linkage  molecule and an energetic biomolecule are connected to the protective 

coating's floor at every give up. The issues posed by using hypoxic zone in cancer treatment 

had been efficiently addressed via this tactic [17]. This approach should make it feasible to 

create customized drug delivery profiles, which have been proved to be efficient in treating 

precise ailments. For instance, it has been confirmed that pulsatile transport styles are 

effective in overcoming adaptive resistance displayed via most cancers cells exposed to 

remedy. If you want to create these ferrogels, an alginate hydrogel is first blended with iron 

oxide powder earlier than being forged as a pure segment fabric. So one can create biphasic 

systems and entice all of the iron pozzolanic materials to 1 facet all through the casting 

method, the ferrogel may be exposed to a magnetic area [18]. 

Additionally, bodily drug transport techniques can make use of electric fields [19]. 

Hydrogels can be created with a view to de-swell whilst uncovered to an electric powered 

field that allows you to generate a pressure gradient that releases the remedy. Those hydrogels 

work on the identical standards because the previously said ferrogels. In reality, those 

materials work as smooth actuators. Due to the simplicity of establishing gadgets that can 

produce an electrical stimulus, electric powered fields can be useful for GI drug transport 

alternatives. That is especially authentic whilst as compared to magnetic triggers, which 

frequently need large external tools [20]. 

Convective-greater transport is a much less studied physical drug shipping approach that 

might be beneficial in GI remedy transport [21]. In preference to diffusive drift produced via 

a concentration gradient, this technique makes use of most emission pushed by a stress 

distinction throughout the drug-shipping catheter. By way of using this technique, it isn't 

essential to apply the surprisingly excessive drug concentrations required to set off viscous 

dissipation flow into tissue. Convective-primarily based flow is also impartial of molecular 

weight, whereas big molecules may diffuse slowly or under no circumstances in diffusive 

glide. Therapeutics are actually administered to the main frightened gadget using this 

technique [22]. 

The various technology discussed here haven't undergone medical trying out. To increase 

these innovations into scientific utility, there are some of troubles that ought to be resolved, 

such as device transport uniformity and protection. The GI tract may also benefit from the 

constancy of dose supplied through microneedle management and jetting gadgets. There’s a 

threat of intestinal wall rupture if a tool meant for delivery in the stomachs deploys inside 

the small gut [23]. The production of cavitation at the same time as minimizing damage to 
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the luminal wall is one of the foremost issues for ultrasonic transport. On-device electronics 

are present in iontophoretic gadgets and ought to be guarded and restricted. The scale of the 

drug molecule furnished and the depth of drug penetration are additional elements for 

iontophoretic gadgets. One shipping episode can most effective deliver a certain quantity of 

medicine, therefore numerous episodes can be required. Last but no longer least, the scale of 

the drug molecule limits drug transport making use of iontophoresis, favoring smaller drug 

molecules for management [24]. 

 

3. PROPOSED METHODOLOGY 

The Robopill, which has the size of a triple-zero pill and can contain up to 342.6 mm3 of 

drug payload in its cargo compartment, is ingestible. To shield the surface structure from 

abrasion or pain during swallowing, a gelatinous protecting is applied (Fig. 1). The 

Robopill's surface traits are then made visible whilst it passes through the stomach's gastric 

juice (Fig. 2). The pH of the organic fluids inside the small intestine reasons a soluble 

activation membrane to open the Robopill's onboard circuit and activate the device. The 

centripetal pressure, Fc, produced via an offsetting weight laterally located on a motor in the 

Robopill causes it to rotate and vibrate in competition to floor friction, Fcf, which pushes the 

Robopill outward and alters its orientation theta with offset eq (1). 

   =      ℎ     2       ℎ   (1)  

  = 
     ℎ     (2) 

                     

 
Figure 1. Schematic Robopill 

∑   =      ℎ  +       = 0 (3) 

 
Figure 3. Process of Robopill mechanism [25] 
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The speed at which the capsule spins is determined via the conservation of energy and 

momentum within the machine. with a view to counter the spin of its inner motor, which 

rotates at weight in a frictionless environment, the tablet will generate an angular pace pill 

that is without delay proportionate to the motor's rotational price and expanded via a ratio of 

the weight's second of inertia Iweight, to the capsule's second of inertia, Icapsule. Observe S2 

substantially investigates the outcomes of gravity in addition to the engine at the Robopill's 

movement. The Robopill improves medication distribution in a ramification of methods by 

means of physically interacting with intestinal epithelium, villi, or plicae as it rotates. 

Rotation is made easier by using the exterior helix's (1.0 mm) most beneficial touch with the 

plicae's (1 to 10 mm) interface and the rounded slits' (0.five mm) touch with the villi's 

(zero.2 to eight mm) floor. Additionally, the curved floor enhances mucosal surface touch, 

permitting the five hundred–800 m thick layer of mucus that covers the epithelium to be 

churned and cleared by using microtextured (2 hundred–three hundred m) studs located on 

the recessed surfaces. The drug load deposits drug debris as it erodes away layer by using 

layer with every revolution. The Robopill movements thru the tract via peristalsis for round 

35 minutes before being surpassed via feces. Designing the Robopill took under 

consideration functionality to allow for plenty makes use of. For example, the medicine 

payload is located at one quit of the pill, making it easy for pharmacists to load any 

medicinal drug in their deciding on. Through adjusting the characteristics of the dissolvable 

membrane, the pH sensitivity of the RoboCap can also be adjusted to goal special 

components of the GI tract [26]. 

 

4. RESULTS AND DISCUSSION 

We contrasted surface designs with spiral, helical, and studded characteristics with a smooth 

exterior in order to maximize rotation. As the Robopill rotated on newly removed SI tissue, 

the rate of rotation was recorded. When compared to a smooth exterior, the rotation rate was 

found to be considerably higher with a helical groove (6.9 1.6 revolutions per minute (rpm), 

P 0.01, two- tailed heteroscedastic t test). This was probably caused by alignment with 

plicae and accentuation of the oscillatory effect [27, 28]. 

Table 1. Technical specifications or drug delivery systems [29]. 

DDS Dimension (mm) Reservoir Volume (ml) Release Mechanism 

MAARS 18.2 × 7.7 0.34 Passive 

RaniPill™ 26.1 × 10 ‐  Passive 

IntelliCap® 27 × 11 0.3 Active 

Groening 
prototype 

28 × 8.5 0.17 Active 

MASCE 40 × 15 0.17 Active 

To interrupt up mucus beds whilst the Robopill strokes the floor, studs had been made and 

placed in the crevices of the helical outer frame. The potential of studs to wick and do away 

with mucus was evaluated for heights between two hundred and 800 m. (Fig. 2F). These had 

been contrasted with a nice manipulate in which mucus became physically removed from 

the tissue through being rubbed across it ten times with a steady downward pressure. 

Moreover assessed was a poor control that had no Robopill or mucus elimination [30]. 

 

5. CONCLUSION 

Robot tablets are about to enter the mainstream. Soon, pills might not be used only for 
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diagnostic imaging functions. Similar to how the platform's development in the subject of 

digestive diagnostics changed into motivated by using the country of improvement of the 

essential technologies, its progress in the field of drugs administration has taken longer 

because of the diploma of readiness of the essential integrated modules. The usage of 

powerful medicines and hemostatic powder or a similar spray formula, sensing/turning in 

robots, for example, can be used to deal with a localized GI tract ailment without the need for 

a painful intervention or systemic unfavourable consequences. The distribution of 

prescription drugs that have to be taken orally, which include insulin or chemotherapeutic 

treatments, might be some other helpful use. Moreover, a robot capsule delivery system that 

mixes neighborhood and systemic remedy management would be useful for treating 

autoimmune-mediated bowel disorders. 
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Abstract: Utilization of natural resources like water and sunlight for home gardens and 

public gardens is an everyday challenge where unrestricted or accessed utilization of natural 

resources often happen. For example, electrical lighting is periodically left on in public 

gardens, plants are not watered, or the water tank is spilled and empty due to human or 

operational error, resulting in massive use of power and other natural resources. The present 

paper proposes a solution that relies on a controller to help address these problems. The 

controller manages the water in the garden as well as the lighting system using sensors in a 

timely manner and avoids unnecessary wastage of resources. The controller is in charge of 

overseeing all other linked devices, with flexible programming and regulating the entire set 

of activities. The overall outcome of the work is finally presented on a PCB prototype 

integrated with the controller and makes it easier to maintain household & public gardens 

lawns. 

Keywords: Controllers, Garden maintenance, Electricity, Gardening operational error 

 

INTRODUCTION: 

The smart gardening system project is a cutting-edge solution for modern agriculture and 

gardening. It gives a complete and efficient approach to garden management by merging 

innovative technologies and data analysis. The device monitors environmental elements like 

humidity and sunshine and utilizes this data to improve plant growth and save waste. This 

project makes gardening accessible and convenient for everyone, from urban balcony 

gardeners to large-scale users, thanks to its user-friendly interface, real-time monitoring, and 

automatic watering and lighting system. The literature understanding is presented as two 

categories, smart watering and adaptive lighting for the effective use of natural resource. 

A smart device that can convey data on the water level of installed household tanks to a 

smartphone was created by the Smart water company [1]. This device can instantly identify 

wastage of water which happen inside of homes (for example, leaks caused by sanitation, 

etc.). By comparing the difference between the total water flow from the tanks and the actual 

amount of water utilized by users (using smart meters), a similar examination is conducted 

to discover leaks in the society's large water tanks [2]. 

In many parts of the world, there is a major problem with water shortage [3] that has to be 

handled. Using sensor technology, SWS offers online monitoring, assisting in the efficient 

management of water resources. Reduced water losses in WDS are the result of SWT's 

analysis of sensor data for effective pressure control, pipeline leak detection, and 

identification of commercial water losses. Water that was before lost as a result of financial 

and material losses can now be used to assist others who need it. This may help to ease the 
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world's water shortage. 

For machine-to-machine communication to be created, smart water devices [4] must have a 

common standardized module and platform. The platform and module that will be utilized in 

smart water devices should be standardized. Researchers may want to focus on the creation 

of smart portable gadgets. 

Societal constraints 

There are not only technical and scientific limitations that prevent the use of smart water 

technology, but there are also economical limitations, such as a lack of funding. Even when 

funds are available, there may not always be enough technical support (based on location) to 

adequately maintain such technology. The local administration decides whether to employ 

such technologies to advance the city. Hence, a lack of knowledge in local government may 

deter people from utilizing such tools [5]. 

A study on an automated [6] and real-time plant watering system for smart gardens shows 

how to set up a smart garden without the need for human input. A real-time plant watering 

system, an automated plant watering system with a soil moisture sensor, remote garden 

management, an intruder sensor with a camera, and a relay light function are the main topics 

of the work. As it can cover a far larger area than a sonar sensor, the study used a Passive 

Infrared Sensor (PIR) to detect human presence. The development of an automated garden 

maintenance system proved successful 

A smart garden monitoring system based on the Internet of Things was shown by 

Thamaraimanalan et al. [7]. In the study, metrics from sensors connected to a Wi-Fi 

network, such as wetness, temperature, humidity, and ultrasonic, are derived using a mobile 

application called fire-base. 

Proposed solution: 

Functional Block: 

The functional block outlines the approach to solve the problem. In phased manner the first 

step is to identify the operation of the LDR module with the controller and to check its 

validity by the triggering signal to turn the Led ON when fading of light in an open 

environment. Under full lighting condition the LDR should generate the low pules thus 

making the turn OFF. The water pump and moisture sensor are controlled by the timer 

controller. The moisture sensors continuous evaluates a soil moisture condition and upon 

getting a below a threshold for low moisture will initiate the controller to trigger a relay 

circuit which in term turn ON the water motor pump for pumping of water. The timer 

controller is programmed to activate the motor controller relay at a specified time interval. 

During the time interval the moisture sensor continuously detects the soil moisture and upon 

reaching the upper threshold will disable the triggering input to relay module with the help 

of controller. 
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Components integration: 

GND, VCC, SDA, and SCL are the four pins that make up the timer module. As the 

controller's is, GND and G connections GND and G VCC and connections. The GND and 

VCC connections connections. The GND and G G. SDA (serial data pin) is linked to the 

controller's SDA analogue input pin, while SCL (serial clock pin) is connected to the 

Arduino system. The GND, VCC, and digital output pins are the 3 pins on the LDR module. 

The GND and VCC are linked to the controller's output power supply, and the digital output 

pin is connected to the controller's digital input pin. The GND, VCC, and analogue signal 

pins are the three pins on the moisture sensor. The analogue output pin of the module is 

linked to the analogue input pin of the controller, and the GND and VCC are connected to 

the controller's output power supply. The positive and negative terminals of the LED are 

linked to the controller's digital output pin and GND, respectively. The LED has two 

terminals: positive and negative. The controller's output power source is connected to the 

GND and VCC of the relay module, and the controller's digital output pin is connected to the 

input pin of the relay module. The relay module has seven pins total: ANODE, CATHODE, 

GND, VCC, input pin, and output pins (ANODE, CATHODE, AND 2 NC pins). Water 

pump and power supply are linked to the anode and cathode pins, respectively. 

 

Workflow:  

Flow chart: 
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Fig.: PCB layout 

Custom Code: - 

Step-1: include the libraries of RTC module Step-2: initiate the pin numbers of the sensor 

Soil sensor=A0 Ldrsensor=2 Ldrsensor value =0 Soil sensor value =0 

Step-3: setup of Arduino 

Use pins 6,7 for output from the Arduino to connect the sensors 

Step-4: Setting of loop to continuously running of program and conditions to work 

 

If (Ldrsensor Value==1) 

{ 

Digital Write (7, HIGH); 

} 

Else 

{ 

Digital Write (7, LOW); 

} 

if (st1=="15:30") 

{ 

If (soil sensor Value<500) 

{ 

digital Write (6, LOW); 

} 

else 

{ 

digital Write (6, HIGH); 

} 

} 

if(time=="15:50”) 

{ 

digital Write (6, LOW); 

}  

 

Testing: 

The following results are obtained in the serial monitor while using the prototype 
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Event Status on serial monitor 

Timer 

When the time is not equal to user given time 

so the motor is in OFF position 

 
Motor ON 

The moisture level is less than threshold 

value than the motor will ON 

 

MOTOR OFF 

If the moisture level exceeds the threshold, the 

motor will turn off. 

 

LED ON 

At low light the LEDs are triggered to ON state 
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LED OFF 

When the light is normal the LEDs are in OFF 

state 

 

Discussion on outcome: 

The PCB prototype that was built has the adaptability of updating the code for any 

modifications for the timer to handle the triggering event of the motor controller, provides 

additional expansion capacity of up to 8 sensors with minor circuit changes for the hardware. 

During the design aspect the dimensions of the sensors that are to be attached to the PCB are 

also taken into consideration. Since common voltage values of 5V and a ground has to be 

mixed with the sensors like timer, relay module, LED and moisture level measurement 

precautions during the circuit layout need to be identified and accordingly the position of the 

components layout on the PCB is handled. The overall dimension of the PCB layout thus 

attained is 2.78 inches X 2.26 inches (LxW) and equals to the size of the controller board. 

As part of this study, the environmental factors affecting both private gardens and public 

gardens were taken into account, and a workable solution was created. The work's objectives 

are determined by reading a variety of literary works, and a simpler, easier-to-use system for 

automating the garden is developed. 

 

CONCLUSION 

Prototype of the Smart PCB By incorporating methods and instructions that are sent to the 

automation device remotely or as specified per job, a garden automation system brings the 

user closer to the plants they wish. For a productive result, more PCB prototypes for 

pesticide spraying can be made. Prediction modelling may be used to estimate maintenance 

operations based on sensor data, expanding the project's scope. Notwithstanding the fact that 

dynamic sensor allocation and data extraction from dynamic sensors are challenging 

problems. The algorithmic evolution of dynamic sensor allocation still needs a great deal of 

study. The wireless data flow from the sensor could cause interference with other gadgets. 
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Abstract: Numerous industries use 3D printing technology to construct buildings, 

manufacture vehicles and create medical products. Fusion deposition modeling (FDM) is an 

emerging additive manufacturing (AM) technique used to manufacture functional 

components and prototypes with complex geometries. It is also known as manufacturing 

with fused filaments. It is gaining popularity due to its capacity to shorten product 

development cycles without the use of expensive instruments and tools. However, low 

dimensional precision, substandard surface quality, inadequate part strength, and insufficient 

mechanical properties limit the use of FDM in numerous industrial applications. Different 

process parameters, like layer thickness, raster width, build orientation, and print speed, 

influence the characteristics of FDM-created components and parts. The optimal and best 

possible combinations of process parameters must be selected. There are numerous 

techniques for optimizing and selecting the appropriate FDM process parameters. A 

comprehensive review of pre-processing is required to evaluate the printed component's 

qualities. In accordance with the components of FDM machines, the range of process 

parameters must be determined. The various parameters vary based on the type of machine, 

nozzle diameter, and filament type. Setting the process settings properly is believed to 

enhance the quality of a three-dimensional (3D) printed component, which may also reduce 

post-manufacturing efforts. This study article explores the least studied parameter 

combinations and provides the optimal FDM parameter range. 

Keywords: FDM Process, Process Parameter Optimization, Tensile Strength, Layer 

Thickness, Printing Speed, and Infill Pattern. 

 

1. Introduction 

The term 3D printing refers to the additive manufacturing processes formerly known as 

Rapid Prototyping (RPT). Fused Deposition Modeling is becoming the emerging bottom-up 

manufacturing technique implemented to produce finished products by creating layer-by-

layer patterns automatically using CAD-generated design [2],[3]. Additive Manufacturing 

Technologies are rapidly expanding in the manufacturing and industrial sectors. FDM is the 

most popular AM technique; it employs inexpensive polymeric materials that are simple to 

print in 3D [4] and have numerous applications. FDM components have disadvantages such 

as surface roughness[5], part strength[6], and dimensional inaccuracies[7, 8]. To counteract 

these disadvantages, process parameter optimization is performed [9], [10]. Using the FDM 

process, a variety of underwater systems [11], robots [12], and drones [13] are designed and 

marketed for various applications. It is also employed to create medical equipment [14], 

medical infrastructure coatings [17], weaving loom components [18], and automation system 
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casings [27]. UAVs (Unmanned Aerial Vehicles) and robot components deployed in 

agricultural fields for pesticide or weedicide spraying processes are also created [20],[21]. 

The FDM technology is displayed in Fig.1. Continuously heated filaments are extruded onto a 

heated bed or deposited over the printed layers. The CAD design is used to generate the STL 

file, which controls the movement of the printer nozzle along the X and Y axes. The 

functional model is constructed by layering a semi- molten filament.[19] The thermo-

plasticity of the polymer filament is essential for this technique because it enables the 

filaments to bond and then solidified at room temperature. It is essential to identify the part 

strength that influences process parameters and their correlation.[20] 

 
Fig.1. Fusion Deposition Modeling Process 

 

2. Materials and Procedures 

Process Materials for FDM Components 

ABS and PLA are the two most extensive and popular FDM process materials. Instead of ABS 

and PLA, other filament materials such as PETG, Nylon,[16] Polyphenylsulfone (PPS), 

polycarbonate (PC), and other polymer composites are used to create functional parts and 

research projects, providing researchers and makers of functional parts with a wider range of 

material options. 

Extensive research is conducted on process variables such as build orientation, layer 

thickness, raster orientation, and raster width. Less thoroughly examined process parameters 

are printing speed, infill pattern, extrusion nozzle temperature, and shell width [15]. 

Therefore, it simultaneously maximized the features of multiple sections [22] even though 

few investigations occurred. In this research examination, the least understood process 

variables such as print speed, infill pattern, and extrusion temperature are considered. FDM is 

a complex 3D printing technique with a variety of process parameters. [23]. Future research 

with multi-objective process parameter adjustments is necessary to enhance the consistency 

of FDM-printed parts during the design and manufacturing processes [25], [26], [28]. 

Polylactic Acid is used as the filament material in this research. PLA (Polylactic Acid) is a 

biodegradable, renewable, and food-safe organic polymer. Due to its versatility and ease of 

use, it is the most common filament used in Fusion Filament Fabrication (FFF) 3D printers, 

especially for non-mechanically or thermally demanding applications. The advantages of 

using PLA material include a shiny exterior finish, superior tensile strength, superior UV 

resistance, the ability to withstand operating temperatures up to 50 °C, and low humidity 
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resistance.[24] 

 

3. Fabrication, Evaluation, and Optimization 

A 1.75mm diameter PLA filament is used to create ASTM D638 tensile specimens. This 

study modifies the optimization settings, such as infill pattern, printing speed, and nozzle 

temperature, to produce a homogenous sample of nine ASTM D638 tensile specimens.[29] 

This identifies the optimal FDM process parameter combination for producing objects with 

the highest tensile strength. A Creality CR-10 S5 FDM printer produces each of the nine 

specimens. This device can utilize materials with a temperature degradation range of 2300C to 

2500C degrees Celsius. In this study, temperatures between 200°C and 220°C have been 

utilized. In addition, the ambient temperature is used as the minimum temperature for the bed 

or platform. Tables 2 and 3 lists the selected parameter ranges and parameter combinations 

for the L9 orthogonal array, respectively. 

Test Specimen 

Table 1. ASTM D638 – Type I Specimen Dimensions 

S. No Dimension Tolerance 

1 Overall Length, mm 165 

2 Width at ends, mm 19+6.4 

3 Length of narrow section, mm 57±0.5 

4 Gauge Length, mm 50+0.25 

5 Distance between grips, mm 115±5 

6 Radius of fillet, mm 76±1 

7 Thickness, mm 3±0.4 

8 

9 

10 

Width of narrow section, mm 

Cross-sectional area of the narrow 

section, mm
2
 Perimeter of the narrow 

section, mm 

13±0.5 

35 to 48.6 

30.6 to 34.2 

The American Society for Testing and Materials (ASTM) has established standard specimen 

profiles and dimensional specifications for the tensile testing of materials.[19] The profile and 

dimensions vary for metals, plastics, ceramics, composites, etc. ASTM D638 should be used 

for plastics and polymers. ASTM D68 contains five types of specimens, with Type I being 

the most common. The ASTM D638 Type I specimen is depicted in Figure 2. Table 1 

contains the dimensions and dimensions of the profile. 

Selected Process Variables: 

The least investigated parameters nozzle temperature and infill pattern are considered with 

layer thickness. 

The selected parameters are as follows. 

 Layer Thickness 

 Nozzle Temperature 

 Printing Speed 

 Layer Thickness: The distance vertically covered by a single layer of deposition. 

 Nozzle Temperature: The extruding nozzle temperature that transforms the thermoplastic 

PLA filament into a semi-solid state to create the parts. 

 Printing Speed: The rate at which the extrusion nozzle traverses the part-building 

platform/bed. 

Optimization Steps for FDM Process Parameters 

The process flow of FDM process parameter optimization is depicted in Figure 3. Figure 4 
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depicts the experimental setup for tensile testing using a universal testing machine. The 

tested specimens are shown in Figure 5. 

 
Fig. 3. Steps for Optimizing FDM process parameters. 

 

Parameter Range: 

Table 2. Selected Parameter range 
Parameter Levels  Levels  

Level 1 Level 2 Level 3 

Layer thickness (mm) 0.15 0.2 0.25 

Infill Pattern Grid Concentric Tri-

Hexagon 

Print speed (mm/sec) 100 75 50 

 

Combination of parameters for the L9 orthogonal array: 

Three values were picked for each of the three selected parameters based on their range as 

maximum, minimum, and mean values, as shown in Table 2. This yields a total of nine values 

utilized for the L9 orthogonal array combination as indicated in Table 3. [29] 

Table 3. L9 Orthogonal array with Parameter combination 

Specimen Number 
Layer thickness (mm) Infill Pattern Print speed (mm/sec) 

1 0.15 grid 100 

2 0.15 concentric 75 

3 0.15 tri-hexagon 50 

4 0.20 grid 75 

5 0.20 concentric 50 

6 0.20 tri-hexagon 100 

7 0.25 grid 50 

8 0.25 concentric 100 

9 0.25 tri-hexagon 75 

 

 

 

 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 153 

 

 

Tensile Testing Process for Optimization of FDM Process Parameters 

 
Fig. 4. Specimen Test by using Universal Testing Machine 

 
Fig. 5. Tested Specimens using Universal Testing Machine 

      3. Results and Discussion 
The specimen is loaded and constantly pulled until it fails. The purpose of the tensile test was to 

determine the ultimate load and breaking load. Utilizing the Dak Systems Test bench, a universal 

testing machine, the tensile tests are undertaken. The testing speed has been set at 5mm/min in 

accordance with ASTM standards. For each orthogonal array configuration, the maximum load, 

ultimate tensile strength, and elongation % are calculated and tabulated. Table 4 provides the ultimate 

tensile load, elongation, ultimate tensile strength, and elongation percentages for each of the nine L9 

orthogonal specimens. The ultimate tensile strength and elongation percentages are calculated using 

the formulas provided below, and the calculated values are tabulated in Table 4. 

Ultimate Tensile Strength = Maximum Load / Cross-Section Area 

Elongation % = Strain linear at failure X 100 

Tensile Test Results: 

Table 4. Tensile test – Experimental results 

Specime

n No. 

Ultimate Tensile 

Load (N) 

Ultimate Strength 

(N/mm
2
) 

Elongation 

(mm) 

Elongati

on % 

1 684.883 17.561 2.920 5.840 

2 626.250 16.058 3.020 6.039 
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3 684.422 17.549 2.730 5.460 

4 747.169 19.158 3.530 7.060 

5 881.441 22.601 3.950 7.901 

6 706.112 18.105 2.540 5.079 

7 817.350 20.958 4.451 8.902 

8 817.978 20.974 3.490 6.980 

9 786.164 20.158 2.850 5.701 

 

Results of ANOVA analysis for Ultimate Tensile Load 

Table 5 - ANOVA Analysis of Variance for S-N ratios 

Source DF Seq. SS Adj. SS Adj. MS F P Contribution % 

Layer Thickness  

2 

 

4.7422 

 

4.7422 

 

2.3721 

 

5.0

8 

 

0.1

65 

 

65.626 

Infill Pattern 2 0.3766 0.3766 0.1883 0.4

0 

0.7

13 

5.212 

Printing Speed 2 1.1708 1.1708 0.5854 1.2

5 

0.4

44 

16.202 

Residual Error 2 0.9344 0.9344 0.4672 
  

12.931 

Total 8 7.2261      

 

 
 

Fig. 6. ANOVA Analysis - SN Ratio for Ultimate Tensile Strength 

 
Fig. 7. Stress-Strain Response Curves for Specimens 
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Fig. 8. Tensile Test Results for L9 Orthogonal Array Specimens 

 

4. Conclusions 

Empirical Analysis 

 In all fast multilayer 3D manufacturing applications, part strength is a critical attribute. 

 Fig. 7 depicts the stress-strain curve for all nine samples, while Fig. 8 gives the specimen's 

maximum load, maximum tensile strength, and percentage of elongation. 

 Ultimate load is 881.441 N and Ultimate Tensile Strength is 22.601 MPa. 

 The combination of parameters for the fifth specimen is, Layer thickness – 0.20 millimeters 

Infill Pattern - Concentric Speed of Printing - 50 mm/sec 

 These parameter settings will increase the tensile strength of the manufactured components. 

ANOVA Analysis 

 Layer thickness contributes more to the load-bearing capacity of FDM prototypes under 

tensile loading conditions, as determined by the ANOVA analysis. 

 Figure 5 and Table 6 depict the variances of the S-N ratios and the process parameter 

modifications, as well as their influencing percentages and effects on achieving better tensile 

strength. 

 The optimal parameter combination to get greater tensile strength is, Layer thickness – 0.25 

millimeters Infill Pattern - Concentric Speed of Printing - 50 mm/sec. 

 The most influential process parameter is layer thickness, followed by printing speed, and the 

least influential is the infill pattern. 

 Layer thickness contributes 65.63%, printing speed affects approximately 16.20%, infill 

pattern has the least impact at 5.21%, and other parameters and errors contribute 

approximately 12.93% to the ultimate tensile load handling capacity of 3D-printed PLA 

prototypes. 
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ABSTRACT: The main objective of the paper is to diminish the fire accidents and to send 

the information to the control room, locating the place where the accident occurs. This work 

is helped to find the short circuit place before the short circuit occurs and also detects the 

fire if it occurs due to multiple reasons. The model is also used to stop the train before the 

short circuit occurs and is also used to send the information to the LOCO pilot and to the 

control room. 

Key Words: Fire Detector, LED, Micro Processor, Pump 

 

1. Introduction 

Safety in travel is main concern for everyone. Present day’s fire accidents are the majority often 

happening in trains. When these accidents are going on in isolated areas or throughout night 

times the defeat or spoil being caused is at higher rates. The spoil is heavier due to improper 

attain of service at right time due to improper communication and time delay is causing heavier 

spoil. That’s way eliminating the time between when an accident occurs and when first 

responders are dispatched to the scene decreases the damage. One approach to eliminate the 

delay is by identifying the fire accident and notifying the concerned the system, loco pilot and 

passenger with in no time. Passengers will be notified by ringing the buzzer and loco pilot will 

be notified showing the message in the LCD display fitted in the engine along with alarm. 

 

2. Literature Survey 

According to our survey analysis for long distance communication people prefer rail 

transport when compared to air and road. The reason for that because rail transport is 

sophisticated way to travel. Now-a-days the accidents are occurs in the railways 

periodically. The accidents means it can occurs in detection, collision, bomb disaster and 

fire in the compartments. Out of all the parameters we are going to discuss about fire safety 

system alone. Fire safety system (FSS) can be implemented through automation techniques. 

The parameters and analysis is allowed for only Indian railway networks alone [1]. The 

usages of vehicles are rapidly increasing and at the same time the occurrence accident is also 

increased. No one can prevent the accident, but can save their life by expediting the 

ambulance to the hospital in time. A new vivid scheme called Intelligent Transportation 

System (ITS) is introduced. The objective of this scheme is to minimize the delay caused by 

traffic congestion and to provide the smooth flow of emergency vehicles. The concept of 

this scheme is to green the traffic signal in the path of ambulance automatically with the 
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help of RF module. So that the ambulance can reach the spot in time and human life can be 

saved and the accident location is identified sends the accident location immediately to the 

main server. The main server finds the nearest ambulance to the accident zone and sends the 

exact accident location to the emergency vehicle. The control unit monitors the ambulance 

and provides the shortest path to the ambulance at the same time it controls the traffic light 

according to the ambulance location and thus arriving at the hospital safely [2]. Early 

detection is of great importance as the consequences of a fire are catastrophic. Towards this 

direction this project envisages the deployment of Wireless Sensor Networks at the “Urban-

Rural-Interface” (URI) and uses sensor fusion techniques to enhance the performance of the 

early fire detection and fire location estimation processes. [3] The use of NNs for automatic 

detection of smoke is also proposed. A system for wildfire monitoring using a wireless sensor 

network (WSN) that collects temperature relative humidity and barometric pressure is described. 

The wireless networked nodes communicate with a base station that collects the sensed data. 

Satellite based monitoring is another method to detect forest fires but the scan period and the 

low resolution of satellite images make this method incapable for real-time detection[4]. 

In highly populated Countries like India, everyday people lose their lives because of 

accidents and poor emergency facilities. These lives could have been saved if medical 

facilities are provided at the right time. This paper implies system which is a solution to this 

drawback. Accelerometer sensor can be used in car security system to sense vibrations in 

vehicle and GPS to give location of vehicle, so dangerous driving can be detected. When 

accident occurs, Accelerometer will detect signal and will send signal to AVR controller, 

microcontroller will enable airbag to blow and message with accident location is sent to 

preprogrammed numbers such as ambulance, police station, etc via GSM [5]. In this paper, a 

remedy to reduce the death loss occurring due to fire accidents in trains is presented. Fire on a 

running train is more catastrophic than on a stationary one, since fanning by winds helps spread 

the fire to other coaches. When these accidents are occurring in remote areas or during night 

times the loss or damage being caused is at higher rates. The damage is heavier due to improper 

reach of service at right time due to improper communication. This projects help in notifying the 

passengers and emergency services. The project consists of a microcontroller which is interfaced 

with the GPS module, GSM modem and fire sensors. Once the sensors attached in the 

compartments of train senses the smoke detection, it assumes a fire accident. The controller 

assumes it as an emergency and starts the buzzer, LCD display and GSM modem in the engine 

sending the latitude and longitude information to the specified mobile number and emergency 

services, by fetching the information from the GPS [6].  The increased growth in the railway 

sector has resulted in an increase in the train traffic density across the world. This has 

resulted in the increase in the number of accidents involving trains. In this paper, the 

proposed system includes several features which prevent train accidents. It includes 

automatic speed controlling in curves, collision detection, fire detection, detaching of couch 

automatically when fire is detected in it, automatic railway gate control and track continuity. 

This system makes use of IR sensors, fire sensor, Zigbee and other embedded systems [7]. 

 

3. Model Development 

In existing system we detect fire using smoke sensors, temperature sensors etc., then we activate 

buzzer and send signal to LOCO pilot to stop the train. It takes some time for train to stop. In the 

mean while, the damage occurs. In our proposal we pre-detect the places where short 

circuit/fire occurs and send message to the control room and then to LOCO pilot. So, we can 
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take necessary actions before the fire occurs. 

3.1 Block / Short Circuit Diagram 

 
Fig-1: Short circuit system 

 
Fig-2: Fire and smoke detection system 

3.2 Fire Pre Detection System & Components 

3.2.1 Supply of power 

The given power supply is the +5V D.C. The external power is 230V A.C and there is a 

required to convert the above supply it into +5V D.C. 

 
Circuit 1: Block Diagram of R.P.S 

The input power supply is step down from 230V to 9V. The rectifier consists of diodes D1 

and D2 makes the direct current supply. The output from rectifier is a URDC, whose value is 

13V peak to peak. The voltage regulator makes this Ultra remote driver cabinet to Remote 

Device Control of +5V. The capacitor C1 is used to maintain constant voltage between two 

successive positive cycles where as C2 is used to eliminate the fluctuations caused by 

regulator. Here we are selecting 13V as a peak value. Because of fluctuations, the peak 

voltage may decrease, then control device cannot step up to +5V. If we select peak value, a 

higher one, then the problem can be overcome. A regulated power supply which maintains 

the output voltage steady irrespective of A.C. mains fluctuations or load variations is known 

as regulated power supply. A regulated power supply means it combination of an ordinary 

power supply and voltage regulating device. The output of ordinary power supply is fed to 

the voltage regulator which produces the final output. The output voltage remains constant 

whether the load current changes or there are fluctuations in the input A.C. voltage. 

The rectifier converts secondary voltage into pulsating voltage. The pulsating D.C. voltage 

is applied to the capacitor filter. This filter reduces the pulsations in the rectifier D.C. output 
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voltage. Finally, it reduces the variations in the filtered output voltage. 

 
Circuit 2: Power supply regulator 

 
Fig 3: Pre Fire detection Circuit 

3.3 Microcontroller - 89C52 

3.3.1 Pin Diagram and its explanation 

The microcontroller common part number in point of fact includes a whole family of 

microcontrollers that have information ranging from 8031to 8751 and are available in N-

Channel NMOS (Metal Oxide Silicon) and CMOS (Complementary Metal Oxide Silicon) 

construction in a selection of enclose types. With  4K bytes  of  Flash  Programmable  and  

Erasable  Read  Only  Memory(PEROM). The device is manufactured using Atmel’s high 

density nonvolatile memory technology and is compatible with the industry standard MCS-

51 instruction set and pin out. The on-chip Flash allows the program memory to be 

reprogrammed in-system or by a conventional nonvolatile memory programmer. By 

combining a versatile 8-bit CPU with Flash on a monolithic chip shown in fig 4, the Atmel 

AT89C52 is a powerful microcomputer which provides a highly flexible and cost effective 

solution to many embedded control applications. The AT89C52 provides the following 

standard features: 4 Kbytes of Flash, 256 bytes of RAM, 32 I/O lines, two 16-bit 

timer/counters, five vector two-level interrupt architecture, a full duplex serial port, on-chip 

oscillator and clock circuitry. 

 
Fig 4: Pin Diagram and Description of AT89C52 
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Fig 5: Micro controller and ADC modules 

In addition, the AT89C52 is designed with static logic for operation down to zero frequency 

and supports two software selectable power saving modes. The Idle Mode stops the CPU 

while allowing the RAM, timer/counters, serial port and interrupt system to continue 

functioning. The Power down Mode saves the RAM contents but freezes the oscillator 

disabling all other chip functions until the next hardware reset. The semiconductor diode is a 

radioactive recombination type. It requires a specific amount of power to generate an 

electron-hole pair. The same power is released when an electron recombines with a hole. 

This released power may result in the discharge of photon and such a recombination. 

Finally, the amount of power released when the electro again from the transmission band to 

the valence band appears in the form of radiation. Alternatively the released power may 

result in a series of photons causing lattice deliverance. Finally the released power may be 

transferred to another electron. The recombination power may be lie down in the infra-red 

and observable light spectrum. In forward is peaked around the band gap power and the 

phenomenon called insertion luminescence. In a junction biased in the sudden large amount 

break down region, there results a spectrum of photons transportation much higher energies. 

Approximately White light subsequently gets emitted from micro plasma collapse region in 

silicon junction. 

Diodes having radioactive recombination are termed as Light Emitting Diode, abbreviated 

as LEDs as shown in fig 5. In gallium arsenide diode, recombination is predominantly a 

radiation recombination and the probability of this radioactive recombination far exceeds 

that in either germanium or silicon. Hence Ga As LED has much higher efficiency in terms 

of Photons emitted per carrier. The internal efficiency of Ga as LED may be very close to 

100% but because of high index of refraction, only a small fraction of the internal radiation 

can usually come out of the device surface. In spite of this low efficiency of actually 

radiated light, these LEDs are efficiency used as light emitters in visual display units and in 

optically coupled circuits, the efficiency of light generation increases with the increase of 

injected current and with decreases in temperature. The light so generated is concentrated 

near the junction since most of the charge carriers are obtained within one diffusion length 

of the diode junction. 

 

Results 

In this Paper a prototype for PRE DETECTION OF FIRE SYSTEM in loco has been 

developed successfully. This is well suitable for present INDIAN RAILWAY SYSTEM 

with little adjustments. The short circuit places, favorably to take place are identified and the 

protecting methods are discussed 
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Abstract. A bird strike occurs during the takeoff and landing of an aeroplane. Bird strike is 

a common flight safety issue that results in significant losses each year. Front-facing 

component, such as the nosecone structure, is one of the most vulnerable area of an 

aeroplane to bird hit, according to statistics. The Federal Aviation Administration (FAA) in 

the United States and the European Aviation Safety Agency (EASA) in Europe set 

certification standards that involve assessing the structural integrity of airframes composed 

mostly of composite materials. 

In this present investigation strength prediction analysis is done as per FAA and EASA 

during aircraft flight condition on composite structure which is required prior to the impact 

analysis of bird strike while takeoff and landing of the aircraft. Composite failure load 

estimations are critical for ensuring flight safety during service periods. The finite element 

approach was used to analyse the strength of a typical composite structure. In this, an 

improved finite element model has been developed for an engine composite nosecone which 

is a roof structure of an aircraft covers all engine parts. This structure has to withstand under 

air loads during flight condition. It is necessary to know about the stresses and strains in a 

structure in order to estimate failure load. Failure theories are used to predict the strength of 

composite laminates. The comparative study of numerical results with theoretical values was 

carried out. These results were shown good agreement between them. 

Keywords: Composite structures, Finite Element Approach, Strength Prediction. 

 

1. Introduction 

Before analysing the damage behaviour of forward facing composite structure of a typical 

aircraft under high velocity bird impact, it is mandatory to evaluate the strength prediction 

under critical flight condition [1]. Composite materials are becoming more prevalent in the 

aviation industry every year as they outperform metallic materials in many ways. 

Composites have structural strengths comparable to metals yet are lighter, improving aircraft 

performance and efficiency [2]. 

Following specific types of high-energy bird hit on forward-facing components made up of 

tailor-made composite materials, an aircraft must demonstrate compliance with "continued 

safe flying and landing" requirements. A thorough grasp of the behaviours of various aircraft 

components is required for designing a bird-proof aeroplane [3]. 

Experimental tests are still important in the development and design of new materials, 

whereas numerical tests are commonly employed to validate aircraft components against 

bird strike, either alone or in conjunction with experimental tests [4]. To tackle this class of 
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problems, explicit nonlinear finite element programmes (such as AUTODYNE, LSDYNA, 

PAM-CRASH, PAM-SHOCK, DYNA3D, ABAQUS, PW/WHAM, RADIOSS) that are 

accessible as advanced commercial FE solvers have been used. Intra-ply failures and inter-

laminar delamination transmit the damage downward, forming a pine tree-shaped damage 

region [5]. 

The deformation and damage characteristics of unidirectional composite plates caused by a 

bird-strike impact were studied by Nishikawa [6]. To determine how these deformations 

cause damage, Nishikawa assessed the damaged elements using the "failure criteria" 

developed by Hou, Petrinic, Ruiz, and Hallett [7], which include: 

To make a laminate, the numerous unidirectional layers are piled together. Fig. 1.1 depicts a 

typical lamination. 

 
Fig.1.1. Exploded view of Laminate 

 

2. Failure Criteria 

Hashin criteria are often applied to point stress calculations using a two-dimensional 

classical lamination technique with ply discounting as the material degradation model. 

Hashin criterion failure indices are based on fibre and matrix failures and include four 

failure categories. The maximum stress criteria are utilised for the transverse normal stress 

component in three-dimensional situations, where the maximum stress criteria are applied. 

Hashin's criterion [8] include the following failure modes: 

The Tensile fibre failure for σ11  0 

 
   

  
 
 

 
   

     
 

   
   

          
                  

          (2.1) 

The compressive fibre failure for σ11 < 0 
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The tensile matrix failure for σ22 + σ33 > 0 
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The compressive matrix failure for σ22 + σ33 < 0 

  
  

    
 
 

    
       

  
 

         
 

    
  

   
        

   
  

   
     

 

   
   

          
             

   (2.4) 

The interlaminar tensile failure for σ33 > 0 

 
   

  
 
 

  
          

             
           (2.5) 

The stress components σij are denoted by subscripts 1, 2 and 3, while the tensile and 

compressive permissible strengths for lamina are indicated by subscripts T and C. The 

tensile strengths in three material directions are denoted by the letters XT, YT, and ZT. 

Similarly, the letters XC, YC, and ZC stand for the allowed compressive strengths in three 
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different material directions. S12, S13, and S23 also indicate acceptable shear strengths in the 

corresponding main material orientations. In a typical aircraft nosecone is provided to cover 

all the equipment/parts that are placed on the roof structure of the fuselage. It is a secondary 

structure and is made out of composite sandwich construction and monolith skin. During 

flight it is subjected to air loads and is attached to the fuselage by means of quick release 

camloc fasteners all along its length to facilitate easy removal for inspection or maintenance 

if any. The applicable compliance is FAR 29.351 and FAR 29.1193(a). The nosecone 

sandwich structure with each face sheet is of 2 layers of Kevlar prepreg, each layer has 0.24 

mm thick and a Nomex flex core of 10 mm thickness. The geometry details of nosecone are 

shown in Fig. 2.1. 

 
Fig. 2.1. Geometry details of nosecone 

The lay-up scheme at various regions is given in table 2.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Strength Prediction 

[9] ACP (Pre)/ACP (Post) is utilised to create a finite element model for stress analysis of 

composite laminates in this study. The pre-processor ACP is used to produce the finite 

element model, which includes the finite element mesh, boundary conditions, and material 

attributes (Pre). To anticipate the laminate's strength, post-processing is done in ACP (Post). 

For the purpose of analysis, the coordinate system must first be specified by the thickness, 

length, and width of distinct sections of the laminate. Table 3.1 lists the features of 

composite laminates. The mechanical properties of Honeycomb Nomex core are shown in 

the table 3.2. Stress analysis of nosecone structure is carried out and failure loads are 

predicted using failure theories. 

Material properties of kevlar/epoxy and glass/epoxy are listed below. 

S. No. Region Lay-up scheme 

1 Monolith 

 

2 Sandwich Core- Forward 

 

3 Sandwich Core- Left 

 

4 Sandwich Core- Right 
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Table 3.1 Material properties of kevlar/epoxy and glass/epoxy [10] 

Property kevlar/epoxy glass/epoxy 

Young’s Modulus in fiber Direction(E1) (MPa) 76000 54000 

Young’s Modulus matrix direction(E2) (MPa) 5500 18000 

Modulus of Rigidity(G12)(MPa) 2100 9000 

Poisson Ratio (ʋ12) 0.340 0.25 

Compressive Strength in fiber direction (XC) (MPa) 276 1035 

Compressive Strength in matrix direction (YC) (MPa) 138 138 

Tensile Strength in fiber direction (XT) (MPa) 1380 1035 

Tensile Strength in matrix direction (YT) (MPa) 28 28 

Shear Strength (S12) (MPa) 44 41 

 

Table 3.2 Mechanical properties of Honeycomb Nomex core [11] 

Property Honeycomb Nomex core 

Compressive Modulus (MPa) 138 

Compressive Strength (MPa) 2.24 

Crush Strength (MPa) 1.34 

Shear Strength (MPa) 1.21 

Shear Modulus (MPa) 45 

Density(kg/m
3
) 48 

 

4. Loads and Boundary conditions 

The loads for any given external surface of the helicopter are determined by the pressure co-

efficient (Cp) obtained from the wind tunnel tests. This will be achieved by multiplying the 

Cp with the dynamic pressure corresponding to the flight speed. In general on conservative 

side the maximum Cp of a particular surface will be considered for the loads estimation on 

it. On the other hand the load is critical at higher angles of air approach on to the helicopter. 

The nosecone surface considered for the analysis face a variety of flow interaction in terms 

of aerodynamic load. 

Helicopter flying with a velocity (V) of 270 kmph level and -4
o 

pitch, 0 psi at an altitude of 

1000 m,  then the density of fluid (ρ) = 1.064 (kg/m
3
). Then the expression for dynamic 

pressure is given as 

Dynamic pressure (q) =0.5 *  * V
2 

The value of ‘q’ from above equation is 2992 N/m
2
, 

The Cp over nosecone surface at a critical section from the wind tunnel test results is taken 
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as -0.51 and the expression for the suction pressure on nosecone surface is given below 

Suction pressure = q * Cp 

The value of suction pressure from above equation is -1526 N/m
2
, (-ve sign indicates the 

pull outward) 

Inertia load on nosecone is to be added with suction pressure. It is negligible when 

compared to suction pressure. Then suction pressure is applied on throughout the nosecone 

surface at A and fixed boundary conditions at surface B as shown below in figure 4.1. 

 
Fig.4.1 Nosecone structure 

 
 

Fig. 5.1 Total deformation of nosecone structure 

 

5. Discussion of Results 

Total deformation was analyzed from the numerical simulation of nosecone structure and 

the resulted displacement was very small as shown in Fig. 5.1 and it is concluded that the 

structure is safe in terms of wind interactions. Comparison of In-plane stresses from the 

numerical analysis with theoretical value are presented in following table 5.1 

Table 5.1 Comparison of results with allowable strength [10] 

S.No. Description 

Maximum stresses 

from numerical 

analysis (MPa) 

Allowable strength 

(MPa) 

1 Stress in fiber direction 
S1C (14.411), 

S1T (21.291) 
XC (276), XT (1380) 

2 Stress in matrix direction 
S2C (41.721), 

S2T (54.447) 
YC (138), YT (28) 

3 Stress in fiber-matrix direction S12  (2.6379) S12 (44) 

In-plane stresses S1C and S1T, S2C and S2T, S12 are analyzed from the simulation of nosecone 

structure are plotted below (Fig.5.2). 
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5.2 (a) Stress in fiber direction    5.2 (b) Stress in matrix direction 

 
5.2 (c) Stress in fiber- matrix direction 

Fig.5.2 Plot of in-plane stresses 

 

6. Conclusions 

From the above analysis, it is observed that the stresses obtained from the analysis are 

within the strength limits, so it is confirmed that the nosecone structure has the capability to 

withstand the service loading conditions. 
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Abstract: The purpose of this article is to carry static structural analysis on a semi-

monocoque structured aircraft nose cone made of titanium with different graded alloys, in 

order to predict the optimum values for structural deformation and von misses stresses under 

various operational load conditions. In general the passenger aircrafts will fly at maximum 

altitude of about 50000 Feet and minimum at sea level and hence the environmental impact 

or atmospheric pressure will influence on strength of the nose cone structure when the 

aircraft is flying at different altitudes are considered. In present research it is proposed to 

design a scaled model of nose cone section with semi monocoque structure having 4 

segments and each segment is a shell parabolic configuration. Among several nose cone 

configurations such as conical, elliptical, O-give, Parabolic, and sears hack, our 

investigation is carried on parabolic configuration because of less mean shear stress 

distribution and lowest tip temperature at various operational conditions. For the present 

work Titanium with graded alloys are chosen because of its excellent physical properties, 

which is currently most widely used in various fields, has been adopted for aircraft nose 

cones and has achieved good results. The main challenge faced by aerospace industries is to 

design the shape nose of the flying object that travels at high speeds with optimum values of 

air drag. This study deals with computational analysis on parabolic nose cone profiles of a 

commercial aircraft. The effect of change in material pure graded titanium with alloys and in 

turn changes in material properties on nose cone structure are studied different pressure 

loads. The paper objective is to identify the better Titanium graded alloy with minimum 

structural deformation at all operating altitudes. The scope of this paper is to develop a nose 

cone configuration with variable shell thickness the structure should yield optimum material 

strength to withstand loads at all operating conditions. 

Keywords: Nose cone, Titanium alloys, operating pressure, total deformation, vonmises stress 

 

1. Introduction 

1.1 Nose cone material consideration 

A nose cone is the conically shaped foremost section of an aircraft, rocket, and guided missile 

designed to modulate oncoming airflow behaviors and minimize aerodynamic drag. 

The cone configurations generally used for aerospace applications are conic, spherically blunted 

conic, bi-conic, tangent ogive, spherically blunted tangent ogive, secant ogive, elliptic, parabolic, 

power series and Haack series etc.  The most widely used materials for aircraft nose cone structure 

includes: aluminum, titanium, magnesium alloys, molybdenum, carbon-carbon composites, and 

hafnium diboride. 
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The composite materials, although being out standing in their strength to weight characteristic have 

some drawbacks in the cost of raw materials, storage and available data on structural life limitations 

in addition to requiring in many instances, expensive methods of non-destructive inspection. 

In this study, to determine the observed behaviour of these titanium materials used to build the nose 

of a parabolic model for aircraft, the parabolic shape was selected because the average shear stress 

distribution was small and the tip temperature was the lowest. First, we will focus on nose cone 

structural deformation at different atmospheric pressures, and then, the investigation continues to 

predict the optimum values of induced stresses for the subjected loads on nose cone made of 

different Titanium graded alloys. And comparing the above materials with their ability to withstand 

the Pressure loads at various operating conditions based on altitudes range from 10000 feet to 50000 

feet. 

 

2. Literature Survey 

[1] P. Venkata Suresh et al, carried their investigation on aircraft nose cone at specified altitude 

(40,000ft) for different materials such as structural steel, stainless steel, aluminium alloy, and 

titanium alloy (pure grade). In present research it is proposed to design a scaled model of nose cone 

section with semi monocoque structure having 4 segments and each segment is a shell parabolic 

configuration. Among several nose cone configurations such as conical, elliptical, O-give, Parabolic, 

and searshack, our investigation is carried on parabolic configuration because of less mean shear 

stress distribution and lowest tip temperature at Mach number having 0.8 to 1.0.  [2] C.M.V Priya et 

al, investigated aircraft nose of conical and elliptical configuration with titanium alloys at a standard 

pressure of 10x10
5
 MPa. [4] P. V. D Aditya et. al, carried their analysis on missile nose cone of 

conical and elliptical configuration made of Titanium grade-I and Titanium α-alloy and concluded 

that total structural deformation is less for titanium grade-1 alloy when compared with titanium α-

alloy. [3] M. Srinivasula et.al. new nose cone concept that promises a gain in performance over 

existing conventional nose cones is discussed in this paper the term nose cone is used to refer to the 

forward most section of a rocket, guided missile or aircraft. The cone is shaped to offer minimum 

aerodynamic resistance. Titanium Ti-6Al-6V-2SN Titanium grade 1 the remainder titanium. These 

are significantly stronger than commercially pure titanium. While having the same stiffness and 

thermal properties a structural-loaded, a pressure sudden impact loads and a foam nose-cone concept 

Results from analysis of the nose cone are used in structural analysis performed with ANSYS. [8] A 

Sanjay Varma, et.al. : Comparison of various nose profiles is to be carried out to know performance 

over existing conventional nose profiles is discussed in this paper. The paper objective was to 

identify the types of nose profiles and its specific aerodynamic characteristics with minimum 

pressure coefficient and critical Mach number. The scope of this paper is to develop some prototype 

profiles with outstanding aerodynamic qualities and low cost for use in construction projects for 

missile increasing their range and effect on target. For the present work Titanium with graded alloys 

are chosen because of its excellent physical properties, which is currently most widely used in 

various fields, has been adopted for aircraft nose cones and has achieved good results. [7] The main 

challenge faced by aerospace industries is to design the shape nose of the flying object that travels at 

high speeds with optimum values of air drag. This study deals with computational analysis on 

parabolic nose cone profiles of a commercial aircraft. The effect of change in material properties on 

nose cone structure is studied different pressure loads. 

 

3. Titanium Alloys and their Material Properties 

Titanium is a prominent metal generally regarded as one of the strongest metals; titanium is used in a 

variety of industrial forms and is in great demand today. Titanium material has more advantages and 

best used when parts require high strength and light weight. Titanium can also withstand high 

temperatures and is highly resistant to corrosion. These properties make titanium ideal for many 

industries including transportation, medical, military and defense, and aerospace. 
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3.1 Properties of Titanium 

Proper forging of titanium requires knowledge of the metallurgical properties and what happens to 

the material when it is heated in order to prepare it for the forging process at the micro-structural 

level.  There are two phases associated with titanium and titanium alloys that occur in the material 

during heating. 

These phases are known as alpha and beta phases and it is very important to have a good 

understanding of these phases in order to properly forge titanium. 

3.1.1 Alpha (α) Phase 

The alpha phase is a low-temperature allomorph with a hexagonal close-packed structure. The alpha 

phase exists from room temperature to 1625°F. "Alpha" grade titanium has the highest corrosion 

resistance of any other grade of titanium. 

3.1.2 Beta (β) Phase 

Titanium transforms at 1625°F into its high-temperature allomorph, the body-centered cubic beta 

phase, and retains the beta phase up to a melting point of 3038°F. This award is ideal for forging, 

heat treating and welding while retaining titanium. This phase materials attained incredible strength 

and high corrosion resistance. 

Titanium can be easily combined with other metals to create stronger alloys, resulting in three types 

of titanium alloys. There are three grades of titanium alloys: alpha alloys, alpha beta alloys and beta 

alloys. 

 Alpha alloys generally retain their original alpha phase which makes them creep resistant up to 

5537.778°C. The alpha stabilizers that make up alpha titanium alloys are aluminium, oxygen, and 

nitrogen-carbon. 

 Alpha-beta alloys combine both alpha and beta microstructures that are modified at room 

temperature. This alloy is capable of high-strength heat treatment and contains neutral elements such 

as tin and zirconium. A well-known alpha-beta alloy is Ti-6AL4V. 

 Beta alloys are titanium alloys that contain enough other alloys to maintain the beta phase at room       

temperature and can be heat treated to very high strengths. Titanium alloys of this grade contain beta 

stabilizers such as vanadium, molybdenum, niobium and tantalum. 

3.2 Material Properties considered for the Analysis 

Table-1 Mechanical properties and real constants used for present analysis 

Properties Titanium-Gr1 Titanium-Gr2 Ti-α alloy Ti-β alloy 

Modulus of Elasticity (Pa) 1.02E+11 1.02E+11 1.10E+11 1.01E+11 

Density (kg/m
3
) 4540 4540 4540 4420 

Poisson’s Ratio 0.34 0.37 0.31 0.31 

Thickness (m) 0.001 0.001 0.001 0.001 

[6] (Titanium and their alloys material properties are taken from the reference: Metals Hand Book 

ASM International, 1990) 

 

4. Method of Approach (Modeling and Analysis using ANSYS) 

4.1 Introduction to Finite Element Analysis 

Ansys [5] is a general-purpose finite element modeling package for the numerical solution of a wide 

range of mechanical problems. These problems include static/dynamic problems, structural analysis, 

heat transfer and fluid problems, acoustics and electromagnetic problems.  In general, finite element 

solutions can be divided into three steps and typical general engineering problems. 

Pre-Processing: Problem Definition: The main pre-processing steps define key 

points/lines/areas/volumes, element types and material/geometric properties, and required mesh 

lines/areas/volumes. The amount of detail required depends on the analysis dimension, 1D, 2D, 

axisymmetric and 3D. 
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Solutions: Load assignments, constraints and solutions. Here you need to show the loads (point or 

pressure), constraints (translational and rotational) and finally solve the resulting system of 

equations. 

Post-Processing: further processing and viewing results. At this stage, you can get a list of nodal 

displacements, forces and moments of elements, deflection graphs and contour stress diagrams or 

temperature maps. neers, metallurgists and quality personnel. 

In the present investigation, the aircraft nose cone structure is proposed to model in parabolic 

configuration [3] in ANSYS 2020 R1 APDL to study the static structural behavior at different 

loading conditions. 

Considering four different materials such as Titanium ASTM Grade-1(pure), Titanium ASTM 

Grade-2 (pure), Titanium α-Grade alloy Ti-5Al-2.5Sn, Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

with slight changes in material properties like [6] modulus of elasticity, density, poison’s ratio etc., 

keeping the SHELL thickness as constant ie. 0.0016 m, (presented in the above Table-1) the model is 

tested each time with different Pressure load conditions. Upon solving the solution at given load step, 

the individual structures are examined for Total Deformation and maximum- minimum vonmises 

stresses and respective contour plots were captured and results are compared. 

 
Figure-1 Geometric Model 

 
Figure-2 Finite Element Model 

 
Figure-3 Applications Of Boundary Conditions 

 
Figure-4 Applications of Loads 

 

5. Results and Discussions 

The nose cone when it is tested under a wide range of operating conditions about 10000 ft to 

50000 ft of altitudes, however the respective pressure values in Pascal’s are taken from 

standard atmospheric table as shown below: 

Table-2: Pressure values from Standard Atmospheric table 

Altitude in Feet Pressure (Pa) 

10000 70326.52 

20000 44126.4 

30000 29647.5 

40000 18615.8 

50000 11031.6 
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ANSYS 2020 R1 tool is used to analyse this nose cone structure made of different materials 

with different material properties as mentioned in above Table-2. The proposed model is 

tested for total deformation and von misses stresses when it is operating under different 

loading conditions as shown in above table. 

The tested model is subjected to the various ranges of Total deformation. The maximum 

value and minimum value of von mises stresses induced in the nose structure made of 4 

different materials subjected to pressure at various altitudes are presented in the below 

Table-3 to 7. 

Table-3 Total Deformation and vonmises results obtained from static structural analysis at 

an altitude of 10000 Ft 

PRESSURE (Pa) 70326.52 

Material Total Deformation 
Von mises Stress 

(max) (min) 

Ti-Gr1 0.001782 8.34E+07 9.88E+06 

Ti-Gr2 0.002842 1.33E+08 1.60E+07 

Ti-α alloy 0.002734 1.32E+08 1.61E+07 

Ti-β alloy 0.002974 1.32E+08 1.61E+07 

Table-4 Total Deformation and vonmises results obtained from static structural analysis at 

an altitude of 20000 Ft 

PRESSURE (Pa) 44126.4 

Material Total Deformation 
Vonmises Stress 

(max) (min) 

Ti-Gr1 0.001819 8.33E+07 1.01E+07 

Ti-Gr2 0.001096 5.26E+07 6.19E+06 

Ti-α alloy 0.001716 8.31E+07 1.01E+07 

Ti-β alloy 0.001866 8.31E+07 1.01E+07 

Table-5 Total Deformation and vonmises results obtained from static structural analysis at 

an altitude of 30000 Ft 

PRESSURE (Pa) 29647.5 

Material Total Deformation 
Vonmises Stress 

(max) (min) 

Ti-Gr1 8.35E-04 3.38E+07 4.21E+06 

Ti-Gr2 6.81E-04 3.53E+07 4.16E+06 

Ti-α alloy 7.08E-04 3.50E+07 4.17E+06 

Ti-β alloy 0.001254 5.58E+07 6.77E+06 

Table-6 Total Deformation and vonmises results obtained from static structural analysis at 

an altitude of 40000 Ft 

PRESSURE (Pa) 18615.8 

Material Total Deformation 
Vonmises Stress 

(max) (min) 

Ti-Gr1 7.68E-04 3.51E+07 4.25E+06 

Ti-Gr2 7.52E-04 3.53E+07 4.25E+06 

Ti-α alloy 7.24E-04 3.50E+07 4.25E+06 

Ti-β alloy 7.87E-04 3.50E+07 4.25E+06 
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Table-7 Total Deformation and vonmises results obtained from static structural analysis at 

an altitude of 50000 Ft 

PRESSURE (Pa) 11031.6 

Material Total Deformation 
Vonmises Stress 

(max) (min) 

Ti-Gr1 4.55E-04 2.08E+07 2.52E+06 

Ti-Gr2 4.46E-04 2.09E+07 2.52E+06 

Ti-α alloy 4.29E-04 2.08E+07 2.52E+06 

Ti-β alloy 4.67E-04 2.08E+07 2.52E+06 

Contour Plots are captured for the above analysis carried out using Ansys 2020 R. Total 

Deformation and vonmises stresses maximum and minimum values are plotted in 

comparison with structural deformation of nose cone made of different titanium graded 

alloys at various operating conditions. 

5.1 Contour Plots At 50000 ft, Total Deformation and vonmises stresses of Nose cone structure 

with different Titanium graded alloys are shown below Figure-5 & Figure-6 

Figure-5 Contour plots for Nose cone structure subjected to Total Deformation under 

operating pressure of 11031.6 (Pa) 

 
Titanium ASTM Grade-1 

  
Titanium ASTM Grade-2 

 
Titanium ASTM Grade-1 

 

 

 

 

 

 

 

 

 

 
Titanium ASTM Grade-1 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn  

Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 
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Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

Figure-6 Contour plots for Nose cone structure subjected to vonmises stresses under operating 

pressure of 11031.6 (Pa) 

At an altitude of 50000 Ft and pressure of 11031.6 Pa, the proposed nose cone model with 

different Titanium Graded alloys yielded promisable values. However the model made of 

Ti- α alloy has less total deformation of 4.29E-04 m when compared with Ti-Gr1, Ti-Gr2 and 

Ti-β alloy. It is also noticed that the nose cone structure with Gr-1, Ti- α alloy and Ti-β alloy 

are induced with less vonmises stress about 2.08E+07 Pa. 

5.2 Contour Plots At 40000 ft, Total Deformation and vonmises stresses of Nose cone structure 

with different Titanium graded alloys are shown below Figure-7 & Figure-8 

 
Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

Figure-7 Contour plots for Nose cone structure subjected to Total Deformation under 

operating pressure of 18658.2 (Pa) 
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Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

Figure-8 Contour plots for Nose cone structure subjected to vonmises stresses under 

operating pressure of 18658.2 (Pa) 

From the above contour plot results, at an altitude of 40000 Ft and pressure of 18615.8 Pa, 

the proposed nose cone model with different Titanium Graded alloys yielded promisable 

values. However the model made of Ti- α alloy has less total deformation of 7.24E-04 m 

when compared with Ti-Gr1, Ti-Gr2 and Ti-β alloy. It is also noticed that the nose cone 

structure with Ti- α alloy and Ti-β alloy are induced with less vonmises stress about 

3.50E+07 Pa. 

5.3 Contour Plots At 30000 ft, Total Deformation and vonmises stresses of Nose cone structure 

with different Titanium graded alloys are shown below Figure-9 & Figure-10 

 
Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 A 

Figure-9 Contour plots for Nose cone structure subjected to Total Deformation under operating 

pressure of 29647.5 (Pa) 
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Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 A 

Figure-10 Contour plots for Nose cone structure subjected to vonmises stresses under operating 

pressure of 29647.5 (Pa) 

When compared at an altitude of 30000 Ft and pressure of 29647.5 Pa, the proposed nose 

cone model with different Titanium Graded alloys yielded promisable values. However the 

model made of Ti-β alloy  has less total deformation of 0.001254 m when compared with Ti-

Gr1, Ti-Gr2 and Ti-α alloy. It is also noticed that the same structure is induced with less 

vonmises stress about 5.58E+07 Pa. 

5.4 Contour Plots At 20000 ft, Total Deformation and vonmises stresses of Nose cone structure 

with different Titanium graded alloys are shown below Figure-11 & Figure-12 

 
Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

Figure-11 Contour plots for Nose cone structure subjected to Total Deformation under operating 

pressure of 44126.4 (Pa) 
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Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

Figure-12 Contour plots for Nose cone structure subjected to vonmises stresses under operating 

pressure of 44126.4 (Pa) 

Similarly, at an altitude of 20000 Ft and pressure of 44126.4 Pa, the proposed nose cone 

model with different Titanium Graded alloys yielded promisable values. However the model 

made of Ti-Gr2 has less total deformation of 0.001096 m when compared with Ti-Gr1, Ti-α 

alloy and Ti-β alloys. It is also noticed that the same structure is induced with less vonmises 

stress about 5.26E+07 Pa. 

5.5 Contour Plots At 10000 ft, Total Deformation and vonmises stresses of Nose cone structure 

with different Titanium graded alloys are shown below Figure-13 & Figure-14 

 
Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

Figure-13 Contour plots for Nose cone structure subjected to Total Deformation under operating 

pressure of 70326.2 (Pa) 
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Titanium ASTM Grade-1 

 
Titanium ASTM Grade-2 

 
Titanium α-Grade alloy Ti-5Al-2.5Sn 

 
Titanium β-Grade alloy: Ti-13V-11 Cr- 3 Al 

Figure-14 Contour plots for Nose cone structure subjected to vonmises stresses under operating 

pressure of 70326.2 (Pa) 

From the above observations, it is noticed that at an altitude of 10000 Ft and pressure of 

70326.2 Pa, the proposed nose cone model with different Titanium Graded alloys yielded 

promisable values. However the model made of Ti-Gr1 has less total deformation of 

0.001782 m when compared with Ti-Gr2, Ti-α alloy and Ti-β alloys. It is also noticed that 

the same structure is induced with less vonmises stress about 8.34E+07 Pa. 

6. Comparison Plots for nose cone structure made of Titanium graded alloys subjected to Total 

Deformation and Vonmises stresses at different operating conditions 

Table-8: Total Deformation values for nose cone structure noticed for 4 different Ti grade and alloy 

materials 

Total Deformation of nose cone with different materials at various operational conditions 

Pressure (Pa) Ti - Gr1 Ti-Gr2 Ti-α alloy Ti-β alloy 

70326.52 0.001782 0.002842 0.002734 0.002974 

44126.4 0.001819 0.001096 0.001716 0.001866 

29647.5 6.95E-04 6.81E-04 7.08E-04 0.001254 

18615.8 7.68E-04 7.52E-04 7.24E-04 7.87E-04 

11031.6 4.55E-04 4.46E-04 4.29E-04 4.67E-04 

The nose cone with Titanium-Grade1, Titanium- Grade2, Titanium- α alloy and   Titanium-β alloy 

materials are modeled and analyzed in Ansys tool to investigate the Total deformation and vonmises 

stress values. In contrast from the obtained results, a comparision graph was plotted and presented 

for different operating conditions such as 10000 Ft to 50000 Ft. 

From the Graph Total Deformation Vs Pressure, it is noticed that almost all titanium graded alloy 

structures have gradual increment in Total deformation as the (Pressure) increases and altitude 

decreases. However Among these Titanium family nose cone structure made of Titanium Grade-2 

has yielded optimum values of less total deformation for the operating conditions range from 10000 

Ft to 30000 Ft. 
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Graph-1 Total Deformation Vs Pressure (Pa) of nose cone with 4 different Ti Gr & alloys 

Whereas cone structure made of Titanium Grade-1 and Titanium-α alloy both has decrement in total 

deformation range from 20000 Ft to 30000 Ft linearly. However at a range from 30000 Ft to 40000 ft 

nose cone structure made of Ti- Gr1, Ti- Gr2 and Ti-α alloy materials have increment in total 

deformation. Also observed that at a range from 40000 Ft to 50000 Ft structure made of all Titanium 

graded alloys have decrement in total deformation. 

Table-9: Maximum vonmises stress values for nose cone structure captured for 4 different Ti grade 

and alloy materials 

Von mises stress values of nose cone structure with different materials at various operational 

conditions 

Pressure (Pa) Ti - G1 Ti-G2 Ti-α alloy Ti-β alloy 

70326.52 8.34E+07 1.33E+08 1.32E+08 1.32E+08 

44126.4 8.33E+07 5.26E+07 8.31E+07 8.31E+07 

29647.5 3.38E+07 3.53E+07 3.50E+07 5.58E+07 

18615.8 3.51E+07 3.53E+07 3.50E+07 3.50E+07 

11031.6 2.08E+07 2.09E+07 2.08E+07 2.08E+07 

 

 
Graph-2 vonmises stress Vs Pressure (Pa) for a nose cone model tested with 4 different Ti Gr 

& alloys 

From the Graph vonmises stresses Vs Pressure, it is noticed that almost all titanium graded alloy 

structures have gradual increment in vonmises stresses as the (Pressure) increases and altitude 

decreases. However Among these Titanium family nose cone structure made of Titanium Grade-2 

has yielded optimum values of minimum vonmises stress for the operating conditions range from 

10000 Ft to 30000 Ft. 

Whereas cone structure made of Titanium Grade-1 and Titanium-α alloy both have decrement in 

stresses at range from 20000 Ft to 30000 Ft linearly. However at a range from 30000 Ft to 40000 ft 
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nose cone structure made of Ti- Gr1, Ti- Gr2 and Ti-α alloy material have increment in stresses. 

Also observed that at a range about 40000 Ft to 50000 Ft, the structure made of all Titanium graded 

alloys have decrement in vonmises stresses. 

 

7. Conclusion & Future Scope 

In the present study, the nose cone is modelled and analyzed using Finite Element tool ANSYS. 

From the above results, Titanium- grade 1 and Titanium grade 2 materials yielded  less total 

deformation at specified operational conditions ie,. At higher altitudes range about 40000 Ft to 

50000 Ft and at lower altitudes about 10000 Ft to 30000 Ft, these materials failed to withstand high 

pressures and yields maximum vonmises stresses and subjected to maximum total deformation. 

On the other side, the nose cone structure made of Titanium α alloy: Ti-5Al-2.5Sn and  Titanium β 

alloy: Ti-13V-11 Cr- 3 Al have better strength than pure grade titanium materials since these 

materials yielded less vonmises stress and a gradual increment in Total deformation as the pressure 

load increases and vise-versa. After overall observation of obtained results, the Titanium β alloy: Ti-

13V-11 Cr- 3 Al material is preferable and also it has high quality, low weight proportion and great 

erosion resistance over wide range of operating conditions. 

Future scope: The scope of this paper is to develop a nose cone configuration with variable shell 

thickness the structure should yield optimum material strength to withstand loads at all operating 

conditions. Similarly, the longerons and bulkheads of the nose cone structure made with different 

material and can be analyzed to predict the strength of such materials under all operating conditions. 
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Abstract: This article introduces the revolutionary design of a leaf jig equipped with 

proximity sensors that significantly reduce the cycle time during the flange drilling process. 

By attaching proximity sensors to a leaf jig, it is possible to drill an array of holes on the 

flange. It verifies proper seating while locating the jig plate prior to drilling. Reduced cycle 

times are possible in the mass manufacturing of flanges by lowering the overhead time for 

positioning, adjusting, and inspecting. Two flow-process diagrams for drilling operations are 

created utilizing template and leaf jigs. According to the flow-chart analysis, the verification 

of flange seating using a feeler gauge is eliminated in the leaf jig, while the production rate 

rises by 17%. 

Keywords: flange, flow process charts, leaf jig, production rate 

 

1. Introduction 

Leaf jigs are production tools that are identified by their hinged cover, or leaf, which swings open to 

load or unload the jig. After positioning the workpiece inside the jig, the leaf is tightly closed and 

secured with thumbscrews. Leaf jigs are quick to load and unload and are ideal for complex 

workpieces with uneven curves. The hinge plate of this jig is precision-machined to assure precise 

alignments, and the joints comprise heat-treated pins and bushings to prevent excessive wear. The 

flanges are manufactured by casting, turning, and drilling hole patterns. The drilling of holes is 

traditionally accomplished by hole-center marking, punching, piloting, and final drilling, all of which 

require longer cycle times and have inconsistent results. Drill jigs aid in their performance. There 

will always be a need to reduce cycle times in this process (Donaldson, 2012). 

Pandit et al. (2017) discussed the modeling and analysis of drill jigs for the mounting casing of an 

electric motor using Catia 5R20 and Ansys 14.5, respectively. They found that the maximum 

permissible value of the stress of the structural steel was 250 MPa. As the stress value acting on the 

drill jig was less than the permissible stress of the material, the design was safe. Rahul et al. (2016) 

studied the fabrication and analysis of a leaf exchangeable jig and concluded that the leaf can be 

interchangeable to drill different types of patterns. Ashish et al. (2015) and Rama et al. (2016) 

carried out an experimental study on the design and analysis of a drill jig with variable materials and 

found that steel experiences less deformation than to gray forged iron and aluminum alloy. 

Prassetiyo et al. (2019) and Varatharajulu et al. (2020) chose an industrial manufacturing problem 

and designed a drill jig for the side-plate component. Through the implementation of the drill jig, the 

part rejection was reduced from 20% to zero, the setup time was reduced from 0.97 min to 0.30 min, 

and the total production was increased per hour/day. Patil et al. (2016) and Raghavendra et al. (2018) 

presented the design and development of a drill jig for spinning rings used in the textile industry and 

an indexing drill jig, respectively. Ritesh et al. (2022) worked on the concepts of delamination and 

mailto:buragaddakirankumar15@gmail.com
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measurement in the drilling process. Francis et al. (2022) further investigated increases in shear 

strength through chemical processing, in order to overcome the delamination issues encountered 

while drilling. Hongbo et al. (2016) developed a reconfigurable jig with adaptive clamping that 

requires a strong construction and discussed this requirement in detail. It was concluded that through 

the usage of the drill jig, the life of the drill bit improved as the tool was guided in its operation and 

total cycle time was reduced. 

Mohammed et al. (2013) presented the design and analysis of a drill jig for a shaft using ANSYS. It 

was found in the analysis that the steel shaft withstood 200N, while the aluminum shaft only 

withstood a load of 150N. It was also determined that by using software tools such as Pro E and 

Ansys, it is possible to precisely construct any model and obtain exact stresses with much greater 

precision and in less time than with manual computation. Apai et al. (2021) emphasized the need for 

secondary stress conditions while preforming structural analysis in CAE software. Kiran et al. (2018) 

presented research on the design, fabrication, and automation of an indexing drill jig. The drilling 

operation was carried out on fiber, aluminum, mild steel, and cast-iron materials, and the machining 

time for each material was determined and compared with the conventional machining time. It was 

concluded that high accuracy and a reduced consumption of time were achieved with the automated 

indexing drill jig compared to conventional machining. Bhatwadekar et al. (2018) developed a 

turning fixture and drill jig for an exhaust manifold. It was concluded that through the use of these 

tools, the overall machining cost was reduced, and the interchangeability of the parts was increased. 

The indexing set-up for the actuator support component drill jig was designed and built by Kulkarni 

et al. (2016). A comparison between manual and hydraulic indexing cycle times was also performed. 

Hydraulic indexing saved an average of 71.94% of the time. 

Kumar et al. (2019) developed a modular jig for winding cone 1 with error proofing for effective 

CNC use. The redesigned jig increased the efficiency by 32% by machining 12 parts every cycle. 

Furthermore, by modifying the fixture design and using Renishaw probing procedures on HMC, Siva 

et al. (2020) improved the productivity of the planet carrier component by 85%. Kumar et al. (2020) 

developed a re-engineered fixture that allowed them to load two jobs into a single fixture, lowering 

the production time by 4 minutes each job. Rajesh et al. (2021) created a drill jig for brake-lining 

components of three different sizes. When three distinct jigs are built, the aim is to minimize the time 

it takes to replace a jig for each component for spring hole drilling. Lam et al. (2017) studied how to 

reduce the setup time in a CNC machine in three phases by redesigning existing jigs and fixtures. 

Tripathi et al. (2019) estimated that redesigning and testing the engine fixture would increase 

manufacturing capacity from 650 to 700 units per hour. Gebray et al. (2018) analyzed how to 

increase assembly productivity for the AK103 by reducing the assembly time and lowering the 

production costs, which are high due to crack wastage. 

Yazdi et al. (2018) used a time study approach to assess the overall equipment effectiveness (OEE) 

and identify issues that needed to be handled and optimized to raise the OEE percentage while 

maintaining system sustainability. By conducting a time analysis for each of the firm's activities and 

collecting bottlenecks in each process, Kumar et al. (2020) proposed solutions for greater 

productivity rates compared to the existing setup. Time-study approaches, such as sequences of 

operations, task reassignment to workstations, and line balancing at set cycle times, were utilized by 

Babar et al. (2020) to improve the productivity of a garment production line in a work-wear 

manufacturing facility. To improve the machinability of alloys, the current industrial trend is to look 

for efficient strategies or techniques (Davim, 2018). Industrial integration is advancing 

manufacturing techniques, and their applications have reached a high level of production maturity 

(Davim, 2014). To achieve desired quality and target forms, composite materials require careful 

machining. By evaluating the most recent advancements made in the scientific literature critically, 

the machining aspects for fibrous composites are set out (Davim, 2022). 

Mgbemena et al. (2020) created a proximity-warning system that decreases the likelihood of shop-

floor accidents by monitoring the distance between an object and a worker and providing both audio 
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and visual feedback. Kidsanapong et al. (2021) developed a sensor system in the presence of water. 

This concept is highly important in drilling processes, since the presence of cutting fluids is essential 

in drilling. Haque et al. (2022) developed a coplanar capacitive proximity-sensor system for 

measuring the space between dielectric foil edges. 

From the literature review, it is understood that cycle time and accuracy are important factors to 

maximize the production rates of drill jigs. Therefore, in this work, proximity sensors were 

integrated into the suggested design to address some of the cycle-time challenges associated with 

these jigs. 

 

2. Objectives 

To investigate the current drilling process of a flange component and suggest a strategy to reduce the 

production-cycle time and maintain consistency in flange-drilling quality. A further objective was to 

increase operator safety in flange machining during drilling. 

 

3.  Materials and methods 

For this experiment, a common industrial component flange was chosen, and its dimensions were 

measured. The approach presented in this study, involving the drilling of four clamping holes, was 

examined, and a flow-process chart was developed. 

3.1 Component section 

The flange component is typically completed on a lathe, with the exception of four clamping holes. 

The typical procedure involves marking and drilling the hole centers. The component selected is 

depicted in detail in Figure 1. The purpose of this lesson is to drill using a drill jig. 

 
Figure 1. Component details of flange selected 

3.2 Component dimensions 

Dimensions of the flange component were measured by vernier caliper, as indicated in Figure 2. The 

component's material is mild steel. 

 
Figure 2. Dimensions of flange selected (in mm). 
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3.3 Experimental study 

The drilling-cycle time of a flange on a radial drilling machine was determined through an 

experiment. Figure 3 illustrates how flanges were clamped using a template jig, as well as how their 

seating was evaluated using a feeler gauge. Plate seating was randomly tested and clamped to ensure 

there were no gaps in the four quadrants. 

 
Figure 3. Inspection of flange seating with template jig 

After the pilot drilling, the template jig was removed, the flange was reclamped, and the position of 

each hole was located to drill the final holes in the correct size. Figure 4 depicts the flange-drilling 

process. 

 
Figure 4. Pilot drilling of the flange using template jig 

A flow chart was generated for the flange-drilling procedure. In this drill cycle, the flange was 

positioned, the template jig was mounted, the seating on the machine table was inspected, and the 

flange was clamped and drilled. A stopwatch is used to collect and record the average time of 5 

samples for each operation. Figure 5 depicts a drill-cycle flow chart employing a flange template jig. 

3.4 Design of leaf jig 

This study's major goal was to improve the present drill jig to reduce the cycle time in the 

completion of four-hole drilling without compromising the quality of the flange. The following 

factors were taken into consideration while designing the leaf jig. 

a. Development of rigid body 

Jig body should be strong enough to withstand all forces applied to it and must also resist deflection, which 

would destroy its accuracy. Deflection may occur as the result of excessive tightening or loosening of clamps 

that hold the workpiece in place. The body must also be supported so that it does not bend under drilling 

pressure. Cast iron body was chosen in the design. 

b. Location and clamping 

As locating a component is the primary function of drill jigs, they are designed in such a way that the 

workpiece can be fitted into the nest without difficulty. Clamping methods should be rapid and positive, and 

the clamps should be in a position that offers the greatest convenience to the operator. A screw clamp with a 

floating pad was selected in the design. 

c. Design of jig bushings 

Jig bushings are used to guide drills, reamers, and other cutting tools into the proper position on the workpiece. 
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As the hole diameter on the flange was big, it was planned to drill a pilot hole before determining the final size 

of the hole. A renewable bush was used for this purpose. 

d. Miscellaneous considerations 

Sufficient space is required between the bottom of jig bushing and work to control chip movement. This 

prevents chip packing in drill flutes, allowing more coolant to reach the cutting edge of the drill. Four jig feet 

were added to the base of the body to avoid surface resting. For the quick removal of part, an ejector was 

included in the design. 

3.4.1 Modeling of Leaf Jig 

Figure 6 shows the modeling of the leaf jig, which was performed with Auto CAD software. 

 
Figure 6. CAD model of the leaf jig assembly 

 
Figure 5. Flow-process chart for flange using template jig 
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3.4.2 Parts List 

Table 1 includes the names and materials of the parts of the leaf jig designed (Donaldson, 2012). 

Table 1. Parts list 

Serial 

No. 

Component 

Name Material Quantity 

1 Jig body CI 1  

2 Dowel STD 2 

3 Clamping bolt EN8 1 

4 Clamping nut EN8 1 

5 Jig plate EN31 1 

6 Screw clamp EN8 1 

7 Jig bush and renewable bush EN31 4  

8 Clamping screw EN8 4 

9 Locator EN31 1 

10 Ejector EN8 1 

11 SHCS STD 4 

12 Dowel STD 2 

3.5 Analysis of drill jig 

The suggested design of the drill jig will result in faster setup times than the existing process. The 

predicted cycle time was determined using a flow-process chart when drilling the flanges with leaf 

jig. 

The previous flange setup time (i.e., butting surface verification) using a template jig has a direct 

effect on the working time of the component whose speed is to be increased. The manual method of 

verification can be further improved by the addition of sensors, which indicate the butting surface 

throughout the drilling operation. Proximity sensors, shown in Figure 7, can be used for this purpose. 

Figure 8 indicates the position of four proximity sensors below the flange component in the leaf jig. 

 
Figure 7. Proximity sensor 

In the design of the leaf jig, four proximity sensors were included in the locator plate, and they were 

connected. Once the flange component was located and clamped in the drill jig, the sensor caused the 

LED lights to glow to indicate the correct seating of the flange. Figure 9 shows the estimated flow-

process chart of the drill jig using proximity sensors. 

 
Figure 8. Position of four proximity sensors in leaf jig 
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4. Results and Discussion 

The objective of modifying the existing template jig was to reduce the production time and the 

overhead work. In the present drilling process of a flange using a template jig, the workpiece is 

picked and placed a jig manually and clamped. It is also inspected for seating of workpiece on the jig 

at quadrants and corrected.  It is pilot drilled and enlarged to Ø19.1hole size.  For the present system, 

a flow-process chart was created. The proposed system uses a leaf jig with proximity sensors to drill 

a flange.  During this procedure, the workpiece was positioned on a leaf jig, clamped, and drilled to 

size using automated sensing of its seating. A flow-process chart was also made for the suggested 

system.  Two flow-process charts for drilling operations were compared with the number of 

operations to be performed. Their process times in seconds are shown in Figures 10(a) and (b), 

respectively. 

   
   (a)      (b) 

Figure 10. Comparison of two drilling processes using jigs on a flange, 

From two flow-process charts shown in Figure 5 and Figure 9, it can be observed that the number of 

operations was reduced by 3, from 18 to 15, and the cycle time was reduced by 140 seconds, from 

963 to 823 seconds, which shows an improvement in the production time. A comparison of the times 

for the two drill jigs and the productivity is given in Table 2. 

Table 2. Setup times and productivity. 

Drilling Method 
Process Time 

(seconds) 

Production/shift 

(units) 

Production/day 

(units) 

Percentage 

of 

improvement 

Template jig 963 29 87 - 

Leaf jig with 

sensors 

823 34 102 17% 
 

 
Figure 9. Flow-process chart for drill jig with proximity sensor 

Description

Selecting of work piece By Hand

Opening of Leaf Jig
„

Load the work piece on Locator
„

Clamping the Work piece
„

Verification of butting surfaces 
„

Open leaf jig to adjust of 

workpiece and reclamp.

„

Verification of butting surfaces
„

Drilling of pilot holes at 4 places
„

Removal of Renewable bushes 

(4Nos.)
„

Checking of workpiece position 
„

Drilling to finish 4 holes
„

Final Inspection of workpiece
„

Open the Leaf Jig to unload the 

workpiece

„

Cleaning of metal chips
„

Placing the workpiece in tray
„

Total - 4 2

10

9 - 823

25

10

320

12

120

12

12

200

12

25

15

20

10

20

Approved by :                date:
Total Production units 

(per shift)
29 34 5

Symbols Distance 

(m)
Time (sec) Remarks

Charted by :
Time

963 823 140
(man – sec)

Storage 2 2 -

Method: Proposed Distance (m) - - -

Chart ends: Inspection Inspection 7 4 3

-

Delay 0 0 -

Operation 9 9 -

Chart begins: Work piece Transport 0 0

FLOW PROCESS CHART MATERIAL TYPE

Chart No.2    Sheet No.1 SUMMARY

Subject charted: Drilling ACTIVITY PRESENT PROPOSED SAVING
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5. Conclusion 

In the present study, a template jig is used to drill holes into the flanges for four clamping points. 

According to our research, this is the first attempt to use proximity sensors in a leaf jig to drill the 

aforementioned holes. To ensure accuracy, adaptability, and increased productivity by cutting down 

on inefficient time, four proximity sensors are installed in the leaf jig locator plate at non-drilling 

sections of the flange. By including proximity sensors in the design and analysis of a leaf jig for 

flange component, the component positioning may be promptly verified and rectified when 

compared to an existing design.  The new design minimizes the number of operations from 18 to 15. 

Additionally, this innovative design reduces the cycle time from 963 to 823 seconds, saving 140 

seconds for each cycle. The routine output rate improves by 17%. The leaf jig's design with sensors 

for the flange component makes it significantly safer and faster to operate. It is an excellent design 

for manufacturing comparable components in industry. 
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Abstract:  Extremely large-scale open vehicle routing problem (OVRP) has received little attention 

from researchers though such problems exist in real life. In this paper, a deterministic heuristic 

method is developed for obtaining approximate solutions to an extremely large-scale inconsistent 

OVRP with stringent delivery times. The new method proposed is based on the sweep algorithm and 

obtains an approximate solution to a large-scale OVRP. This method is first tested on OVRP test 

instances of a relatively smaller size for which comparison can be done with other methods. It is 

found that the new method produces quick approximate solutions even when the number of 

customers is nearly 500. The deviation of the best of the approximate solutions is not more than 5% 

of the corresponding best-known solutions (BKS). The heuristic is then tested on 10 sets of standard 

benchmark instances having thousands of customers. It is found that the heuristic provides 

approximate solutions consuming a very small amount of CPU time and having a minimum number 

of vehicles. 

Key words:   Open Vehicle Routing Problem, Very large scale, approximate solution 

 

1. Introduction 

The vehicle routing problem can be formulated as follows. Starting from a depot several 

customers should be visited in such a way that the length of the resulting tour(s) is 

minimized. In the capacitated vehicle routing problem (CVRP) the capacity of the used 

vehicles is limited. The open vehicle routing problem (OVRP) is a variant of CVRP where 

the distance from the last customer to the depot is not considered as the vehicle will not 

return to the depot. 

There are three main categories of methods to solve OVRP namely exact methods, 

heuristics, and metaheuristics. Exact methods can only solve problems with a limited 

number of customers (Laporte, 1992). On the other hand, although heuristics find a solution 

quickly, they are far from finding an accurate solution. Therefore, a major research stream 

on the design of metaheuristics for the OVRP has evolved over the past two decades 

(Elshaer and Awad, 2020). These metaheuristics find high-quality solutions in a reasonable 

amount of computing time. However, most of this research on metaheuristics has focused on 

developing algorithms that can solve VRP problems of at most a few hundred customers. 

For a long time instances by Golden et al. (1998) which contain up to 483 customers were 

treated as ‘large OVRP’ by many researchers. Rarely did anyone try to go beyond this. 

Kytöjoki (2007) developed the variable neighborhood search specifically aimed at solving very 

large-scale real-life vehicle routing problems. Later Uchoa et al. (2017) developed test instances 

that contained up to 1000 customers. More recently Arnold et al. (2019) developed test 

instances having thousands of customers. Normally metaheuristics use heuristics like the 

insertion method for the generation of approximate initial solutions. The effectiveness of 

most of these metaheuristics depends to a large extent on good initial solutions. For 

example, Van Breedam (2001) states that the performance of the tabu search heuristic is 
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highly dependent on the quality of the initial solutions. As there is no heuristic to generate 

initial solutions to a very large-scale OVRP as of today an attempt is made in this direction. 

The rest of the document is organized as follows. In section 2 existing methods to generate 

an initial solution and their limitations are discussed. section 3 describes the problem and the 

assumptions made. In section 4 the modified sweep method is explained. In section 5 the 

methodology that is used to obtain some approximate solutions for large-scale OVRP is 

explained. Section 6 describes the experimental tests that were conducted. In section 7 a 

discussion is carried out on the results that were obtained. Finally, in section 8 the 

conclusion of this work is presented. 

 

2. Literature Survey 

In this section, various heuristics used to generate initial solutions, their advantages, and 

limitations w.r.t handling large-scale OVRP are discussed below. 

Sariklis and Powell (2000) used the insertion method used to get initial solutions while 

solving OVRP by CFRS method. The balancing of clusters is computationally intensive 

hence this method is not suitable to solve large-scale OVRP. Fu et al. (2005) used the 

Farthest first heuristic (FFH) to get initial solutions to solve OVRP by TSF. This method is 

computationally intensive and hence cannot be used to solve large-scale OVRP. The nearest 

neighbor heuristic (NNH) is used in metaheuristics like TSAK and TSAN by Brandão 

(2004). This has a computational time complexity of O(n
2
) as per Brandão (2004). Then 

there are those which generate the initial solutions on a random basis. Examples include 

TSR by Fu et al. (2005), Ant colony system by X Li and Tian (2006), Particle swarm), A 

memetic algorithm by  Fung et al. (2013), Bumble Bees Mating Optimization(BBMO) 

algorithm by Marinakis and Marinaki  (2014), Gravitational search algorithm by 

Hosseinabadi et al. (2016), hybrid ant colony optimization by Ge et al. (2016), random key 

genetic algorithm by Ruiz et.al. (2019) and so on.  Since the initial solution is generated 

randomly there is no guarantee that the solution will be accurate enough. Also, there is no 

guarantee that the initial solutions will have a minimum number of vehicles. Şevkli and 

Güler (2017) used the K-means clustering algorithm to construct an initial solution. 

However, the K-means algorithm is computationally intensive (computational time 

complexity of O(n
2
)) and hence is not suitable for a large-scale OVRP. Tarantilis et al. 

(2004) start the initial solution by dispatching one vehicle to each customer and 

consequently start the local search. Since the number of vehicles in the initial solution is 

extremely large, local search for improving the solution is not possible practically since the 

number of customers runs into thousands. Bapi Raju et al. (2020,2021) developed the 

modified sweep which can result in an approximate solution with the minimum number of 

vehicles within a reasonable amount of time even for a large size CVRP. However there is 

not heuristic to generate an approximate solution for a large size OVRP. 

From the above discussion, it is clear that as of now there is no single heuristic to generate 

approximate solutions for OVRP that is capable of solving extremely large-scale OVRP 

with reasonable accuracy. Hence an attempt is made in this direction. 

 

3. Problem Definitions and Assumptions 

3.1 Hierarchical OVRP description 

The OVRP can be defined over a complete graph G = (V, A), in which V = {0, 1, …, n} is a 
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set of vertices containing the depot 0 and the clients v = {1, …,n}  ⊂  V .  The Set of edges 

between the nodes in   is represented by   ={(   ,    ):    ,    ∈  ,   ≠  ,   ≠ 0}. Each 

node    in   (0 ≤   ≤  ) has an associated demand di ≥ 0; that must be delivered. The 

demand of  0 (the depot) is 0, i.e  0 = 0. Each edge E has an associated cost cij > 0 which 

represents the Euclidian distance between the two customers. There is a set of vehicles each 

of which has a maximum load equal  . The vehicles are denoted by   = { 1,  2, … ,    }   

where t is defined by 

   
  

 

 

   

  

Vehicles are initially located at  0. 

The problem has the following are constraints 

(a) Each path starts from the  0. 

(b) Each node other than  0 is assigned to a single-vehicle. 

It is required to generate a set of approximate solutions for large size problem using a 

heuristic each of which is a Hamiltonian path. 

3.2 Assumptions 

In formulating the above mathematical model, the following assumptions have been made: 

 There is only a single warehouse from which all the products are sent to the consumers. 

 The number of customers and demand for each customer is not known until a few hours 

before the start of the trip (generally known only at the cut-off time for same-day 

delivery). 

 Identical vehicles with known capacities Q are used. 

 All vehicles travel with identical constant velocity. 

 Each customer is to be serviced by one and only one vehicle (there is no split delivery). 

 The total demand of any customer is not more than the capacity of the vehicle. 

4. Modified sweep algorithm 

The modified sweep algorithm by Bapi Raju et al (2021) is good at obtaining an 

approximate solution for a CVRP. This heuristic is modified to generate an approximate 

solution for OVRP as mentioned below by developing a new method to solve travelling salesman 

problem as mentioned below. 

4.1 Solving the individual route by open traveling salesman problem (OTSP). 

For finding the individual routes of the vehicles the following method is employed. 

Using the nearest neighbor algorithm an initial route is generated.  The selected path is improved by 

applying the 2-opt improvement method in 3 different ways as explained below. 

a. Keeping depot and the farthest customer from depot fixed, 2-opt improvement is applied for the 

rest of the customers. The total distance of the open traveling salesman problem is calculated. 

For example, in Fig. 1 the customer ‘37’ is fixed as the last customer and the depot as the first 

customer.   

b. Customers in the current vehicle are arranged as per the polar angle from any reference line 

passing through the depot. The positions of the customer which is first in the list and the depot 

are fixed and 2-opt improvement is applied for the rest of the customers. If there is a tie in 

selecting the customer node to be fixed, then the customer which is farthest from the depot is 

selected. The total distance of the open traveling salesman problem is calculated. For example, 

in Fig. 1 the customer ‘26’ is fixed as the last customer and the depot as the first customer. 
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c. Customers in the current vehicle are arranged as per the polar angle from any reference line 

passing through the depot. The positions of the customer which is last in the list and the depot 

are fixed and 2-opt improvement is applied for the rest of the customers. If there is a tie in 

selecting the customer node to be fixed, then the customer which is farthest from the depot is 

selected. The total distance of the open traveling salesman problem is calculated. For example, 

in Fig. 1 the customer ‘27’ is fixed as the last customer and the depot as the first customer. 

The best among the above 3 solutions (having the least distance) is taken as the solution. 

 
Fig. 1.   Fixing the last customer and depot before solving the open TSP 

 

5. Proposed Method 

The following algorithm describes the method to get approximate solutions to extremely large-scale 

OVRP. 

1) Locate the depot as the center. Compute  the polar coordinates of all customers  

2) The number of divisions (concentric rings) into which the customers must be divided to minimize 

the distance is determined by the following algorithm. 

Let N be the number of divisions into which the customers are divided. 

Do until no more improvement is done consecutively for 5 iterations starting with N=2 

 Sort all customers as per the distance from the depot. 

 Divide customers into N equal divisions. Thus they are divided into N concentric rings 

 Sort customers in the first division as per the polar coordinates in the clockwise direction. Sort 

customers in the next division as per the polar coordinates in an anti-clockwise direction. This 

process of sorting in the clockwise and anti-clockwise direction is continued until all the 

divisions are sorted. Now all the divisions are joined one by one in the same order so that we get 

a total list of customers in one particular order.  

 Starting from the first customer modified sweep algorithm is applied to get the first solution in 

the iteration. Starting from the last customer modified sweep algorithm is applied in the reverse 

direction to get a second solution. Best solution is taken as the solution for the iteration 

 N in increased to N+1 

End do  

Let the optimum number of divisions, determined from the previous step be Nopt. The approximate 

solutions are obtained by the following method. 

Divide the customers into ‘Nopt’ divisions. Let the number of customers be n. Then ‘n’ approximate 

solutions are obtained by using every customer as the starting point of the modified sweep and 

sweeping the customers in the clockwise direction. Another set of ‘n’ approximate solutions is 

obtained by using every customer as the starting point of the modified sweep and sweeping the 
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customers in the anticlockwise direction. From these, those solutions which do not yield a minimum 

number of vehicles are ignored and the remaining solutions are taken. 

 

6. Experimental tests 

The modified sweep algorithm is designed to solve extremely large-scale OVRP. An algorithm to 

find large-scale OVRP containing thousands of customers could not be found in the literature for 

comparison purposes. The largest test instances so far used for solving OVRP are those by Golden et 

al (1998).  Hence this heuristic is first tested on 8 test instances from and Golden et al for which 

solutions from other methods exist for comparison. Later on, the algorithm is tested on large-scale 

vehicle routing problem data of Arnold (2019) (http://neo.lcc.uma.es/vrp/vrp-instances) which 

consists of thousands of customers. The new algorithms are implemented using MATLAB software. 

The experiments have been done on a PC (Intel Core i7-8550U CPU @ 1.80 GHz , 8GB RAM) with 

Windows 10 OS. 

 

7. Results & Discussion 

The output from the modified sweep algorithm after it is run on the test instances by Golden 

et al (2019) is tabulated in Table 1. This output is compared with the outputs of the genetic 

algorithm by Ruiz, E.(2019) which is considered as the final solution for comparison 

purposes. The number of approximate solutions produced is approximately twice the total 

number of customers. All the solutions have a minimum number of vehicles. The CPU time 

taken is also relatively less. For example to generate 960 solutions for the test instance G8 

the CPU time taken is approximately 23 seconds. The deviation of the best of each set of 

approximate solutions is less than 5% from its corresponding final value. Thus all the 

objectives are met. A sample of approximate solutions is presented in Appendix A. 

Table 1: Comparison between modified sweep algorithm results and previous research for test 

instances of Golden et al. (1998) 

Inst
anc

e 

Nu
mbe
r of 
cust
ome

rs 

Mini
mum 

No 
of      

vehic
les 

Vehi
cle 

Capa
city 

Nu
mbe
r of 
solu
tion

s 

Best  Worst 
CPU 

time(se
c) 

Final 
Solution by 
GA (Ruiz, E 

et al) 

CPU 
time 

% 
Deviation 

of best 
from Final 
Solution 

G1 200 5 900 400 6117.7 7136 3.65 6003.08 2081.37 1.91 

G2 240 9 550 480 4757.8 5184.4 5 4609.25 4028.96 3.22 

G3 280 7 900 560 8077.1 8674.6 6.83 7735.16 7200 4.42 

G4 320 10 700 640 7414.7 7762.9 8.56 7280.98 7200 1.84 

G5 360 8 900 720 9604.7 10439.1 15.17 9178.13 7200 4.65 

G6 400 9 900 798 9951.4 10446.5 14 9847 7200 1.06 

G7 440 10 900 880 10637.2 11288.5 23.41 10444.7 7200 1.84 

G8 480 10 1000 960 12835.4 13600.7 22.81 12449.6 7200 3.1 

Now the modified sweep algorithm is run on test instances by Arnold (2019) which contains 

thousands of customers. First, the algorithm is run to produce only a single solution. This is 

obtained by running the modified sweep algorithm with a single starting point. In the next 

case, it is run to produce nearly 10 approximate solutions. This is obtained by running the 

modified sweep algorithm with 5 different equidistant starting points. Finally, it is run to 

produce approximately 40 approximate solutions. This is obtained by running the modified 
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sweep algorithm with 20 different equidistant starting points.  It can be observed the CPU 

time taken to produce approximate solutions increases approximately linearly with the 

number of approximate solutions produced. The modified sweep algorithm produced the 

solutions having the minimum number of vehicles in all the cases. The results are tabulated 

in Table 2. As can be seen from this table for larger instances, the difference between the 

best and worst cases of approximate solutions obtained are insignificant. However, these 

solutions can be used as some of the approximate solutions required to solve very large-

scale OVRP having thousands of customers. 

A sample of approximate solutions is presented in Appendix B. 

Table 2 Output of modified sweep algorithm on extremely large instances by Arnold (2019) 

    Case 1 Case 2 Case 3 

In
st

an
ce
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o
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f 
cu

st
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im
u
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N
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f 
so
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o
n
s 

B
es

t 

W
o
rs

t 

C
P

U
 t

im
e 

(s
ec

) 

A1 3001 203 25 118271 3 10 118214 119298 5 40 117876 119543 10 

A2 4001 46 150 83764 5 10 83764 85673 10 40 83764 86150 23 

A3 6001 343 30 286747 6 10 286518 287964 9 40 286457 287977 19 

A4 7001 120 100 201811 6 10 201811 202976 11 40 200465 203316 26 

A5 10001 485 35 284906 13 10 284755 285909 16 40 284679 286004 37 

A6 11001 110 170 181255 18 10 180962 181690 48 39 180797 181786 88 

A7 15001 512 50 321800 21 10 321436 322529 54 40 320852 322723 52 

A8 16001 182 150 244029 31 10 243685 244818 98 37 243834 245245 100 

A9 20001 684 50 4326326 46 10 4326326 4358618 75 39 4326326 4365523 92 

A10 30001 256 200 3051656 120 10 3051656 3076562 274 40 3051656 3082930 316 

 

8. Conclusion 

In this paper, a new heuristic algorithm based on modified sweep is developed to get some 

approximate solutions to very large-scale inconsistent OVRP. The output from the heuristic 

generally has the least number of vehicles in most of the cases and slightly more than the least 

number of vehicles in some rare cases.  These solutions can be used to complement the approximate 

solutions produced by any other method, to solve very large-scale inconsistent OVRP. In case 

sufficient time is not available to improve the solution then the best of these approximate solutions 

can be taken as the final solution. 

 

Appendix A 

The best approximate solution for one of the Golden’s instances is shown below. For clarity, the line 

joining the first customer and the depot is not shown. 
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Fig. 2. An approximate Solution for G1. 

Appendix B 

The best approximate solution for one of the Arnold’s instances is shown below. For clarity, the line 

joining the first customer and the depot is not shown. 

 
Fig. 3. An approximate Solution for A1 
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Abstract: With the increasing technology, the industries are moving from the current state to 

automation in Industry 4.0 to maximize productivity and maintain consistency in quality. A robotic 

manipulator with 3 to 5 degrees of freedom is the most frequently employed robot in the industry. 

They have movable joints and links suitable for industrial and household applications.  This work 

presents a design and fabrication of a multipurpose manual controlled robotic arm (MMCRA) and its 

control is as simple as operating with a remote. Its applications will exist at pick and place, painting, 

drilling operations by changing the end effector or gripper of the arm. In the first phase of this study, 

the modelling and finite element analysis is done by using Unigraphics NX software. In the second 

phase, the materials are selected by comparing their nodal stresses, deflections of different elements, 

and a prototype is fabricated.  It is validated through real-time applications. 

Keywords: Robotic manipulator, DOF, Kinematic chain, End effector, Unigraphics NX, Finite 

element analysis. 

 

1. INTRODUCTION 

Mechanical engineering is one of the branches of engineering and technology related to machinery 

based on its design, manufacturing, and application. Robotics is also a part of mechanical engineering 

that embeds software, electronics, and mechanics. The main scope of today's robotics and its 

development is towards the systems that reveal modularity, extended software environment, fault-

tolerance, redundancy, flexibility, and smooth, logical connectivity with other machines. In most 

routine and often carried out industrial tasks, automation plays a critical role in saving human effort. 

The flexible and generally high cost of automation systems is used in big industries used for several 

tasks 
[5]

. 

The robots are broadly divided into industrial and service robots. International Federation of 

Robotics (IFR) defines a service robot as a robot based on a semi or fully automated service 

that benefits human well-being and equipment, excluding manufacturing operations. Those 

robots are used in various applications, including office, military areas, hospitals, agriculture. 

Moreover, particular jobs such as picking up explosive chemicals, defusing bombs, selecting 

and putting the bomb somewhere for containment, and repeating pick and place activity in 

industries may be challenging or risky for people. As a result, humans can take the position 

of robots in the workplace. In some layouts, links can be compared with human anatomy as 

wrist, upper arm, and forearm with the joint at shoulder and elbow. A wrist joint connects to 

an end effector at the end of the arm, which may be a tool or a gripper or end effector, or any 

other device to work
 [1][ 2]

. 

A robotic manipulator is a programmed mechanical arm that performs functions similar to a human 

arm. The links of those manipulators are connected by joints permitting either rotational motion or 

translational displacement
 [6][7]

. Figure.1 shows various types of mechanical arms with motion links. 

mailto:buragaddakirankumar15@gmail.com
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Figure.1: Different types of arms based on their motion. 

Degrees Of Freedom (DOF) refers to the freedom of movement of a rigid body in 3D space. There is 

a total of 6 degrees of freedom i.e., three rotation moments, and three linear movements along the x, 

y, and z axes 
[8][9]

. 

The Kinematic chain of the manipulator can be expressed as a combination of links. The end effector 

is a replica of the human hand that serves as the final link in the manipulator's kinematic chain. 
[10]

. 

An end effector may be created to do any activity, including gripping, welding, and spinning. It 

contains various sensors based on the task in which it is used 
[2][5][8]

. 

Unigraphics NX (also known as Siemens NX) is advanced CAD/CAM/CAE software and is used for 

the modelling and finite element analysis of the MMCRA. 

The literature on robotic arms and their industrial applications is reviewed in Section 2. Designing a 

robotic arm is covered in Sections 3 and 4, respectively. The suggested robotic arm's specs are shown 

in Section 5. The analysis of robotic arm elements and its selection are explained in Section 6. The 

proposed robotic arm and its suggested applications are shown in Sections 7 and 8. The major 

conclusions of the present research work and the potential for future work are covered in sections 9 

and 10, respectively. 

 

2. LITERATURE REVIEW 

Ghadge et al. (2018) 
[5]

 proposed the fabrication of a robotic arm that can pick and place 

items using Node MCU controller based on microchip technology as the control system to 

guide the device. The input signal is sent from the android application to MCU, and the arm 

reacts according to it. 

Gautam et al. (2017) 
[6]

 discussed industrial robots in the areas such as wood, consumer 

goods, plastic, food, etc.  His approach is to develop a lightweight robot by using carbon 

fiber and aluminum material and with the help of a stepper motor for movements. 

Yusoff et al. (2012) 
[7]

 presented the wireless mobile robotic arm for pick and place 

operations using the wireless PS2 controller. The Arduino Mega interface platform is used in 

the development of an arm and is intended to solve the challenges of item placing and 

picking. Singh et al. (2013)
 [8]

 carried the Design of a Robotic Arm with a gripper & end 

effector for Spot Welding using an AC motor along with spur gear and threaded shaft 

arrangements. The end effectors of his design are used for various tasks like holding, picking, 

grasping objects, and spot welding with a fixed base. 

Mourya et al. (2015) 
[9]

 prosed a design and implementation of a 4-DOF pick and placed 

robotic arm. This model is self-operational in controlling simple tasks like lifting, gripping, 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 202 

 

 

and placing. It consists of revolute links for angular motion and four serial servo motors are 

used to perform four degrees of freedom. 

Abdulkareem et al. (2019) 
[10]

 reported the design and implementation of a robotic arm used for pick 

and place tasks. Its control is based on the Arduino microcontroller having a slave configuration. The 

model is developed by using various motors and tracked wheels for the transportation of the arm. 

Omijeh et al. (2014) 
[11]

 worked on a Design Analysis of a Remote Controlled "Pick and Place" 

Robotic Vehicle. It is used for handling some objects and specific tasks in hazardous environments. 

This model contains a 5-DOF arm with a base resting on the vehicle. 

Liang et al. (2018) 
[12]

 presented a Soft Robotic Arm (SRA), which is a potential alternative 

for a domestic robotic arm, as it is constructed of low-cost fabrics and flexible plastics. It 

contains two joints and a gripper. They characterized the force output of the bending 

modality and demonstrated the result of the SRA in object manipulation. 

Kumar et al. (2016) 
[13]

 worked on the design and execution of a mechanical and vacuum 

gripper-based multi-handling pick and place robotic arm. It is a self-operated device used for 

lifting, sucking, and placing. The angular movement between adjacent is incubated by using 

revolute joints. 

Wongphati et al. (2012) 
[14]

 shared their views on how the robotic arm is used in daily lives. 

They surveyed to know the people thinking about the use of a robotic arm worldwide and 

concluded that most of the people suggested use in the workplace and the household. 

Kadir et al. (2012) 
[15]

 presented an Internet Controlled Robotic Arm and arm movement that 

is controlled with the help of Arduino Uno by using the internet. 

Rushikeshwar et al. (2019) 
[16]

 studied on Bio-Mimetic Portable Robotic Arm.  They briefed that 

robots can be used in place of a human in various dangerous places like coal mines, deep tunnels, 

defense tasks, etc.   The control system of this Robotic-arm consists of microcontroller DC motors, 

Motor Drivers, Servo motors, potentiometers, and joystick controls. 

It is clear from the literature review that robotics has a wide range of applications. This study's goal is 

to improve the robotic arm and broaden its range of applications. 

 

3. DESIGN STEPS OF ROBOTIC ARM 

Figure.2 illustrates the multiple steps involved in the creation of a Robotic arm. 

 
Figure.2: Various steps of designing a Robotic Arm 

Problem Statement 

The robotic arms are fit for industrial and household applications. Some of the 

inconveniences caused by modern industrial robotic manipulators are listed below. 

 Very expensive 

 Require additional maintenance 

 Need a skilled person to operate 

 Fixed and cannot be moved 
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 Program is mandatory for the robotic arm 

 Not intelligent or sentient 

A design of a new robotic manipulator will be useful to overcome the disruptions 

Features of the proposed Robotic Arm 

It includes the features of both Cartesian Mechanical and Articulated Mechanical arms. Each 

link is having 2-DOF, in which both linear and rotation movements can be obtained at once 

or simultaneously. 

In this model, the arm is directly connected at the remote (controller) front end, and the 

person himself manually operates for the movement. In this context, links can resemble 

human anatomy as wrist, upper arm, and forearm with the joint at shoulder and elbow. A 

wrist joint connects to an end effector at the end of the arm, which may be a tool or a gripper, 

or any other device to work. 

The model includes a telescopic arrangement for linear motion by using the nut and bolt 

principle, and for rotary motion is obtained by using DC gear motors of different capacities 

(i.e., 45, 60,100 RPMs). To operate the total unit, DC rechargeable batteries of 12 volts are 

used. 

General components used in Mechanical Arm 
[2] 

Structure 

An arm's structure is a type of kinematic chain. The chain is a collection of links, joints, and 

actuators capable of supporting one or more degrees of freedom. The majority of modern 

arms employ open serial chains, in which each link connects to the next. These arms are 

frequently modelled like human arms. An end effector is positioned on the end link of the 

manipulator. Figure.3 shows a Robotic arm structure. 

 
Figure.3: Robotic arm structure 

Power Sources 

Rechargeable battery is generally more sustainable and sensible type power source. The 

current is created due to a chemical reaction between the elements inside the battery. After 

using power from the battery, it can be charged by using AC/DC adapter. Nickel-cadmium, 

Lead Acid, and nickel-metal hydride are the widely used chemical combinations for 

rechargeable batteries. 

Actuator 

Actuators are also known as muscles of the arm, and they convert the stored energy into 

work by creating the required movements. The most popular actuators are electric motors 

which are used to spin a wheel or gear. Nevertheless, several recent advancements in 

alternative actuators use electricity, chemicals, or compressed air as a source of power.   

Figure.4 shows the actuators being used in Industries. 
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Figure.4. Industrial actuators 

Gear Motor 

Motors are the devices that are used to rotate the parts mounted on the motor shaft. Servo motor, 

stepper motor, a gear motor is some of the widely used motors. Gear motors have mechanisms that 

regulate the speed of electric motors by having an arrangement like sun planet type, worm & worm 

gear type. The main aim of this kind of gear motor is to increase or decrease the speed of the gear to 

the pinion or vice versa and is depicted in Figure.5. 

 
Figure. 5:  Gear Motor 

Controller 

It controls the manipulator by sending the input signal as per the given program in the form 

of commands and receives back the signal in the form of feedback from the manipulator. 

End Effector 

The end effector is the arm's final connection. i.e., the part situated at the end of the arm, in 

which the end effector mainly does every task done by the arm.  Figure.6 shows a model End 

Effector. 

 
Figure.6: Model End Effector 

Mechanical Gripper 

The gripper mechanism is based on simple kinematic mechanical connections. The most 

basic gripper has merely two or three fingers that open and close to pick up and position tiny 
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things.  Here we used spur gear meshed with worm gear type of system is used for 

construction of gripper. Figure.7 shows a Mechanical Gripper. 

 
Figure. 7: Mechanical gripper 

 

4. DESIGN OF ROBOTIC ARM 

The proposed Multipurpose Manual Controlled Robotic Arm (MMCRA) is designed by 

using the elements listed below.  It is aimed to operate manually. 

 Motor 

 Controller & Controller Casing 

 Motor Couplings 

 Outer Shaft 

 Screw Coupling  

 Stud & Nut 

 Inner Shaft 

 Nut Holding Coupling 

 Clearance Reducer Coupling 

 Elbow Coupler 

 Elbow 

 Gripper 

Modeling of Robotic Arm 

All the elements of the Robotic arm are designed and assembled by using NX Design 

Software.  Figure 8 depicts the proposed Robotic Arm, which was created using NX. The 

telescopic arrangement with nut and bolt principle between outer and inner shafts is shown in 

Figure.9 

 
Figure.8: Assembly model of Robotic Arm 
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Figure.9: Cut sectional view of Telescopic arrangement 

Drafting of Robotic Arm elements 

Two dimensional & three dimensional drawings are drafted for each element of the Robotic 

arm in NX software.  It includes all the necessary views and dimensions that are necessary 

for the fabrication of these elements. Figure.10 shows the 2D & 3D drawing of a Gear motor. 

 
Figure. 10: 2D & 3D drawing of Gear Motor 

 

5. SPECIFICATIONS OF THE ROBOTIC ARM 

Table 1 lists the features for the proposed Multipurpose Manual Controlled Robotic Arm 

(MMCRA). 

Table.1: Specifications of the MMCRA 

DOF per link    2 

Payload capacity     400g (Experimentally) 

Total weight     2.5 kg 

Motor Speeds  

 Rotational  45 rpm 

 Linear   60 rpm 

 Gripper  100m 

Motor Shaft diameter         12mm 

No. of links     4 (2 rotary + 2 linear) 

Hardware interface     2 pin connector 

Battery (Rechargeable)  

 Capacity    7.5 AH 

 Charging time   6 to 10 h 
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 Voltage    12 V 

 Life      2000 to 3000 cycles 

Length of link  

  Minimum    240mm 

Maximum    360mm 

 

6. SIMULATION OF ROBOTIC ARM ELEMENTS 

Simulation is an approximate analysis of the body at any instant point of time due to 

structural, thermal, and vibration behaviour, i.e., the application of loads, temperature, noise. 

Using this type of analysis, the approximate lifetime of the body, occurrence of failure in the 

region and strength
 
will be known

 [4]
. 

Materials for Robotic Arm elements 

While choosing the materials for the prototype of a robotic arm, the mechanical properties, 

manufacturing characteristics, appearance, and cost are to be considered
 [9]10]

. The 

mechanical properties of the materials include: 

 Density 

 Strength 

 Elasticity 

 Hardness & Toughness 

 Durability & Malleability 

 Temperature and moisture resistance 

 Corrosion & Wear resistance 

The most commonly used Metallic and Non-metallic materials are Aluminum, Mild steel, 

Stainless steel, and ABS plastic, PVC respectively. 

Theoretical analysis 

In this study, a comparison of nodal stress and deformation values obtained from the 

theoretical calculation and NX software is done to confirm the closeness of their values and 

to find the location of major stress-induced on a simple cantilever. 

In this simulation, Aluminium specimen of size 100 * 20 * 5mm is considered 

Deflection in beam  (δ) =  
    

   
 

where F = Load applied, L = Length of material, E= Young’s Modulus, and I = Moment of 

Inertia 

δ =   
         

                    
   = 0.9411mm 

Max stress-induced  (σ)  =   
      

 
 

where y = Vertical distance away from the neutral axis, M = Bending Moment and  I = 

Moment of Inertia 

σ   =   
                

      
  =    48.0379 MPa 
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The Displacement and Nodal stress simulations are shown in Figure.11 and Figure.12 

respectively.  Table. 2 depicts the values obtained from both theoretical and analysis by NX 

software. 

 
Figure.11: Displace simulation of Aluminium beam 

 
Figure.12: Nodal Stress simulation of Aluminium beam 

Table.2: Deflection and Stress values 

Solutions Theoretical NX Software 

Max Deflection (mm) 0.9411 0.829052 

Max Stress (MPa) 48.0379 48.9305 

By comparing the solutions of theoretical and NX software values, it is clear that they are 

very close. Hence, it is concluded that NX data can be taken directly for further study.  It 

reflects that the failure occurs at the constrained location or position and needs to be more 

focused on the constrained area. 

In the design of the Robotic arm, a motor coupling connects the motor with the outer shaft.  

Study includes material selection and design of a motor coupling.  Four different kinds of 

Motor coupling designs and Five materials (i.e, Metallic and non-metallic materials) are 

considered for the simulation purpose. 

Motor Coupling materials and Loads considered 

The total load is the sum of self-load and a payload of 400gms will be acting on a motor 

coupling. The self-load is mainly dependent on the properties of material like density and 

volume of the arm. Table.3 shows different kinds of motor coupling materials, properties, 

and the loads applied on them. 

Table.3: Motor Coupling materials and loads 

 

S. No. Materials 
Density 

(Kg/m
3
) 

Max Tensile 

Strength (MPa) 

Young 

Modules 

(GPa) 

Load Applied 

(N) 

1 Aluminum 2707 90 68 80 
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2 ABS Plastic 1050 60 - 30 

3 PVC 1380 62 190 40 

4 Mild Steel 7850 490 215 240 

5 Stainless Steel 7850 540 190 240 

Motor Coupling Design 

Table.4 lists four different motor coupling designs for simulation purposes. 

Table.4: Different design of Motor couplings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Simulation for Displacement and Nodal Stress 

Simulation carried on all four designs of Motor couplings for displacement and Nodal stress 

values by using NX software.  It is carried for all five different kinds of materials listed in 

Table.3.  Figure.13 and Figure.14 shows simulations for the Aluminium material. For all 

twenty models (i.e., 4 designs x 5 materials) the Displacement and Nodal stress values 

obtained from NX software are tabulated in Table.5 and Table.6 respectively. 

Design 3D Drawing of the coupling 
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Figure.13: Simulation for Displacement on Aluminium Design I coupling 

 
Figure.14: Simulation for Nodal Stress on Aluminium Design I coupling 

Table.5: Displacement values of twenty models 

Displacement (in mm) 

Design/ 

Material 
Aluminium ABS  PVC Mild Steel Stainless Steel 

  min max min max min max min max min max 

I 0 0.7376 0 0.3635 0 0.4595 0 2.109 0 2.101 

II 0 1.2407 0 0.8221 0 0.9745 0 3.602 0 3.619 

III 0 1.1562 0 0.6128 0 0.74862 0 3.4004 0 3.39232 

IV 0 1.9295 0 0.9081 0 0.85291 0 5.5363 0 5.65878 

Table.6: Nodal Stress values of twenty models 

Nodal Stress values (in MPa) 

Design / 

Material 
Aluminum ABS PVC Mild Steel Stainless Steel 

 
min max min max min max min max min max 

I 0.0114 175.82 0.005 65.626 0.00557 87.9093 0.03756 525.01 0.0375 525.009 

II 0.0135 178.89 0.005 67.083 0.0067 89.441 0.04045 536.67 0.0405 536.665 

III 0.0189 176.84 0.004 66.875 0.0049 89.1972 0.03931 535.3 0.04852 530.531 

IV 0.0201 236.73 0.008 88.775 0.00582 98.1094 0.04513 782.44 0.05624 710.199 

By referring to the values of Table.5 & Table.6, it is found that ABS material has less 

deformation and stress values for Design I.  This motor coupling is fabricated by a 3D 

printing process. 
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7. PROPOSED ROBOTIC ARM PROTOTYPE 

As per the design shown in Section 4, all the elements are suitably fabricated as per the 

design and assembled. The prototype of the proposed Multipurpose Manual Controlled 

Robotic Arm with a controller is depicted in Figure.15. Figure.16 shows an enlarged picture 

of the gripper. 

 
Figure.15: Prototype of a Multipurpose Manual Controlled Robotic Arm 

This arm is the combination of cartisian and articulated robotic arm in which each link has 

both linear and rotary motion simultaneously.  The control is done manually by the person 

operating it. The nut and bolt mechanism is employed for cartisian motion and different 

capacity gear motors for the articulated motion. This arm can used for various purposes by 

changing the end effector i.e., mechanical gripper, vacuum gripper or any other types of 

customized grippers. 

 
Figure. 16: Prototype of the Gripper of Robotic arm 

 

8. SUGGESTED APPLICATIONS OF MMCRA 

 Pick and place  

 Nursing homes  

 Home quarantine patients 

 Drilling, spraying, painting, welding operations 

 Hot metals handling in industries 

 Plucking of fruits and vegetables from plants 

 Household works, such as cleaning, moving, and placing of objects 

9. CONCLUSION 

The progression of robotic arm will increase the aptness of its applications in Manufacturing, 

Health care, Agriculture, Space Exploration.   Based on the application the gripper needs to 

be altered. 
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 The objective of this study is to provide a design and prototype implementation of a 

Multipurpose Manual Controlled Robotic Arm (MMCRA) that increases its versatility. 

This arm combines the features of both Cartesian and Articulated Mechanical Arms.  

 It is proved that the nodal stress and deformation values obtained from theoretical and 

analytical methods are very close and concluded that analytical value could be taken for 

further study. 

 Also concluded that ABS is the best material in the fabrication of motor coupling. 

 Having both linear and rotary movements at each link of the arm, facilitates in 

increasing the suitability of its application. 

 

10. FUTURE SCOPE 

 The type of sensors utilized has an impact on job accuracy. and also hybrid sensor brings 

more efficiency. 

 In the next level Robotic arm can be attached to drones for various applications.  

 Optimization of material is another area need to be focused, consumption of materials 

may increase or decrease the efficiency and good research need to be conducted on best 

combination. 

 Nano coating need to be considered on arm and gripper. 
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Abstract: Various drones with distinct features are available on the market. This paper 

focuses on designing and analyzing a self-guarded drone using Fusion 360 software. Drones 

typically have a propulsion system with multiple rotors and having multiple technological 

and build features. The collisions with rigid objects can damage the system, rendering the 

drone inoperable. To prevent this, suitable materials and design can protect the props and 

enable the drone to fly again after a collision. The drone's design is to withstand impact loads 

and avoid damage to the propulsion system in case of a sudden collision. 

Keywords: Drones, Self-guarded drones, Fusion 360 software, Propulsion system, Impact 

loads, collision damage, Multiple rotors, Prop protection 

 

INTRODUCTION 

A drone refers to any aerial vehicle that receives remote commands from a drone pilot or 

relies on software for autonomous flight. Many drones are equipped with features like 

cameras for collecting visual data and propellers for stabilizing their flight. Drones are 

controlled by ground control stations and typically have rotors or fixed wings, as well as 

sensors, navigational systems, and gyroscopes for stability. Drones, or UAVs, are unmanned 

aerial vehicles. They can be operated with a pilot at a ground station or with varying levels of 

autonomy. They are currently utilized in several important industries, including 

transportation, security, and agriculture. Drones are often constructed with carbon-fiber 

composites, which sets them apart from piloted flights, where a significant portion of the 

construction is made from carbon fiber composites, aluminum, and titanium. It is possible to 

use 3D printing to create a drone, which can reduce the need for multiple parts assembly and 

enable rapid prototyping. However, 3D printing can also reduce the drone's durability. The 

FAA, or Federal Aviation Administration, regulates all aspects of civil aviation in the 

surrounding air and is responsible for research and developing systems for safe air navigation 

and traffic control over drone aviation. When making drones, manufacturers must follow 

FAA drone manufacturing regulations. Nowadays, drones often lack mechanical safety 

features, and instead rely on onboard sensors for added safety. However, there is a risk of 

accidents if the drone sensor fails unexpectedly. To address this, drone manufacturers must 

design drones to be mechanically safe and able to withstand impact loads. One way to do this 

is by designing a drone (quadcopter) with a self-guarded feature. 
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DESIGN OF A DRONE 

Design is the process of creating a virtual or physical element using creativity, knowledge, 

and skills. Before drawing a sketch, several factors must be considered, including weight. 

Weight refers to the mass of a particular body acting downwards due to gravity on Earth. 

Basic keep out sketch: For a flying vehicle to operate correctly, the weight must be evenly 

distributed in all directions. The total weight of the vehicle rotates around its center of 

gravity, which is the point where the weight is distributed evenly to maintain balance. 

Designing a drone needs a geometry with this drone can be modeled. When designing a 

quadcopter, four rotors are required. Drawing a perfect sketch is a critical step in modeling a 

drone. To ensure accuracy, it is essential to consider basic dimensions and use sketch tools in 

the drawing panel of Fusion 360 Design workspace. 

 
Fig-1: Basic Keep out sketch 

Front Profile view sketch: The front profile view sketch maintained some curve shape. This 

shape helps reduce drag when lifting the vehicle. Also with this below sketch a minimum 

ground clearance is maintained. 

   
Fig-2: Front profile view sketch    Fig-3: Top down cut view sketch 

Top Down cut view sketch: It is the sketch geometry for the Box X frame formation. Box X 

frame is nothing but shape of the drone from the top view, it seems to be like an Box x shape. 

Motor mounting specifications: Brush-less motor is used in multi rotors. For this design the 

motors are going to mount on the frame in the reverse direction. That means the motor 

propellers are in downside. Considered FPV racer motor DYS 2205-2300 KV. 

Extruding the above sketches will get box X frame shape. The landing leg is very important 

for most of the drones with this it can able to land properly on the ground. Here in this design 

landing leg should be act like protective guard to the inside propeller. Sketch drawn with 
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some dimensions from the corners of box x frame and lofted a surface from corner edge to 

the landing leg sketch. Then by extrude cut the surface with reference to the sketch obtains a 

nice shape. Then the components can be combined with the tool. Apply round fillets with a 

radius of 2 mm to all the edges of the frame. Mirror all the Landing leg features to the other 

side, and similarly mirror the half-modeled frame through the origin axis. Use the combine 

tool to merge the mirrored bodies into a single entity. 

The frame design has several gaps in the body that can be filled using a generative mesh 

arrangement. It’s nothing but arranging a mesh like structure using form tool. Resulting in a 

more aesthetically pleasing design. This mesh helps to improve the air flow during takeoff 

and landing also covers the in and out way.  Create a compartment below the frame for the 

battery and other components. Sketch a front view of the design and extrude it to a length of 

100 mm,34 mm height, thickness 1 mm, width 63 mm taking into account from the factors 

such as the propeller path, clearance from propeller path to battery base height. By 

symmetrically extruding the above battery compartment sketch will get the battery space. 

Make sure sketch must be drawn at the center. 

 
Fig-4: Modeled drone 

Table - 1 drone properties after the adding the materials 

Material - 1 Material - 2 

Physical Material Nylon 6/6 Physical Material Nylon 12 

Density 0.001 g / mm^3 Density 0.001 g / mm^3 

Area 1.906E+05 mm^2 Area 1.906E+05 mm^2 

Mass  231.293 g Mass  207.754 g 

Volume 2.047E+05 mm^3 Volume 2.047E+05 mm^3 

Bounding Box 
Length 
Width 
Height 

 
424.66 mm 
452.176 mm 
77.271 mm 

Bounding Box 
Length 
Width 
Height 

 
424.66 mm 
452.176 mm 
77.271 mm 

Center of Mass -0.14 mm, 5.884 mm, 

36.836 mm 
Center of Mass -0.14 mm, 5.884 mm, 

36.836 mm 

Moment of Inertia at 

Center of mass (g mm^2) 
Ixx = 3.074E+06 
Ixy = 319.019 
Ixz = 31883.739 
Iyx = 319.019 
Iyy = 3.185E+06 
Iyz = -50042.692 
Izx = 31883.739 
Izy = -50042.692 
Izz = 6.544E+06 

Moment of Inertia at 

Center of mass (g mm^2) 
Ixx = 2.761E+06 
Ixy = 286.553 
Ixz = 28638.934 
Iyx = 286.553 
Iyy = 2.861E+06 
Iyz = -44949.851 
Izx = 28638.934 
Izy = -44949.851 
Izz = 5.878E+06 

Moment of Inertia at 

Origin   (g mm^2) 
Ixx = 3.630E+06 
Ixy = 308.635 
Ixz = 1211.012 
Iyx = 308.635 
Iyy = 3.744E+06 

Moment of Inertia at 

Origin   (g mm^2) 
Ixx = 3.261E+06 
Ixy = 277.225 
Ixz = 1087.767 
Iyx = 277.225 
Iyy = 3.363E+06 
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Iyz = -50231.099 
Izx = 1211.012 
Izy = -50231.099 
Izz = 6.545E+06 

Iyz = -45119.085 
Izx = 1087.767 
Izy = -45119.085 
Izz = 5.879E+06 
 

 

ANALYSIS 

Once the Drone is modeled then open modeled file in the simulation workspace. 

Material Properties: 

Table - 2 Marble Properties 

Density 2.69E-06 Kg/mm^3 
Young’s Modulus 54 Gpa 
Poisson's Ratio 0.2 
Yield strength and Ultimate tensile strength 9 Mpa 

Table - 3 Nylon 6/6 Material Properties 

Density 1.13E-06 Kg/mm^3 
Young’s Modulus 2930 Mpa 
Poisson's Ratio 0..35 
Yield strength and Ultimate tensile strength 82.75 Mpa 

Table - 4 Nylon 12 (With Form Labs Fuse 1 3D printer) Material Properties 

Density 1.015E-06 Kg/mm^3 
Young’s Modulus 1850 Mpa 
Poisson's Ratio 0.35 
Yield strength  46 Mpa 
Ultimate tensile strength 50 Mpa 

 

 (Static)Center load Test on Nylon 6/6 material 

    
Fig-5: Safety Factor of center Load test  Fig-6: Von Mises stress distribution 

(Static)Center load Test on Nylon12(Form labs) material 

    
Fig-7: Center load case safety factor  Fig-8: Center load case Von Mises Stress distribution 

(Static)Battery compartment Load test on Nylon 6/6 material 
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Fig-9: Safety Factor of Battery Compartment      Fig-10: Von Mises Stress of Battery Compartment 

(Static)Battery compartment Load test on Nylon 12(Form Labs) material 

  
Fig-11: Safety Factor of Battery Compartment   Fig-12: Von Mises Stress of Battery Compartment 

 

Dynamic analysis(Crash Test) 

Table - 5 Simulation information 

Movement Dynamic (Considers inertia) 
Total event duration 0.001s 
Number of result intervals 25 
Drone Material (Crash test1) Nylon 6/6 
Drone Material (Crash test2) Nylon 12 
Rigid  Body material Marble 

Table - 6 Load Case 

Constraints Fixed  Ux, Uy, Uz, Rx, Ry, Rz 
Loads  
Gravity Magnitude 9.807 m/s^2 
Initial Linear Velocity 100 Mph (44.7m/s) 

 

 
Fig-13: Nylon 6/6 with Rigid Marble Body (Crash test) 
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Fig-14: Nylon 12 (Form Labs) with Rigid Marble Body 

Stress is raised in the drone due to rapid transfer of energy that occurs during the collision with rigid 

body. Rigid body is the body that does not deform under stress. When object strikes the rigid body, 

the kinetic energy of moving object is rapidly transferred to the rigid body. Result in sudden and 

intense force being applied to the rigid body. The reaction that produces high levels of stress and 

deformation within the body in above scenario. 

Below the values are obtained by Fusion 360 Simulation 

Table - 7 Simulation Values from the static and dynamic analysis 

 Nylon 6/6 Nylon 12 (Form Labs) 

Center load test 

Safety factor 

Von Mises stress 

 

 

15 

Max: 3.433 Mpa  

Min: 2.16E-06 Mpa 

(negligible) 

 

15 

Max: 2.688 Mpa 

Min:  negligible 

Battery compartment test  

Safety Factor 

Von Mises stress 

 

15 

Max: 3.451 Mpa 

Min: 2.983E-06 Mpa 

(negligible) 

 

15 

Max: 3.433 Mpa 

Min: 3.161E-06 Mpa 

(negligible) 

Crash Test (Von Mises Stress) 212.1 Mpa 148.8 Mpa 

Note: Crash test can be done as per FAA (Federal Aviation Administration) speed regulation. 

 

Fig-15: Graph of stres in Nylon 6/6 material 
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Fig-16: Graph of stress in Nylon 12(Form Labs) material 

 

CONCLUSION 

After conducting the thorough analysis, it has been determined that the use of this design and Nylon 

12(Form Labs Fuse 1 3D printer) is the most effective solution for crash testing and other 

performances assessments. By utilizing this material the drone design that can withstand collisions 

with rigid bodies without damaging the propulsion system. This conclusion came from the 

observation of actual deformation view. This finding Highlights the importance of selecting the 

appropriate materials for drone design to ensure both safety and efficiency. These results provides 

valuable guidance for future design decisions, with the potential to lead to the development of even 

better and safer drones. 
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Abstract: The invension of the present work is to find out the emissivity of a test specimen 

by comparing with the reference specimen of known emissivity. The primary objective of the 

present work is to determine the total emissivity of the given sample to heigh accuracy using 

simple and economical experimental setup. In this experiment used in black body at a 

specified temperature and wave length no surface can emit more energy then a black body. It 

absorbs all incident radiation, regardless of wavelength and direction, and gray body used it 

uses all the real surfaces are approximated as gray surfaces. The heat emitted from the 

surface passes through the heat flux sensor, the hemispherical total emissivity of the surface 

can be calculated using the Stephen-Boltzmen law of radiation. Emissivities of metals at high 

temperatures influence the energy balance in a wide range of manufacturing process as well 

as research and development activities and there by determine performance even economic 

vialbity. Accurate and comprehensive measurements of metals thermal emissivity have 

always been a challenge due to numerous influential factors. An experimental setup for 

emittance measurement in air at heigh temperature was developed during the course study. 

Thermostats and temperature sensors can be mounted directly on the heaters for direct 

temperature control. Substances absorb different frequencies and radiate out lower 

frequencies due to collision consumption. Emissivity is also dependent on the temperature of 

the object and the incident wavelength of light on the material. The total emissivity 

measuring apparatus is designed and analyzed based on geometrical and thermal constrains. 

Suitable materials were selected based on their mechanical properties, cost and availability in 

the market. The efficiency of the equipment increases with increase in operating temperature. 

The calibrated efficiency if found to be higher than the previous equipment’s. 

Keywords — Emissivity, black body, gray body, incident radiation, Innovation 

 

1. Introduction 

The overall capacity of its surface to produce energy by radiation is the emissivity of material 

(generally composed ε or e). Emissivity is the proportion of at similar temperatures, the 

energy emanated by a specific material to the energy transmitted by a dark body. A genuine 

dark body has an emissivity(ε) = 1 while any genuine item has emissivity(ε) < 1. Emissivity 

is a dimensionless amount. Emissivity relies upon factors like temperature, frequency, and 

discharge point. That a surface phantom emissivity and absorptive don't rely upon frequency 
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is an average designing presumption, so the emissivity is consistent. This is known as the 

"gray body presumption". 

 

 

 

Giovanni Tanda [1] examined the estimation of absolute hemispherical emittance and 

explicit warmth of aluminium and Inconel 718 by a calorimetric method. S Moghaddam [2] 

examined the Heat Flux-Based Emissivity Measurement. Zhang R-H [3] concentrated on 

emissivity scaling and relativity of homogeneity of surface temperature. RuiPitarma [4] 

assessed wood emissivity by a methodology technique. Petra Honnerova Jiri [5] examined 

the emissivity estimation strategy for cloudy coatings at encompassing temperature. Seban 

R.A. [6] introduced the emissivity of progress metals in the infrared. Yunus A Cengel [7] 

printed a book on warmth and mass exchange. Naga Swapna M [8-10] contemplated the 

Radiation Effect of MHD Casson liquid stream straightly permeable extending sheet in the 

presence of substance response. 

 

2. Theory 

Preceding beginning the essential target of the paper is to decide the all-out emissivity of the 

offered test to high exactness utilizing basic and practical test arrangement. 

The exact estimation of emissivity is needed in different applications like: 

Thermography:- Thermal imaging cameras identify radiation in the infrared scope of the 

electromagnetic range (around 9000–14,000 nanometres or 9–14 µm) and produce pictures 

of that radiation, which is called thermo grams. To make a temperature estimation of an item, 

the thermograph alludes to the emissivity table to pick the emissivity estimation of the article 

and afterward went into the camera. The camera's calculation rectifies the temperature by 

utilizing the emissivity to figure a temperature that all the more intently coordinates with the 

real contact temperature of the article. 

Brilliant barriers:- or (intelligent hindrances) forestall heat move by warm radiation. Brilliant 

hindrance materials have low emissivity (generally 0.1 or less) at the frequencies to which 

they are relied upon to work. Brilliant Barriers has different applications like space 

investigation, materials fire vicinitysuit, space cover,thermolite, window medicines, 

developments. 

Sun-based thermal collectors:- The surface coatings of sunlight-based level plate gatherers 

ought to consistently be made of materials that have high emissivity esteem almost to that of 

the dark body i.e ε = one. 

The emissivity estimated in this methodology is the absolute emissivity of the test by 

comparison with the reference test of higher emissivity were the two examples are having the 

same measurements. This methodology is unique concerning the ordinary one utilized in 

emissometers which is worried about the estimation of otherworldly emissivity of the 

radiation. The technique utilized in this paper can be utilized to decide the absolute 

emissivity of various materials of square state of side 0.028m and 0.001m thickness. The 

extent of the paper includes a plan and depiction of the device, which is introduced in detail 

in the coming sections. 

 

  

bE

E


Blackbody OfPower  Emissive

Body OfPower  Emissive
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3. Design considerations 

A. Design considerations 

1. Area of the specimen ≤ (1/1000) XTotal Surface area of the enclosure 

 Enclosure is cuboidal in shape  

where Length (l) = 1m or 1000mm,  

Breadth (b) = 0.75m or 750mm,  

Height (h) = 1m or 1000mm. 

 Total surface area of enclosure = 2(lb+bh+hl)  

 = 2(1x0.75+ 1x0.75 + 1x1)  = 5 m
2
  or 5x106 mm

2
 

 (1/1000) x Total Surface area of the enclosure = 5/1000 = 0.005 m
2
 or 5000 mm

2
 

 Area of the square shaped specimen = 0.028 x 0.028 = 0.000784 m
2
   or 784 mm

2
 

2. The temperature difference between specimen and surrounding is maintained as high as 

possible. 

 Temperature at the specimen surface, Ts ≥ 100
o
C 

 Temperature in the surrounding, Ta or T∞  = 27
o
C 

B. Design parameters 

Power parameters 

 Power rating of heater: 3.3W to 11.36W 

 Input Voltage range: 10V to 18V AC 

 Resistance of heater: 28.5 Ω 

 Current carrying capability of heater: 0.35 to 0.63A 

Geometric parameters 

 Geometric Shape of specimen: Square 

 Side length: 28mm or 0.028m 

 Area of cross section of specimen: 784 mm
2
    or   0.000784 m

2
 

 Thickness of specimen: 1mm or 0.001m 

 Size of enclosure: Length (l) = 1m or 1000mm,  

Breadth (b) = 0.75m or 750mm, Height  (h) =  1m or 1000mm. 

 Total surface area of enclosure: 5 x 106 mm
2
or  5 m

2
 

Thermal parameters 

 Maximum operating temperature of heater: 120
o
C 

 Maximum value of Syndanio insulation temperature: 350
o
C 

 Maximum value of ceramic fiber blanket insulation temperature: 983
o
C 

 Maximum temperature which alumina plate can withstand: 1750
o
C 

 Temperature measuring range of FeK thermocouple: -50 to 900
o
C 

C. Specimen holder 

The example holder is made of syndanio cover block. Two square scores of 28 mm2 are 

sliced up to a profundity of 9mm is cut. For this reason, 2 syndanio sheets 9mm and 12mm 

are utilized independently. Absolutely 6 subset screws alongside nuts are utilized to hold it. 

The earthenware fiber up to a thickness of 2mm is set inside the sections to give protection 

just as padding impacts the base size of the heater. The warmer is put on it. The alumina 

plate of 1mm thick is set on the heater to forestall direct contact between the heating 

component (silver palladium) and aluminium plate else it will prompt short out. On the 

highest point of a warmer sandwich aluminium plate of 4mm thick plate is set which gives a 

http://en.wikipedia.org/wiki/Omega


Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 224 

 

 

stage to put test and reference examples. This aluminium plate is put in the furrows. The two 

thermocouples are utilized to decide the temperature of the test and reference examples. 

Third thermocouple is utilized for estimating encompassing temperature inside the container. 

The specimen holder sectional, top view and 3D views are shown in Figure.1 (a),(b) and 

Figure.2. 

AA

SECTION A-A
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1
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3
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1

1

2
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1
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2

 

Figure 1 Specimen holder (a) Sectional view (b) Top view 

 
Figure 2 Specimen holder 3-dimensional view 

 

Table 1 Part Labeling Table 

 
D. Test cabinet 

The test bureau comprises of fenced-in area and control board shown in Figure.3. The whole 

bureau is made of gentle steel CR. To forestall rusting of gentle steel it is painted. Within 

dividers of the nook is painted with a dark matte paint to assimilate heat. To keep the 

warmed surface from seeing its appearance on the lower part of the chamber, within dividers 

of the nook are covered with 2 layers of steel wire network. The nook is furnished with 2 

ways to approach the examples which are put on the example holder and part labelling detail 

shown in Table.1. and Cross sectional view of test cabinet is illustrated in Figure.4. 
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Figure 3 Test cabinet 

Overall dimensions of enclosure:- 

Length = 1m or 1000mm 

Breadth = 0.75 or 750mm 

Height = 1m or 1000mm 

Total surface area = 5 m
2    

or 5   10
6
 mm

2
 

 
Figure 4 Cross sectional view of test cabinet Inset: enlarged view of specimen setup 

 

E. Electric circuit diagram 

The circuit for every heater is the same. The power supply which is an auto variable 

transformer (230V AC to 0-20 V AC) is utilized to work warmer. The single-stage voltmeter 

and ammeter are associated in equal and arrangement to the warmer to gauge voltage and 

current separately provided to the heater. The computerized temperature regulator is utilized 

to control the temperature from the warmer. Three thermocouples are utilized, one each for 

heater and the other for encompassing is utilized and the list of electric components used for 

the study displayed in Table.2. 

Table 2 List of electric components used 
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Figure. (5-13) showed the View of finished apparatus, Specimen 

Holder,AnodizedAluminium ,Alumina ceramic substrate, Aluminium plate, Mild 

Steel, Syndanio board, Ceramic Fiber Blanket,Screen printed ceramic heater,FeK 

thermocouple for this experimental work 

 
Figure 5 View of finished apparatus 

 
Figure 6 View of Specimen Holder 

 

4. Materials Used 

A. Reference specimen 

Anodized aluminium having ε = 0.84 is utilized as a reference example. The aluminium was 

anodized up to 6 microns profundity. Softening place of anodized aluminium is 2050°C and 

a lot higherthanunadulteratedaluminiumis   658 °C. 

Benefits of Anodizing: - 

To increment consumption opposition.  

To increment surface hardness.  

To permit coloring 

Improved lubrication  

Improved adhesion. 

Anodized coatings have a much lower thermal conductivity and coefficient of linear 

expansion aluminium. 

Anodizing: - 

Anodizing is an electrolytic passivation measure used to build the thickness of the normal 

oxide layer on the outside of metal parts. The part to be dealt with structures the anode-

cathode of an electric circuit. 

In commonplace business aluminium anodization measures, the aluminium oxide is become 

down into the surface and out from the surface by equivalent sums. So anodizing will expand 

the part measurements on each surface by half of the oxide thickness. Anodized aluminium 

surfaces are more diligently than aluminium yet have low to direct wear opposition. 
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Figure 7 Anodized Aluminium (black) 

B. Test specimen 

Alumina which is otherwise called aluminium oxide is utilized as test example. There is 98% 

of Al2O3. Aluminium oxide is an electrical encasing however has a generally high warm 

conductivity (30 Wm
−1

K
−1

). Its hardness makes it reasonable for use as a grating and as a 

segment in cutting apparatuses. 

 
Figure 8 Alumina ceramic substrate 

Specimen holding surface 

Aluminium is utilized as a base surface on which test example and reference examples are 

set. pure aluminum is soft, ductile, and erosion safe and has electricalconductivity. It is 

generally utilized for foil and conductor links. 

Advantages: 

 Lighter metal 

 Good thermal conductivity of 204.2W/mK 

 
Figure 9 Aluminium 

4. Test cabinet 

Mild steel (CR) is utilized to make the whole assemblage of the testing bureau. Carbon steel 

is once in a while alluded to as 'mild steel" or 'plain carbon steel'. Regularly carbon 

preparations are strong and stiff. Anyway, welding carbon steel presents far fewer issues than 

welding treated steel. The consumption opposition of carbon prepares is poor (for 

examplethey rust) thus to forestall this they are painted. 

Benefits: -  

Cheap  

Wide assortment accessible with various properties  
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High stiffness 

Magnetic properties  

Most carbon prepares are easy to machine and weld 

 
Figure 10 Mild Steel 

E. Syndanio insulation board 

The example holder is made of syndanio. It is made of asbestos fiber and Portland concrete 

under high tension. It can withstand temperature up to 350
o
C.  

Benefits: -  

 Mechanically strong 

 Good curve and heat-resisting qualities  

 Good machine capacity 

 
Figure 11 Syndanio board 

F. Ceramic fiber insulation 

The base side of the heater is covered with ceramic fiber which goes about as a separator and 

gives padding impact to forestall harm to the heater. The ceramic fiber of thickness 0.002m 

or 2mm and 0.028 x 0.028 m
2
 or 28 x 28 mm

2
 area is utilized. It is a protecting material and 

can withstand 983
o
C.                                                                

Benefits: -  

 Non-flammable  

 Non-toxic 

Resistant to erosion  

 Low thermal conductivity 0.06 W/m-k  

Low weight by volume  

 Light and meager subsequently permits more space as valuable floor territory 

 
Figure 12 Ceramic Fiber Blanket 
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Electrical devices 

G. Screen-printed ceramic heater 

A screen-printed ceramic heater is a kind of heating component that changes overpower into 

heat through the interaction of Joule heating. Electric flow through the component 

experiences obstruction, bringing about the heating of the component. By using printed thick 

film innovation the heaters can all the more productively spread the warmth across the 

surface, and are more savvy frameworks when contrasted with carved foil or wire 

components. 

The plan consolidates printed thick film innovation as the dynamic warmth source. The ink 

can be planned in different examples and densities, concentrating power precisely where it is 

required. The element traces can be widened or narrowed to allow for cut-outs and holes. 

Thick film technology 

Thick film innovation began as half and half circuits for military and car applications are 

given their high unwavering quality. The expression "thick film" identifies with the circuit or 

heating component that is saved through screen printing (.005 inches thick) on the substrate. 

Inks made by blending earthenware production and metals (known as cermet inks) are 

utilized to make the resistors and transmitters. Regularly, these are metallic materials like 

silver, gold, silver palladium, gold platinum, copper, and ruthenium.                                      

Clay inks are additionally utilized for the dielectric layer (glass under the circuit) and typify 

over the circuit layers. 

A common thick film interaction would comprise of the accompanying stages: 

(1) Ink preparation: -  

Inks for cathodes, terminals, resistors, dielectric layers, and so forth are ordinarily set up by 

blending the metal or ceramic powders needed with a natural vehicle to deliver glue for 

screen-printing. To accomplish a homogeneous ink the blended segments of the ink might be 

gone through a three-move plant. On the other hand, instant inks might be acquired from one 

of the numerous organizations offering items for the thick film technologist. 

 
Figure 13 Screen printed ceramic heater 

(2) Screen Printing: -  

Screen-printing is the way toward pushing ink through a designed woven cross-section 

screen or stencil utilizing a wiper.                                                                               

(3) Drying/Curing: - 

In the wake of permitting a timeframe after printing for the settling of the ink to happen, each 

layer of ink that is saved is typically dried at a respectably high temperature (50 to 200°C) to 

dissipate the fluid part of the ink and fix the layer incidentally in position on the substrate so 

it very well may be taken care of or put away before conclusive preparing. For inks 

dependent on polymers and some bind glues that fix at these temperatures this might be the 

last advance that is required. A few inks likewise require relief by openness to UV light.                

(4) Firing: -  

For large numbers of the metal, clay, and glass inks utilized in thick film measures a high 

temperature (typically more prominent than 800°C) terminating is needed to fix the layers in 

position for all time on the substrate.                                                                             



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 230 

 

 

Benefits: -  

Uniform and proficient heating  

High temperature can be acquired (100-120°C for our situation)  

Small dimensions  

Low power utilization 3.3 to 11.36W Faster heating capacity 

H. Digital temperature regulator 

Thermostats and temperature sensors can be mounted straightforwardly on the warmers for 

direct temperature control. Warm wires/TCO'S are accessible for over-temperature/runaway 

condition security. The UDIAN TC is utilized in our paper that can gauge the temperature in 

the reach 0-999
o
C. It has 0.3%FS ±1oC precision, power supply voltage 100-240V AC and 

force utilization is ≤ 2W. 

I. Power supply 

The auto variable variac transformer which can change 230V AC over to 20V AC with 2A 

current rating is utilized. 

J. Voltmeter 

The single-stage 0-30V ANALOG voltmeter is utilized forestimating applied voltage across 

the warmer. 

K. Ammeter 

The single-stage 0-2A ANALOG ammeter is utilized for estimating current going through 

the radiator. 

L. Thermocouple 

A thermocouple is utilized for estimating temperature. It comprises 2 unique metals, 

combined toward one side. At the point when the intersection of the two metals is warmed or 

cooled a voltage is created that can be associated back to the temperature. J type Iron 

Constantantan having temperature range - 40 to 750
o
C yet higher affectability 55µV/

o
C is 

utilized.    Table.3 shows thermocouple observation. 

 
Figure 14 FeK thermocouple 

5. Calculations &Inference 

A. Sample 
  

Test plate: Alumina,Reference plate: Anodized aluminium and Table.4 displayed the total 

emissivity of various material surfaces 

Table .3 Thermocouple Observations: - 

Particulars  

Vt in Volts 

Test plate       It in Amps                

 12 

0.36 

Temperature on test plate 
o
C 88 

Vrin Volts 

Reference plate Irin Amps 

13 

0.36 

Temperature on reference plate in  
o
C 87 

Ambient temperature Ta in 
o
C 27 
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Table.4 Total emissivity of various material surfaces 

Material Temperature 
O
C  emissivity 

Stainless steel 216 0.44 

Steel 500 0.35 

Silver 200 0.02 

Brass 200 0.03 

Asbestos 200 0.96 

Ceramic 93 0.90 

Copper 20 0.07 

Graphite 3600 0.80 

Glass 200 0.95 

B. Improvements achieved over the previous equipment 

 The heat misfortune through the radiators is limited toward all paths aside from one, 

along these lines making unidirectional warmth stream.  

 This strategy gives exact outcomes than the prior one because of a decrease in heat 

misfortunes because of convection by utilizing the example of more modest 

measurements.  

 Efficient and uniform warming of screen printed ceramic radiators when contrasted 

with mica warmers.  

 In the prior technique the reference and test example were fixed. In this technique, 

various examples can be utilized.  

 Power utilization is 6W, which is low contrasted with the past one, which is 120W 

and the each parameter notation are shown in Table.5. 

Table.5 Nomenclature of each parameters 

NOMENCLATURE 

Ɛ Emissivity    Test plate in volts 

E Emissive power of body    Reference  plate in volts 

   Emissive power of black body    Test plate in Amps 

   Temperature at the specimen surface    Reference plate in Amps 

   

      

Temperature in the surrounding (Ambient 

Temperature) 
   Test plate area 

l Length (size of enclosure)    Reference plate area 

b Breadth (size of enclosure)    Test plate temperature 

h Height (size of enclosure)    Reference plate temperature 

σ Stefan-Boltzmann constant    Test plate emissivity 

Q Rate of Heat transfer    Reference plate emissivity 

 

6. Conclusions 

The absolute emissivity estimating contraption is planned and broke down dependent on 

mathematical and warm limitations. Appropriate materials were chosen dependent on their 

mechanical properties, cost, and accessibility on the lookout. The plan is finished utilizing 

SOLID EDGE v18. The manufacture was done dependent on the plan boundaries. Protection 

Emissivity of test plateε 0.62 
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for the whole contraption is never really a heat misfortune. To accomplish a serious level of 

precision touchy thermocouples are utilized. The effectiveness of the hardware increments 

with expansion in working temperature. The adjusted effectiveness is discovered to be higher 

than the past hardware. 

Following steps can be implemented in future to improve the accuracy of the apparatus: 

 Better and exact, electronic and electrical estimating instruments can be utilized   

 Vacuum siphon can be utilized to empty the air from the fenced in area where the 

example is kept. With this the impacts of the convection can be diminished.  

 Heater with better plan can be utilized. 
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Abstract: Landmines are explosive devices that will explode when triggered by pressure. It is 

approximated that there are nearly110 million unexploded landmines around the world. 

When these landmines explode they will cause severe damage to the people and economy. To 

avoid these consequences a robot is designed, which is capable of detecting landmines. The 

robot starts moving in the field and it senses the metal elements nearby, it sends an image 

along with its GPS coordinates to the nearby monitoring station. The robot also uses a camera 

for navigating purposes to avoid human interaction within the field. 

 

Introduction: 

As we know now, a landmine is an explosive device buried under or on the ground to defeat 

enemies but also harms the people’s existence [2]. When it detonates, these fragments can 

kill up to 35 meters or more from the landmine and harsh injuries at more than 100 meters. 

After the explosion of a landmine, it can act for up to 50 years. Landmines are inexpensive 

and effective when deployed, but are expensive and dangerous to remove. It is approximated 

that there are 110 million landmines in the ground right now [1]. This purpose is pleased by 

employing a robot. A robot possesses a metal detector that will spot the line, GPS (Global 

positioning system) [3] to pursue the location of the mine which is covered and then sends 

the GPS co-ordinates along with the captured image to the monitoring station for further 

processing. 

Landmines are explosive devices made of plastic, metal, and other materials, containing 

explosives or sometimes pieces of metal concealed under or on the ground that explode when 

applied to external pressure to destroy the target. These landmines are extensively used in 

war times and have an indefinite life and may cause horrific personnel injuries, and economic 

losses for decades even after the war was finished. To prevent the consequences like 

casualties, land degradation, loss of biodiversity, and chemical contamination, countries that 

are most affected by the mines follow various traditional mine detection techniques like 

using dogs and rats and prodders [4]. 

Dogs have been used in landmine detection. They are almost a million times more sensitive 

compared to humans in detecting chemicals, but their true capability is unknown. Well-

trained mine detection dogs can sniff out explosive chemicals. Rats have the advantage of 

being far lower in mass compared to dogs resulting in less probability to set off mines. The 

main disadvantage of this approach is that the thick vegetation can disturb them and they get 

confused if there is a high density of mines. Prodder on the other hand is a rod-like structure 

inserted into the ground about 30o that makes acoustic or electromagnetic measurements 

during insertion. The echo received gives information about the type of material detected. 

Both these techniques involve humans at the site which involves reduced safety, accuracy, 

and a time-consuming process [6]. 

Over 60 countries are affected by landmines and face severe consequences with the presence 

of them regularly. The majority of casualties occur in countries like Egypt, Iran, Iraq, Syria, 

Afghanistan, and others most of which are economically on the weaker side [7]. Over 110 

million landmines are estimated to be buried, covering around 3000Km2 land worldwide. 

Deactivation at a pace of 1 lakh landmines per year results in the clearance of land to be 

mailto:harithat4770@gmail.com


Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 234 

 

 

completed in 500 years, excluding the 2 million mines installed each year. This poses a 

difficult task in front of the countries most affected in the world [7]. 

To detect the mines in the world without the need for endangering personnel and operation 

being economically feasible for poor regions of the world [5], and at a faster pace compared 

to the traditional methodologies in landmines detection, we proposed a project “Land Mine 

Detection using UGV [Unmanned Ground Vehicle]”. This project produces a prototype for 

landmine detection and marking robot that uses GPS localization, a prototype for metal 

detection, and a landmarking system using GPS. This robot detects the presence of mines 

using a metal detector and marks the mine presence spot and sends the GPS coordinates to 

the base station. 

 

Tools required 

Jetson nano Development Board: 

The ports on this Jetson nano board are as follows: a 40-pin header, a Micro-USB port for 5v 

power input, a Gigabit Ethernet port, a USB 3.0 port, an output port, a microSD card slot for 

primary storage, a USB 3.0 port, a display port connector for tasks like speech processing, 

object detection, object segmentation, and image classification [9]. A Jetson nano board is a 

small computer that operates in multiple networks simultaneously. It has a quad-core ARM 

A57 64-bit CPU, a 128-core Maxwell GPU, 4GB of memory, and a DC power adapter built 

in. A low-power system is the Jetson Nano Board. 

Metal detector: 

A metal detector is an electronic device that locates metal in the area [8]. They are frequently 

employed in the detection of landmines or to uncover hidden metal inclusions. Fine buried 

metal components, which are made up of a proximity sensor probe that can be swept across 

the ground. A buzzer indicates whether the sensor detects any nearby metal. It also gives 

information about the distance i.e., how close the metal is present by increase or decrease in 

the volume of the buzzer. Typically, a well- equipped device can find metal materials up to 6 

to 10 inches underground. 

L298N motor driver: 

A DC motor can be driven in either direction and its speed can be managed using the motor 

driver integrated chip (IC), model number L298N. We can drive up to two DC motors with a 

single L298N. There are two H-bridge circuits in L298N [12]. Each motor can be driven by 

one of the two enable pins, two input pins, and two output pins. The module has an on-board 

78M05 5v regulator. When the power supply is less than or equal to 12V, then the internal 

circuitry will be powered by the voltage regulator. 

Wi-Fi dongle: 

Dongles are compact, mobile Wi-Fi USB sticks that can be connected to laptops, 

smartphones, or tablets to give them easy access to the internet while they are in motion. It 

performs the role of a portable internet modem, so when a dongle is plugged into a computer, 

the device is essentially connecting to a modem. USB stick for those who travel frequently or 

work from a computer and require constant internet access, Wi-Fi is a very helpful tool. An 

easy-to-use plug-and-play gadget called a Wi-Fi dongle enables you to use the internet while 

you're on the road. 

Camera module: 

A lightweight, portable Logitech USB webcam that works with Jetson nano development 

board for live monitoring and image capturing has been employed in the project. It uses the 

USB interface protocol to talk to the Jetson nano development board. The usual applications 

for it are in surveillance, machine learning, and image processing. It is commonly used in 

surveillance drones since the payload of a camera is very less. In addition to these modules, 

Jetson nano can make use of CSI interface specially designed Camera sensors developed by 

Jetson nano community. 
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Neo 6M GPS Module: 

Global Positioning is a satellite-based navigation system that consists of at least 24 satellites 

orbiting around the earth every 24 hours in 6 orbitals. Neo-6M GPS module is a GPS 

receiver that is able to track 22 satellites. It consists of a high- performance u-blox 6 

positioning engines. Antenna is firmly attached to the module via U.FL connector [10]. 

 

Work Done 

Detection: 

While the rover is in motion, metal detector keeps on identifying the surrounding metal 

objects buried on the ground. Whenever there is a metal object identified with in the 

detector’s range, it provides a signal through a buzzer along with control signal to Jetson 

nano, which indicates the camera to capture an image of the surrounding place of the ground 

and the Neo-6M module provides the GPS co-ordinates of the place the image was taken. 

The image along with the GPS co-ordinates were sent to the monitoring station for further 

processing like identifying the type of mine, and it’s demining technique which can be 

included in the future scope. 

Rover Control: 

Using the complete potential of Jetson nano development board, the mounted camera module 

has been used for real- time monitoring from the monitoring station over a remote hand. A 

Web page developed has been used for the controlling the rover manually from a remote 

location by monitoring the visuals from the camera module [11]. 

 

Result 

 
Fig-1 Landmine Detection Rover Profile 

 
Fig-2 Landmine Detection Rover detected metal objects on the ground 

 
Fig-3 Captured image by the camera equipped on Landmine Detection Rover 
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Abstract: Heat energy is major energy source which generate the power and used in all 

applications of human needs in case of transportation, house hold, domestic & power plants 

etc. A water storage tank maintains the sensible heat transfer & it is the best choice to heat 

addition in thermal energy systems. These type of tanks have the advantages of low 

maintenance and high thermal conductivity. The hot water from the mantle heat exchanger is 

collected at bottom inlet portion of the tank and a heat stratification arrives due to difference 

in temperature which gives rise of hot water to a weight variation in the different locations of 

water. This article presents the analysis of thermal stratification in heat exchange water tank 

by three dimensional fluent analysis methods. Especially, this paper concentrates on both 

steady state and transient analysis. In this analysis the steady state condition takes place at 

different inlet temperatures of mantle fluid and at different intervals of time were considered. 

A different outside drum sizes, by changing the inside drum material such as stainless steel, 

copper and inlet temperature of working fluid was used and compared with each other by 

using the ANSYS fluent methods. It may be expected from its calculation that the Validation 

of results with experimental data will have a good consistency. Results from the paper may 

guide the engineers to establish this type of heat energy storage tanks in heat integration and 

distributed systems. The effectiveness of the storage tanks was calculated. 

Keywords: Heat Energy Storage, HVAC system, ANSYS Fluent, Drum size & Materials, 

Working fluid 

 

Introduction 
The Thermal energy storage tank is a necessary concept that the way of increasing the heat 

stratification. In many applications, the Separation of different fluids which have different 

temperatures will interact with each other in the heat stratification tank and the hot fluid of 

the inner tank will move up due to loss of density. 

Water is the one best fluid for sensible heat transfer in tanks. The heat storage tank is an 

important mechanical device for heat interaction between two fluids. The effectiveness, inlet 

mantle fluid and inner tank water properties are terms in performance of the tank. 

The factors effecting the stratifications are 

• Energy interaction between storage tank and outside atmosphere. 

• Leakages of tank causing the mixing of two fluids 

• Thermal diffusion and conduction  

• Length to diameter ratio of both tanks  

• Variation in the tank thickness 

Thermal energy storage tank with Solar water heater 

A Thermal energy storage tank is vessel of cylindrical shape having two tanks immersed one 

in another (tank in tank). The outer tank is called as mantle tank and middle tank is called the 

inner tank. The inner tank is filled with the cold water. The mantle tank is filled with the 

mantle fluid with different temperatures. The cold water flow rate in inner tank will 

maintained at zero and the mass flow rate of mantle fluid is in mantle tank. The temperature 

mailto:gnmr26@gmail.com
mailto:skcmsubhani@gmail.com
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of cold water in inner tank is the ambient temperature where as the temperature maintained 

by mantle fluid is high. The total tank is insulated & there is no heat interaction with 

surrounding. 

 
Fig 1: Thermal energy storage tank with solar water heater 

 

Literature Review 

Zurigat [1], Shyu, [2] investigated the factors influencing the thermal stratification 

degradation in solar energy tanks are forced convection flow through the tank, heat loss to 

the surrounding environment, thermal mixing at inlet, natural convection flow induced by 

conduction within the tank walls and heat diffusion inside the tank due to the vertical 

temperature gradient within the tank. 

Lavan and Thompson [3] performed an experimental study on a thermally stratified, vertical 

hot water storage tank. Experimental measurements were made on various height/diameter 

ratios, inlet port location and geometry, inlet-outlet temperature difference and different 

mass-flow rate. Their study showed that better thermal stratification can be obtained by 

increasing the ratio of the tank height to its diameter, increasing the diameter of the inlet port, 

or increasing the difference between the inlet and outlet water temperature. 

Cole and Bellinger [4] concluded that maximum thermal stratification could be achieved 

inside the storage tank with a height to diameter ratio of four. The studies of Ismail et al. [5] 

and Hahne and Chen [6] confirmed Cole and Bllinger's conclusion while Nelson et al. [7] 

suggested aspect ratio of three for the best thermal stratification. 

Lightstone et al. [8] showed that in the dynamic mode, the effect of wall thermal conductance 

on the thermal stratification degradation is negligible. Mixing flow in the inlet opening is 

considered one of the most important parameters in the degradation of thermal stratification. 

Therefore, in order to reduce the inlet mixing, different inlet configurations were considered 

and studied. 

 

EXPERIMENTAL SETUP 

Description of experiment 

In this paper, the heat interaction takes place between the mantle fluid and the inner tank cold 

water were investigated under certain boundary conditions. In this analysis, the convection 

analysis of the cases steady state and transient in between the both tanks were analyzed. This 

is not only sufficient to analyze about the heat interaction between to fluids and the study of 

heat stratification at different locations of the inner tank also done. 

The theme of this paper is to find the overall characteristics in stratification process in 

thermal energy storage tank at different cases and conditions were considered.  The analysis 

is performed in ANSYS modeling package. 
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Table 1: Details of Thermal Energy Storage Tank (Mantle Tank) 

 

Experimental methodology 

The mantle is connected to the cold water circulation inner tank at 100 mm above from 

bottom of the tank. The two fluids in these experiments consider are water and water. The 

cases considered are mass flow rates of mantle fluid at 1ltr/sec at inlet temperature are 50
0
C, 

65
0
C & 75

0
C and for cold water is 25

0
C. 

The cases for analysis consider are as shown in Table 

Table 2: Details of Experimental cases 

S.No 
Type Of 

Analysis 

Material 

(Mantle & 

Inner Tank) 

Mantle Fluid Inlet 

Temperature(
0
c) 

Cold Water Inlet 

Temperature (
0
c) 

Mass Flow Rate 

(Liter/Sec) 

1 

Steady State 
Steel & 

Steel 

50
0
c 

25
0
c Mass Flow Rate Of 

Mantle Fluid Is 1 

Liter/Sec 

 

2 65
0
c 

3 75
0
c 

4 

Steady State 
Copper & 

Copper 

50
0
c 

25
0
c 5 65

0
c 

6 75
0
c 

7 

Transient 
Steel & 

Steel 

50
0
c 

25
0
c Mass Flow Rate Of 

Mantle Fluid Is 

1kg/Sec 

 

8 65
0
c 

9 75
0
c 

10 

Transient 
Copper & 

Copper 

50
0
c 

25
0
c 11 65

0
c 

12 75
0
c 

 

Measurement of experimental parameters 

The analyzed parameters are: 

a) The mantle fluid flow rate at inlet and out let 

b) The inlet temperature of mantle fluid  

c) The mantle fluid outlet temperature 

d) The cold water temperature in inner tank 

e) The temperature at different points in inner tank 

f) The temperature distribution at different time periods. 

 

Data Of Mantle Tank 

Volume of inner tank [mm
3 
] 31000000 

Inner tank volume from end of the 

mantle [mm
3 
] 

16000000 

Inner tank diameter  [mm] 200 

Wall thickness of both tanks [mm] 1 

Mantle tank diameter[mm] 260 

Mantle upper portion height from 

bottom of the inner tank [mm] 
500 

Mantle bottom portion height from 

bottom of the inner tank [mm] 
100 

Mantle inlet valve position from top 

of mantle[mm] 
10 

Mantle inlet valve diameter [mm] 12.5 

Mantle tank volume[mm
3
 ] 8700000 

Inner tank inlet size[mm] 25 
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MODELLING OF THERMAL ENERGY STORAGE TANK 

The modeling of the thermal energy storage tank performed by using ansys fluent with the 

dimensions mentioned in table 1. 

By using the ansys, several engineering problems will get solved with the fractional 

variation. Ansys fluent is the place where the computation fluid dynamics, fluid flow, heat 

interactions analysis performed. 

The fluent techniques used in this work use ANSYS 15.0 for modeling the thermal energy 

storage tank and analysis also takes place. This is a finite element based technique uses an 

mesh containing tetrahedral and prism elements. This has the benefit that the reduction of 

local numerical diffusion take place and also suitable for complex flows. 

 
Fig 2: ANSYS Model of Thermal energy storage tank system 

 
Fig 3: ANSYS Meshed Model of thermal energy storage tank system 

 

ANALYSIS AND RESULTS 

In this paper, the transient analysis and steady state analysis were performed. The material of 

mantle and inner tank is steel-steel and copper –copper . by considering zero mass flow rate 

of cold water at 25
0
C and 1 kg/sec mass flow rate of mantle fluid at a 50

0
C,65

0
C & 75

0
C. 

The transient and steady state analysis results are shown below 

Transient analysis 

Case 1: in this case of consideration that the temperature of mantle fluid(Mantle inlet) is 

consider as 50
0
C, the materials of  mantle and inner tank are steel and steel. The variation of 

temperature distrubution at different time intervals were recorded 

 
Fig 4: Temperature distribution in mantle system after time 15, 30, 60, 90,120,180 min at 

50
0
c of mantle fluid flow  
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Graph 1: Temperature distribution in mantle at different times in steel tank 50

0
c mantle flow 

From the above graph, the cold water has the temperature of 298K at entrance of the tank and 

increased at beginning of the mantle portion. In middle of the mantle portion there will be a 

slight decrease in the temperature due to resistance in tank material i.e. steel. And heated 

water is moved to the top of the tank by stratification process. Cold water on the top of the 

tank is moved to the down due to density difference between mantle fluid and cold water. 

After 120 min the maximum temperature reached is 317K. 

Case 2: in this case of consideration that  the temperature of Mantle fluid is consider as 

65
0
C, the materials of  mantle and tank are steel and steel. The variation of temperature 

distrubution at different time intervals were recorded 

 
Fig 5: Temperature distribution in mantle system after time 15 ,30,60,90,120,180 min at 65

0
c 

of mantle fluid flow 

 
Graph 2: Temperature distribution in mantle at different times in steel tank 65

0
c mantle flow 

From the above graph, there was a variation of heat distribution from time to time and at 

different places of the tank. In this case the maximum temperature reached at the top of the 

mantle and low at the 100 mm above the bottom of the mantle. Due to the resistance of heat 

transfer in steel the variation in temperature takes place.  The maximum temperature reached 

is 328K. And heated water is moved to the top of the tank by stratification process. Cold 

water on the top of the tank is moved to the down due to density difference between mantle 

fluid and cold water 
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Case 3: in this case consideration that the temperature of Mantle fluid is consider as 75
0
C, 

the materials of  mantle and tank are steel and steel. The variation of temperature 

distrubution at different time intervals were recorded 

 
Fig 6: Temperature distribution in mantle system after time 15 ,30,60,90,120,180 min at 75

0
c 

of mantle fluid flow 

 
Graph 3: Temperature distribution in mantle at different times in steel tank 75

0
c mantle flow 

Case 4: in this case consideration that the temperature of Mantle fluid is consider as 50
0
C, 

the materials of  mantle and tank are copper-copper. The variation of temperature 

distrubution at different time intervals were recorded 

 
Fig 7: Temperature distribution in Mantle system after time 15,30,60,90,120,180 min at 50

0
c 

of Mantle fluid flow 

 
Graph 4: Temperature distribution in mantle at different times in steel tank 50

0
c mantle flow 
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In this case, at the beginning of the tank have the initial temperature of 298K. the 

temperature gradually increased 100mm above the bottom of the mantle. After that it was 

nearly constant up to the top of the tank. This is happening because of the good thermal 

conductivity of material. heated water is moved to the top of the tank by stratification 

process. Cold water on the top of the tank is moved to the down due to density difference 

between mantle fluid and cold water. 

Case 5: in this case of consideration that  the temperature of Mantle fluid is consider as 

65
0
C, the materials of  mantle and tank are copper-copper. The variation of temperature 

distrubution at different time intervals were recorded. 

Fig 8: Temperature distribution in Mantle system after time 15 ,30,60,90,120,180  min at 

65
0
c of Mantle fluid flow 

 
Graph 5: Temperature distribution in mantle at different times in steel tank 65

0
c mantle flow 

The inlet of the cold water is at 298K in the tank of Mantle system. At the distance of 200 

mm from the bottom of the tank the water reached to a temperature of 332K due to the effect 

of mantle fluid and the transfer of heat through the copper tank. In the rest of the water in 

tank aboue the 200mm from bottom the temperature was nearly constant.  The stratification 

takes place in the tank. 

Case 6: in this case consideration that  the temperature of Mantle fluid is consider as 75
0
C, 

the materials of  mantle and tank are copper-copper. The variation of temperature 

distrubution at different time intervals were recorded. 

 
Fig 9: Temperature distribution in Mantle system after time 15 ,30,60,90,120,180 min at 75

0
c 

of Mantle fluid flow 
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Graph 6: Temperature distribution in mantle at different times in steel tank 65

0
c mantle flow 

From the graph 6, the stratification process takes place for 120min. in that process the 

variation of temperature from bottom of the tank to top of the tank takes place. The nearly 

constant temperature was maintained in rest of the length of 200 mm from the bottom. The 

heat interaction takes place between cold water and mantle fluid because of the copper have 

good thermal conductivity. 

 

STEADY STATE ANALYSIS 

The following analysis report shown that for cases 

Case 1: STEEL – STEEL 

The mass flow rate of mantle fluid is 1kg/sec having temperature of 50
0
 C, 65

0
C & 75

0
C and 

no mass flow rate for cold water and the temperature consider for cold water is 25
0
C. the 

steady state result as shown in below. 

   
Fig 10: Temperature distrubution in cold water for different mantle fluid inlets of  50

0
 C, 

65
0
C & 75

0
C 

 
Graph 7: Temperature distrubution for the case steel and steel 

The inlet for the above the three cases is neglected mass flow rate for coldd water and the 

temperature is 298K . The above figure shows the temperature distrubution for that three 

cases. The 323K, 337K and 348K are the higest temperature only at few points . the 

tepearture distrubution verses length of the tank as shown in graph. 
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Case 2: COPPER-COPPER 

The mass flow rate of mantle fluid is 1kg/sec having temperature of 50
0
 C, 65

0
C & 75

0
C and 

no mass flow rate for cold water and the temperature consider for cold water is 25
0
C. the 

steady state result as shown in below 

Fig 11 : Temperature distrubution in cold water for different mantle fluid inlets of  50
0
 C, 

65
0
C & 75

0
C 

 
Graph 8: Temperature distrubution for the case copper and copper 

The inlet for the above the three cases is neglected mass flow rate of cold water and the 

temperature is 298K . The above figure shows the temperature distrubution for that three 

cases. The 323K, 337K and 348K aregot at maximum length of the tank. The tepearture 

distrubution verses length of the tank as shown in graph. 

 

EFFECTIVENESS THE THERMAL ENERGY STORAGE TANK 

The effectiveness (ε) of a heat exchanger is defined as the possibility of transfer of heat 

between two fluids. 

ε =
       

             
 

Qactual = Heat lost by hot fluid = Heat gained by cold fluid 

Qactual =mh cph (Thi -Tho) = mc cpc (Tco - Tci) 

Substituting values of Qactual and Qmax possible from equations 

ε = 
               

              
  =  

           

             
 

if Ch < Cc then Ch = Cmin , the effectiveness can be expressed as 

ε = 
              

             
  =  

         

         
 

if Cc < Ch then Cc = C min ,the effectiveness can be expressed as 

ε = 
              

              
  =  
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The Effectiveness calculated for the Thermal energy storage tank by using the above 

expression Cc is less than the Ch  Mantle water inlet of 75
0
C after stratification time of 120 

min. 

S.NO 
MATERIAL 

Mantle-Tank 

TCO 

(K) 

Tci 

(K) 

Thi 

(K) 

Effectiveness 

(ϵ) 

1 Steel –Steel 333 298 348 0..7 

2 Copper -copper 341 298 348 0.86 

 

CONCLUSIONS 

The fluent analysis of stratification process in thermal energy storage tank have the following 

conclusions are 

1. In case of steel and steel material of tank and mantle, the heat distribution is low at 200 

mm above the bottom of the tank due to resistance in the material. 

2. In case of copper and copper material of tank and mantle, the heat distribution is small at 

200 mm above the bottom of the tank and nearly constant at all times of the simulation 

and at all locations of the tank due to good thermal conductivity of copper. 

3. Higher inlet velocity and temperature for mantle fluid result in increased stratification 

process.  

4. TES tanks have major height to diameter ratio (aspect ratio). It  increases the process of 

stratification between the layers of cold water in inner tank 

5. Higher temperature differences between inlet water and mantle water gives greater 

density differences between layers. 

6. The effectiveness of the steel and steel material of mantle and inner tank is less than the 

material of copper and copper. 

7. In complete analysis, fluent is most accurate and effective package to perform the 

stratification in thermal energy storage tank. It increases the importance of the thermal 

energy storage system effectiveness and performance with suitable design 
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Abstract. Fossil fuels exhaust faster than the expected, if the current rate of using fossil fuels 

with the available reserves continued. As a result, solar energy is regarded as a very good 

alternative to traditional sources of energy due to its zero emissions and renewable nature. 

The collector is a crucial component of any solar heater. It absorbs solar energy and transfers 

the heat to a fluid that is passing through the collector. The purpose of this article is to 

provide a thorough, integrated assessment of the potential uses of various types of solar 

collectors for solar water heaters. In light of these findings, it is suggested that Evacuated 

Tube Collectors (ETCs) are best suited for Solar Water Heating. Further, it is suggested that 

nanofluids be used in various solar collectors for solar water heating and identified a need for 

more insight into the applications of various nanofluids for solar heating. 

Keywords: Solar Water Heater; Nanofluids; Solar Collectors; Performance Enhancement; 

Heat Transfer Fluids 

 

1. Introduction 

Natural resources have always been a source of power generation and has been in use for the past few 

decades. The source of energy has always been a concern for the environment, due to its emissions 

and harmful effects. In general, The Natural resources used to produce power are hydroelectric, 

nuclear, natural gas, coal, wind energy, solar energy, Geothermal energy so on and so forth, but most 

of the power is generated by burning of fossil fuels. The fossil fuels contain carbon atoms in them 

which when burnt releases a few harmful gases (Greenhouse gasses) and therefore indirectly 

increase the surface temperature of earth. The main problem arises when the fossil fuels are extracted 

from the ground. Mining causes a lot of land degradation and is the main cause of deforestation. By 

deforestation there is a lot of temperature increase on the surface of earth and is one of the causes of 

Global Warming. 

Another main issue with the non-renewable source of energy is that it is limited in nature, and it 

takes many thousands of years to regenerate them. There was an oil crisis in 1973 which caused 

the whole world to rethink the source of energy they use. Oil is one of the most imported natural 

resources, about 83% of the oil is imported from other countries and is a drain on the economy for 

India. The use of renewable energy helps mankind to overcome all such problems. Renewable 

sources of energy are the sources that can be renewed or regenerated in nature in a limited period 

of time. The advantage from the use of most of the sources of renewable energy is they are echo 

friendly and non-polluting. A few examples of renewable sources of energy are solar energy, wind 

energy, biogas, geothermal energy, etc. Out of all the mentioned energy sources Solar energy is 

unlimited, free of cost, and most importantly it's abundant in nature. Solar energy can be harnessed 

and used for both power generation and domestic purposes. The conversion of solar energy is evident 

and helpful as it has both commercial values and has no bad environmental impact. In general, the 2 

methods of using solar energy for the generation of electrical energy are: solar–thermal conversion 
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and solar–electric conversion. A few of the advantages of using solar energy are as follows: It 

reduces the electricity bills. The power generated by solar is available all through the year, 

sustainable, clean, green and more importantly doesn’t cause any emission of greenhouse gases. 

Diminished reliance on oil and petroleum products for power.It has very less maintenance cost and 

the return on investment is fast. Siddharth Suman, Mohd. Kaleem Khan n, Manabendra Pathak [1] 

 

2. Solar Water Heater 

An average family with four to five members expends one fifth of their total power consumption for 

heating the water only. So, water heating systems using solar energy are proven to be the cheapest 

and pollution free energy that can be utilized by the household people for the hot water requirement 

of the total family. The utilization of solar water heating has been increasing rapidly since last two to 

three decades and the solar water heaters are being used extensively all over the globe irrespective of 

the climatic conditions. Usually during summer seasons, the requirements of the solar water heating 

are completely satisfied, and 100% water heating can be done using solar systems due to the 

obvious continuous and more solar radiation availability. However, this is quite reverse and up to a 

maximum of 50% during the winter seasons. During rainy months, the possibility of the solar 

radiation availability is further lesser[15]. Consequently, a storage system for the solar radiation or 

heat is necessary during winter and rainy seasons for effective and complete utilization of the solar 

water heating. 

The principle of solar water heater is that it uses only the renewable solar radiation to heat the 

water[10].This solar radiation will be converted into heat energy when the sunlight falls on an 

absorbing surface[17]. The fluid which is in contact with that absorbing surface gets heated up. If the 

fluid is water, then the water gets direct heating, and the corresponding system is called direct system 

[4]. Else, the fluid may be other than water such as glycol-water mixture, or it may be a heat 

transfer fluid such as a glycol/water mixture, which first absorbs heat from the absorbing surface and 

transfers that heat to water for heating through a heat exchanger [8]. As the water is not heated 

directly, this system is called an indirect system. 

The solar water heating systems whether it is direct or indirect can be developed in three basic types 

depending upon the principle of fluid flow as follows: 

1. Active systems or forced convection systems 

2. Passive Systems or natural convection systems 

3. Batch Systems or passive systems with storage. 

2.1 Active Systems 

The principle of circulating water or any other fluid for heat transfer in active systems is forced 

convection[9]. That is, the fluids are being circulated forcefully with external mechanical devices 

such as controllers, valves, and hydraulic pumps. These systems can be of two sub-types as follows: 

 Direct or Open-loop system 

 Indirect or Closed-loop System 

2.1.1 Direct or Open-loop Active System 

The water is circulated through solar collectors and directly gets heated from the heat generated by 

the absorption of the solar radiation at the solar collectors as shown in the figure 1. As the water is 

directly in contact with the collector it is direct or open-loop active systems. Such systems are 

proven to be having good efficiency and also reduce the operating or maintenance cost due to a 

smaller number of components and simple in design. However, if the water is acidic or hard, then 

corrosion and scaling of the components spoil the surfaces and damage the total system. In addition, 

these systems are proven to be more successful and apt for the climates where the minimum 

temperatures are not the higher than the freezing temperature of the water for the same reason. 
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Fig. 1. Open-loop (Direct) Active System [25] 

2.1.2. Closed loop (Indirect) Active System 

Contrast to the direct systems, a fluid other than water is circulated through the solar collectors for the 

absorption of the heat energy. This absorbed heat then is transferred to water in a heat exchanger as 

shown in figure 2. As the water is not in contact directly with the heat source it is termed as indirect 

system. The heat transfer does not take place with direct contact of water with either solar collector or 

the working fluid and hence closed loop or indirect system[7]. Usually, the working fluids are chosen 

such that they have extended temperatures of freezing such as glycol-water blends as they give 

excellent protection from freezing. 

 
Fig .2. Closed loop (Indirect) Active System [25] 

2.2 Passive Systems 

Compared to active systems, the passive systems also have the circulation of working fluid or water 

not with any external mechanical device but due to natural convection created from the elevation and 

density differences. The fluid storage tank will be arranged above the solar collector. When the fluid 

pass through the solar collector, it gets heated up. Consequently, the density of the fluid decreases 

and rises to the top of the collector from where it is sent to a storage tank. As the working fluid rejects 

heat to the water, it gets cooled and collected at the bottom of the storage tank because of the increase 

in the density of the working fluid. Finally, the water gets heated. The cost of the passive systems is 

very less and easily affordable due to the absence of major mechanical components. However, they 

perform less efficient when compared to the active systems. The best existing solar water heater with 

passive system is thermosiphon system. 

2.2.1 Thermosiphon Systems 

As shown in figure 3, the working of the thermosiphon system follows the principles of natural 

circulation and convection. First, the normal water is supplied to the overhead tank which is situated 

above to the solar collector. Due to the elevation difference the water then, is directed to the solar 

collector to its bottom by natural circulation [13]. The heating of the water makes it rise to the top 

and sent again to the top of the overhead tank from where it can be drained out at high temperature. 

This circulation of water continues till the collector absorbs the solar radiation and heats the water. 

This system is very simple as the operation is simple, natural, low maintenance and absence of the 

mechanical moving components. The variation of the temperatures related to the collector and 

ambient is directly proportional to the efficiency of the thermosiphon system and inversely with the 

solar radiation intensity [16]. 
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Fig .3. Thermosiphon system – An example of Passive System [25] 

2.3 Batch Systems 

These are in principle simple passive systems but with number of storage tanks as per the seasonal 

optimization. Hence, these are also called “Integral Collector Storage Systems”. These storage 

systems are placed in a box which is insulated on three sides and one side is glazed to face the sun 

and receive the radiation as shown in figure 4. Consequently, these systems perform both the 

functions of solar absorption and storage. Usually, due to no moving parts or pumps are installed in 

these systems which lead to less failures and maintenance. 

 
Fig 4. Batch System (integral collector storage systems) [25] 

 

3. Components of Solar Water Heating System 

The components of the solar water heater include 

o a panel to collector solar radiation, 

o a tank to storage the energy, 

o a pump to circulate fluids, 

o a heat exchanger for the transfer of fluid from the working fluid to water, 

o piping units for the circulation and 

o an auxiliary heating unit if required. 

However, the performance of any solar collector depends majorly on only two components viz., the 

solar collector which decides the amount of solar radiation converted to useful heat and heat transfer 

fluid which decides the heat that is transferred to water. 

3.1 Solar Collector 

Solar collector is a gadget that gathers thermal energy from solar insolation by captivating them. The 

heat is put away and channelised by a streaming liquid which is used for some particular purposes. A 

few of the purposes include domestic water heating and steam generation for the production of 

electricity. Solar collectors are broadly classified into 2 types which are non-tracking or stationary 

type and Tracking or moving type. Non-tracking solar collectors are simple stationary solar 

collectors. They work until the solar energy is incident on the plates. The efficiency of the stationary 

solar collectors is less as the working time is less for them. They are non- moving and fixed to the 

ground. All the different types of solar collectors are classified in fig 1. Tracking solar collectors are 

designed in such a way that they move along with the movement of sun. They are not fixed to the 

ground and are having a tracking system. They are designed such that the solar radiation falls on the 

collectors perpendicularly. The need of tracking system is to increase the efficiency of the solar 
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collector as there is more time of solar insolation on the solar collector. The main motive of tracking 

system is to improve the efficiency of the solar collector by facing the sun to absorb the solar rays for 

a longer period of time. The tracking type solar collectors are additionally classified as one axis 

tracking and two axes tracking collectors. The tracking system is used if and only if the power 

generated by the solar collector is significantly more than the power consumed by it to use the 

tracking system. Based on the working fluid the solar collectors are divided into 2 types based on 

working fluid viz, water and air as Solar Water Heater and Solar Air Heater (SAH) respectively. 

 
Fig .5. Types of Solar Collectors 

3.1.1 Basic Solar Collectors used in Solar Water Heaters 

Many types of solar collectors are used and developed for the solar water heating. The selection of the 

type of collector depends majorly on the atmospheric conditions of the place where the solar water 

heater is to be established and the requirements of the heating capacity. In broad and basic, three 

typical types of solar collectors are used in solar water heating viz., flat plate, evacuated tube and 

concentrated solar collectors. 

3.1.1.1 Flat plate solar collectors 

A flat plate collector consists of an absorber plate with a parallel back plate and a transparent glass 

cover. The flow passage is developed depending upon the type of fluid. The passage for the fluid flow 

is made through the volume between the black and absorber plates in the case of air [20]. In the case 

of water, the tubes made from copper placed on the absorber plate are used for the flow. To reduce 

the loss of heat the collector is blackened from the sides as well as from the bottom. During 

prolonged usage of the collectors a layer of dust is accumulated on the glass plate on the top of the 

collector, which decreases the performance of the solar collector. Cleaning or removal of the dust on 

the glass is mandatory to maximize the efficiency of the solar collector. The distinctive method of 

residue expulsion or cleaning are as expressed: (a) washing by water stream, (b) pushing the dust by 

pressurised stream of air, (c) straightening the collector to make the dust fall down due to gravity, (d) 

using of pre-programmed machine wipers, and (e) use of hydrophilic Nano-film, (used so that no 

dust particle settles on the smooth glass surface. Himangshu Bhowmik, Ruhul Amin [2] have stated 

that the efficiency of a flat plate collector can be improved by the use of reflectors and their 

experiment shows that they had some effective increase in the performance of the solar collector. G. 

Alvarez J. Arce, L. Lira, M.R. Heras. [3] developed a flat plate collector for solar air heater in which 

the absorber plate was replaced by an array of recyclable aluminium cans painted black. They tracked 

down that the maximum efficiency which could be obtained was 74%. The benefits offered by this 

novel collector are reusing of waste cans, being less expensive, and giving a cleaner climate. 
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Fig.6. Solar Flat Plate Collector [25] 

3.1.1.2 Evacuated Tube Collectors 

The evacuated tube collector comprises of a heat pipe kept inside a glass nook. The heat pipe utilizes 

fluid like ethanol, methanol, water and so forth to catch warmth of sun powered insolation and this 

fluid exchange heat to some other working liquid while going through evaporation–condensation 

cycles. The hot liquid rises due to its low density (buoyancy) and the cold liquid falls down due to 

gravity. The hot fluid becomes fume and ascends to the heat transferring segment and moves the heat 

to the functioning liquid. After the heat is lost from the vapour it cools down and becomes a liquid 

and due gravity the liquid falls down back to the tube collector, and then the cycle continues to 

flow (evaporation-condensation cycle). The glass enclosure is cleared to limit the heat loss because of 

convection and to prevent the impact of environment within parts. It even prevents rusting. 

Frequently, heat pipes are likewise emptied to permit stage change of the internal fluid at low 

temperatures. Its effectiveness isn't essentially influenced by the adjustment in incidence angle of the 

sun's radiation. This component of ETC gives adaptability to tube direction from 25 degrees to 60 

degrees at the hour of establishment. Various number of evacuated tubes are incorporated and 

associated with a typical header to accomplish high coolant temperatures. Single tube ETCs are once 

in a while utilized practically speaking. The two sorts of plans are normally utilized for ETCs: H-

type and T-type collectors. Likewise, be noticed that T-type collectors gather marginally more 

radiation contrasted with H-type authorities on a yearly basis. 

 
Fig.7. Evacuated Tube Collectors [25] 

3.1.1.3 Parabolic Trough Collector 

The parabolic trough collector comprises of a parabolic reflecting surface with an absorber tube set 

along its central line. The placement of the sun is followed for typical rate of solar radiations at any 

moment of time. This type of technology is robust, but to be able to use it when there is a budget 

constraint, we must bring down the cost of the solar collector. Since this type of solar collector is huge 

and heavy, it can be used in steam power plants, for the direct production of steam. The main motive 

for us to move towards renewable sources of energy is the harm it causes to the environment, if the 

parabolic trough collector can solve the problem then we can simply use these kinds of collectors to 

produce steam. The working fluid can reach the temperatures of around 400 degrees. The parabolic 

trough collector is generally utilized for enormous scope power production. Nonetheless, it very well 

may be additionally utilized for limited scope direct steam production. V.K. Jebasingh, G.M. Joselin 

Herbert,[6] says that there is a vast application of Parabolic trough collectors in the power generation 
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sector and the other major application is in refrigeration systems. The author has clearly explained the 

temperatures required in different industries for which solar collectors can be integrated to meet their 

required temperatures without changing the working systems of the industry. In Fig 5, we can clearly 

understand the working of the tracking system and the working of the fluid in the PTC. 

 
Fig.8. Parabolic trough collector (PTC) with one axis tracking [12] 

 

4. Storage Tank 

The storage tanks play a vital role in the solar water heaters. The requirement majorly depends on the 

atmospheric conditions as per the seasons[18]. The tank used for the storage is made up of stainless 

steel with high pressure resistance and covered with aluminum foil and fiber for insulation. The 

storage tank insulation is vital criteria for the effective storage of the energy. Another feature required 

in solar water heaters especially which will be installed in the environments of very low temperatures 

is to protect the flow from freezing[19]. To achieve this, pumps are used for recirculation of the warm 

water taken from the storage tanks and exposed to the piping via solar collectors. 

 

5. Heat Transfer Fluid 

The heat generated at the collector from the absorption of the solar radiation need to be transferred to 

the water either via the heat exchanger or directly. The fluid that is used for this purpose is the heat 

transfer fluid. In order to have an efficient SHW configuration, the fluid should have high specific 

heat capacity, high thermal conductivity, low viscosity, and low thermal expansion coefficient, anti-

corrosive property and above all low cost. Among the common heat transfer fluids such as water, 

glycol, silicon oils and hydrocarbon oils, the water turns out to be the best among the fluids. Water is 

the cheapest, most readily available and thermally efficient fluid but does freeze and can cause 

corrosion. 

5.1 Nanofluids 

The performance of solar collectors will be improved by using nanofluids as a working fluid. The use 

of nanofluids increases the various thermophysical properties such as viscosity, density and thermal 

conductivity. Nanofluids are the base fluids which are dispersed with solid particles of size at 

nanometer scale and form a colloidal suspension [28,34]. Base fluids can be water, ethylene glycol, 

engine oil, etc. nanoparticles can be metallic or non-metallic particles and they are ranged from 10nm 

to 200nm [35-37] Better optical and thermophysical properties will be developed by using 

nanofluids[35-37]. The nanoparticles have better properties than base fluids due to low specific heat 

capacity [35-37]. 

Advantages of Nanofluids: 

o It has high thermal conductivity and fast transferability of heat. 

o It possesses better stability even at high temperatures. 

o It reduces clogging and erosion. 

o It has better observing characteristics. 

o It has a high heat transfer rate and reduction in pumping power 

 

6. Conclusion 

This review leads to the following key conclusions 
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1. The type of solar collector type may be chosen depending upon the capacity requirement. 

2. Parabolic trough collectors (PTCs) are observed to be giving best outcome compared to the flat 

plate and evacuated tube collectors. 

3. However, PTCs are huge and heavy and are generally utilized for enormous scope power 

production 

4. Hence for small purposes such as solar water heater Evacuated Tube Collectors (ETCs) are best 

suited. 

5. The heat pipe utilizes fluid like ethanol, methanol, water and so forth to catch warmth of sun 

powered insolation and this fluid exchange heat to some other working liquid while going 

through evaporation–condensation cycles. 

6. Nanofluids are found to be performing best in the augmentation of the heat transfer performance 

by the heat transfer fluids. 

7. Consequently, a more insight study is needed to be done on the use of nanofluids in solar 

collectors for solar water heating. 

8. Though, the performance analysis can be carried out using theoretical modelling, software 

simulation, experimental study is suggested for having a complete and real outcome. 
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Abstract: Now a day’s power requirement is more due to operation of many components’ 

need electricity to perform certain work. To meet the demand of power we burnt lots of fossil 

fuels which arenon-renewable energy resource for power generation. These are depleting day 

by day. We need to depend on renewable energy resource for generating electricity. By using 

wind as arenewable energy resource, we are using horizontal and vertical wind mills for 

power generation. Due to usage of this type of wind mills there is a possibility of damage 

towards bird life andwhen maintenance of this turbine at 500feet may cost the human life to 

avoid these consequences. We have designed a bladeless wind turbine to avoid the 

limitations of both horizontal andvertical axis wind turbines. These is economical and it is 

easily available to individuals to set up at top of the building and it is simple in design. These 

way of generation of power will meet the demand of power in the society. 

Keywords: Bladeless wind turbine, Powercircuit, Bladeless wind turbine-assembly. 

 

INTRODUCTION 

The invention of bladeless wind turbine describes the generation of electricity without using 

blades of traditional wind mill. It is a non-conventional type of wind mill It is very 

advantageous to environment to save the bird life and balance the eco-system. This invention 

plays a crucial role in making the use of bladeless windmills near the load centres and reduce 

the transmission system and we can utilize maximum wind potential in the location. 

The non-renewable energy resources are exhaustible in nature. Due to usage of non-

renewable energy resources like fossil fuels, coal and petroleum products for generation of 

power, these sources may emit toxic gases to environment and this may damage different 

ecosystems on earth. Due to exhaust of non-renewable energy resources humans are 

depending upon the renewable energy resources like solar, wind, geothermal, biomass and 

ocean thermal energy for power generation. The renewable energy resources are 

inexhaustible in nature and freely available for many years.[1] discussed how to design the 

bladeless wind turbine and how it generates the power by using vibrations of mast by motion 

of wind. [2] presented the various applications of bladeless wind turbine in the field of power 

utilising components like electronics and electrical appliances like fan, lightsetc. [3] shows 

the behaviour of a wind turbine and its dynamic characteristics of turbine under working and 

taking design considerations when designing of bladeless and bladed turbine.[4] presented 

the outline parameters of wind and potential of energy which can be predicted by using 
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previous data for analysing.[5] investigated the future dependence on renewable energy 

resources for generation of power and showing different approach for bladeless wind turbine. 

[6] discussed the evolution of bladeless wind turbine the flow of vortex of air or fluid creates 

a small vibration of mast or disturbance on surface of body this creates a new approach of 

generation of power by using bladeless wind turbine. [7] invented the jiggling effect of mast 

creates a motion of parts of bladeless wind turbine to generate electricity with arrangement 

setup. [8] discussed how the vortex bladeless wind turbine working under the flow of wind 

how the parts are responding and it analyse the power output based on velocity of wind. [9] 

presented the new approach of design and it shows is that possible to create a wind turbine 

without bladeless and discuss how it will generate power by operation. 

 

1. THEORY: COMPONENTS OF BLADELESS WIND TURBINE 

 

Figure 1. Bladeless wind turbine 

1.1 Parts and their working 

1.1.1 Base 
The base is made up of cast iron used to with stand all the forces of bladeless wind turbine. The base 

is used to support the all-othercomponents like mast, copper coils,magnetsand power transmission 

circuit. 

1.1.2 Mast 

The mast is made up of polyvinyl chloride or plastic material. It’s the major component in 

bladeless wind turbine. Due to the flow of wind the mast oscillates around the fixed axis with 

help of weight balancer. Theoscillations of mast are directly proportional to the wind speed. 

1.1.3 Weight balancer  
The weight balancer is used to balance the weight of mast for oscillation motion if the arrangement of 

weight balancer is not done accurately whole structure will collapse. 

1.1.4 Arc-shaped pendulum 

An arc-shaped pendulum is made to carry the copper coils and oscillate with mast. 

1.1.5 Magnetic poles stand  

A magnetic poles stand is made up of glass frame or fiber frame to hold the magnetic poles of north 

and south. The magnets of north and south attracts each other due to this attraction between poles a 

strong magnetic field is generated. Due to the arrangement of copper coils between the magnetic field 

creates a change in flux due to change in flux an electro motive force(EMF) is generated. 

1.1.6 Rectifier 

A rectifier is an electronic device which converts alternating current in to direct current. 
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1.1.7 Battery 

A Battery is a source of electric power which stores direct current. 

1.1.8 Inverter  

An inverter is anelectronic device which converts direct current in to alternating current. 

 

Figure 2. Power circuit 

1.1.9Power Circuit 

An emf generated from coils is in alternating current form this is converted in to direct 

current by usingrectifier. Because the battery is used to store the energy in the form of direct 

current only. When we require power for utilizing,we extract energy from battery. we 

convert direct current to alternating current by using inverter.in this way we utilize power 

when required and store power when not require. 

 

2.  CONSTRUCTION AND WORKING 

2.1 Construction procedure 

All the components are assembled according to the design. The base is fixed to ground by 

bolted joints and magnetic poles stand is attached to the base. The mast is fixed to the base 

and weight balancer is used to balance the weight of all other components. The special 

attachment between arc pendulum and mast is done and copper coils are attached to arc –

shaped pendulum for oscillation between the magnetic field in these all-other components are 

assembled according to design of bladeless wind turbine. 

2.2 Circuit construction 

To utilize the power which is generated from bladeless wind turbine we have designed a 

power circuit to store the energy when not require and utilize when required. Due to the 

working of bladeless wind turbine an emf is generated from copper coils this emf is in 

alternating current form and we can directly utilize when required if power is not required for 

utilization we can store the energy in the form of battery for future utilization, for that we can 

use a rectifier to convert AC to DC and store the energy in the battery. For utilization we use 

an inverter to convert DC to AC this is conversion is done because all electronic components 

work with alternating current and battery stores direct current in this way we can store and 

utilize energy when required. 
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VIEWS OF BLADELESS WIND TURBINE 

 

Figure.3 Front View                                      Figure.4 Side View 

 

Figure.5 Top View         Figure.6 Isometric View  

 

S.NO. PART NO. PART NAME 

1 1 BASE 

2 2 ARC-SHAPED PENDULUM 

3 3 MAST 

4 4 CONNECTING ROD SUPPORT 

5 5 MAGNETIC-MATERIAL 

6 6 MAGNETIC SUPPORT STAND 

7 7 WEIGHT BALANCER 

8 8 COPPER COIL 

9 9 CONNECTING ROD 

10 10 WEIGHT BALANCER SUPPORT 

11 11 COLUMN 

12 12,13 BOLT AND NUT 

13 14A,14B MAGNETIC POLES (NORTH AND SOUTH 

POLES) 

 

3. RESULT & DISCUSSION 

3.1 Normal condition 

The bladeless wind turbine is placed on top of the building or beside of the road due to the 

flow of wind or motion of wind passes from high pressure to low pressure due to this 

phenomenon a pressure difference is created due to the mast is oscillates around a fixed axis 

due to motion of mast in too and fro motion the copper coils oscillateswith arc shaped 

pendulum. The magnetic polesstand is used to hold the north and south poles with some 
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distance generally the opposite poles attract each other and creates a strong magnetic field 

this field is cuts by copper coils with the motion of mast due to this change in magnetic flux 

there is an emf generation.in this way power is generated by using bladeless wind turbine. 

 
Figure 7. Normal condition 

3.2 Actuated Power circuit 

When high flow of wind strikes the mast, itoscillates more and more power is generated. 

Based on the wind potential on the region the amount of electricity is generated. This is fully 

renewable energy resource and it will not create any environmental crises.if this system gets 

uncontrollable winds, then other attachments like chains are used to stop the system. 

 
Figure 8. Actual power circuit 

3.3 When working on field 

When the bladeless wind turbine starts working then the power generation will start and flow 

according the circuit diagram. We have done a prototype of bladeless wind turbine with total 

height of 5 feet. There the base will be 3 feet and the mast will be 2.5 feet and remaining 0.5 

feet will be the spring and magnetic setup. Its start working and power generation will be 

done and this power will be utilised or it can store through a battery 

 
Figure 9. Power output display 
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CONCLUSIONS 

This bladeless wind turbine system consists of mast, magnetic coil setup, base, arc shaped 

pendulum with copper winding and connecting rod. Onceit starts working on the field it will 

not stop or come to rest until we stopped with an external force the performance of system 

depends on various parameters regarding to wind potential and wind velocity on the region. 

The following are the conclusions of this report: 

o We can able to design and develop a model on bladeless wind turbine. 

o By using bladeless wind turbine, generate power for individual purpose by self-

installation at their place. 

o By using this system, save the birdlife and we can reduce the disturbance in bio-life. 

o The bladeless wind turbine is fully eco-friendly and it is a renewable energy resource. it 

is inexhaustible in nature 

o Mainly this project can operate at any location based on wind potential of location. the 

wind energy is freely available in nature. 

o Main advantage in this project is to meet the power demand on earth through renewable 

energy resource and reduce the consumption of non-renewable energy resource. 
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Abstract: Sustainable, renewable and green energy is necessity to develop the ecological 

health, social activities and economical situations causes to production and improvement in 

economic. This review paper reveals the renewable energies to supports in improvement of 

ecological health and climatic modification effectively. This research focused to identify the 

renewable energy is workable and investigate how to change from traditional energies to 

renewable energies could supports in modifying the climatic and its effect. In the bio mass 

energy, the lignocellulosic based bio fuels are widely applied in different methods to 

compose the bio reactors and bio refineries to the chemical migrating process and it act as the 

sustainable energy. To beneficially develop the potential strength of bio refineries and the 

government regulations were followed in universities and various related industrial sectors 

that can support to compose the maximum value of fuels and different products from 

different bio mass energies. This work is suited for future researchers who are initiating the 

renewable energies in the nest level and also assess the economic progress, social awareness, 

eco health and climatic changes. 

Keywords: biomass, geothermal, renewable, energy, sustain 

 

1. Introduction 

Owing to increasing demands electrical energies in worldwide in the developing and 

developed countries, therefore the sustainable energy demand necessity is more to reinstate 

traditional electricity sources of fossil fuel. This fossil fuel based sources of energy composes 

the environmental based problems to produce the climatic modification and global warming. 

From the past decades, the emission of green house gas from the power making has 

established frequently. The present environmental problems to be resolved with help of 

renewable energy methods to generate the electricity. The methods are wind, solar, 

hydrogen, geothermal, biomass and hydro [1-3]. 

The zero emission concepts is more significant in this renewable energy to advance in eco 

friendly attributes and capable to produce the more electric power. So it will cause to 

increase the motivational awareness to the social responsible societies. The renewable energy 

also improves the economy rate in overall countries and also diminishes the expensive rates 

in creation of electricity which is significant to recognize the priority to nation by utilizing 

mailto:vsena11@gmail.com
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the natural resources. This is promoting to compose secondary income for those who are 

integrated with generation of electric power source to the main power grid [4-6]. 

Owing to increasing the overall cost of renewable energy setup cost, the renewable energy sources for 

electric power creation is developed and more power creation is currently executed with usages of 

traditional fossil fuel sources. There are many devices are utilized to produce the electric power 

generation in the renewable energy sources [7-9]. For example, the photovoltaic system and wind 

based turbines are fully employed with sufficient of sunlight sources and hydro only worked with 

available of potential energy with adequate flow of water. But some researchers focused many issues 

which are related to the renewable energy sources and similarly it has disadvantages for achieving the 

efficiency in power production. 

In the normal day to day life due to increasing of power generation with fossil fuel based sources 

from the last decades, there are so many green house gases are formed and it affects the global 

warming. The global warming causes severe affects in economic development and human health 

issues and the climatic modification also achieved by manmade situations. From the various 

researches composes the detailed review in the global warming which is related to the environmental 

scenario, easily access the water and food fabrication and it is severely affected in internal human 

damages. Owing to intense climatic alteration, some infectious diseases like malaria, dengue and 

diarrhea which are mentioned by the medical sciences and this will be serious issues by upcoming 

days. Due to generation of power from the traditional methods and pollution which comes from the 

industrial area severely affects the human body internal functions like heart issues and respiratory 

problems and similarly, the severe air pollution also major reason for that [10-13]. 

On the other side, the modification of ozone layer and increasing of sea ranges also causes to farming 

areas and human health is indirectly affected due to poor nutrition. There is an alternate solutions are 

required to replace the conventional method for power generation like sources of fossil fuel, natural 

gases and traditional coal sources as a fuel. Therefore normal day to day life the conventional 

methods are replacing with reliability of renewable energy sources. So this renewable method better 

to resist to environment and it will transform into environment sustainability with green energy [14-

16]. Replacing fossil fuel sources with non- fossil fuel sources is quite a challenging task. This task is 

more difficult to replacing the fossil fuels with unconventional energy sources. The controlling the 

essential aspects like polluted energy sources and effectiveness of energy is not simple to accomplish 

in real investigations in the regions of industrial and laboratory. Subsequently, the most important 

concern is to identify the easy routes to diminish the carbon dioxide based pollutants or other 

pollutants like sulfur dioxide, nitrogen oxide and PM based pollutants like PM2.5 and PM10, 

respectively. These pollutants are migrated to the environment and it influencing significantly in the 

deprivation of pure air which is directly affects the other living and human living things [17-20]. 

From the last decades there are different methods are focused to reinstate polluting fuels with 

unconventional renewable energies with various ratios in the upcoming decades at the international 

global range. Nevertheless, due to believe in storage capacity, creation of power and installation 

procedures are need to planned for designing in the establishment of renewable energy. But in the 

current state, the development of this renewable system has been transforming rapidly [21-22]. 

There is some cases, now a days the new technology is converted from the older method to making 

the desirable methods to commercially with possible factors. The maximum capital expense is other 

constraints to concern when executing these renewable based technologies. On the other hand, the 

government sectors in the worldwide are giving the financial supports to encourage renewable based 

energies. 

In the recent decades there is severe supports has received from the government to initiate the 

companies, photovoltaic system, other startup based firms and wind mills related has received. Based 

on the climatic conditions some technologies like wind and solar based methods are really utilized 

with flexibility and easily approach as the alternative sources based on the geographic zones. In some 

countries like Africa and Latin America, wind energy is improving progressively. Solar based energy 
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is broadly utilized in South Africa, North Africa and Middle East countries when compared to 

western countries. There are significant supports to assist the renewable energies with financially, 

various useful policies and enhanced technological assistance. Therefore the sustainable future is 

based on above the significant criteria which are implemented in renewable energies. The overall 

effect of conventional processing for composing the power generation is severely impact to human 

health [23]. The heat pump water heater assisted solar still are used to improve the productivity [39]. 

The researchers have explored and used efficient refrigerants in a variety of applications. [40]. 

Based on the human health risk there are different clusters are generated. For example burning of 

coal, natural gas, wood and oil consumption creates the extensive quantity for air pollution and solid 

waste. Next the solar, wind and hydro are other groups of renewable sources of energies which 

include the lesser energy density. These systems include lesser probability accidents, lesser emission 

and easily predictable risk factors. On the other hand, it has different limitations like less public risks, 

installed in particular zones, enhanced facilities and more expensive during the installation [24-25]. 

Lastly the nuclear based energies produced the maximum energy densities are characterized in the 

composed fuel with dependent to lesser quantity of fuel and create the minimum wastes to 

converting. So these energies emit various toxic from their energies in specified types and we reduce 

their levels from each classification. 

In this manner, the entire life cycle methods with progressive statements are utilized to investigate the 

potential effects on man health issues and environmental loads. The normalized method has been 

utilized to analyze for computing the loads of ecological and probable impacts on human physical 

condition and present environment owing to formation and utilization goods and services. This 

system is appropriate for appreciative the valuation of fossil, renewable and nuclear related energies 

with ecological attributes with their self characteristics. Therefore, we lastly implicit that the 

initiation of ethanol, blends, biodiesel and electric vehicles reduces the emission of hydrocarbons 

and carbon monoxide higher than the quantity emitted in petrol and diesel engine. While in using the 

biodiesel engines, nitrogen oxide emission minimization is very difficult to diminish but in electric 

vehicles like charging inadequate and electronic hardware system malfunctions are faced by the 

customers. Moreover, we acknowledged the issues for solar and wind power system, maximum initial 

cost and insufficient efficiency. Subsequently, to conclude with renewable systems, we could do with 

maximum awareness and enhanced systems that steadiness with all processing factors from funds to 

fabrication. Figure 1 illustrates the renewable energy sources. 

 
Figure 1 Schematic representation of various renewable sources of energy 

2. Renewable Green Energy 

Renewable green energy is comprises the sources of energy that are not exhausted through the 

utilization. The following renewable types like solar energy, biomass, geothermal, wind and 

hydroelectric energy and it is extraction from sunlight, plants, earth minerals, air and water 

flowing, respectively. The green energy is also called as the renewable energy and other additional 

energy was not composed. The fossil based fuel was not produced and pollution free. But in 

renewable energy sources produces the lesser green house gases and carbon traces. In current years, 

the green energy has been familiar at various countries and more financial supports are much 
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attention in reducing their addiction on maximum contaminated fossil fuels. From the present 

scenario, the electrical requirements of worldwide are 28 percentages from 96 percentages. The 

following section clearly exhibits the various types of renewable energies with their limits, benefits 

and challenging issues [26-28]. 

2.1 Solar energy 

The solar energy is most precious system which is collected from the sunlight or light energy and it is 

transformed into electrical energy through the solar system via the photovoltaic cells (PV). By the 

assists of wind power to composes the lesser carbon energy with appropriated methodologies. To 

establishing the sources of renewable energy is a complicated work for human livings till now the 

tasks is to surpass the insufficient for green with energy and diminish the fossil fuel with world’s 

belief. From the various types of renewable energies, the solar is one of the significant method due to 

their attributes like eco-friendly, maximum storage capacity, unique, long life and hopeful. While in 

expected solar irradiation is irregular and denationalized, the current usages of solar utilizing the 

green and enhanced technology for important tasks [29-31]. 

The photovoltaic cells are main one for receiving and storing the electrical energy. There are different 

components like direct to alternative current, DC connecting link and three phase line are fitted with 

appropriated circuit breakers and suitable transformer are mainly utilized. The entire system was 

manipulated by through the proper communication system and the transformed energy was saved in 

appropriated batteries or other thermal based saving methodologies to shifting the power to the 

maximum grade of AC power system. Now the current system develops the power which is 

transferred to end applications through the fiber optic cable. Through this system, there are main 

elements like photo voltaic, photo thermal and photo catalytic energy are the important mechanism 

for producing the electricity, therapy and polluted water. Therefore, the PV cells convert the energy 

which is based on photon and formed into thermal energy by concentrator equipments. To improve 

the effectiveness of solar energy is transformed into electrical energy by using the thin solar films 

with various alterations via the solar cells, solar cells and sensible solar cells within the devices of 

energy savings. Till now the year of 2010, more than 90 % of the photovoltaic trending of global 

towards the silicon based solar cells. The worth of effectiveness in the solar cells has forwarded from 

more than 5 to 25 % next for the alteration which includes silicon based cells. The various 

establishments of creation of PV based solar for the first to fourth generation was concentrated to 

enhancing the surface and reducing the losses like electrical, photon and carrier loss. Figure 2 

displays the photovoltaic system for electric power. 

 
Figure 2 Generation of electric power through PV system 

The thin film solar cells is second generation based solar which is manufactured by dropped over the 

surfaces of the films and it might appropriate and reliability towards the suitable for marketing at 5%. 

The greater efficiency was accumulated in thin film surfaces having the material of copper and 

cadmium but in the toxic level is not diminished and it is one of the limitations while using thin 

surface films. Sensitized solar cells are comes under the generation of third, this method composes 

the lesser expensive cells and it it was reported in the year of 1991. In this work, even the winter 
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seasons, the photovoltaic system develops the energies and produces the more efficiency by utilizing 

the silicon based cells and the efficiency is about 60 to 250 % which is higher than the thin film solar 

cells [32-34]. 

2.2 Bio Energy 

The animal and plant material wastes are composes the energy which is derived from their wastes and 

forms the bio energy like materials ethanol, biodiesel, hydrocarbons and bio oil. The following 

wastages like food, chicken, animal, farming, organic, fish waste, municipal, house, wood are 

included to bio mass energies. From the feed stocks biodiesels are generated and it useful for vehicles 

to transmits the logistics. Similarly, the various bio fuels which are formed from micro algae based 

biomass for present generation and utilized as a bio fuels. The fabrication of various bio fuels with 

assisting of microalgae gives the supplementary intakes to assist the carbon dioxide and it might 

balance in the environmental atmosphere to safe the health and environment clean through the 

process of sequestration. Figure 3 shows the bio resources energy [35-37]. 

 
Figure 3 Biomass with their resources of energy 

Those micr algae based bio fuels forms the better advantages for making the green house gases and 

forming the renewable sources of energy and maintainable for the production of bio fuel with bio 

mass energies. Some of the following micro algaes like Chlorella sp, Chlorella vulgaris, Spirulina sp., 

Chlorella sorokiniana, Scenedesmus sp., Dunaliella tertiolecta, Chlorella kessleri are various fixation 

capacities with carbon dioxide to produce the bio mass energies. The wastages of bio fuel 

productivities material is act as the substitute materials for fertilizers in the agricultural sectors and 

remaining fuel is act as the bio mass energies. Similarly, the waste products are utilized to fill the 

land for farming and remaining waste are might be act as the disposal method to decompose the 

material [38]. 

2.3 Wind Energy 

The motion of air with kinetic energy is the reason for producing the wind energies with supports of 

wind turbines and other transforming systems and similarly electric energy is converted from the 

kinetic energy. Wind energy is most exceptional energy sources and it is approached for saving the 

nature and maintaining itself and utilized well from the various countries by the supports of 

government agencies and it is most the centralized idea for employing this works. In this manner, all 

the central and state government sincerely worked intense to establish the generation of wing and 

sequence development is taken with newer methods. Wind energy is commonly used as the 

mechanical energy to produce the electrical energy which is not directly. Normally the wind energy 

production is attained with various elements or components having gear trains, rectifiers, and control 

boards with inverters, filters and transformer. The gear trains is used as the operating the velocities, 

control board are the main for entire operation and finally the transformer is act as the final unit to 

transfer the current from one sources to other regions. Figure 4 shows the wind energy schematic 

representation. 

The wind mills having common two types like vertical and horizontal based on the requirements and 

flowing of wind it will be varied. There are various suitable components are required to connect into 

the wind turbines with appropriated high power generators to produce the maximum efficiency wind 
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power and it was reported by the various researchers. The unique design with turbine blade attracts 

the winds with assist of kinetic energy to revolute it. Due to the help of shaft, rotating blades with 

mechanical energy capacities is converted into rotor based generator for improving the efficiency of 

wind turbine. Therefore the electrical energy was transformed from the mechanical energy by 

utilizing the specially made generators and then electrical energy is shifted to the inaccessible load 

via the transformer. The entire control boards of wind energy are more crucial to improve the 

effectiveness with generation of electric power. The maximum manipulated systems approached in 

various plants and its secondary systems of wind energy [30]. 

 
Figure 4 Schematic representation of wind energy 

2.4 Hydro energy systems 

From the last two decades, total capacity with maximum of 70% was increased which is performed 

for electricity generation with one sixth in globally. Therefore the hydro energy is third largest 

renewable sources of energy especially for generating the electricity afterwards for gas and coal. 

There are two classification was attained in hydro power that is tidal and traditional hydro power. 

Due to gravitational pull forces which comes from flowing of water and it is referred as the hydro 

electricity and converts the electrical energies. Running river, dams, pumped water are some 

categories which is comes under the hydro power. Therefore, based on the initialization hydro power 

design, dam and flowing of riverside is constructed which is basic necessity for capital investments 

[35]. Utilizing the hard forces of water which comes from the tides, ocean energy is formed and 

generates the hydro power. When contrasted to solar and wind power, tidal power is more forecasted 

and easily identified. But in the real scenario compared to hydro power tidal power is still used 

partially. There is still maximization margin of utilization in tides for composing the energies. 

The UNESCO contributes agreement between the Paris with international association of hydropower 

in 7
th
 world hydro power congress in the year of 2019. This agreement is fully relates to maintain the 

climatic conditions and improve the hydropower and interconnecting is attained to worldwide hydro 

power. Continuously, the year 2021 November before assignment was seriously reported and 

watched by the committee. Then summit conference in the year of March 2021, the international 

energy agency is discussed the global road map for net zero in the year 2050 [37]. 

There various arrangements were followed by the committee and the points were discussed below. 

Enhance the revenues, follow the installations, reducing the capital cost without wastages while in 

installations,, reduce the emission with maximum energy utilization, list of priorities are enlisted 

which is based on the climatic conditions and energies. The improvisation is must watched and 

compared with traditional system to enhance the flexibility and reliability also evades the situation of 

catastrophic in the nearby plant. The electrical security with mechanism is the critical aspects for 

hydro power generation. The other important role is to give more subsidy and assist the financial in 

under developing countries for maintain the establishment of hydro power. From the international 

energy agency, the advantages of hydropower in structure of cost also approached. In some regions 

like mountains and islands are difficult to reach these facilities due to grid connections and the small 

hydro power systems easily interconnects the grid and it is one of the suitable solutions for upcoming 

projects. 
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2.5 Geothermal energy 

Geo thermal energy is also called as the natural thermal energy from the earth’s minerals. In this 

process, the pumps are utilized to dig out the hot water or steam into the level of earth’s surfaces. 

From the earth’s crust, the steam was generated in the form of heat energy and maximum 

effectiveness is shifted to turbine blades to transform the applicable energy into the electrical via the 

appropriated generator and finally converted into suitable grid for industrial and domestic usages 

[38]. The steam, binary cycle and dry steam plants are the some processing methods for improving the 

geothermal power efficiency. Normally the geothermal energy plant has some constraints like 

availability and maintained predictable system for enhancing the resources of energies. Figure 5 

shows the geothermal system. 

 
Figure 5 Illustration of geothermal energy principle 

 

Conclusion 

Renewable energy is most indispensable method to enhance, maintain and sustaining the global 

ecological health. The broad replacement is required for traditional energy sources like fossil fuel 

method with unconventional renewable energy sources. Therefore the various changes must be 

followed which is more valuable for the people and it is associated with risk factors. Those serious 

tasks like government policies, infrastructure, installation and construction expenses, corporate 

politics and political issues are including. The government taken the serious action for those critical 

issues and provides opportunities to the public those who are willing to initiate the projects which are 

relate to the renewable energy sources. Similarly, the business sectors provide the job to the 

skilled peoples to do the work in renewable sources of energies and applying various skills for 

operating the process. The bio reactors and bio refinery methods for the transformation of chemical 

process is maintained for the composing of energies from the bio fuels under the advanced methods. 

So the government must takes the innovative works projects to the students and get the novel result 

that assist in financial supports to do the project in real time and join with some industries. The 

utilization of solar panels in residential zones might be converted and optimistic to establish the 

market and approval from the common people. Similarly the health maintains is major for aquatic and 

marine applications to obtain the maximum advantages from the hydro power system. 
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Abstract: The necessity of appropriated energies like thermal and electrical is utilized to conduct the 

demanding thermal processes like heating, cooling and cleaning are used in the dairy fabrication 

industries. There is some complex issues to choose and incorporation of the equipments which 

utilized for the solar processing system including the extensive components like solar collectors with 

different types, solar heating sources and related cooling components. While in solar thermal energy, 

temperature maintain is about maximum at 200 
0
C that can be strongly mechanized in this dairy 

processes. During the heating process, the maintaining of temperature is about 300 to 400 
0
C 

significantly utilizing the solar collectors with different categorize like flat plate and parabolic 

collectors. During the cooling processes, the Fresnel reflectors are used through the solar absorption 

chillers. The additional energy in thermal based solar energy system is about 200 
0
C. This research 

significantly reviewed the thermal necessity of the dairy based industries. The obtainable solar 

thermal usages and suggested the conception of design and procedures are incorporated by the 

existing collection of data. This conceptual design contains the relationship of the thermal energy 

and solar collector’s storage to the pipe line of thermal energy via the steam drum and absorption 

chiller. This advantage gives feasibility of the shifting the heat fluids, the unique solar energy 

fabrication to conventional fabrication are explained in this paper and different methods are 

elaborately reviewed. 

Keyword: Dairy, direct, solar, cooling, heating and Fluid 

 

1. Introduction 

From the 2020 year, our world is suffering severe transforms that will resume among the upcoming 

decades to affect the food sectors in global wise and needs of energy. Owing to urbanization, 

increasing population and climatic modification are main reasons to meet the food demand. In the 

industrials sectors, consumption of global energy is very tedious which is the heat consumes above 70 

% of the overall industrial require of energy and the heating need is about above 50% of total energy 

and the temperature range is maintain between 50 to 250 
0
C. Presently, the renewable energy 

resources demand is attained only at 9% for the industrial utilization out of more than 700 units of 

industrial that utilize solar heat with overall region of solar receivers of 560 MWth and it is reported 
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in the year of 2019. The purposes of solar based thermal energy in the industrial sectors towards to 

prolong fabrication [1-2]. 

The following process like solar potential, environmental evaluation, solar thermal component 

performance evaluation, integration of solar heat, economic, expensive, present state of methodology 

and related case studies are implicit to solar thermal energy related industrial process which is 

discussed in following sections. Out of global in food fabrication and its supply lie between 10 to 

20% for energy consumption [3-4]. The global energy approximate is nearly equal to 170000 TWh in 

the year of 2019 and its more than 50% is contrasted to last 20 years. But in the blending of energy of 

non renewable sources are extracted from fossil fuels. While increasing the resources of energy is 

essential to promote alongside rapid increasing requirement and it is attained by substantial task in 

environmental which also required to be revised. These comprise the loss of biodiversity, degradation 

of environmental, global warming incident, lessening of natural sources and environmental 

deprivation. It is not adequate to diminish consumption of energy and the concentration required to be 

transforming to construction blocks to compose food fabrication with sufficient energy effectiveness 

and supply method [5-6]. 

Due to increasing the world population, our planet also modified by environmental pollution and the 

increasing of food demand and agricultural production which is reported by the food and agricultural 

organization (FAO). This organization alerts that a increasing of food production will be necessity 

to envelop the needs and it is anticipated to achieve the growth in food production in 2050 by 70%. 

This projected increase in food supply as expected towards to respected growth in energy need in the 

supply chain of food industries [7-8]. The other significant future warning to the food sector is 

climate modification, which is predictably affecting the world’s fabrication of agriculture and it is a 

severe impacts for food sector, containing quality, insecurity for food capacity, safety and protection. 

To ensure the sufficient delivery of food supply needs additional energy and similarly the climatic 

changes need to be addressed [9-10]. 

There are three key role is utilized to follow the dairy sectors will be significantly recognized. The 

first way is analyzing the global warming effects that will not be undesirable in all places, a respected 

increment of deficiency incidents is projected across the global impacting the crop growth and as an 

outcome diminishing accessibility of animal feed. The increasing temperature from global warming 

region that will affect the growth of crop and resulting in reducing milk fabrication and developed 

humanity risk [11-12]. Lastly, the food protection relates a significance of food borne pathogens 

acclimatizing to global warming issues and the reproduction rates will be reduced or modified as per 

the heat resistance. In some cases, the present pasteurization system might no lengthy and the 

accomplishment of food safety procedures could be unavoidable. The steps may be like lesser 

refrigeration temperatures and maximum heat treatment. These tasks to the dairy sectors are already 

in live and required to be resolved via the supply chain of dairy prior their outcomes turn into unruly 

and effect of safety and surplus supply. Even though the dairy industry endures the causes of global 

warming and it is concomitantly responsible for considerable discharge of emission of green house 

gas, which influence to the global warming incident [13-14]. 

As expected in the year of 2007, food product fabrication, supply chain of dairy sector and farm 

based activities are subjected to green house gas emission at 2.7% by the report of FAO in the year of 

2010. These are extracted from broad fossil fuel and fermentation of bovine enteric procedures 

beside with supply chain. Undesirably, between the year of 2005 and 2015 green house emission 

are rapidly raised by 18% as per the report of GDP in 2018. The dairy products make the significant 

aspects in the human diets which are major sources of minerals, proteins and vitamins. The 

secondary products of diary like butter, cheese and milk are another intake of energy and it is 

accounted for developed countries from the total consumption at 14% and developing countries at 

5%, respectively [15-17]. 

The rapid developing world population from the different organization views, the maximum capita 

income develops the diet tendency in eastern countries. Similarly, the major development in needs of 
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dairy based products locates the long term maintainability of dairy sectors. In the decades like 2020 to 

2030, anticipated increment of 1.0% is predicted for new dairy products. Even though the dairy based 

products are crucial in human diets, utilization of energy, green house gas emission is related to meat 

and fabrication of dairy are much maximum than the plant related food products [18-20]. Figure 1 

shows the food processing methods with renewable techniques. 

 
Figure 1 Food processing chain with solar and other renewable energy 

Some researchers analyzed in the western regions, the populations are improving rapidly which is 

feared about animal welfare, environmental impact, vegetarian diets and low meat trending. 

Consequently, that green house gas emission of vegetarian based diets about semi that of meat- 

eaters’ diet. Transforming habits of eating of plant diets considerably adds to environment 

maintainability. The zero gas emission targets are required to face in meet year of 2050 due to rise in 

global temperature and climatic modification, it exhibits that the government has set the target. From 

the outcomes, the more number of concurrence and its instructions for the utilization of renewable 

sources of energy has been achieved on the nontraditional energy resources of energy and unprotect 

emission. Among the various resources appropriated renewable techniques that have been 

extensively utilized for creating warm water and normal heating by the sources of solar energy. It is 

the beneficial potential to be applied to the food based sectors and it is one of top most energy 

demanding in the renewable industrial sectors. The dairy based units, in especially necessitate 

important thermal energy for cooling, heating, fermentation, cleaning, evaporation, washing, drying 

and pasteurization [21]. The application of heat pump assisted water heater also useful for dairy 

process [35]. The cooling cycles and effective refrigerants are studied and applied in various 

applications [36]. 

The combination of thermal with solar energy is mainly utilized for dairy process that employ only on 

solar thermal. During this investigate, this research approach of both thermal with solar based cooling 

and heating process for the fabrication of cheese, yoghurt, milky drinks, milk, milk powder and cream. 

Therefore, the main aim of this research is to evaluate the present requirement of thermal of the dairy 

routes, analyze the prospective of utilizing solar thermal methods, proposed an interpretation 

approach for solar thermal application to the dairy routes and estimate the respective cost of heat and 

various techniques in solar related methodologies. 

 

2. Necessity of solar techniques in dairy process 

This section reviews the solar related components like electrical and thermal energy necessity of the 

dairy for the fabrication with different dairy manufactured goods. The important attributes of solar 

energy applications is solar classification and quantities of mass flow streams. There are different 

main steps like fabrication of milk, steam to process of cooling and heating and coolant to cooling 

process. The pasteurization and pre treatment of raw milk is the main process for maintain the 

temperatures. This raw milk is maintained about the temperatures 4 to 90 degree Celsius. In some 
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region of raw milk is utilized for milk powder fabrication is maintained about the temperature is 

about 200 degrees Celsius which is completed next to pasteurization [22]. 

The following fluid elements like ammonia, brine, water and mixture of glycol for cooling stream is 

utilizes through the piping system which is comes from the buffer tank and its circulated through this 

pipe line. Owing to food safety apprehension, the stream of heating posse’s water which is 

transformed interested in steam to the boilers and it driven to process. Nevertheless, the considerable 

quantity of water cannot be reused in the cycle. The additional heat losses also extracted from the hot 

water which is discharged from heating processes. 

The electrical energy is majorly utilized for powering purpose that the components like lighting, 

pumps, refrigerators, control units and compressor. The processes like homogenization, separation 

with centrifugal and sterilization are the electrical energy purposes. Especially, the specific energy 

consumption which based on thermal and electrical researches was analyzed by different researchers 

[23]. During the production of cheese, maximum specific energy consumption thermal at 7.66 MJ/kg 

is measured for milk proportion. The significant factors influences the specific energy consumption 

milk products are energy effectiveness. Similarly, specific energy consumption electrical at 2.95 

MJ/kg is estimated in favor of milk fabrication with whey powder. The necessity of temperature at 

200 
0
C is the maximum for solar collector selection. Figure 2 exhibits the thermal processing methods 

in dairy units. 

 
Figure 2 Thermal processing systems in dairy process plant 

The cooling is essential for keep in store and storing of the dairy goods while the high temperature is 

essential for fermentation, clean-up, drying and pasteurization. In the spraying process, the lesser and 

maximum temperature in refrigeration was measured at 4 and 200 degree Celsius. This is the normal 

method in food industries to compose the steam at maximum temperature then diminish to target 

ranges to face the necessities. The temperatures between 80 to 150 
0
C are maintained for yoghurt 

fabrication because the steam might be approached to the process of fermentation, sterilization, 

cleaning and pasteurization. The production capacity of dairy plants for power necessities is differed 

from 76 to 6200 kW and based on the process; the power may be slightly changed [24-25]. 

 

3. Dairy process with integration of solar energy 

Solar thermal cooling and heating are categorized by the four steps like indirect and direct steam 

fabrication, milk by direct heating and cooling through solar method. From the detail analyzed 

literatures, there is no common methods were not attained for solar thermal energy into the dairy 

processes. Normally, the application of heat exchanger toward shifts heat into the diary routes 

through maximum necessities of temperatures could not practicable for cooling processes. Due to 

low temperature application was utilized in that process. On the next side, the incorporation of supply 

level focused to shift energy to the offered cooling and heating supply lines to creates the utilize of 

solar based mechanical driven chiller box for supplying the breezing essential routes. The major 

significant usage of the contribute level contains, evading of component alteration like boiler, 
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pasteurizer. Due to alteration on the pressurized devices like boiler might need regulated certification 

of the modified component. Next, while in installation time, interruption might be sorted during the 

production time. Finally, the control system must be recognized [26]. 

The solar energy option is the key role to produce the diary based products with effect of quantity 

flow with magnitudes of various streams. The small scale industries produce the initial products like 

cream and milk. But in the integration of supply range could be the suitable option of more quantity 

flow sections on the production line. The evading methods like evaporation, spray drying and 

fermentation. Besides, much dairy plants the pasteurization process temperatures about 85 degrees 

Celsius is maintained in some dairy [27]. 

The moderate and huge dairy units composes the broad assortment of dairy goods like cheese, special 

powders and yoghurt has various branches or categorizes in their fabrication sections for different 

process. The maximum quantity flows with maximum temperature need could construct the level of 

supply which is more in flexible. In the view of industrial processes in European based sectors, the 

dairy demands cannot be meet to required solar thermal methods includes spraying and maximum 

temperature needs for evaporation. Figure 3 shows the outline of solar energy integration with dairy 

process. 

 
Figure 3 Solar energy integration in dairy process 

 

4. Steam production by indirect method 

This method utilizes the heat excluding the water for shifting the fluid in the thermal based solar 

collectors and it has mechanized component to produces the steam. Below the figure showed that the 

steam production method with supports of closed tank, kettle boiler, heat exchanger, steam could 

mechanized by the solar to fabricate the steam. Some researchers investigated the indirect steam 

production through parabolic tough collectors having the 10 Sq. Meters with solar concentrator 

region and utilized thermal oil. Another researcher investigated with flat plat collectors to compose 

the solar heat for the production of dairy in 2000 Sq. meter area. The PV based solar system to exploit 

thermal potency for pasteurization systems. These procedures were only attained in the medium scale 

industries and its production rate of milk is about 4000 liters per day [28]. The kettle boilers and 

steam drum is the common component which is integration for the indirect steam fabrication in 

thermal based solar applications. Figure 4 displays the indirect technology for steam fabrication. 

 
Figure 4 Steam fabrications by indirect method 

The combination of steam and water blender was utilized to pass the water through route of external 

exchanger of heat having the traditional convection system to transform water into steam 
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production. The kettle boilers approached with tube having the shell type has been utilized to pass the 

heat transfer fluid to alter to steam from water [29]. The fabrication of indirect steam utilized broadly 

for heating method which especially in dairy industries. The advancement of present study is utilized 

of thermal based oil for heat transfer fluid owing to enhancements of thermal efficiency. 

 

5. Steam production by direct method 

The below figure showed the fabrication of steam which utilize as the water in heat transfer fluid in 

the solar collectors to compose the steam for the direct process. The direct steam fabrication might be 

approached to enhance the cost efficient methods. Especially, the U type heating pipe line was 

utilized for the direct method to produce the steam fabrication that was passed via the parabolic 

trough collector [30]. The usual boiler is altered in the proper way that parabolic trough method 

collects the water from the drum which is transformed into steam and drive back into the boiler 

having maintaining at pressure of 0.75 MPa with greater thermal efficiency at 40%. The major 

drawbacks were occurred in tracking system which is related to cost in the certain location and 

recognized certification of the altered boilers. Some studies were attained in the glass type tube 

collectors to compose about 2 kg/Sq. meter at 130 degree Celsius having the effectiveness which is 

greater than 40 percentages for heating process. Figure 5 shows the steam fabrications through direct 

system. 

 
Figure 5 Steam fabrications by direct method 

Even this system can be approached as common route to direct steam method for the steam 

fabrication exclude any requirement of tracking system and boiler alteration, the modified boilers. 

The moderate temperatures levels are improbable to be appropriated on the big industries of diary 

units owing to needs of maximum temperatures for the processes of spray drying and evaporation in 

their dairy process. In the pasteurization process, PV system with incorporation of parabolic 

concentrator having the partial covering was utilized. The PV panels are implanted at the mid portion 

of the parabolic collectors to compose the electrical energy which is intended for pumps beside with 

thermal energy [31]. 

It is concluded that the experimented methods was proficient to pasteurize with milk of 216 kg which 

contains 5 kWh of electrical energy composed with three elements having the area at 4.2 Sq. meter 

with polycrystalline PV panels utilized for pumps. There are three various methods are initiated with 

solar integration of direct method for dairy sectors. The steps are connecting the conventional heater 

with collectors in the arrangements of parallel, prior to hot tank solar collector is fitted and after the 

heat tank solar collectors is combined in series arrangements [32]. 

The significant competent decision is verified to the next one with solar heating average at 2.3 MW 

which is contrasted to decision 1 at 1 MW. It can be stated that the fabrication of steam is extensively 

utilized in application of solar thermal for the different diary process. The drawbacks of this system 

for heat transfer fluid for the water usages vaporizes about 100 degree Celsius and this phase were 

converted from liquid to steam stages. The enhanced heat transfer fluid like thermal oil which posse’s 

maximum boiling temperatures and it kept as a fluid with maximum temperature necessity. 
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6. Solar cooling system 

The majority of normal solar mechanized cooling methods are utilized on the real time market. From 

the literature, the chillers having the absorption are the appropriated and extensively utilized methods 

for the solar based thermal utilization for cooling. It is consists of generator, condenser, evaporator, 

pump, absorber and expansion valves having the potency to be utilized for storage the milk and 

cooling. Instead of electrical energy, thermal energy with solar technique was suited for this process 

and the absorbent and refrigerant as fluids which are utilized in this dairy process [33]. 

The absorbent fluid suck up the vapors with refrigerant towards intake to pump so as to working at 

the phase of liquid and it turns to minimize the input of work. The single and double chillers on 

coolant of bromine and lithium combination is attain that the mixing techniques are appropriated for 

dairy process in cooling. The lithium bromide absorption chillers are mechanized by altered flat plate 

collectors having the 500 Sq. meter area with supporting of 100 kW. The outlet temperature about 75 

degree Celsius is utilized to intake the chiller absorption that cooling the water at 9 degree Celsius. 

Similarly, various capacities like 100 to 350 kW of absorption chiller were mechanized by 

relinquished tube collectors of solar having the mentioned areas of 500 to 650 Sq. meter range. These 

approaches gives the collectors which having the outlet temperatures at 80 to 90 degree Celsius. It is 

utilized to feed chillers in absorption to give cold water at various temperatures from 8 to 15 degree 

Celsius. Even though this methods has been utilized for space cooling purposes with lesser 

temperatures. It is not suited for dairy processes when using the minimum temperature and the fluid 

as the mixing of ammonia and water through the parabolic trough collector. Figure 6 shows the solar 

mechanized cooling system. 

 
Figure 6 Solar cooling system 

The extra benefits has utilized to reducing the maintenance for eradicating the defects of legionella 

and excluding the additional water spending. In the dairy industries, absorption chillers are used for 

feeding the mixture of ammonia and water fluid which is appropriated for dairy processes. But there 

are restricted data in the application of cooling process through the solar based thermal applications. 

In some literatures, one exceptional investigation was analyzed by the pinch analysis method in the 

dairy industries which is attained in the Austria. The studied related about the heating methods in the 

dairy methods to need cooling and heating at lesser capacities of 95 and 624 kW. 

 

7. Utilization of solar collector to heat the milk by direct method 

There is restricted data is accessible about utilizing the solar collectors for warming the milk for dairy 

process. During the process of heating milk through this solar collector for pasteurize at 72 degree 

Celsius with 50 liters per day. While in process, the milk was passed through this collector with 

horizontal tubes which is having black colored painted matt and it is located in this horizontal tubes 

maintain the distance 10 cm from each [34]. This method looks practical by technically, it could be 

approached to the pasteurization process having the steps like mixing, separation and cooling needs 

the lesser temperature at 5
0
C which is impossible to attain. Figure 7 shows the direct concept method 

for solar collectors to heat the fresh milk. 
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Figure 7 Heating milk through direct method 

 

8. Conclusion 

In this research, more number of literatures were utilized and reviewed seriously and concluded 

overall processes with different procedures were analyzed. In this study, overall demanding of 

renewable energy is more needed in this recent world demands for dairy process. The solar thermal 

energy incorporation also analyzed through the heating and cooling processes with solar based 

applications. The food processing chains with different methodologies were analyzed significantly. 

The composing the dairy products through the pasteurization process with heating and it is the major 

noteworthy methods to maintain the temperatures at 150 
0
C. The fermentation and cooling process 

need the lesser temperatures at 40
0
C. During the drying with support of spraying processes is 

maintained about the temperatures is 180 
0
C. Finally, this research concluded with some important 

points like complex to attain maintained collectors owing to maximum temperature modifications, 

thermal loss in solar receivers was attained with various lengths of pipe; loop flow rate of solar is 

restricted to manipulated and deficient in solar thermal energy storage. This paper much reviewed 

significantly and it is very much utilize for future researchers. 
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Abstract: Synthetic fiber reinforced polymer composite products have very large decomposition 

periods and the gases released by them are very harmful to the environment and human beings due to 

their low biodegradable nature. Now a day, the use of agro and natural fiber reinforced polymer 

composites which are more commercialized owing to a lot of advantages like natural resource 

availability, low cost of processing, less weight, and acceptance range value in stiffness to weight 

ratio. Recently manufacturing industries shows huge interest in the areas of natural fiber (jute, sisal, 

hemp, bamboo fiber, etc.) reinforced polymer composites.  In the present work, Areca Fiber 

Reinforced Polymer Composites (AFRPC) was manufactured by using hand Lay-up process, and 

their mechanical properties like tensile, flexural, impact and wear properties were evaluated 

experimentally. The composite specimens were fabricated at various levels of fiber volume fraction 

loading of 0%, 5%, 15%, and 30%. The results showed that the mechanical properties are gradually 

improved with the increase of fiber volume fraction in the composites. Also, the thermal 

conductivity of AFRPC were studied by using thermal conductivity meter. The results shows that the 

areca fiber-reinforced composites made up of hand lay-up process can also be used as one of 

the alternative materials in the field of mechanical and thermal insulation applications. 

Keywords: Areca Fiber, Hand Lay-up Method, Mechanical Properties, Thermal Conductivity, Wear 

Characteristics. 

 

I. INTRODUCTION 

Increasing concern towards environmental problems influenced by polymers, reinforcement of 

natural fibers in the polymers has shown curiosity to most of the materials researchers. The important 

benefits of the natural fibers are low weight to strength ration, biodegradable, less cost and effective 

properties [1-3]. 

In recent years, many authors were showing lot of interest in developing of new type polymer 

composite materials by reinforcing various natural fibers to identify with their effects in properties 

likely in mechanical, thermal, wear, water absorption, machining characteristics and also nature of 

fracture failure [4-11]. 

Srinivasa C. V et al. evaluated the impact strength of areca fiber composites for raw and alkali 

treated with KOH (potassium hydroxide) in three different types of matrix materials (melamine 

urea formaldehyde, epoxy resin and urea formaldehyde) by 50% and 60% fiber weight percentages 

loading. Found better impact properties with treated fibers as compare with untreated fibers. 

Noticed the 60% fiber volume fraction epoxy composites shows better performance as compared 
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with other matrix-based composites in Chapry and Izord tests [4]. Chama Ajay et al. fabricated new 

thermos set plastic composites by reinforcing the calotropisgigentia fruit fibers in a polyester 

matrix by hand lay-up method. It was reported that the machining and mechanical properties for 

various fiber loadings of calotropisgigentia fruit fibers respectively. It was observed that the better 

mechanical properties at 30% of fiber loading compared to pure polyester matrix [5]. 

Chethan et al. developed the untreated areca sheath fiber reinforced polymer composites. They 

studied the tensile strength and tensile modulus properties. Test specimens are fabricated using Hand 

lay-up method and properties were studied at various volume fraction of the composites. Results were 

validated by using finite element analysis (FEA) made through ANSYS [6]. 

C.V. Srinivasa et al. used 10% KOH (Potassium Hydroxide) for treating of areca fibers for 36 hours, 

these treated fibers again neutralized using acetic acid with 2% weight to maintain fibers pH value 

approximately at 7 as neutral, then after that fibers dried 48 hours at room temperature. The authors 

developed treated area fiber reinforced epoxy polymer composites for two weight proportion levels at 

50 and 60% with random orientation. The results showed that clear identification of increment values 

in impact strength and hardness for treated fiber at 60% volume fraction [7]. 

Dhanalakshmi et al. used compression molding technique for preparation of composites for untreated 

and treated(potassium permanganate, benzoyl chloride, Sodium hydroxide and acrylic acid)areca 

fiber reinforced polymer composites to identify the flexural and impact strengths at different fiber 

volume fractions. Observed that treated fibers significantly influenced on flexural properties compare 

to untreated fibers [8]. 

K Ramanaiah et al. reported the extraction of Typhaangustifolia fibers and their reinforcement in 

varied volume fraction in a polyester resin matrix to fabricate the composites. They studied the 

mechanical and thermal conductivity properties of Typhaangustifolia fiber reinforced polymer 

composites. They concluded that the mechanical properties are increasing with respect to the increase 

of volume fraction of fiber content. Found decrease of thermal conductivity with increase of fiber 

volume fraction. They showed that the thermal conductivity values are more similar in both 

empirical models and experimental values [9]. 

Mansour Rokbi et al. investigated the mechanical properties of treated and untreated Alfa natural 

fibers reinforced polyester matrix composites. Alkali treatment (NaoH) was applied at various levels 

(1, 5, and 10%) over a period of 24 and 48 hours at room temperature. The composite specimens were 

made with 40 wt% fiber loadings by hand lay-up method. Found better flexural strength and modulus 

values at 10% treated fiber composites, but decreased in both flexural strength and modulus for 5% 

NaoH treated fibers [10]. 

Sunil Kumar M et al. studied the mechanical and physical properties of areca fiber reinforced 

composites. The areca fiber shows predominant properties in terms of compressive and lower density 

in merge of Vinyl ester as compare with epoxy composites for the same areca fiber reinforcement. 

The areca fiber reinforced epoxy composites shows less water absorption for all fiber fraction 

loadings compare to Vinyl ester composites [11]. 

N. Vijaya Kumar et.al investigated the wear characteristics of jute fiber reinforced polymer 

composites varying the loads and sliding velocities. He observed that, the values of coefficient of 

friction drops with increasing of load. He also identified that the increase of fiber percentage in the 

composites increases the coefficient of friction [12]. 

Dipa Ray et.al studied the Wear characteristics of vinylester matrix composites filled with fly ash. He 

observed that, the fly ash filled composites are exhibiting good wear resistant than for pure resin [13]. 

Kim et al. studied the thermal conductivity of various fiber (hemp, flex, sisal, kenaf, etc.,) reinforced 

with polypropylene matrix. The results shows that natural fiber reinforced composites are having 

good insulation properties and these composites can be used a insulating material for thermal 

applications [14]. In the literature, thermal conductivity of synthetic fiber reinforced composites are 

widely available [15-17] but the thermal conductivity of natural fibers are available with less 

quantity. 
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Chandrika et al. [18] studied the mechanical characterization of kenaf and waste saw dust reinforced 

composites for automobile applications. Based on the results the kenaf and saw dust reinforced hybrid 

composites are having good mechanical properties (tensile and flexural strength) than the other 

natural fiber reinforced composites. 

Montalvo et al. [19] studied the mechanical and thermal characteristics of wood flour reinforced 

composites using additive manufacturing technique. The specimens were fabricated using screw 

extrusion method. Obtained results are compared with injection molding process. Optimum 

temperature for additive manufacturing processing of composite specimen fabrications was studied. 

They concluded that wood flour composites may be used for automobile exterior body part 

fabrication. 

From the literature, there are some studies on mechanical characterization of areca fiber reinforced 

composite materials and these  materials are used in some structural applications like automobile 

interior and exterior body building,  partition walls, furniture body [20-23]. But in-depth experimental 

study on mechanical, thermal and wear characterizations is very limited. 

The present paper describes the preparation of raw areca fiber reinforced polyester composites 

through conventional Hand lay-up method. The various fiber percentage volume of Areca fiber (10%, 

15%, 20%, 25% and 30%) have been added to polyester matrix to fabricate the composites. The fiber 

loading effect on some of the mechanical properties like Tensile, Impact, flexural and wear properties 

were reported and compared with Peepal Fiber Reinforced Polyester Composites (PFRPC) and 

Esculentus Cyperus fiber Reinforced Polypropylene Composites (ECFRPC) available in the literature 

[24-25]. Wear and thermal conductivity of Areca fiber reinforced polyester in matrix composites was 

not reported in the literature. Hence, the wear and thermal conductivity of AFRPC was also studied 

and reported in this paper. 

 

2. EXPERIMENTAL METHODOLOGY 

2.1 Fabrication of Composites Specimens 

Figure 1shows the preparation of mould for the test specimens. ASTM D 638 M standard was 

followed for the tensile test and ASTM D790M-86 standard is followed for the flexural test [24]. 

Impact test specimens are prepared as per the ASTM D 638 M standard [24]. 

 
Figure 1: Test Specimen Mould preparation 

The present work was focused on the preparation of natural fiber reinforced polymer composites. 

Areca fibers were used as reinforcing material and polyester resin was used as matrix material to 

prepare composite specimens. The triggering elements like catalyst and accelerator are mixed to the 

polyester matrix at atmosphere temperature with quantity of 1ml per 100 ml of polyester matrix. The 

composite specimens were prepared by using wet lay-up processes as shown in figure 2. With the use 

of a hand roller member polyester matrix was uniformly distributed over the fiber surface for good 

adhesion bonding interaction among fiber and matrix. Getting a good quality, good surface finish and 

minimal fiber deformation of unidirectional fiber polymer composites, it was needed to apply external 

compressive load of approximately 441.29 N was applied on the top surface of the mold over a period 

24 hours. In the present work five levels of Areca fiber volume fraction (10%, 15%, 20%, 25% and 

30%) composite specimens were prepared. 
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Figure 2: Preparation of composite specimens 

2.2 Testing of Composite Specimens 

2.2.1 Tensile Testing 

The tensile specimens were tested on Tensometer, M/s Microtech, and Pune, India. Experiments were 

conducted as per ASTM D 638 M standard. Recorded the ultimate tensile load and specimen 

elongated length where the composite samples are fractured. The experimental set up and fractured 

tensile specimens were shown in figure 3. 

 
Figure 3: Tensile test and fractured specimens 

2.2.2 Flexural Testing 

The flexural specimens were tested on Tensometer, M/s Microtech, Pune, India. Experiments were 

conducted as per ASTM D790M-86 standard. Recorded the ultimate flexural load and specimen 

bending elongated length where the composite samples are fractured. The experimental set up and 

fractured flexural specimens were shown in figure 4. 

 
Figure 4: Flexural test and fractured specimens 

2.2.3 Impact Testing 

The Impact specimens were tested on Izod impact tester, M/s International Equipments, Mumbai, 

India. Experiments were conducted as per ASTM D256-97standard. Recorded the energy observed by 

the specimen on impact load. The experimental set up and fractured flexural specimens were shown 

in figure 5. 
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Figure 5: Impact test and fractured specimens 

2.2.4 Wear Testing 

The wear characterization of areca fiber reinforced polyester composites was studied using pin on 

disc DUCOM Tribometer. Wear is calculated by finding the wear groove with a profile meter. Wear 

test equipment and specimens are shown in figure 6. 

 
Figure 6: Pin on disc Tribo meter and specimens 

2.2.5 Thermal Conductivity 

Thermal conductivity of the areca fiber reinforced polyester composites was studied by using Unit 

herm Model 2022 thermal conductivity meter. Experiments are conducted as per ASTM E 1530 

Standard guidelines. For ASTME1530–99, the experimental specimen of diameter 50 mm and 

thickness of 10 mm were fabricated by using hand lay-up method. Below mathematical relations 

shows the evaluation of thermal conductivity in the composites materials. Thermal conductivity meter 

equipment and specimen are shown in the figure 7. 

 
Where k = thermal conductivity in W/mK, q = Heat flux Wm

2
, T1-T2 =temperature difference in K, 

L = sample thickness in metre, R = sample thermal resistance inm
2
K/W 

 
Figure 7: Thermal conductivity meter equipment and specimen 

 

3. RESULTS AND DISCUSSION 

3.1 Tensile Properties 

The tensile strength and tensile modulus results for the unidirectional areca fiber reinforced polyester 

composites with different fiber volume fractions are shown in figure 8 with the data available in the 
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literature [24-25]. From figure 8, it is very clear that the tensile characteristics are gradually increasing 

with an increase in fiber volume fraction. Maximum tensile strength was observed at a 30% volume 

fraction of the fiber. The Tensile strength value for the 30% fiber volume fraction is 66.86 MPa 

which is 57.57% more compared with the 0% volume fraction of fiber. Maximum tensile modules 

were also observed at a 30% volume fraction of the fiber. The Tensile modules for the 30% fiber 

volume fraction are 2.53GPa which is 80.45% more compared with the 0% volume fraction of 

fiber. From the results, it is clear that the areca fiber reinforced polyester composites can be used in 

the area of mechanical and constructional applications. 

 
Figure 8: Variation of tensile strength and tensile modulus with fiber volume fraction 

3.2 Flexural Properties 

The flexural strength and flexural modulus results for the areca fiber reinforced polyester composites 

with different fiber volume fractions are shown in figure 9. From figure 9, it is very clear that the 

flexural characteristics are increasing with an increase in fiber volume fraction. Maximum flexural 

strength was observed at a 30% volume fraction of the fiber. The flexural strength value for the 30% 

fiber volume fraction is 260.66 MPa which is 67.30% more compared with the 0% volume fraction 

of fiber. Maximum flexural modules was observed at a 30% volume fraction of the fiber. The flexural 

modules for the 30% fiber volume fractionwas12.1GPa which is 80.83% more compared with the 

0% volume fraction of fiber. From the results, it is clear that the areca fiber reinforced polyester 

composites are possessing good flexural properties when compared with pure polyester. 

 
Figure 9: Variation of Flexural strength and flexural modulus with fiber volume fraction 

3.3 Impact Properties 

The impact strength results for the areca fiber reinforced polyester composites with different fiber 

volume fractions are shown in figure 10. From figure 10, it is clear that the impact strength was 

increasing with an increase in fiber volume fraction. Maximum impact strength was observed at a 

30% volume fraction of the fiber. The impact strength for the 30% fiber volume fraction was 39.04 

KJ/m
2
which is 87.18% more compared with the 0% volume fraction of fiber. From the results, it is 

clear that most natural fibers have better load bearing capacity. 
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Figure 10: Variation of Impact strength with fiber volume fraction 

3.4 Wear Characteristic 

Wear is studied by adopting a pin-on-disk or stick-on-plate sort contact and information acquisition 

framework on the wear screen. The circular material is hardened ground steel with a hardness of 65 

HRC and a surface roughness of 0.5μm. The machine is allowed to run for 10 minutes to maintain a 

constant sliding speed of 60 cm/sec. The procedure was rehashed for alternative examples with a 

circle sliding speed of 120 cm/s. Characteristics of wear rate and coefficient of friction were 

represented with different weight percentage fibers (figure 11). 

 
Figure 11: wear rate and coefficient of friction with fiber volume fraction at different cycle times 

3.5 Thermal conductivity 

Thermal conductivity of areca fiber reinforced polyester composites is tested and the results are 

shown in figure 12. The thermal conductivity of the composites decreases with increase of the fiber 

volume fraction in the composites. From the results it is observed that the AFRP composites are 

having good thermal insulating property. So, these composites may be used as insulating material for 

air-conditioning rooms to decrease the energy consumption. 

 
Fig.12. Thermal conductivity w.r.t. fiber volume fraction of fibers in the composites. 
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4. CONCLUSION 

 In this work, areca fiber reinforced polyester composites were fabricated and the 

mechanical characteristics were experimentally studied. 

 The behavior of the areca fiber reinforced polyester composites with different fiber 

volume fractions for tensile, flexural and impact strength characteristics were studied. 

 Areca fiber reinforced polyester composites possess 57.57% more tensile strength and 

80.45% more tensile modulus when compared with pure polyester resin. 

 Areca fiber reinforced polyester composites posses67.30% more flexural strength and 

80.83% more flexural modulus when compared with pure polyester resin. 

 Areca fiber reinforced polyester composites posses87.18% more impact strength when 

compared with pure polyester resin. 

 The AFRPC are shows similar trend in the mechanical properties of the other composites 

studied in the paper namely PFRPC and ECFRPC. 

 Subjecting to the wear test the areca fiber reinforced polyester composites are having the 

better wear characteristics. 

 The thermal conductivity of the composites has decreased with increase in volume 

fraction of fibers. Based on the results, the AFRPC can be used as good insulators. 

 This improvement was observed because the polyester matrix distributed with better 

external loads and stress transfer to the reinforcing fibers. Hence, areca fiber reinforced 

polyester composites can also be used as one of the alternative material for the 

lightweight application like automobile interior parts, electronics cabinets, and general 

purpose domestic furniture. 
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Abstract: The energy harnessed from the power and heat of the sun’s rays is named as solar 

energy which is renewable, eco-friendly having an easily convertible nature and hence called 

as green source of energy. The solar energy into heat energy transformation will be used to 

generate electricity where it can be utilized for wide range of applications like water heating, 

preheating of water in boiler systems, power generation etc. In the present investigation, 

fabrication of solar water heating system has been developed. Tests are made, by heating of 

water for 1 hour i.e., 12pm-1pm(noon), performed in 2 days. First day, the experimentation 

done by using 4 glow plugs in heating of water and in second day 2 glow plugs are used for 

heating. At the end of both experimentations, we came to know the rate of change in 

temperature with respect to time and also the maximum temperatures obtained at the end of 

experimentation time i.e., the maximum temperature at the end of 1 hour. 

Key words: Solar Energy, Glow Plugs, Solar Panels, Heating System 

 

INTRODUCTION 

Solar water heating systems are used to collect solar energy or radiation through solar collectors and 

utilizes this energy for water heating ranges from 60 – 80 degree centigrade. The resulted hot water from solar 

water heating system is utilized for wide range of applications like water preheaters in economizers, boiler 

systems, power generation and also in various chemical industries.In our Solar water heating system, we 

are used to replace the solar collectors by solar panels, and addition of energy bypass and storage system by 

battery and charge regulators which makes the solar heating system to give effective output and heating 

system works even in night time or in no solar radiation in particular intervals of times. Reza Alayi [1] 

concludes the amount of atmospheric CO2 set of possible measures and the economic and technical 

prioritization. And the result PS TRNSYS software used in technical analyze the solar water heater 

system. And also, the reduction of renewable energy sources.Different design modifications of solar 

air collector have been discussed. Modifications include increase in number of fluid passes, 

corrugating and roughening the absorber plate, adaption in top cover plate, employing photo-

voltaic/thermal (PV/T) panels and use of phase change materials. Roughness and corrugation on the 

absorber plate improved the thermal performance of the conventional solar collector. The top cover of 

the solar collector is generally glazed which helps in trapping the reflected solar radiations from the 

absorber plate. Solar air collectors having PCM provided increased working time during the off-

sunshine hours. 

Through Ajay Prakash [2] research, we understand the basic modifications that can be applied on the 

absorber plate of the solar collector to improve its thermal performance in a simple manner.To produce 

the consumable hot water, solar water is used. Based on the Mohammad Hossein Ahamdi [3] analysis 

it is observed that the Solar water heaters are one of the most effective and easy to use solar energy. 

And the result of the thermal energy required to supply the consumable hot water is supplied by solar 

energy through a gas- fired boiler.Study of solar water heating system to produce the importance the 

energy of solar water heating systems, various resources are used for heating water and steam 

manufacturing. Energy sources are usually categorized energy sources, sunlight, wind, water. A solar 
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water heating scheme (SWHS) consists of several significant. More solar collectors, a pump, a heat 

exchanger. And by the result of Manish Jouhri [4] the right solar water heating system for a facility of 

climate, water and budget. And to produce the solar water heating system. Aidah M J Mahdi [5] 

fabricated and give the experimentation results on half circular trough solar water heater system using 

forced circulation system is proposed. Integration the solar absorber with the easily fabricated half 

circular trough reflector can improve the performance of a solar water heater system. The practical results 

have shown that very promising measures in thermal efficiency. The maximum water temperature 

achieved in April-2018 was 54°C while the incoming water was 21°. These encouraging results Calls 

for rethinking the use of solar water heaters to reduce waste of electricity.Investigation of solar water 

by using flat plate collector and evacuated tubes” proposed by J.J. Jayakanth [6] suggested the usage of 

flat plate collector and evacuated tube to provide a solar water heating system. The designed system is 

capable of collecting, storing, and utilization of produced nonconventional energy source for household 

purposes. This system uses copper tubes alternative for G.I. sheets resulting in low cost of production 

and high capacity. 

This system also includes a stainless-steel tank, dense PUF insulation, toughened glass, etc.The 

capacity of this system is increased by using pebbles as the medium of heat. Thus, the system is helpful 

to replace an electric-depend water heater with eco-friendly water.Vishal G. Shelke[7] provides a 

review of existing solar water heaters. The work also specifies the hindrance that occurred to the 

limited availability of solar power. The author also mentions the usage of solar energy for different 

purposes in households and industries. The paper shows a great evaluation of innumerable mechanisms 

used to develop a solar water heater. 

The present investigation was to evaluate the thermal and environmental analysis of solar water 

heating system to obtain maximum temperature’s at different time intervals. 

 

DESIGN AND FABRICATION 

In this solar water heating system, a solar panel [40 watt & 18v] is connected to a battery [32 amp & 12v], the 

energy produced by solar panel is stored in battery this acts as a power source, a set of glow plugs[12v] are 

connected to battery which generates heat by utilizing power from solar panel & battery. This set of glow plugs 

are placed in an insulation tank, this insulation tank acts as a storage tank where the water or fluid gets heated in 

this tank. For experimentation purpose a digital thermal sensor, timer and an input measuring tank with 

water pump is placed beside the insulation tank. The insulation tank, input measuring tank are placed on a 

supporting stand. 

 
Fig 1: Fabrication of solar water heating system using solar panels and glow plugs 

 

EXPERIMENTATION PROCEDURE 

1. Connect all the connections between solar panels, battery and glow plugs. 

2. Then fill 2 liters of water in the input measuring tank and then turn on the pump to circulate water 

from measuring tank to insulated tank. 
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3. Note down the initial temperature of water in insulation tank. 

4. And then switch on the 4 glow plugs and also start the timer at a time. 

5. Observe the increasing water temperature for every 5 minutes at insulation tank thermos sensor. 

6. Stop the timer when the time reaches 1 hour i.e., 60 minutes and note down the maximum 

temperature obtained. 

7. Repeat this step for testing of heater by using 2 glow plugs and note down the temperature with 

respect to time and also note the maximum temperature obtained. 

 

RESULTS 

Experimentation results by using 4 glow plugs: 

SL.NO TIME IN MINUTES TEMPERATURE IN DEGREE 

CENTIGRADE 

1 0 31 

2 5 38.5 

3 10 43.6 

4 15 47.7 

5 20 50.6 

6 25 53.9 

7 30 56.5 

8 35 57.6 

9 40 59.9 

10 45 60.3 

11 50 61.2 

12 55 61.9 

13 60 62.6 

 

 
Graph 1: 4- Glow Plugs Time Vs Temperature 

 

Experimentation results by using 2 glow plugs: 

SL.NO TIME IN 

MINUTES 

TEMPERATURE IN DEGREE 

CENTIGRADE 

1 0 31.5 

2 5 34.1 

3 10 37.2 

4 15 39.6 

5 20 42.2 

6 25 43.8 

7 30 45.3 

8 35 46.8 
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9 40 45.3 

10 45 48.4 

11 50 49.5 

12 55 50.5 

13 60 51.4 

 

 
Graph 2: 2- Glow Plugs Time Vs Temperature 

 

CONCLUSION 

This experimental investigation presents the results of solar water heating system using solar panels 

and glow plugs, the experiments were carried out in two days in noon time from 1pm-2pm by taking 2 

liter of water on fabricated solar water heater and tested by using 4 glow plugs and 2 glow plugs. It was 

found that the maximum temperature obtained is 62.6 
0
C when 4 glow plugs are used for heating and 

the maximum temperature of 51.4 
0
C is obtained when 2 glow plugs are used for heating. Concerning 

the results, the solar water heater works effectively when the number of glow plugs are increased. 
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Abstract: Electric vehicles are a promising technology for attaining a sustainable mobility 

sector in the future due to their zero carbon emissions characteristics, simplicity, low noise, 

high efficiency, reliability, cost, comfort. Battery is the primary energy storage device used 

for driving an electric motor. The performance and the life of the battery are directly 

influenced by the temperature developed in the battery during the charging and discharging 

conditions. The Li-ion battery pack was designed to deliver the power output of 0.374 kW 

with 24Volts and 36 Nickel Manganese cobalt (NMC) cells are used in the battery pack. A 

48Volts, 20Amps motor is used as load to discharge the battery. Experiments are carried out 

on battery and the results reveal that the temperature developed on battery at low voltage is 

high and the maximum temperature developed on the external surface of the battery pack is 

50
0
C. The study is useful to select suitable battery thermal management system. The 

automatic active forced air cooling system will be activated by the developed control system. 

The temperature developed is inversely proportional to the voltage. 

Keywords: Battery thermal management, Li-ion Battery, Electric Vehicle 

 

1. Introduction 

Battery is the main source of the energy for electric vehicles. Few batteries are subjected to 

fire hazards due to overheating caused by electron’s movements during chemical reactions 

during the charging process in elevated temperatures and can lead to fatal destruction of the 

batteries. But the safety of battery during charging is the most important. Lead-acid and 

Nickel-cadmium, Lithium ion (LIBs) batteries have outstanding properties like high energy 

density, power density and high operating voltage [1]. But, the main factor that governs the 

performance of LIBs batteries is temperature. The adequate temperature range for LIBs is 

−20 °C to 40 °C [2]. Once this temperature range is exceeded, LIBs will degrade fast with 

increases danger of facing the problems temperature can be categorized into low temperature 

effects and high temperature effects. Low temperature effects are caused in high-altitude 

countries like Russia, Canada and higher temperature effects are caused in low-altitude 

countries like India, China [4]. Thermal runaway occurs in the battery due to the high 

temperature effects [5]. Battery aging is mostly triggered by the establishment of solid 

electrolyte interphase film at the electrolyte/electrode surface, lithium deposition, electrode 

assembly destruction, a phase transformation of electrode material, termination of active 

material and electrolyte disintegration [6]. A good battery thermal management is essential to 

overcome the higher temperature effects. The most vital purpose of the BTMS is to maintain 

an optimal operating temperature range and a uniform temperature distribution within the 

battery cell, module and pack at high discharge/ charge/ rates [7]. Air cooling is employed to 

carry away the heat that is generated in the battery [8]. A battery works on the oxidation and 
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reduction reaction of an electrolyte with metals. During charging the reduction reaction takes 

place at cathode and electrons are released and are moved towards the anode through the 

external circuit [9] and the positive ions formed are moved in the direction of anode through 

electrolyte. The electrons gained at anode through oxidation are stored in the anode collector. 

Similarly during discharging the reduction reaction takes place at anode and electrons are 

released towards cathode, here in cathode oxidation reaction occurs and electrons are gained. 

Bandhauer et al. [10] have published the capacity and power fade of various positive 

electrode materials under high temperature cycling and storage, it showed the capacity 

appeared to degrade when the temperature increased greater than 50°C. A large amount of 

heat generated within the battery during operation will lead to a drastic rise in the battery 

temperature, which contribute to low life expectancy of battery and even explosion [11]. 

Battery thermal management system (BTMS) was proposed to maintain the temperature of 

battery within the optimum range during operation. Smart et al. [12] published that it was 

very hard to charge the cell once the temperature fell down to −10 °C this also causes the 

energy and power degradation of the cell. The temperature distribution on battery is 

important. Christophe Forgez [13] studied and acknowledged that a difference of 10°C was 

observed between the core of the battery and the surface with the help of embedded 

thermocouple. The battery thermal management system is required to control the battery 

temperature. [14] Documented that the battery pack with Natural air convection is not 

sufficient for the larger capacity batteries and leads to develop unacceptable high 

temperature. Zhang [15] suggested various methods to improve the low temperature 

performance of lithium ion batteries.  Fenfang Chen [16] studied the forced air and phase 

change material cooling for the battery pack.  Jiateng Zhao [17] had proposed a mini channel 

cooling system for the cylindrical batteries observed that the temperature can be maintained 

constant by increasing the flow rate of fluid through the pipes. 

 

2. Description of battery pack used for the experiment 

The battery pack is designed by connecting the cells in series and parallel to obtain the 

required voltage and current. In this study the Li-ion battery pack was designed to deliver the 

power output of 0.374 kW with 24 Volts.The total number of cells used for the battery pack 

are 36. One individual battery cell is shown in in figure1. Each row of battery pack has 6 

cells and the six rows of battery are connected in parallel. All batteries are connected by 

Nickel and are spot welded and the battery pack designed is shown in Figure 2. 

   
Figure1: Battery cell   Figure2: Battery pack 
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3. Experimental Description 

The battery pack is tested during the discharge of battery by applying the load using D.C 

motor with 48 Volts and 20 amps. The voltage supplied by the battery is increased due to 

increase of load. 

 
Fig 3: Circuit diagram for battery discharging 

During this discharge process the maximum temperature obtained on the surface of the 

battery is at 10.7Volts. This temperature is controlled by installing the forced automatic air 

cooling with the help of Arduino UNO. The input power supply to the Arduino UNO is 5V. 

The temperature input to the Arduino UNO is provided by the LM35 sensor. The Arduino 

UNO checks the input temperature is whether within the temperature range set. If the 

temperature exceeds the set temperature it triggers the forced air cooling battery thermal 

management system till the temperature is equal to the set value. Finally, the temperature of 

the battery surface is noted at different voltage values. 

 

4. Results and Discussion 

 
Fig 4: Voltage Vs Temperature of the battery pack 

Figure 4 show the characteristic curve between the temperature and the voltage of the battery 

pack during the discharge. Obviously it can be seen that, the temperature increases with 

decrease in the voltage. So the curve can be treated as non-linear, slope of the curve is 

negative. It is perceived that the temperature increased by 13.6
o
C with the decrease of battery 

voltage from 23.7 V – 10.7 V. This means that there is 54.6% of voltage is reduced to 

produce a temperature change of around 29.82%. The maximum temperature is obtained at 

10.7 Volts. The voltage-temperature curve of a lithium-ion battery can also be used to design 

the charging and discharging circuits for the battery, in order to ensure that the battery is 

charged and discharged safely and efficiently within its temperature limits. Therefore, the 
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voltage-temperature curve is an important characteristic of a lithium-ion battery and is used 

extensively in the   testing, and operation of these batteries. The curve can be used to monitor 

the battery's temperature during operation, which is important for ensuring safe and efficient 

operation, as well as detecting potential problems such as overcharging or overheating. 

 

Conclusions 

o For the safety performance of the battery pack, BTMS is required to ensure the power 

source operating within the optimum temperature range. The BTMS based on forced-air 

convection is popular with its low maintenance, ease of use, and simple integration. 

o The battery pack has been designed to deliver the power with 24Volts  the battery pack 

contains 36 battery cells (NMC) these are designed to deliver a power of 0.384 Kw 

o The preliminary experimental analysis is carried out to understand the cause and effect 

of battery thermal management. 

o Thermal analysis is done successfully on battery surface temperature the temperature of 

the specified points has been measured. 

o The discharging characteristics of the battery are plotted and the result reveals the output 

characteristics are similar and the temperature developed on the surface result reveals 

that at low voltage the temperature develops are high. 

o The magnitude of maximum temperature develop on the external surface of the battery 

pack is nearly 50°C in the range of voltage. 

o For the proposed system the air cooling can control the temperature of the battery 

depending upon the battery power requirements based on the temperatures developed 

PCM cooling systems can be employed on batteries which further helps in better battery 

thermal management of the battery pack. 
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Abstract: The present paper is a comparison of heat transfer analysis with a cylindrical 

horizontal  jet which impinges on flat plate. Experimental investigation and CFD simulation 

is analyzed the heat transfer for hot fluid in a cylindrical horizontal jet on a flat vertical 

surface. The tests were conducted by taking the jet diameter of 12mm and the distance of 

horizontal jet to vertical plate surface were 6, 12, 18 and 24mm. H/D ratios ranging from 0.5 

to 2 and Reynolds numbers ranging from 3.07 x 10
5
 to 13.03 x 10

5 
are considered in this 

analysis. Air is compared with CO2 gas. Experimental investigations are compared with CFD 

simulation. It is found that CFD simulation gives better results than experimental results. 

Results shows that heat flux at H/D=0.5 for both air and CO2 gives better value than H/D=1, 

1.5 and 2. 

Keywords: CFD, H/D ratio, Flat plate, Heat flux, Jet Impingement 

 

Nomenclature 

ρ Density, kg/m
3
 

K Thermal conductivity, W/mK 

Pr Prandtl number 

Re Reynolds number 

Nu Nusselt number  

h Convective heat transfer coefficient (W/m2K) 

V Velocity of the fluid, m/s 

Cp Specific heat, J/kg K 

µ Dynamic viscosity, Ns/m2 

D1 Diameter of cylinder, mm 

L1 Length of the cylinder, mm 

D Diameter of the jet (mm) 
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L2 Length of the plate, mm 

H Distance from nozzle exit to stagnation point 

CFD Computational fluid dynamics 

∆T Change in temperature (K) 

T∞ Ambient temperature (K) 

Ts Temperature of the surface (K) 

 

1. Introduction 

Jet impingement heat transfer is a well established technique for heating, cooling or drying a 

surface. Impinging jets provide an effective and flexible way to transfer heat in industrial 

applications. Keyon et al. [1] explained the factors on the fluid flow and heat transfer both 

experimentally and numerically. From the results it shows that greater the blowing ratio 

higher the cooling effectiveness. The results also shows that the staggered-holes arrangement 

has a lower temperature on the outer surface of the leading edge and has improved the 

cooling effectiveness. Gokulnath. [2] explained about Jet impingement cooling mechanism 

with pulsating impinging jet array has proved to be one of the most efficient heat transfer 

mechanism for cooling applications. Results shows that impingement heat transfer is to 

obtain the higher heat transfer coefficients from a given surface with limited area by means 

of the high velocity of the jets.  Khudheyer. [3] explained computational study for thermal 

and hydrodynamic analysis of the impingement cooling inside a channel backward facing 

step flow performed numerically. Results shows that the rate of the heat transfer is 

significantly enhanced due to the presence of impinging slot jets compared with conventional 

backward-facing step problem. Also it is found that the heat transfer rate increases as the jet 

size increases. 

Akshay. [4] explained about theoretical and experimental developments in heat transfer by 

jet impingement method and the parameters which affects heat transfer. The results shows 

that large amount of removal of heat for better performance and jet impingement method 

provides better way of extracting large heat fluxes from high temperature 

components. Muhsincan. [5] explained about the effects of a vertical nano structured plate on 

single and two phase heat transfer enhancement via jet impingement cooling device. The 

results also shows that vertical nano rods integrated to the copper thin film layer on silicon 

wafer act as nano scale pin fins and introduce enhanced surface area. Pallavi and Ashish. [6] 

experimented and simulated to achieve an elementary perceptive. The heat transfer 

characteristics for copper square plate with nozzle diameter are 6 and 8 mm, when a jet of 

water is impinged on it for varying mass flow rate. Results also shows that  heat transfer 

improvement is achieved by varying the parameters like nozzle diameters, h/d ratio and flow 

rate of water. Vipin et al. [7] studied enhancement of heat transfer in pulsed jet impingement 

cooling at different frequencies. From results it is observed that there is a considerable 

increase in average Nusselt number. Mahesh. [8] studied standard k-ɛ turbulent model which 

give most accurate result with minimum complexity in calculations. The results are, rib with 

highest number of perforation has higher Nusslet number than the other cases. Chaina. [9] 

numerically studied the single impinging jet through cylindrical and converging conical hole 

on concave surface. The results also shows that increase in Reynolds number increases the 

Nusselt number at jet impinging point as well as along the curvature. Reji Kumar. [10] 

investigated the jet impingement cooling to improve the heat transfer coefficient, interface 

temperature, pressure drop characteristics in a rectangular plate heat sink with inline array 
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jets. It can be concluded that jet impingement cooling scheme is compact in nature and hence 

used for high power density applications. The main objective of the work is to compare the 

heat flux of air and CO2 for different H/D ratios and mass flow rates. This experimental study 

is compared with CFD simulation. 

 

2.  Materials and Methodology 

The components used, their materials and working fluids used for the present analysis were 

as shown in Table 2.1. Three different jets were fabricated with different diameters. 

Parameters considered and their ranges are pivoted in Table.2. 

Specifications of the jet and plate used for the analysis were pivoted in Table 2.2. Thermal 

properties of fluids at 30
0
C temperature are shown in the Table 2.3. It shows that thermal 

conductivity of air is more than that of CO2. 

Table 1 Materials and working substance 

Component Material Working substance 

Cylinder and jet Steel Air 

Plate Copper CO2 

Table 2.1 Parameters and their ranges 

Parameter Value 

Surface temperature range, Ts, ∞ 
o
C 30- 80

0
C 

Diameter of nozzle, mm            10, 12, and 14 

Nozzle to plate distance to jet diameter (H/D)   0.5 – 2 

Table 2.2 Specifications of jet and plate 

D1(mm) L1(mm) D(mm) H( mm) H/D L2(mm) 

76 140 10, 12 and 14 5, 6 and 7 0.5 180 

76 140 10, 12 and 14 10, 12 and 14 1 180 

76 140 10, 12 and 14 15, 18 and 21 1.5 180 

76 140 10, 12 and 14 20, 24 and 28 2 180 

Table. 2.3 Thermal properties of fluids 

Property 
Density 

(kg/m
3
) 

Specific 

heat 

(J/kgK) 

Thermal 

Conductivity 

(W/mK) 

Coefficient 

of viscosity 

µ (Ns/m
2
) 

Prandtl 

number 

(Pr) 

Air 1.0445 1006.43 0.02931 20.345 x 10
-6

 0.695 

CO2 1.773 851 0.01655 149 x 10
-7

 0.766 

2.1 Experimental Set up and Procedure 

Fig.1 shows the proposed experimental set up for Horizontal jet impingement on vertical flat 

plate 

 
Fig 1 Pictorial view of horizontal jet on flat plate 
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2.2 Data Reduction 

Heat flux is calculated by the following equation 

Heat flux (q) = h x (∆T) = h (T∞-Ts), W/m
2
                                       (3.1) 

Heat transfer coefficient (h) is calculated by using Nusselt number 

Heat transfer coefficient (h) = (Nu x K)/D, W/m
2
k                             (3.2) 

Nusselt number (Nu) = 0.023(Re
0.8

) (Pr
n
)        (3.3) 

Where n = 0.4 for hot fluids 

Reynolds number (Re) = (ρVD)/µ               (3.4) 

 

Table 4 Reynolds number of air and CO2 for ө =90
0
, α =0

0
and ө =0

0
, α =90

0
at D=10mm 

  Re  h, W/m
2
K 

 Fluid Air CO2 Air CO2 

H/D 

0.5 6.25 x 10
5
 8.54 x 10

5
 2527 1903 

1 9.38 x 10
5
 12.81 x 10

5
 3497 2633 

1.5 12.51 x 10
5
 17.08 x 10

5
 4399 3313 

2 15.64 x 10
5
 21.35 x 10

5
 5261 3962 

Table 5 Reynolds number of air and CO2 for ө =90
0
, α =0

0
and ө =0

0
, α =90

0
at D=12mm 

  
Re  h, W/m

2
K 

 
Fluid Air CO2 Air CO2 

H/D 

0.5 5.21 x 10
5
 3.07 x 10

5
 1820 1370 

1 7.82 x 10
5
 4.60 x 10

5
 2517 1896 

1.5 10.42 x 10
5
 6.14 x 10

5
 3168 2386 

2 13.03 x 10
5
 7.68 x 10

5
 3788 2853 

Table 6 Reynolds number of air and CO2 for ө =90
0
, α =0

0
and ө =0

0
, α =90

0
at D=14mm 

  Re  h, W/m
2
K 

 Fluid Air CO2 Air CO2 

H/D 

0.5 4.47 x 10
5
 6.10 x 10

5
 1380 1039 

1 6.70 x 10
5
 9.16 x 10

5
 1907 1437 

1.5 8.94 x 10
5
 12.21 x 10

5
 2401 1809 

2 11.17 x 10
5
 15.25 x 10

5
 2870 2162 

2.3 Flow diagram of horizontal jet to vertical plate in CFD 

Figure 3 and 4 shows model and meshing of horizontal jet impinging on vertical plate. 

  
Figure 2 Horizontal jet & plate   Figure 3 Meshing 

 

2.4 Boundary conditions in CFD 

Boundary conditions are the inlet and outlet conditions for which analysis is to be done. 

Table 3 shows boundary conditions of the jet 

Table 7 Boundary conditions 

Inlet Velocity inlet 

Outlet Pressure outlet 
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3. Results and Discussion 

3.1 Experimental Results and Discussion 

3.1.1 Experimental results and discussion for air at D=10mm 

Fig. 4 shows the heat flux variation at various H/D ratios and at various Reynolds numbers. 

Heat flux decreases as H/D ratio increases and mass flow rate increases. Heat flux is more at 

H/D=0.5 and Reynolds number of 13.03 x 10
5
. 

 
Fig. 4 Heat flux vs H/D at different Reynolds numbers at D=10mm 

3.1.2 Experimental results and discussion for CO2 at D=10mm 

Fig.5 shows the heat flux variation at various H/D ratios and at various Reynolds numbers. 

Heat flux decreases as H/D ratio increases and mass flow rate increases. heat flux is more at 

H/D=0.5 and Re=17.79 x 10
5
 

 
Fig. 5 Heat flux vs H/D at different Reynolds numbers at D=10mm 

3.1.3 Experimental results and discussion for air at D=12mm 

Fig.6 shows the heat flux variation at various H/D ratios and at various Reynolds numbers. 

Heat flux decreases as H/D ratio increases and mass flow rate increases. Heat flux is more at 

H/D=0.5 and Reynolds number of 13.03 x 10
5
. 

 
Fig. 6 Heat flux vs H/D at different Reynolds numbers at D=12mm 

3.1.4 Experimental results and discussion for CO2 at D=12mm 

Fig. 7 shows the heat flux variation at various H/D ratios and at various Reynolds numbers. 

Heat flux decreases as H/D ratio increases and mass flow rate increases. Heat flux is more at 

H/D=0.5 and Re=17.79 x 10
5
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Fig. 7 Heat flux vs H/D at different Reynolds numbers at D=12mm 

3.1.5 Experimental results and discussion for air at D=14mm 

Fig. 8 shows the heat flux variation at various H/D ratios and at various Reynolds numbers. 

Heat flux decreases as H/D ratio increases and mass flow rate increases. Heat flux is more at 

H/D=0.5 and Reynolds number of 11.17 x 10
5
. 

 
Fig. 8 Heat flux vs H/D at different Reynolds numbers at D=14mm 

3.1.6 Experimental results and discussion for CO2 at D=14mm 

Fig. 9 below shows the heat flux variation at various H/D ratios and at various Reynolds 

numbers. Heat flux decreases as H/D ratio increases and mass flow rate increases. Heat flux 

is more at H/D=0.5 and Re=15.25 x 10
5
 

 
Fig. 9 Heat flux vs H/D at different Reynolds numbers for CO2 at D=14mm 

 

3.2 CFD Results and Discussion 

3.2.1 CFD Results and discussion for air at D=10mm 

Heat flux values are generated in CFD software for different H/D ratios with different 

Reynolds numbers for air is shown. Fig.10 shows the heat flux variation at various H/D ratios 

and at various Reynolds numbers. Heat flux decreases as H/D ratio increases and mass flow 

rate increases. Heat flux increases at H/D=0.5 and Re=15.64 x 10
5 
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Fig. 10 Heat flux vs H/D at different Re 

By comparing the CFD results with experimental results it shows that CFD results gave 

higher values of heat flux and were also maximum at H/D=0.5 and Re=13.03 x 10
5
 . Fig.11 

shows the outlet temperature distribution of the cylinder jet. In fig.12 shows the heat flux of 

the flat plate for different values of H/D and Reynolds number is given 

   
Figure 11 Outlet temperature of Jet  Figure 12 Total heat flux of flat plate 

3.2.2 CFD Results and discussion for CO2at D=10mm 

Heat flux values are found in CFD software for different H/D ratios with different Reynolds 

numbers for CO2 is shown. Fig 13 shows the heat flux variation at various H/D ratios and at 

various Reynolds numbers. Heat flux decreases as H/D ratio increases and mass flow rate 

increases. Heat flux is more at H/D=0.5 and Re=21.35 x 10
5
 

 
Fig. 13 Heat flux vs H/D at different Re 

From the analysis, CFD results gives more value of heat flux than experiemntal results and 

are maximum at H/D=0.5 and Re=21.35 x 10
5
. Fig.14 and 15 are the outlet conditions of the 

jet and plate at H/D=0.5 and Re=21.35x 10
5
 

   
Fig. 14 Outlet temperature of jet   Fig.15 Total heat flux of flat plate 
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3.2.3 CFD results and discussion for air at D=12mm 

Heat flux values are generated in CFD software for different H/D ratios with different 

Reynolds numbers for air is shown. Fig.16 shows the heat flux variation at various H/D ratios 

and at various Reynolds numbers. Heat flux decreases as H/D ratio increases and mass flow 

rate increases. Heat flux increases at H/D=0.5 and Re=13.03 x 10
5
 

 
Fig. 16 Heat flux vs H/D at different Re 

By comparing the CFD results with experimental results it shows that CFD results gave 

higher values of heat flux and were also maximum at H/D=0.5 and Re=13.03 x 10
5
 . Fig.17 

shows the outlet temperature distribution of the cylinder jet. In Fig.18 the heat flux of the flat 

plate for different values of H/D and Reynolds number is given 

   
Fig. 17 Outlet temperature of Jet   Fig. 18 Total heat flux of flat plate 

3.2.4 CFD Results and discussion for CO2 at D=12mm 

Heat flux values are found in CFD software for different H/D ratios with different Reynolds 

numbers for CO2 is shown below. Fig. 19 shows the variation of heat flux with different H/D 

ratios and Re. Heat flux decreases as H/D ratio increases and mass flow rate increases. Heat 

flux is more at H/D=0.5 and Re=17.79 x 10
5
 

 
Fig. 19 Heat flux vs H/D at different Re 

From the analysis, CFD results gives more value of heat flux than experimental results and 

are maximum at H/D=0.5 and Re=17.79 x 10
5
. Fig. 20 and 21 shows the outlet conditions of 

the jet and plate at H/D=0.5 and Re=17.79 x 10
5
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Figure  20 Outlet temp.of cylindrical jet  Figure  21 Total heat flux of flat plate 

3.2.5 CFD Results and discussion for air at D=14mm 

Heat flux values are generated in CFD software for different H/D ratios with different 

Reynolds numbers for air is shown below. Fig.22 shows the variation of heat flux at different 

H/D ratios and at different mass flow rates. Heat flux decreases as H/D ratio increases and 

mass flow rate increases. Heat flux increases at H/D=0.5 and Re=15.64 x 10
5
 

 
Figure 22 Heat flux vs H/D at different Re 

By comparing the CFD results with experimental results it shows that CFD results gave 

higher values of heat flux and were also maximum at H/D=0.5 and Re=11.17 x 10
5
 . Fig.23 

shows the outlet temperature distribution of the cylinder jet. Fig.24 shows heat flux of the flat 

plate for different values of H/D and Reynolds number is given 

   
Figure 23 Outlet Temp. of cylindrical Jet  Figure 24 Total heat flux of flat plate 

3.2.6 CFD results and discussion for CO2at D=14mm 

Heat flux values are found in CFD software for different H/D ratios with different Reynolds 

numbers for CO2 is shown below. Fig 25 below shows the variation of heat flux at different 

H/D ratios and at different mass flow rates. Heat flux decreases as H/D ratio increases and 

mass flow rate increases. Heat flux is more at H/D=0.5 and Re=21.35 x 10
5
 

 
Fig. 25 Heat flux vs H/D at different Re 
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From the analysis, CFD results gives more value of heat flux than experimental results and 

are maximum at H/D=0.5 and Re=21.35 x 10
5
. Fig.26 and 27 are the outlet conditions of the 

jet and plate at H/D=0.5 and Re=21.35 x 10
5
 

  
Fig. 26 Outlet temperature of cylindrical jet Fig. 27 Total heat flux of flat plate 

3.3 Comparison of results for air and CO2 

 
Fig. 28 Comparison of CFD and Experimental results for air and CO2 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

 From results it is observed that there is a correlation of 31% between experimental and 

CFD values for air. 

 From it is observed that there is a correlation of 13.3% between experimental and CFD 

values for CO2. 

 From results is is shown that H/D=0.5 gives more heat flux than H/D=1,1.5 nd 2. 

 From results it is shown that at massflow rate of 0.25kg/s gives more heat flux than 0.1, 

0.15 and 0.2kg/s. 

 It is concluded that  CFD is  validation is correlated to exerimental value and is more for 

air. Therefore it is recommended that CFD is the better tool used to find Heat flux 

calculations 

 Finally it is recommended that air has more heat transfer rate than CO2 gas 
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Abstract: Colour is the quality of things that are caused by differing behavior of light being 

reflected or emitted by them. We know that Heat can be transferred in three different modes. 

In this, Radiation plays a major role as for the simple reason that it needs no material 

medium to propagate through. The best example is how we feel the heat of the sun though it 

is in a vacuum from our perception. For a desirable rate of Heat Transfer, literature talks 

about Insulation and the factors affecting it, such as thickness and type of material; but there 

are no traces of importance of colours. Present work deals with the effect of colours on 

Thermal Radiation, by conducting a simple experiment. By using experimental results the 

maximum wavelength, Monochromatic Emissive power, and Emissive power of different 

coloured objects were calculated. We observe that the colour of the body is also influencing 

the heat absorption capacity of the fluid inside the coloured body. 

 

1. Introduction 

Heat transfer in radiation takes place mainly in the form of electromagnetic waves in infrared 

region. The radiation emitted by an object is the result of the thermal motion of the molecules 

that make up the object. Radiation heat transfer can be explained by a reference term 

called 'black body'. A blackbody is defined as an object that absorbs all the radiation that hits 

its surface. A true blackbody does not exist in nature. A blackbody is a fictitious object that 

completely absorbs the heat radiation of all wavelengths incident on it. Such objects do not 

reflect light and will appear black if the temperature is low enough that they cannot emit 

light. All blackbody heated to a certain temperature emits heat radiation.  

1.1 Effect of Colours on Radiation 

The visible spectrum is a portion of the electromagnetic spectrum that can be detected by the 

human eye. Electromagnetic radiation in this wavelength band is called visible light /Light 

wavelengths from about 390 to 700 nm can be detected by the human eye. 

1.2 The influence of colour on Radiation 

The energy carried by the light doesn’t just disappear, when light is absorbed by an object, but rather 

increases the energy of the object by absorption. The object now releases this absorbed energy by 

emitting long wavelengths and minimum energy infrared heat. This transformation of light into heat 

is based on the law of conservation of energy. The material that absorbs the most light is the one that 

gains the most energy and heats up more. If a material absorbs the majority of the light it receives, it 

seems dark. Conversely, the material looks brighter if it reflects most of the light that hits it. Different 

wavelengths (colours) of light have different amounts of energy. Hence, Radiation is dependent on 

the colour of the object. Good absorbers and emitters for items around room temperature that emit 

far-infrared radiation. Human skin is a good example; regardless of colour, human skin is an excellent 
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absorber and emitter of far infrared. As a result, no matter what colour your skin is, infrared sees you 

as BLACK. But, silvery metals don't behave in this way. They reflect visible as well as infrared 

radiation. [1]The literature says that the colour which has fewer wavelengths absorbs more heat 

energy and vice-versa. Hence, violet absorbs more energy in the spectrum. And red has opposite 

properties. Black is not exactly a particular colour. Rather, it is the absence of light. Hence, Black has 

no definitive wavelength. White, on the other hand, is a mixture of all the colours of the visible 

spectrum. Hence, BLACK and WHITE does not have a definitive set of wavelengths. 

 

2. Experimental Setup and Process 

Different colours were applied to the cylinder that was filled with water in this experiment 

setup. A digital thermometer was used to record the temperature data as shown in fig1. This 

is how the experiment was carried out. 

1. Coated the water filled cylinder with black colour paint and placed it under sunlight as shown 

in fig1. 

2. Readings were noted at regular intervals until the water heats up with the help of digital 

thermometer. 

3. Above two steps will be repeated for different colours as shown in fig 1 to observe the heat 

absorbing capacity. 

4. Now take the cylinders away from the heat source. 

5. Repeat the same experiment but now while cooling.  

6. Record the temperatures and the time at which the temperatures were observed in a tabular 

form as shown in Table1. 

7. To compare the results, graph the temperature versus time with the dependent variable 

TEMPERATURE on the y-axis and the independent variable TIME on the x-axis. 

 
Fig1 various colours were coated to a water-filled cylinder 
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These graphs illustrate temperature vs. time for various colours coated on the water filled 

cylinder, with TEMPERATURE on the y-axis and TIME on the x-axis. 

 

Experimental Values 

Table 1 the table illustrate the temperatures with respect of time at different colours 

S.NO TIME 

IN 

(min) 

BLACK WHITE VIOLET BLUE GREEN YELLOW ORANGE RED SILVER BARE 

1 0 32.1 32.1 32.6 32.6 32.2 32.2 32.7 32.2 32.2 32.1 

2 5 33.8 32.6 32.9 33.8 33.5 33.2 32.9 33.1 33.1 33.2 

3 10 34.8 33 34.3 34.9 34.3 33.8 33.2 33.8 33.7 34.1 

4 15 35.9 33.5 35.1 36.1 35 34.3 33.9 34.6 34.3 34.8 

5 20 36.7 33.5 35.5 37.2 35.6 34.9 34.4 35.2 34.6 35.4 

6 25 37.6 34.1 36.3 38.1 36.3 35.4 35.2 35.9 35.9 35.9 

7 30 38 34.5 36.3 38.5 37.1 35.5 34.9 36.3 35.9 36.3 

8 35 38.5 34.5 37.2 39 37.7 35.8 36.1 36.8 36.9 36.8 

9 40 39.1 34.5 37.4 39.5 38.1 36.3 35.9 37.1 37.3 37.2 

10 45 39.5 35.5 37.8 40.1 38.7 36.5 36.9 37.3 37.8 37.5 

11 50 39.8 35.5 38 40.5 39.2 36.8 37.1 37.9 38.1 37.8 

12 55 40.2 35.4 38.2 40.8 39.3 37.1 37.5 38.2 38.3 38.2 

13 60 40.5 35.5 38.5 41.1 39.7 37.2 37.8 38.4 38.8 38.5 

14 65 40.8 35.5 38.5 41.3 40.1 37.3 37.9 38.6 38.9 38.6 

15 70 40.9 35.5 38.8 41.7 40.1 37.5 38.1 38.6 39.1 38.9 

16 75 41.0 35.6 38.7 41.8 40.3 37.6 38.3 38.9 39.4 38.9 

17 80 41.2 35.9 39.1 41.9 40.4 37.7 38.5 39.1 39.4 39.1 

18 85 41.2 35.9 38.9 41.7 40.5 37.7 38.5 39.1 39.2 38.9 

19 90 41.1 35.9 38.9 42 40.2 37.5 38.7 38.9 39.5 39.2 

20 95 41.1 35.8 38.9 42 40.5 37.7 38.6 39.1 39.5 39.2 

21 100 39.9 35.1 37.4 40.5 40.5 38.1 37.3 39.1 38.3 38.3 

22 105 38.9 34.7 36.9 39.5 40.9 38.2 36.9 39.3 37.5 37.8 

23 110 38.2 34.2 36.2 38.5 41.1 38.2 36.2 39.7 36.9 37 

24 115 37.3 33.8 35.5 37.3 41.1 37.1 35.1 39.8 36.1 36.4 

25 120 36.6 33.3 35.1 36.6 39.7 36.5 35.1 40.1 35.5 36.1 

26 125 36.1 33.3 34.7 36.2 38.6 35.9 34.8 40.1 35.3 35.5 

27 130 35.7 33.2 34.3 35.5 37.8 35.5 34.5 40.2 34.9 35.2 

28 135 35.2 33.1 34.1 35.3 37 35.1 33.9 40.2 34.7 35.1 

29 140 34.8 32.9 33.7 34.8 36.3 34.5 33.8 40.1 34.3 34.6 

30 145 34.3 32.5 33.5 34.3 35.5 34.3 33.2 38.8 34.2 34.4 

31 150 34.2 32.5 33.4 34.3 35.3 33.9 33.2 37.9 34.1 34.1 

32 155 34.1  33.2 34.3 34.8 33.9  37.2 34 34 

33 160     34.8   37.1   

34 165     34.8   36.9   
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3. Formulae for Analysis: 

3.1 Wien’s Displacement Law, 

This law establishes a link between a black body's temperature and the wavelength at which 

monochromatic emissive power reaches its highest value. 

                    [1] 

3.2 Max Planck Distribution Law, 

The spectral or monochromatic emissive power for a black surface is highest at every 

wavelength at any given temperature and it is given by Max Planck’s distribution law as, 

        
      

    
  
      

   [2] 

3.3 Emissive Power, 

Total Emissive Power is the total quantity of radiation released by a body per unit area and 

time. 

                  [3] 

 

4. Results and Discussions 

Experimental values are used to calculate the Maximum wavelength, Monochromatic 

Emissive power and Emissive power of different coloured objects and the results were 

tabulated as, 

 
Fig 2. Variation of Maximum Wavelength Values for Different coloured Bodies 

 
Fig 3.Variation of Spectral Emissive Power for Different coloured Bodies 

35 170        36.5    

36 175        36.1   

37 180        35.9   

40 185        35.6   

41 190        35.3   



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 317 

 

 

 
Fig 4. Variation of Emissive Power for Different coloured Bodies 

 
Fig 5. Variation of Temperature Values with Time for Different coloured Bodies 

 

5. Conclusions 

Started this work in search of projects in Radiation and Effect of colours in Radiation heat 

transfer. But hardly founded about the effects of Black, White and Shiny surfaces only. From 

Visible Spectrum, we can find VIBGYOR colours with specific wavelengths. Present work 

deals with the effect of colours on Thermal Radiation in all applications, by conducting a 

simple experiment on different wavelengths of visible spectrum. From the experiment, the 

observations from Fig [5] are, the black coated body achieved the highest temperature whereas 

a white coated body achieved the lowest temperature, which was true according to theory. One 

can coat a body with colour yellow and orange when the cooling has to be fast. Body can be 

coated with violet colour when the cooling has to be slow. The colours Blue, Green and Red 

also competed with a Black coated body, showing properties near to it. These observations 

were clearly understood from the experiment which slightly went off track from the theory. As 

expected from the theory, the bare cylinder attained the maximum temperature fast and cooled 

fast as well. The silver coated object reflected the light falling on it. Heating and cooling curves 

for individual colours are obtained. Planck’s Law curve in the visible has been drawn from the 

observations. Understood that the experimented observations are very precise to the theoretical 

values. We believe that this work will be very useful for future generations who wish to work 

in Radiation Heat Transfer. 

 

Future Scope 

1. Aviation: At high altitudes the radiation effect is very high, hence in aviation if the colour 

importance in radiation is keenly implemented; a lot of variations can be observed. 

2. Food preservation: Food can preserve in packets of colours which do not take in much light, 
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hence food can be saved from contamination noticeably. 

3. Flying Cars: In future we have a scope for flying cars. Hence the colour coating importance 

is remarkable needed in this respect. 

4. Thermal insulation: Where all we prefer thermal insulation, there we can go with colour 

coatings. 

5. Industries: In industries, to the chimneys and cooling towers if this colour theory is applied, 

the variation will be remarkable. 
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Nomenclatures 

T Temperature in K 

A The emitting body's surface area in m
2
 

C1 Value that remains constant =  0.374*10
-15

 

Wm
3 

C2 Value that remains constant =  14.4 *10-
3
 m 

K
 

Greek Symbols 

  Constant Stefan Boltzmann, 5.67*10
-8

 

w/m
2
K

4
 

  Wavelength  
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ABSTRACT: Fuel cells are energy conversion devices that directly convert chemical energy of fuels 

such as hydrogen to useful work with negligible environmental impact and high efficiency. Proton 

Exchange Membrane Fuel Cell (PEMFC) is a promising power generating device to use for 

automobile applications, this is due to their higher efficiency and zero emissions. The performance of 

Proton Exchange Membrane fuel cell (PEMFC) depends on a lot of physical and chemical factors 

including the operation conditions, transport phenomena inside the cell and kinetics of the 

electrochemical reactions, membrane electrode assembly but the design of the flow channels is one of 

the most important factors affecting the performance of fuel cells. The homogeneous distribution of 

the reactive gases over the flow field channels and catalyst surface, it leads to improve the chemical 

reactions and thus to improve the performance of the fuel cell. The flow distributor channels are 

responsible for both supplying fresh reactants to, and removing product water from the reaction zones. 

The objective of the paper to investigate the effect of operating temperature on the performance of 

fuel cell. The simulations are carried out using COMSOL Multiphysics software. The results are 

validated and they are in good agreement with the experimental data. The computations are carried 

out at operating temperatures of 70  , 80  , 90  . 

KEYWORDS: PEMFC, Flow Channels, COMSOL Multiphysics software. 

 

1. INTRODUCTION 

A fuel cell is a device that employs a chemical reaction to generate electricity. Every fuel cell 

has two electrodes, one positive and one negative, which refers to as anode and cathode, 

respectively. The electrodes are where the reactions that generate electricity take place. Every 

fuel cell also consists of an electrolyte, which transports electrically charged ions from one 

electrode to the other. A catalyst layer accelerates the reactions at the electrodes. Although 

hydrogen is the most basic fuel, fuel cells also require oxygen. Proton Exchange Membrane 

Fuel Cells (PEMFC), are energy efficient and environmentally friendly alternative to 

conventional energy conversion for various applications in stationary power plants, portable 

power device and transportation. PEM fuel cells provide low operating temperature and high- 

energy efficiency with near zero emission [1]. Work on the PEMFC was dated back to 1839. 

After more than a century the first PEM fuel cell was developed. In this effort, many critical 

issues of PEMFC technology need to be addressed. One of the key issues is the performance 

enhancement of fuel cell by studying the influence of various operating and design parameters 

[2]. Badreddine Larbi et al studied the effect of porosity and pressure and they concluded that 

higher backing layer porosity is required for better performance. A simple analytical model of 

a high temperature PEM fuel cell was developed, which is a valuable tool for the processing 

of experimental data. Wei-Mon Yan et al studied the effect of flow channel designs on 

mailto:balamanikantachittineni@gmail.com4
mailto:balamanikantachittineni@gmail.com4
mailto:beulahmendem@gmail.com5


Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 320 

 

 

performance of PEMFC and concluded that the interdigitated flow field having 1.4 times better 

power output than the conventional flow field design. Dyi-Huey Chang et al studied the effect 

of flow channel depth and flow rates on performance of miniature PEMFC. They concluded 

that optimum flow rate was essential for shallow channel depth to maintain sufficient pressure 

to force reactant into channel and also to have proper water balance [3-6]. Shimpalee et al 

investigated the effect of number of gas paths on a 200 cm
2
 serpentine flow field design. Also, 

the effect of flow channel dimensions and rib widths for performance studies on PEMFC were 

studied [7]. Atul Kumar et al optimized the flow channel dimensions and shape in the flow 

field of end plates in a single pass flow field design. Also, when humidification temperatures 

are less than cell temperature, the PEMFC performance deteriorates. The liquid water transport 

within the Gas Diffusion Layer (GDL) and liquid water removal from the surface of the GDL 

play a crucial role in determining the performance of cell. P. Karthikeyan et al optimized the 

ten operating and design parameters of PEMFC using L27 orthogonal array with three levels 

by Taguchi method. So proper balancing of the water in the membrane is playing a vital role 

[8-11]. P. Karthikeyan et al. investigated the water impact on performance of PEMFC with 

porous flow channels. They concluded that the porous flow channels had 48% more power 

output than non-porous flow channels due to water accumulation in non-porous flow channels. 

M. Muthu Kumar et al investigated the effect of two, three and four pass serpentine flow field 

design and concluded that the PEMFC with three pass serpentine channel has produced the 

high performance [12-14]. V. Lakshmi Narayanan et al numerically investigated the effect of 

six cross sections of single flow channel of PEMFC. Thus, proper water management is 

essential for enhanced fuel cell performance. Also, water and thermal management issues were 

severely affected by proper selection of design and operating parameters. So, there is an 

exigent need of analysing the simultaneous effect of operating and design parameters. In this 

paper, the PEMFC with four different Landing to Channel width were analysed to study the 

effect of design parameters on the performance of PEM fuel cell[14-15]. Badreddine Larbi et 

al studied the effect of porosity and pressure and they concluded that higher backing layer 

porosity is required for better performance [16]. Wei-Mon Yan et al studied the effect of flow 

channel designs on performance of PEMFC and concluded that the interdigitated flow field 

had 1.4 times better power output than the conventional flow field design. Dyi-Huey Chang 

et al studied the effect of flow channel depth and flow rates on performance of miniature 

PEMFC [17-18]. Ferng et al have studied the effect of the flow channel patterns on PEM fuel 

cell performance in an experiment on a three-dimensional numerical model. The studied fields 

have been parallel and serpentine, respectively. The obtained results show that the serpentine 

channel has higher efficiency over parallel channels Ghanbarian et al has studied the effect of 

block in channel on the performance of fuel cells. They have used various types of blocks such 

as square, semi-circular and trapezoid and reported that in high flow densities, the effect of 

block is so significant. Also, the trapezoid blocks have shown more increase in the net power. 

Perng et al numerically studied the cross rectangular blocks in the PEM fuel cell flow channel 

and found out that the efficiency of the fuel cell has been increased [19-21]. 

 

2. Simulation Model 

A single channel Serpentine flow field in a Proton Exchange Membrane Fuel Cell (PEMFC) 

have been created using COMSOL shown in fig 2.1. The basic assumptions for the 3D model 

were (i) the PEMFC operates under steady state and isothermal conditions, (ii) all reactants 

and products are in gaseous phase and follow ideal gas law, (iii) the flow in gas channel is 
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laminar, (iv) the electrochemical reactions occurs only in the Catalyst Layer (CL), (v) Gas 

Diffusion Membrane (GDM), CL’s, Membrane are isotropic and homogeneous, (vi) no cross 

over of reactant gases and (vii) Water transports through the membrane (Electro-Osmotic 

Drag). 

 
Fig 2.1 Single Channel Serpentine Flow PEMFC 

All the input parameters for creating a 3D model of the single channel Serpentine PEMFC are listed in 

the table 2.1. The corresponding physics parameters such as species transport, moll fractions, 

viscosities, Temperatures, Pressures etc. are listed in table 2.2. 

Table 2.1 Geometry Parameters 

Geometry parameters: 

No. of Channels 1 

No. of passes 14 

Channel Width 0.8[mm] 

Channel Depth 1.016[mm] 

Land Width 0.8[mm] 

Gas Diffusion Layer Thickness 0.2[mm] 

Catalyst Layer Thickness 15[um] 

Membrane Thickness 30[um] 
Table 2.2 Physics Parameters 

Physics Parameters: 

Temperature 353[K] 

Pressure 100 [kPa] 

HOR Exchange Current Density 0.3 [A\cm2] 

ORR Exchange Current Density 2.47e-8 [A\cm2] 

Charge Transfer Coefficient 1.0 

Active Specific area 5e3 [1\m] 

Porosity of GDL 0.4 

Permeability of GDL 6e12 [ 2] 

Porosity of CL 0.397 

Permeability of CL 1.2e-12 

Anode Viscosity 1.09e-5 [Pa S] 

Cathode Viscosity 1.76e-5 [Pa S] 

 
Fig 2.2 Mesh view of Single channel Serpentine PEMFC 
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3. Results and Discussion 

The fuel cell experimental study results were taken from a literature paper [23]. In this study the 

simulation model of Proton Exchange Membrane Fuel Cell with serpentine flow field has been 

created for this experimental setup by using COMSOL Multiphysics software. 

3.1 Polarisation Curves 

 
Fig 3.1 Polarisation Curve 

The V-I characteristics at 80 C and 90 C were studied. Fig 3.1 shows the polarisation curve of the 

simulation data. Polarization curves are obtained with the following simulation results where different 

temperatures are taken i.e., (70  , 80  , 90  ) for the process. The line graph of current density 

against voltage represents the V-I characteristics which determines the voltage generated by the cell. 

The simulation results are compared with the experimental results in which the prediction shows a 

pretty good agreement with the obtained experimental data. 

3.2 Electrolyte Conductivity 

 
Fig 3.2 Electrolyte conductivity 

As the temperature increases, the ion mobility also increases, resulting in an increase in the 

electrolyte conductivity. However, at high temperatures such as 90  , the conductivity decrease due 

to an increase in membrane dehydration, which can reduce the water content and proton conductivity 

of the membrane. The electrolyte conductivity of a PEMFC plays an important role in determining 

its performance, as it affects the ability of protons to move through the membrane and generate 

electricity. At low temperatures such as70  , 80   shows the higher electrolyte conductivity and 

higher electrolyte conductivity leadsto better PEMFC performance, as it allows for faster proton 

transport and more efficient electrochemical reactions. 
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3.3 Mole Fraction of  2 

 
Fig 3.3 Mole Fraction of  2 

Fig 3.3 shows the mole fraction of  2. When the mole fraction of  2 is increased in the anode flow 

field of a PEMFC, it can lead to a higher electrochemical reaction rate and increased fuel cell 

performance. This is because the rate of the electrochemical reaction at the anode is proportional to 

the concentration of  2 molecules in the anode gas stream. At higher temperatures of about 90   , it 

is observed that the mole fraction of  2 increases gradually therefore increasing the rate of 

electrochemical reactions and higher fuel cell power output. If the mole fraction of  2 becomestoo 

high, it can lead to flooding of the anode and subsequent reduction in fuel cell performance. This is 

because the water produced during the electrochemical reaction can accumulate in the anode flow 

field blocking the flow of gas and electrolyte through the fuel cell. In rectification at temperatures of 

70  , 80      exhibits better performance where flooding of the anode is much diminished. 

3.4 Mole Fraction of  2 

 
Fig 3.4 Mole Fraction of  2 

At 80   it is observed that there is an increase in the mole fraction of O2 in the cathode flow field 

which leads to the enhancement of fuel cell performance, as it increases the availability of oxygen for 

the electrochemical reaction at the cathode that further leads to higher current densities and higher 

fuel cell power output. 
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3.5 Relative Humidity 

    
a) Relative Humidity at 70 C   b) Relative Humidity at 80 C    c) Relative Humidity at 90 C 

 

The relative humidity of the reactant gases affects the amount of water produced at the cathode, which 

in turn affects the proton conductivity of the membrane and thus the cell performance. The reactant 

gases flow through the channel, they pick up water from the cathode and carry it to the anode. This 

water is then used to help ionize the hydrogen fuel andgenerate electricity. At 90   the relative 

humidity of the reactant gases is relatively low as the cathode becomes too dry thus decreasing the 

proton conductivity of the membrane which further decreases the cell performance. At 70   the 

relative humidity is too high, the cathode becomes flooded, which decreases the performance. At 

80 C it is observed that there is an adequate amount of relative humidity that allows an efficient 

water management. 

 

4. CONCLUSIONS 

The single channel serpentine flow PEMFC is modelled using COMSOL Multiphysics software. A 

series of performance analysis are performed by changing the operating temperatures at 

    ,     ,     . The Electrolyte conductivity, mole fractions of inlet gases ( 2,  2), 

Relative humidity at these parameters, operating temperatures were studied. The Fuel cell at 

80 C shows the better performance when compared to     ,     . The electrolyte 

conductivity is the most significant parameter identified from the analysis to enhance the 

performance of the fuel cell. 
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Abstract: The researchers have a clear focus on thermal energy storage (TES) employing 

phase change materials (PCMs). The increasing quantity of in-depth articles published in the 

last few years might be used as ornamentation for the significance in this research field. This 

extensive review explores the most recent research on phase change materials investigations 

and their use in thermal energy storage. Important academic articles on the features and uses 

of PCMs are offered. This article might be interesting in directing investigators toward a 

brief analysis of the state of PCM science and technology at the moment. 

 

1. Introduction 

In order to preserve SE (solar energy), which has gained impressive recognition as a natural resource 

and is predicted to become the most significant source of energy, provides a clean environment for 

the next generation. The planet can only contain an little proportion (1.7 X 1014 kilowatts) of the 

sun's entire output of 3.8 X 1020 mega watts, or 63 Mega Watt/m
2
 of its surface. The amount of a 

fragment that the earth can capture is thought to complement the solar radiation that will hit the planet 

in 30 minutes and will supply all the energy needed for a year. All forms and energy sources on 

the planet, such as wood, coal, natural gas, and oil created through the photorespiration process, are 

derived from the sun. SE (Solar energy) has the benefit over other sources of energy in that it is pure, 

safe for the environment, and would not cause poverty. The only drawback of solar energy is that 

large solar energy plants need more space and are only inconvenient around sunrise. 

Solar energy has the benefit over other sources of energy in that it is pure, safe for the environment, 

and would not cause poverty. The only drawback of solar energy is that large solar energy plants need 

more space and are only inconvenient around sunrise. Therefore, utilizing sources of renewable 

energy is essential to ensure economic growth without destroying the environment. Due to their 

comprehensiveness, satisfaction, and effectiveness, more emphasis has been given to the STE 

(Thermal solar energy) applications. The issue of intermittent SE (Solar energy) can be resolved by a 

transferable system based on phase change material that links the total energy demand and supply 

aspects. A solid understanding of SSTE (Storage of Solar Thermal Energy), which generates a big 

amount of energy from a little amount of mass and volume of material is therefore crucial. Compared 

to STSHS (Systems for Traditionally Sensible Heat Storage), TLHS (Thermal Latent Heat Storage) 

systems offer additional benefits. 

 

2. Phase Change Materials 

Heat in the form of latent heat of fusion is both emitted and absorbed by the phase change materials 

during the phase-transition process. The temperatures at which this reversible process occurs are 
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nearly constant. LTS (Latent thermal storage) is an effective choice for energy storing because it can 

offer a storehouse with higher energy densities than sensible storage. Phase change materials come in 

a vast variety, making them suitable for a variety of applications. 

2.1 Characteristics of Phase Change Materials 

PCMs are used for storage of thermal energy operations, mostly for SE (solar energy) storage, and 

they have an amazing record of performance in energy-sustaining industries including the textile, 

culinary, biomedical, agro, and waste heat recovery industries. Through S-G (solid to gas), S-L (solid 

to liquid), L-S (liquid to solid), and L-G (liquid to gas) phase changes, a phase transition material can 

provide latent heat. Despite the fact that it is a powerful and practical system, the S-L (solid to liquid) 

phase transition system. L-G (Liquid to gas) phase transfers are not practical for use in Storage of 

thermal systems, despite the gas phase's large volume and the high intensity of the gases it can 

handle. Phase transitions from S-S (solid to solid) are undesirable because of their low and slow heat 

of conversion. 

The following characteristics are used to identify phase transition materials for applications involving 

latent heat storage. 

1. Thermal properties 

2. Physical properties 

3. Kinetic properties 

4. Chemical Properties 

 

Table 2.1: Phase Change Materials Characteristics 

Thermal Physical Kinetic Chemical 

Optimum temperature for 

phase transformation. 

High energy's latent heat of fusion 

latent. Increased Thermal 

conductivity 

Both phases have a large heat 

capacity. 

Good phase 

equilibrium 

Density high. 

Volume change 

small. 

Vapor pressure 

low. 

Counterpart 

melting. 

Defection of super 

cooling. Excellent 

crystallization and 

nucleation rates 

Consistent with container 

material Intermittent 

chemical cycling solidity 

Very non toxic, non 

explosive , and non 

flammable 

 

2.2 Classifications of PCMs 

There are different types of Phase Transition Materials (PCM/PTM) following chemical 

character as organic, inorganic, or eutectic based on their chemical makeup, or according to 

the phase transitions they go through, such as S-L (solid- to-liquid) PCMs, S-S (solid-to-

solid) PCMs, and L-G (liquid-to-gas) PCMs below (Fig:1). The chemical makeup PCMs can 

be a) O (organic): paraffin-free or paraffin-containing substances such FA (fatty acids), E 

(esters), A (alcohols), EG (glycols), or PM (polymers), such as Poly ethylene glycol, b) IG 

(Inorganic) refers to metals and alloys, salt hydrates, or both. c) Inorganic to inorganic, 

organic to organic, and inorganic to organic mixed PCMs are necessary for eutectics. PCMs 

are used according to their operating temperature selection (- 20
0
C - +200

0
C or above) (Fig: 

1). According to the application, 4 distinct temperature ranges occur: range of low 

temperature (-20
0
C-+5

0
C) to the extent that the PCMs are by and large utilized for business 

and homegrown refrigeration, moderate low-temperature range (5
0
C- 40

0
C) where the PCMs 

generally relate for applications for less warm (cooling) and warming in structures, the 

acceptable range of temperatures for boiling water, sun powered based warming and 
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hardware applications (40
0
C-80

0
C) and range of high-temperature (80

0
C-200

0
C or 

morethan) for squander heat recuperation, assimilation cooling, and power age. 

 
Fig: 1 Classification of Phase Change Materials 

 

2.3 Applications of PCMs 

 Solar cooling. 

 Solar Power facilities. 

 Solar stills. 

 Solar water heaters. 

 Solar dryers in agriculture industry. 

 Solar dryers. 

 Domestic refrigeration. 

 Photovoltaic Power systems. 

 Space industry. 

 Systems for recovering waste heat . 

 Food preservation. 

 Pharmaceutical items. 

 Home heating water. 

 Latent heat thermal energy storage. 

 

3. Thermal energy storage (TES) 

Thermal energy storage systems can hold heat or cold to be used later, under varying 

conditions such as place, power or temperature. TES can also be used to heat and cool 

buildings rather of generating electricity. TES is consists in three types. 

1. Sensible thermal storage 

2. Latent thermal storage 

3. Thermo chemical storage 

1. Sensible thermal storage (STS): It is developed by controlling the temperature of the 

holding medium that could be ceramic, oil, or water. The amount of temperature that can be 

held depends on the material's specific thermal capacity. Here, temperature change & 

temperature have a linear connection. Today, the STS are commercialized in warm water 

retention on district heating networks, industrial water heaters, and residential water heaters. 

Low energy density and heat energy loss at any temperature are problems of STS. 
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2. Latent thermal storage (LTS): A phase change that occurs in a medium that is capable, 

precisely, and ideally, with a tiny temperature aperture, such as water, ice, paraffin or molten 

salt, is what LTS refers to as the response of heat transfer. S-L (Solid to liquid), L-G (liquid 

to gas), such as C (condensation) and E (evaporation), or S-S (solid to solid) modifications in 

CS (crystalline structure) are examples of phase transitions, and the choice of materials can 

influence the heat release or display. As a result, LTS has a high storage of energy 

density and is consequently far more effective than STS. 

3. Thermo chemical storage (TCS): A resolvable chemical process involved in TCS's 

success. Energy stored is required for one type of reaction while being produced for another. 

Although It offers the greatest energy density of any any thermal energy storage technology, 

stability problems do occur. Additionally, the involved reactions do not maintain consistent 

efficiency over time without degrading. TCS is scarcity in-depth comprehension as little 

research effort is still being made. 

 

4. Review of Literature 

Charalambos N et al [1] studied the Phase change materials' properties, categories, and uses. As 

PCMs are make an appearance on several approaches as energy storage materials as well as 

requisition of our dwelling quarters and construction materials, the environment is important for 

maintaining our H (health) and S (safety) and should be strictly adhered to. If PCM TST (thermal 

storage temperatures) span may be applied year round, PCM big complex would be incredibly energy 

efficient. Zahir khan et al [2] examined the paraffins and salt hydrates thermophysical 

characteristics. In comparison to salt hydrates, parafins exhibit better thermal and chemical stability. 

PCM melting in containers of various forms is caused by natural convection and conduction heat 

transmission. Geometric parameters relating to container attitude and PCM behavior, including the 

aspect ratio of rectangular and cylindrical containers, the radius of spherical capsules, and the 

eccentricity of the annular cavity. Vikrant P et al [3] thermodynamic and thermo economics 

analysis solar still with PCM was studied, paraffin wax as PCM used in passive solar still. 

Different types of solar stills are used like triangular pyramid, single slope solar still with 

corrugated absorber, single basin double slope, double basin double slope stepped solar still. The 

below table is Physical Properties of the organic PCM. The Paraffin wax has highest productivity and 

energy, exergy efficiency as 180%, 67.2% and 40% respectively. 

Table 4.1: Physical properties of the organic PCM 

PCM 

(Phase change 

materials) 

MT 

(Melting 

temperature) 

TC 

(Thermal 

conductivity) 

HOF 

(Heat of 

fusion) 

ρ 

(Density) 
SPH 

(Specific 

heat) 

A53 53
0
C 0.22 w/m

0
c 130 kj/kg 910 kg/m

3
 2.22 kj/kgk 

A55 55
0
C 0.22 w/m

0
c 135 kj/kg 905 kg/m

3
 2.22 kj/kgk 

A58 58
0
C 0.22 w/m

0
c 130 kj/kg 910 kg/m

3
 2.22 kj/kgk 

A48 48
0
C 0.18 w/m

0
c 234 kj/kg 810 kg/m

3
 2.85 kj/kgk 

A62 62
0
C 0.22 w/m

0
c 145 kj/kg 910 kg/m

3
 2.22 kj/kgk 

A42 42
0
C 0.21 w/m

0
c 105 kj/kg 905 kg/m

3
 2.22 kj/kgk 

A39 39
0
C 0.22 w/m

0
c 105 kj/kg 900 kg/m

3
 2.22 kj/kgk 

A32 32
0
C 0.21 w/m

0
c 130 kj/kg 900 kg/m

3
 2.22 kj/kgk 

Rishabh Chaturvedi et al [4] Sun-powered warming gadgets for water, box type sun based gatherer 

was utilized to fabricate and assess the result during the south and in the first part of the day to 

persuade the heated water requests and in natural stage, the structure was mathematically examined. 

Karunesh Kant et al [5] encapsulating the PCM for thermal energy storage applications, 
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encapsulated PCM having different sizes like macro (above 1mm), micro (0-1000 mm) and nano (0-

1000nm), different encapsulation PCM geometries (spherical, tubular, cylinder, rectangular) fig (a) 

and attributes of the PCM ( TC (thermal conductivities), SPH (specific heat), LHF (latent heat of 

fusion)) were studied. Zhangyuan Wang et al [6] the solar water heating (SWH) systems apply 

PCM were inspecting two aspects i.e structural delineation and methodological analysis. As to the 

underlying outline, the consolidation of PCM with components of sun-oriented water warming 

(SWH) was inspected. For the particular component of heightened warm capacity, extensive works 

have been tracked down in the idle nuclear power stockpiling, and the joining of PCM with sunlight-

based authority or different components of the sunlight-based water warming (SWH) framework 

barring the capacity can progress as the conceivable of PCM in Sun oriented water warming (SWH). 

Sun-oriented water warming (SWH) is energy saving and fossil fuel byproducts decrease universally. 

Sara. Tahan Latibari et al [7] PCM materials and methods for amplifying them using carbon-based 

materials deserving of the sun-oriented warm methodology have been executed. A wide assessment 

of warm and photograph-warm directing and pertinent expansion materials was addressed and the 

warm and sun-based warm properties were contrasting. A few materials including dull materials like 

carbonaceous substances have been suggested to improve the sun-oriented and warm efficiencies of 

living PCMs. These materials include CNT (carbon nanotube), EC (enacted carbon), CNS (carbon 

nanosphere), CA (carbon aerogels), EGP (extended graphite), G (graphene), GO (graphene oxide), 

GA (graphene aerogel), and FG (graphite froth). Zhaowen Huang et al [8] Studied the T-history 

experiment, in this experiments different materials and T-type thermocouple were used depending 

upon the medium temperature. The materials are sugar alcohols, fatty acids, inorganic, sebacic acid 

and LiNO3-KCl and also Using 2 PCM composites (LiNO3-KCl/EG and SA/expanded graphite 

composite),. Hongzhi Cui et al [9] The accomplishment of a novel SATC(sodium acetate trihydrate 

composite) was due to the interdependent employment of NSD (nano Silicon dioxide )as the 

nucleating agent, SC (silicon carbide) foam as the TC (thermal conductivity) strengthener, and CNT 

(carbon nano tubes) as the photo - thermal reinforcer. Different sodium acetate trihydrate (SAT) 

composite materials (like SAT-1/4NS, SAT-1/2NS, SAT-1NS and SAT-2NS) were used in 

photothermal. Vladimir Pozdin et al [10] Two PCM TTA (Tritriacontane) and ETT (Erythritol) 

with 720°C and 1180°C melting points, respectively, are used with the solar collector's evacuated 

tube. The Table shows different PCM materials with melting temperatures and latent heat. Dual-PCM 

solar water heaters provide an impressive increase in efficiency when compared for both normal and 

stagnation operation. 

Table 4.2: Materials with phase changes and high temperatures 

S 

(Substance) 

LH 

(Latent heat) 

MT 

(Melting 

temperature) 

Urea 170-258 kj/kg 133-135
0
c 

P-toluic acid 167 kj/kg 180
0
c 

Azelaic acid 228 kj/kg 130-134
0
c 

Pentaerythritol 287-298 kj/kg 186-187
0
c 

Erythritol 332-340 kj/kg 119
0
c 

Octadecanamide 211 kj/kg 106
0
c 

Dimethyl terephthalate 170 kj/kg 170
0
c 

Mauricio Carmona et al [11] PCM vessels are fitted in the rear of a typical PV module in the 

researched PVT-PCM (Photovoltaic thermal-Phase change materials) collector, which uses a similar 

design as a base for manufacture. The solar system's electrical conducting variables are all 

continuously monitored by the Maximum power point tracking charge controller. Convenient heat 

from the PVT-PCM module is a technique of thermal energy recuperation that is also included. 
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Niloufar Fadaei et al [12] In a solar chimney power plant (SCPP), the effect of latent heat storage 

on a test sample of a solar chimney was studied. In SCCP, paraffin wax was utilised as a PCM with a 

1.5 m collector radius and a 3 m chimney height. The petroleum wax used in the collector of the 

setup an latent heat storage system raise the thermal efficiency (TE)of the solar collector. When there 

is no sunlight due to phase transition from liquid to solid, the latent heat(LH) is released, and as air 

moves through the setup at a higher velocity, the mass flow rate increases, releasing the latent heat 

and increasing the setup's latent heat. Safi Mohamed et al [13] Slat hydrate PCMs was used in the 

experimental investigation on heat characteristics of a micro SGSP (salinity-gradient solar pond) 

exposure a simulator solar pond. In this paper having two models of experiments were used model 1 

using a rectangular Plexiglas tank and insulated material is Styrofoam or extracted polystyrene foam 

and solar simulator and SGSP prototype fluids were water and NaCl solution, model 2 using two 

plastic cylindrical, insulated material is glass wool and solar simulator and SGSP prototype with 

PCM and without PCM fluids were Glabuers salt (Na2So4, 10H2). It was determined that the 

maximum median temperature in the second model for the solar pond with and without PCM was 

greater. Ning Wang et al [14] the solar photovoltaic system incorporates with phase change material 

(like fatty acids). Temperature contrast comparisons of the photovoltaic panel with respect to time 

between the photovoltaic and T-PCM/PV systems during the 4-day investigation period. The external 

climate has an influence on temperature variance, which could increase PV panel photoelectric 

efficiency. Han li et al [15] Compound allegorical concentrators and phase change materials in 

PV/W (photovoltaic/warm) frameworks are fruitful methods to simultaneously foster electrical and 

warm impacts. The outside investigation of T-CPCM/PV is aimed between November 4, 2020, and 

November 24, 2020 in Tianjin, China (117.130-East, 39.220-North). Estimate the Photovoltaic unit's 

thermal inconsistency as a result of the concentrating arrangement's detrimental impact on 

temperature scattering and power generation conducting due to the irregular heat flow. The T-

PCM/Photovoltaic plan's best essential energy efficiency is roughly 7.9% greater than that of the PV-

PVC course of action and 10.7% greater than that of the PT-PCM course of action. Duje Coko et 

al [16] concentrated on the different photovoltaic warm (PVT) sun-oriented authority drafts that 

incorporate stage change materials as acceptable materials for heat activity and various properties 

relying on the stage change materials. Photovoltaic thermal-Phase change materials (PVT-PCM) 

collector plan and utilized coolant (water, nano, air), the electrical directing of the Photovoltaic 

thermal- Phase change materials (PVT-PCM) authority is by and large under 20%, while 

improvement in warm exhibitions goes generally from 40% to 70%. 

Table 4.3: Physical properties of the primary PCM materials utilized in PVT-PCM collector 

TC 

(Thermal 

conductivity) 

LH 

(Latent heat) 

SPH 

(Specific heat) 

MT 

(Melting 

temperature) 

0.19-0.24 w/mk 160-250 kj/kg 1.7-2.9 kj/kg 22-60 
0
C 

Table 4.4 : PCMs in PV 

PCM 

(Phase change 

materials) 

LH 

(Latent 

heat) 

MT 

(Melting 

temperature) 

TC 

(Thermal 

conductivity) 

SPH 

(Specific 

heat) 

RT25HC 210 kj/kg 22-26 
0
c 0.2 w/mk 2 kj/kg 

Paraffin Wax 2120kj/kg 57 
0
c 0.24 w/mk 2.1 kj/kg 

Merck107158 (Paraffin) 220 kj/kg 57-60 
0
c 0.24 w/mk 2.9 kj/kg 

Paraffin wax (Merck 

107151) 

 

244 kj/kg 
 

46-48 
0
c 

 

0.24 w/mk 
 

2.9 kj/kg 

PLUSICE S25 180 kj/kg 25 
0
c 0.54 w/mk 2.2 kj/kg 
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S21 170 kj/kg 23 
0
c 0.234 w/mk 2.2 kj/kg 

RT-35HC 240 kj/kg 32-36 
0
c 0.2 w/mk 2 kj/kg 

PCM 32/280 186 kj/kg 32 
0
c 0.4 w/mk -- 

RT28HC 250 kj/kg 27-29 
0
c 0.2 w/mk 2 kj/kg 

A44  

242 kj/kg 
 

44 
0
c 

 

0.18 w/mk 

2.15 

kj/kg 

RT35HC 240 kj/kg 35 
0
c 0.166 w/mk 2.1 kj/kg 

RT50 160 kj/kg 50 
0
c 0.2 w/mk 2 kj/kg 

OCTADECANE 244 kj/kg 28 
0
c 0.21 w/mk 1.9 kj/kg 

RT44 168 kj/kg 41-44 
0
c 0.2 w/mk 2 kj/kg 

LAURIC ACID 228 kj/kg 24-46 
0
c 0.19 w/mk 1.7 kj/kg 

S. Harikrishnan et al [17] thermal performance of recently produced NEPCM (Nano- 

enhanced phase change material), comprise Silicon dioxide (SiO2) NPs (nanoparticles) in 

mystric acid. Silicon dioxide (SiO2) NPs (nanoparticles) with Mystric acid was prorogue in 

weight proportions of 1, 0.8, 0.5 and 0.2 wt%, which supply as the base in separate materials 

for phase change. Examination of the melting and solidification of organized Nano-enhanced 

phase change materials (NEPCMs) using a warming and refrigeration device. The fluid used 

to transport heat ranged in temperature from 200°C to 800°C and was water. Because of its 

acceptable thermal reliability, better TC (Thermal conductivity), and intensified heat transfer 

rate, nano-enhanced phase change material (NEPCM) is seen as a promising choice to 

implement solar energy for low-temperature heating. Hussein A. Mohammed et al [18] the 

reasonableness of PCMs for upgrading the cooking execution and warm factors of the sun-oriented 

cooker less time spent cooking in further evaluation of the likelihood of nighttime cooking the 

impact of the intensity move liquids and the comparability of the embodiment materials are 

additionally included. There are various kinds of sun-oriented cookers like box, concentrating, level 

plate gatherer, cleared tube authority, and allegorical gatherer were examined. Late-evening 

cooking is achievable by including PCM stockpiling frameworks in a sun-oriented cooker. Because 

the PCM absorbs some of the solar radiation needed for daylight cooking and late evening cooking 

with PCM stockpiling does not affect early afternoon cooking, late evening cooking with the PCM 

compartment is faster than early afternoon cooking. Emin El et al [19] studied the heat storage 

using latent heat method in a flat plate solar collector free circulation container. Cacl.6H2O 

serves as a material that changes phases in this LH (latent heat) method because to its low 

phase change temperature. The melting point of calcium chloride hexahydrate is 28-35
0
C. 

From July to November, experiments were run by attaching a regular tank and a tank with a 

PCM to a free- convection flat-plate solar concentrator, the evaluation were continuously 

taken every 30 minutes. Pavel Charvat et al [20] using experimental observations and 

computational models, the possibility of utilising latent heat (LH) of fusion in phase change 

materials for TES in air-based solar thermal (ST) systems was examined. The analysis made 

use of a thermal container unit including 100 aluminium panels that were each filled with a 

paraffin- based PCM. Electric air heaters were used as the heat source during the 

measurements, which were performed in a lab setting. 

5. Conclusions 
The evolving matter of energy effective is improving the investigation performance throughout the 

last years in the field of PCMs. Numerous articles addressing various PCM properties and 

applicability by structure stability. Phase change materials by engineering substances still need to 
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be resolved before improving LHTS (latent heat thermal storage) technologies and stimulating 

application functionality. 

Even while engineering polymers that have an impact on the markets are widely used as market items 

in combination with other natural Phase change materials, and they are still ripe for development in 

this regard. According to the studies done thus far, careful use is highly recommended. More research 

is required to find suitable material-specific solutions, especially when PCM operating temperatures 

(Fig. 1) are excessively low, high, or very low. 

The development of PCMs' environmental characteristics through the evolution of natural, 

sustainable, recyclable, and secure PCMs that are not derived from fossil energy is, in the end, another 

aspect that will be of interest in the future. Health, Safety, Environmental concerns are climbing 

to the top of the priority list, and they should succeed in our residences and other constructions just as 

PCMS are expanding into new uses as storage materials for energy. 

Material science seems to be under pressure to propose characteristics and capabilities that will 

progress PCM research and viability due to the demand for better and more efficient PCMs. Future 

PCM base storage of thermal energy and engineering treatments will progress toward a clean 

renewable energy future as a result of the rapid advancement in material science. 
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Abstract: The present work deals with the analysis of simple welded structure using finite 

element method. In this context both thermal analysis and structural analysis of welded 

structure done by using aluminum, stainless steel, and copper materials. By using the above 

materials for welded structure at different levels of temperatures were considered to analyses 

the temperature distribution, temperature gradient, total heat flux under thermal analysis. In 

the same context by using the above specified materials for welded structure at different 

levels of temperatures were considered to obtain the stress and shear stress in XY, YZ, ZX 

planes and displacement of the plate under the structural analysis. 

Keywords: Temperature, temperature gradient, total heat flux, stress, shear stress, 

displacement. 

 

Introduction 

Welding has to come to be one of the most standard becoming a member of techniques used 

with in the structural field because the several benefits it offers   in terms of layout   

flexibility ,prices and weight financial savings. In making of structures without limits on the 

thickness of the jointed components and in improving the structural performance.[1] 

Despite of advantages, throughout welding procedure residual stresses and distortions are 

brought on because of localised heating and the fallowing non-uniform cooling, as 

extensively define in the books with aid of Gunnert [2] and Connor [3]. 

Especially, residual stresses are caused by non-homogenous strains characterized with the aid 

of a change in extent or in form due to thermal expansions. 

Residual stresses are nearly constantly un wanted because they, blended with in-service 

loading conditions, have a negative effect on the structural performance, causing several 

troubles in welded structures, reduction of quality and realibility,assembly problems, 

reduction of the component fatigue life(in case of tensile stresses) and reduction of buckling 

resistance(in case of compressive stresses). For example,Barsoum and Barsoum[4] 

investigated at the residual stresses distribution in both butt and t-fillet weld joints with the 

aid of using of a FE model, based totally on 2
nd

 finite factors after which they implemented a 

recurring to expect the crack propagation below fatigue loading situation,  with the LEFM 

concept. Zhigang et al [5] worked on the analysing the transient thermal behavior by 

developing the 2D axisymmetric FE model. 

In T-type and double V-butt welded joints, made with the stainless steel, for this by using the 

nondestructive neutron diffraction technique. Residual stresses in the model was analysed by 

the Park et al [6].Numerous FE modelling techniques have been compared with aid of 

Mollicone et al.[7] to analyse on the impact of different methods of prediction functionality 

of the thermo-mechanical simulations. 

Bhatti et al[8] investigated the have an impact on of thermo-mechanical fabric residences of 

different metallic grades on welding residual stresses and angular distortion in T-fillet joints, 

for the evaluation of residual stresses, all thermo-mechanical properties may be assumed as 
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consistent with the temperature, besides the yield pressure. Formerly, in a similar way,Zhu 

and chao[9] established that, for the aluminum, the thermo-mechanical homes can be 

considered steady in welding simulations, except for the yield stress that must be considered 

as temperature –structured. Liu et al [10] finished an intensive parametric study with the 

intention to look at the welding brought on residual stresses in welded h-sections of different 

metal grades, through knowing and calibrating an efficient FE version to carry out coupled 

thermo mechanical analyses. 

From the above studies, some authors focused on the residual stress in structures and some 

authors focused on the thermal parameters. Present work was more focused on the thermal 

analysis of welded structure (plate) by performing temperature distribution, total heat flux 

and temperature gradient analysis. And in structural analysis by conducting stresses induced, 

shear stress in different orientations, displacement of the plate under different levels of 

temperature. 

 

Problem statement and methodology 

A welded structure with different materials such as aluminum, stainless steel, and copper 

materials are studied at different levels of temperature to estimate the temperature, 

temperature gradient, total heat flux under the thermal analysis. And under structural analysis 

of same parameters are used to determine the stress and shear stress in different planes and 

also displacement of the plate. Using finite element based method, the above mentioned 

parameters are estimated. 

In this total analysis to obtain the different levels of temperature, melting temperature of 

different materials as taken as a reference temperature such as stainless steel-1540°C, 

aluminium-660°C, copper-1085°C. 

Geometry: 

A welded plate with 200mm length, 100mm width, 3mm thickness with V Butt joint at angle 

of 60 ° and width of welded portion at bottom side as 0.87 mm, top side as 1.73mm is created 

as shown in the figure. To obtain the different results different levels of temperature was 

imposed on this welded portion of the plate(Fig:1). 

 
Fig:1    Finite element model of welded plate with v butt joint. 

Materials considering for the analysis are aluminum, stainless steel, copper. 

ALUMINUM 

Density 2.7E+06Kg/mm^3 

Young’s modulus 68.9Gpa 

Poisson’s Ratio 0.33 

Yield strength 275Mpa 

Ultimate Tensile Strength 310Mpa 

Thermal Conductivity 0.23W/(mm C) 

Thermal Expansion Coefficient 2.36E+05/C 

Specific Heat 897J/(Kg C) 

 

STAINLESS STEEL 

Density 8E+06Kg/mm^3 

Young’s modulus 193Gpa 
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Poisson’s Ratio 0.3 

Yield strength 250Mpa 

Ultimate Tensile Strength 540Mpa 

Thermal Conductivity 0.0162W/(mm C) 

Thermal Expansion Coefficient 1.04E+05/C 

Specific Heat 477J/(Kg C) 

 

COPPER 

Density 8.94E+06Kg/mm^3 

Young’s modulus 117.5Gpa 

Poisson’s Ratio 0.345 

Yield strength 33.3Mpa 

Ultimate Tensile Strength 210Mpa 

Thermal Conductivity 0.401W/(mm C) 

Thermal Expansion Coefficient 1.67E+05/C 

Specific Heat 450J/(Kg C) 

 

Results and Discussions 

Thermal Analysis 

Whenever a plate subjected to a welding there will be change in its properties due to 

convection process of heat to the plate. By   using the thermal analysis, temperature 

distribution, and temperature gradient, total heat flux of a particular welded plate was 

obtained. The thermal analysis is performed on welded plate which is having V-butt at 

middle of the plate which was made up of three different materials mainly aluminum, 

stainless steel, copper under different levels of temperature. The temperature distribution, 

temperature gradient, total heat flux is estimated from the finite element results. 

1. Temperature distribution (°C) 

Aluminum: 

 
Using thermal analysis, a welded plate was analysed for the aluminium , at a temperature of 

660°C, temperature distribution in that plate was obtained. In site maximum temperature was 

recorded at the V-butt portion with 660°C. And minium temperature was recorded at the ends 

of plate with 361.2°C. 

At a temperature of 330°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 330°C. And minium 

temperature was recorded at the ends of plate with 185.2°C. 

At a temperature of 220°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 220°C. And minium 

temperature was recorded at the ends of plate with 126.6°C. 

At a temperature of 165°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 165°C. And minium 

temperature was recorded at the ends of plate with 97.27°C. 
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Stainless steel: 

 
Using thermal analysis, a welded plate was analysed for the stainless steel , at a temperature 

of 1540°C. temperature distribution in that plate was obtained. In site maximum temperature 

was recorded at the V-butt portion with  1540°C. And minium temperature was recorded at 

the ends of plate with 215.9°C. 

At a temperature of 770°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 770°C. And minium 

temperature was recorded at the ends of plate with 116.7°C. 

At a temperature of 513.33°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 513.33°C. And minium 

temperature was recorded at the ends of plate with 83.59°C. 

At a temperature of 385°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 385°C. And minium 

temperature was recorded at the ends of plate with 67.05°C. 

 

Copper: 

 
Using thermal analysis, a welded plate was analysed for the copper, at a temperature of 

1085°C. temperature distribution in that plate was obtained. In site maximum temperature 

was recorded at the V-butt portion with  1085°C. And minium temperature was recorded at 

the ends of plate with 741.7°C. 

At a temperature of 542.5°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 542.5°C. And minium 

temperature was recorded at the ends of plate with 374.1°C. 

At a temperature of 361.66°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 316.66°C. And minium 

temperature was recorded at the ends of plate with 251.5°C. 

At a temperature of 271.25°C. temperature distribution in that plate was obtained. In site 

maximum temperature was recorded at the V-butt portion with 385°C. And minium 

temperature was recorded at the ends of plate with 190.3°C. 

2. Temperature gradient (K/m) 

Aluminium : 
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(a)                            (b) 

 

 

  
(c)                            (d) 

Aluminium welded plates (a) Temperature at 660°C, (b) Temperature at 330°C, Temperature 

at 220°C, (d) Temperature at 165°C 

Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

660°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  7890K/m. And minium temperature  

gradient was recorded at the ends of plate with 117.1K/m. 

Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

330°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  4140K/m. And minium temperature  

gradient was recorded at the ends of plate with 56.76K/m. 

Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

660°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  2466K/m. And minium temperature  

gradient was recorded at the ends of plate with 36.58K/m. 

Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

660°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  1936K/m. And minium temperature  

gradient was recorded at the ends of plate with 26.55K/m. 
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(a)                            (b) 

 

   
(c)                            (d) 

Stainless steel welded plates (a) Temperature at 1540°C, (b) Temperature at 770°C, 

Temperature at 513.33°C, (d) Temperature at 385°C 

Using thermal analysis, a welded plate was analysed for the stainless steel, at a temperature 

of 1540°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  51343K/m. And minium temperature  

gradient was recorded at the ends of plate with 331.8K/m. 

Using thermal analysis, a welded plate was analysed for the stainless steel, at a temperature 

of 770°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  25334K/m. And minium temperature  

gradient was recorded at the ends of plate with 163.7K/m. 

Using thermal analysis, a welded plate was analysed for the stainless steel, at a temperature 

of 513.33°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  16664K/m. And minium temperature  

gradient was recorded at the ends of plate with 107.7K/m. 

Using thermal analysis, a welded plate was analysed for the stainless steel, at a temperature 

of 385°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  12329K/m. And minium temperature  

gradient was recorded at the ends of plate with 79.67K/m. 

Copper: 
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(a)                            (b) 

  
(c)                            (d) 

Copper welded plates (a) Temperature at 1085°C, (b) Temperature at 542.5°C, Temperature 

at 361.66°C, (d) Temperature at 271.25°C 

Using thermal analysis, a welded plate was analysed for the copper, at a temperature of 

1085°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  8666K/m. And minium temperature  

gradient was recorded at the ends of plate with 141.7K/m. 

Using thermal analysis, a welded plate was analysed for the copper, at a temperature of 

542.5°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  4252K/m. And minium temperature  

gradient was recorded at the ends of plate with 69.51K/m. 

Using thermal analysis, a welded plate was analysed for the copper, at a temperature of 

361.66°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  2780K/m. And minium temperature  

gradient was recorded at the ends of plate with 45.46K/m. 

Using thermal analysis, a welded plate was analysed for the copper, at a temperature of 

361.66°C. temperature gradient  in that plate was obtained. In site maximum temperature 

gradient was recorded at the V-butt portion with  2780K/m. And minium temperature  

gradient was recorded at the ends of plate with 45.46K/m. 

3.Total heat flux(W/m^2) 
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Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

660°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  1.82E+06 W/m^2. And minium total heat flux was 

recorded at the ends of plate with 26924W/m^2. 

Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

330°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  952217 W/m^2. And minium total heat flux was 

recorded at the ends of plate with 13054W/m^2. 

Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

220°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  567129W/m^2. And minium total heat flux was recorded 

at the ends of plate with 8414W/m^2. 

Using thermal analysis, a welded plate was analysed for the aluminium, at a temperature of 

165°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  445392W/m^2. And minium total heat flux was recorded 

at the ends of plate with 6106W/m^2. 

Stainless steel: 

 
Using thermal analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 1540°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  2.44E+06 W/m^2. And minium total heat flux was 

recorded at the ends of plate with 15791W/m^2. 

Using thermal analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 770°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  1.21E+06W/m^2. And minium total heat flux was 

recorded at the ends of plate with 7792W/m^2. 

Using thermal analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 513.33°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  793204W/m^2. And minium total heat flux was recorded 

at the ends of plate with 5125W/m^2. 

Using thermal analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 385°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  586864W/m^2. And minium total heat flux was recorded 
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at the ends of plate with 3792W/m^2. 

Copper: 

 
Using thermal analysis, a welded plate was analysed for the Copper, at a temperature of 

1085°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  3.48E+06 W/m^2. And minium total heat flux was 

recorded at the ends of plate with 56818W/m^2. 

Using thermal analysis, a welded plate was analysed for the Copper, at a temperature of 

542.5°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  1.71E+06W/m^2. And minium total heat flux was 

recorded at the ends of plate with 27875W/m^2. 

Using thermal analysis, a welded plate was analysed for the Copper ,at a temperature of 

361.66°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  1.12E+06W/m^2. And minium total heat flux was 

recorded at the ends of plate with 18228W/m^2. 

Using thermal analysis, a welded plate was analysed for the Copper ,at a temperature of 

271.25°C. total heat flux  in that plate was obtained. In site maximum total heat flux was 

recorded at the V-butt portion with  819818W/m^2. And minium total heat flux was recorded 

at the ends of plate with 13404W/m^2. 

 

Structural Analysis 

Whenever a plate subjected to a welding there will be change in its properties due to 

convection process of heat to the plate. By   using the structural analysis, stress induced, 

shear stress in XY, YZ, ZX plane and displacement of a particular welded plate was 

obtained. The structural analysis is performed on welded plate which is having V-butt at 

middle of the plate which was made up of three different materials mainly aluminum, 

stainless steel, copper under different levels of temperature. The stress induced, shear stress 

in XY, YZ, ZX plane and displacement is estimated from the finite element results. 

1. Stresses(Mpa) 

Aluminum: 

 
Using structural analysis, a welded plate was analysed for the Aluminum, at a temperature of 

660°C. stresses  in that plate was obtained. By applying 660°c at the v-butt welded portion 

the maximum stress of 2368Mpa was recorded in that plate. 
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Using structural analysis, a welded plate was analysed for the Aluminum, at a temperature of 

330°C. stresses  in that plate was obtained. By applying 330°c at the v-butt welded portion 

the maximum stress of 1147Mpa was recorded in that plate. 

Using structural analysis, a welded plate was analysed for the Aluminum, at a temperature of 

220°C. stresses  in that plate was obtained. By applying 220°c at the v-butt welded portion 

the maximum stress of 739.7Mpa was recorded in that plate. 

Using structural analysis, a welded plate was analysed for the Aluminum, at a temperature of 

165°C. stresses  in that plate was obtained. By applying 165°c at the v-butt welded portion 

the maximum stress of 536.2Mpa was recorded in that plate. 

Stainless steel: 

 
Using structural analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 1540°C. stresses  in that plate was obtained. By applying 1540°c at the v-butt welded 

portion the maximum stress of 8621Mpa was recorded in that plate. 

Using structural analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 770°C. stresses  in that plate was obtained. By applying 770°c at the v-butt welded portion 

the maximum stress of 4254Mpa was recorded in that plate. 

Using structural analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 513.33°C. stresses  in that plate was obtained. By applying 513.33°c at the v-butt welded 

portion the maximum stress of 1898Mpa was recorded in that plate. 

Using structural analysis, a welded plate was analysed for the Stainless steel, at a temperature 

of 385°C. stresses  in that plate was obtained. By applying 385°c at the v-butt welded portion 

the maximum stress of 1404Mpa was recorded in that plate. 

Copper: 

 
Using structural analysis, a welded plate was analysed for the Copper, at a temperature of 

1085°C. stresses  in that plate was obtained. By applying 1085°c at the v-butt welded portion 

the maximum stress of 4998 Mpa was recorded in that plate. 

Using structural analysis, a welded plate was analysed for the Copper, at a temperature of 

542.5°C. stresses  in that plate was obtained. By applying 542.5°c at the v-butt welded 

portion the maximum stress of 2452Mpa was recorded in that plate. 

Using structural analysis, a welded plate was analysed for the Copper, at a temperature of 

361.66°C. stresses  in that plate was obtained. By applying 361.66°c at the v-butt welded 

portion the maximum stress of 1603Mpa was recorded in that plate. 
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Using structural analysis, a welded plate was analysed for the Copper, at a temperature of 

271.25°C. stresses  in that plate was obtained. By applying 271.25°c at the v-butt welded 

portion the maximum stress of 1179Mpa was recorded in that plate. 

2. Shear stress in XY,YZ,ZX (Mpa) 
Aluminium: 

 
Using structural analysis , a welded plate was analysed for the aluminium, at a temperature of 

660°c. shear stresses were analised in XY,YZ,ZX direction. By applying 

temperature117.5Mpa,1321Mpa,754.4Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the aluminium, at a temperature of 

330°c. shear stresses were analised in XY,YZ,ZX direction. By applying temperature 

88.27Mpa,639.8Mpa,365.4Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the aluminium, at a temperature of 

220°c. shear stresses were analised in XY,YZ,ZX direction. By applying temperature 

58.51Mpa,412.6Mpa,235.8Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the aluminium, at a temperature of 

165°c. shear stresses were analised in XY,YZ,ZX direction. By applying temperature 

43.64Mpa,299Mpa,170.9Mpa respectively were obtained in that plate. 

Stainless steel: 

 
Using structural analysis , a welded plate was analysed for the Stainless steel, at a 

temperature of 150°c. shear stresses were analised in XY,YZ,ZX direction. By applying 

temperature612.3Mpa,1803Mpa,3029Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the Stainless steel, at a 

temperature of 770°c. shear stresses were analised in XY,YZ,ZX direction. By applying 

temperature 302.1Mpa,889.9Mpa,1495Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the Stainless steel, at a 

temperature of513.33°c. shear stresses were analised in XY,YZ,ZX direction. By applying 

temperature150.1Mpa,1069Mpa441.7Mpa respectively were obtained in that plate.3 

Using structural analysis , a welded plate was analysed for the Stainless steel, at a 

temperature of 385°c. shear stresses were analised in XY,YZ,ZX direction. By applying 

temperature 112.4Mpa,790.7Mpa,326.8Mpa respectively were obtained in that plate. 

copper: 
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Using structural analysis , a welded plate was analysed for the copper, at a temperature of 

1085°c. shear stresses were analised in XY,YZ,ZX direction. By applying temperature 

311.4Mpa,1976Mpa,2851Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the copper, at a temperature of 

542.5°c. shear stresses were analised in XY,YZ,ZX direction. By applying temperature 

152.8Mpa,969.5Mpa,1399Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the copper, at a temperature of 

361.66°c. shear stresses were analised in XY,YZ,ZX direction. By applying temperature 

99.86Mpa,634Mpa,914.7Mpa respectively were obtained in that plate. 

Using structural analysis , a welded plate was analysed for the copper, at a temperature of 

271.25°c. shear stresses were analised in XY,YZ,ZX direction. By applying temperature 

73.45Mpa,466.2Mpa,672.7Mpa respectively were obtained in that plate. 

3.Displacement (mm) 
Aluminum: 

 
Using structural analysis, a welded plate was estimated for the aluminum, at a temperature of 

660°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.1012mm. 

Using structural analysis, a welded plate was estimated for the aluminum, at a temperature of 

330°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.049mm. 

Using structural analysis, a welded plate was estimated for the aluminum, at a temperature of 

220°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.0316mm. 

Using structural analysis, a welded plate was estimated for the aluminum, at a temperature of 

165°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.0229mm. 

Stainless steel: 
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Using structural analysis, a welded plate was estimated for the Stainless steel, at a 

temperature of 1540°c, displacement of the plate was obtained. By applying temperature the 

maximum deflection was obtained in that plate was 0.09931mm. 

Using structural analysis, a welded plate was estimated for the Stainless steel, at a 

temperature of 770°c, displacement of the plate was obtained. By applying temperature the 

maximum deflection was obtained in that plate was 0.049mm. 

Using structural analysis, a welded plate was estimated for the Stainless steel, at a 

temperature of 513.33°c, displacement of the plate was obtained. By applying temperature 

the maximum deflection was obtained in that plate was 0.0294mm. 

Using structural analysis, a welded plate was estimated for the Stainless steel, at a 

temperature of 385°c, displacement of the plate was obtained. By applying temperature the 

maximum deflection was obtained in that plate was 0.0217mm. 

Copper: 

 
Using structural analysis, a welded plate was estimated for the Copper, at a temperature of 

1085°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.1226mm. 

Using structural analysis, a welded plate was estimated for the Copper, at a temperature of 

542.5°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.06017mm. 

Using structural analysis, a welded plate was estimated for the Copper, at a temperature of 

361.66°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.03934mm. 

Using structural analysis, a welded plate was estimated for the Copper, at a temperature of 

271.25°c, displacement of the plate was obtained. By applying temperature the maximum 

deflection was obtained in that plate was 0.02893mm. 

 

Conclusions 

● For temperature distribution in all taken materials according to the selected temperatures 

the maximum was allocated at the welded portion and the minimum was allocated at the 

ends of the plate. 
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● For temperature gradient in all taken materials according to the selected temperatures the 

maximum was allocated at the welded portion and the minimum was allocated at the ends 

of the plate. 
● For heat flux in all taken materials according to the selected temperatures the maximum 

was allocated at the welded portion and the minimum was allocated at the ends of the 

plate. 
● Structural analysiss will play a key role in the welding field because stress analysis will 

important in application oriented.on this view stress analysis was helded in this all 

materials exhibist when selected temperatures increased along that stresses induced in that 

welded plate was also increased. 
● In the point of shear stress also in the selected materials at selected temperatures as these 

temperatures increases the shear stress induced in all directions (XY,YZ,ZX). 
● And displacement induced in the welded plates was not effect to much in this selected 

material welding plate according to the selected temperature ranges. 
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Abstract: In the present work hybrid composites using natural fibers were fabricated using hand-

layup technique. The Sisal (S) and Glass (G) fibers were used as the natural reinforcements with 

polyester resin as the matrix material. Hybrid composites are prepared by keeping constant 30 wt% of 

total fibers content with various weight ratios of Glass and Sisal fibers. The test specimens were 

prepared as per in the ASTM standards. In this study, sisal–glass fiber reinforced polyester 

composites is developed and their mechanical properties such as tensile strength, flexural strength and 

impact strength are evaluated. The interfacial properties, internal cracks and internal structure of the 

fractured surfaces are evaluated by using Scanning Electron Microscope (SEM). The thermal 

properties were studied using Differential scanning calorimetry (DSC) and Thermo gravimetric 

analysis (TGA) tests. In particular, the Differential scanning calorimetric (DSC) analysis was used to 

measure the thermal characteristic of Sisal/Hemp composites, the TGA analysis was utilized to 

measure the degradation and decomposition of materials in sisal and hemp fibre, and the composites. 

From the results, the density of composites decreased with increasing fibre content. 

Keywords: Tensile strength, Flexural strength, Impact strength, Differential scanning calorimetry 

(DSC), Thermo gravimetric analysis (TGA), Scanning electron microscopy (SEM). 

 

1. Introduction 

Researchers are attracted towards natural composite materials, such as plant-based natural fibres as 

the awareness on biodegradability increases. Natural composites have been increasingly applied in 

aircraft, transportation, building, musical, sports, and household applications [1-3]. Jute, hemp, 

banana, sisal, and bamboo are commonly used natural fibres to prepare natural composites [4]. 

Appropriate selection of fibre is a very important aspect in recommending natural fibre in any 

application. Hybridisation of natural composites is a real challenge as there are many issues related to 

mechanical and thermal properties. 

Subrata C. Das suggested the hybridisation of natural and synthetic fibres to improve the composite 

laminate performance by following the correct stacking sequence [5], where these combinations 

improved the mechanical properties and biodegradability of the composite laminate. The tensile, 

flexural, and impact strength for the combination of banana and jute fibres with different stacking 

sequences was evaluated by conducting suitable experiments, highlighting the importance of the 

hybridisation of these fibres [6]. To improve the toughness of natural fibre composites, one of the 

approaches is through the hybridisation with synthetic fibre [7]. In the automotive industry, the brake 

friction composite at different composite weight fractions of natural fibres (hemp, ramie, and 

pineapple) was prepared and tested [8]. The hybridisation of jute, sisal, and curaua fibres was applied 

as natural fibre reinforcements for epoxy matrix-based composites, and the tensile, flexural, and 

impact strength of the new hybrid composites was assessed [9]. The importance of recent advances in 

the manufacturing of hybrid natural fibre composites was highlighted by Fatima-ZahraSemlali 

Aouragh Hassani [10]. Basket type and intra-ply hybridised composites enhanced the dynamic 

https://www.sciencedirect.com/science/article/pii/S0263822321009879#!
https://www.sciencedirect.com/topics/engineering/epoxy-matrix
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mechanical properties of the composites due to the enhancement in modulus by the reinforcement 

[11]. The waviness of sisal fibre on the elastic modulus was also presented [12]. Considerable studies 

have been performed on thermogravimetric analysis (TGA) of natural fibre-reinforced composites to 

study the thermal behaviour of plant-based composites and a DFT study of compounds is of interest 

in order to gain a deeper insight of their characteristics and thus helping in the design of new 

materials [13]. The weight loss in natural composites due to the increase in temperature is studied 

using TGA. For jute/sisal hybrid composite, three significant regions of weight loss with respect to 

temperature were observed. [14]. The thermal decomposition of jute and bamboo fibres was observed 

in the temperature range of 240–260 °C [15]. The chemical composition of jute fibre was also 

observed [16]. From the above-mentioned studies, it is important to use different combinations of 

natural fibres to compete with synthetic fibre-reinforced composites. In this work, efforts have been 

made to identify the hybridisation effect of jute and hemp fibre-reinforced composites produced using 

the hand lay-up technique, and the tensile, flexural, and impact strength was evaluated using scanning 

electron microscopy (SEM) images. The market manageability of the each new item mostly relies 

upon the unrefined substance as well as usefulness. A practical completing chooses the end utilization 

of the items as well as upgrades the existence of the items. This paper reviews the practical 

completing on jute materials with unique reference to relaxing, wrinkle safe, fire retardant, and 

cleanliness for the fulfillment of the customer's interest are inspected [17]. This was finished to 

investigate the capability of decrease in energy utilization and creation time as well as colors and 

synthetic compounds. For this reason, our recently pre-arranged starch nanoparticles (SNPs) as a 

support biopolymer were integrated in cross-connecting plan of cotton textures embracing various 

groupings of citrus extract and cationic colors, i.e., Methylene Blue and Crystal Violet in presence of 

sodium hypophosphite as a capable impetus at 1500 C for 2 minutes [18]. This work deals with 

various surface changes of vetiver filaments to concentrate on their consequences for mechanical and 

warm properties. The effectiveness of every treatment has been assessed by Fourier change infra red 

spectroscopy, X-beam diffractometry, and checking electron microscopy. It has been seen that 

benzoylation-treated vetiver fiber shows better execution in contrast with different medicines. [19]. In 

this work, jute fiber has been utilized as support and epoxy as network material to foster somewhat 

biodegradable green composite with the assistance of hand layup followed by com pression shaping 

method. The impact of restoring temperature going from 80°C to 130°C on various examples was 

examined for different mechanical properties [20]. In this work, manufactured half breed composites 

utilizing artificially treated abaca, kenaf and carbon fiber supported with epoxy and teta hardener are 

considered. Mixture composites have four stacking successions and five layer composites comprised 

of hand and then the compression molding [21]. The perception led for all examples uncovers the 

break component of the single fiber characterized into three sorts, for example shear, tension, and 

joined of shear and tension [22]In this occasion was seen to be different for fluctuating fiber direction 

and was credited to an adjustment of solidness. The cross-employ tests had the option to oppose the 

effect force after delamination. The cross molded fiber breakage framed in cross-employ and round 

openings shaped in point handle. The predominant disappointment in cross-handle was viewed as 

fiber breakage (Longitudinal break). SEM pictures show that a blend of fiber-breakage and fiber-

pullout alongside debonding in every one of the examples of abaca/epoxy composites cross-handle 

direction [23]. The results showed that the leftover gum content of the hemp utilizing GO shower is 

lower than that acquired utilizing water shower, and the hemp fiber had electrical conductivity, better 

breaking strength, warm conductivity, and great UV insurance capacity [24]. The various weight 

percentages of raw and optimally treated DCF composites were prepared by hand lay up and 

compression molding methods. In the next step  the mechanical testing of prepared composites was 

followed as per the ASTM standard [25]. In the current review, Ceiba pentandra bark (CP) strands, 

attributable to their low weight-to-high strength proportion and recyclable elements have been chosen 

as support in thermoplastic polymer. i.e., poly (vinyl) liquor (PVA) for creation of composites to find 

its application in car run board and entryway board. The bark strands were synthetically adjusted with 
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NaOH to improve its holding property with hydrophobic polymer [26]. It was also found that the 

utilization of kenaf strands of various length and diameter works on the mechanical properties of 

cement. The discoveries from this survey affirm the plausibility of accomplishing standard substantial 

traits by involving the regular filaments in concrete based concrete [27]. As per the discoveries of the 

examination, the utilization of normal waste filaments enjoys unmistakable upper hands over 

manufactured strands. At last, as a result of its useful impact, this paper suggests involving jute fiber 

with mortar for any underlying reason [28]. At last, the measurable meaning of the not entirely set in 

stone through an examination of difference (ANOVA). In light of the aftereffects of the tests decided 

the ideal mix of fiber boundaries that gives the best shotcrete execution [29]. This writing overview 

proposes a top to bottom survey of the extraction techniques, compound medicines and applications 

for natural fiber composites. We restate the end from the different late writings and the compound 

treatment results other mechanical performance of the regular strands are being featured [30]. This 

paper presents a few regular fiber based composites (Jute, Basalt, Coir, Sisal) and their techniques for 

planning. By appropriate combination and treatment of normal fiber different mechanical properties 

of the regular fiber can be improved, which makes them reasonable for different enterprises like auto 

ventures, aeronautic trade, marine industry and in building development [31]. This technique can be 

utilized to choose great flax assortments which have high mechanical properties with a little variety, 

which are reasonable for a fiber support of superior execution regular fiber built up composites [32]. 

Inferior mechanical execution of WB/PLA composites was noticed contrasted with slick PLA. 

Unfortunate grip, debonding, and fiber break were the overwhelming micromechanical distortion 

processes in WB/PP composites, while debonding, hole, and break development because of fiber 

direction brought about terrible showing of WB/PLA composites. Possibilities of WB-based 

composites present open doors for cultivators having advantageous purposes of wheat and repaying 

diminished overall revenues [33]. In this review, novel ultra strong and extreme regular cellulosic 

fiber groups (RFs) separated from vascular tissues of manau rattan stems were gotten. The physical, 

mechanical, compound, warm, crystallographic, and morphological qualities of RFs with various 

widths were investigated [34]. The goal of the current work was to lay out process boundaries 

boosting the long queue fiber yield utilizing flax committed scutching and hackling gadgets. A lab-

scale scutching/hackling gadget was utilized to lay out sets of cycle boundaries which best further 

develop the long fiber scutching yield and as a result limit the creation of tow strands [35]. Following 

this, this paper basically investigations the original improvement methods appropriate for natural 

fiber composites for harm resilience and effect obstruction ways of behaving [36]. Mechanical results 

showed a positive impact with incorporation of CMF in PF hybrid fiber composites. Thermal 

stability results showed enhancement in the degradation temperature, residual %, endothermic peak 

and enthalpy by the incorporation of CMF [37]. 

 

2. Materials and Methodology 

Unsaturated polyester resin of grade ECMALON 4411 was purchased from ECMASS Resins Pvt., 

Ltd. (Hyderabad, India). The resin has a density of 1,242 kg/m
3
, Young's modulus of 615 MPa, 

tensile strength of 29.2 MPa, and elongation at break of 4.5%. 

Extraction of Fibres: The extraction of fibres involved the retting process, followed by 

decorticating. The stems of Sisal were cut at their base and immersed in a water-retting tank for two 

weeks. After that, the stems were removed and the fibres were stripped from the stalks by hand, 

washed, and dried in the sun. After drying, any extraneous matter that might still adhere to the fibres 

was removed. The extracted fibres were used for composite production. 

2.1 Fabrication and Testing of Composites 

Fabrication of Composites: Unidirectional composites were prepared using polyester matrix to 

assess the reinforcing capacity of jute fibre and teak wood powder. The quantity of accelerator and 

catalyst added to resin at room temperature for curing was 1.5% by volume of each resin. The hand 

lay-up method was adopted to fill up the prepared mould with an appropriate amount of polyester 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/thermostability
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/thermostability
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resin mixture, unidirectional jute fibre, and teak wood powder, starting and ending with layers of 

resin. Fibre deformation and movement should be minimised to yield good quality unidirectional 

fibre composites. Therefore, at the time of curing, a compressive pressure of 0.05 MPa was applied to 

the mould and the composite specimens were cured for 24 h. The specimens were also post-cured at 

70 °C for 2 h after removal from the mould. The pycnometric procedure was adopted for measuring 

the density of the composite. 

For determining the impact and tensile properties of the composites, the specimens were prepared 

according to ASTM D256 and ASTM D638 standards using the hand lay-up technique with different 

weight ratios. 

2.2 Tensile Testing 

The tensile properties of the composites were measured as per the standard test method, ASTM 

D638M. The test specimens were prepared with the dimensions of 160 mm long, 12.5 mm wide, and 

3 mm thick. Five identical specimens were tested for each percentage weight of fibre. Overlapping 

aluminium tabs were attached at the end of each specimen with araldite filling the space between the 

tab and the specimen to prevent compression of the sample and also for effective gripping in the jaws 

of the chuck. The specimens were tested at a crosshead speed of 2 mm/min using an electronic 

tensometer. 

2.3 Flexural Strength Test 

The flexural strength of the composite specimens was tested as per ASTM D790M. The dimensions 

of the test specimens were 100 mm long, 25 mm wide, and 3 mm thick. The flexural strength and its 

modulus were measured by conducting a three-point bending test on a universal testing machine. The 

specimens were loaded until the failure occurred. 

2.4 Impact Testing 

Izod impact test specimens were prepared per ASTM D256M to measure impact strength. The 

specimens were 63.5 mm long, 12.7 mm deep, and 10 mm wide. A sharp file with an included angle 

of 45° was drawn across the centre of the saw cut at 90° to the sample axis to obtain a consistent 

starter crack. The samples were fractured and the impact toughness was calculated from the energy 

absorbed. The materials used to prepare the specimens were coir fibre, jute fibre, and polyester resin. 

To improve the bonding strength between fibre and matrix, heat treatment was conducted for jute and 

coir fibres. The impact study was conducted using an Izod impact testing machine. 

2.5 Thermal conductivity 

ASTM C177 is the standard test for measuring the thermal conductivity of a material by means of a 

guarded-hot-plate apparatus. For a material to be classified as a thermal insulator, it must exhibit low 

thermal conductivity throughout this test. 

  

  

 

Figure 1 (a) Thermal conductivity test specimens, (b) Flexural test specimens, (c) impact test 

specimens (d)  tensile test specimens 

a b 

c d 
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3. Results and Discussion 

The effect of chemical treatment on the composite specimens shows an important role in the tensile 

behaviour of polyester composites, which increased gradually with an increase of the reinforcement 

phase. The higher tensile load-bearing capacity was recorded for T6 specimen due to excellent 

bonding strength and a combination of jute and coir fibres. In maximum cases, the specimen showed 

high strength level after chemical treatment due to enhanced surface roughness of the fibres, resulting 

in superior bonding strength, which was observed from the scanning electronic micrographs. The 

composite samples exhibited lower level displacement irrespective of load and chemical treatment. 

The reduced tensile strength and bearing capacity could be noted for T1 sample. Figure 2 shows the 

load versus displacement curves for a better understanding of the mechanical behaviour of polyester 

composites. 

  

Figure 2 Tensile behaviour of composite specimens 

 
Figure 3 Tensile strength of composite specimens 

From Figure 3, it can be observed that the increase in the weight fraction of Sisal and Glass fibres 

resulted in increased tensile strength of the proposed composite materials up to 75% glass and 25% 

sisal fibre. Further increase in the weight of the fibre reduced the tensile strength of the composite 

materials. 

 
Figure 4 Flexural strength of composite specimens 

From Figure 4, it can be observed that the increase in the weight of glass and sisal fibres resulted in 

increased flexural strength of the proposed composite materials up to 75% of glass fibre and 25% of 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 354 

 

 

sisal fibre. Further increase in the weight fraction reduced the flexural strength of the composite 

materials. 

 
Figure 5 Impact strength of composite specimens 

Figure 5 presents the impact strength of polyester composites. The maximum impact strength was 

observed for the combination of  weight percentage 75% glass fibre and 25% of sisal specimen 

showed highest impact strength. The sisal fibre Specimen has showed lowest impact strength as 

compared to remaining the other compositions, which has lower bonding strength among the fibre 

and the matrix phase. 

Thermal Conductivity: 

 

 

 

 

 

 
Figure6. Thermal conductivity of composite specimens 

Figure 6 presents the thermal conductivity of polyester composites. The maximum thermal 

conductivity was observed for the combination of weight percentage 75% glass fibre and 25% of sisal 

specimen showed highest thermal conductivity. The sisal fibre Specimen has showed lowest thermal 

conductivity as compared to remaining the other compositions, which has lower bonding strength 

among the fibre and the matrix phase. 

3.1 Fracture Analysis of Polyester-Fibre Reinforced Composites 

The fracture surface was examined through the SEM micrographs of T1 and T4 specimens under 

tensile loading conditions. These micrographs disclose the nature of the failure of the composite 

specimens. Figure 7(a) shows the uniform coir fibre distribution in the polyester matrix. The internal 

cracks were noticed from Figure 7(b) due to tensile load and exhibited brittle failure of the specimen. 

The fibre pull-out and debonding could be observed in Figure 7(d) for specimen T5 under tensile 

load. The fibre distribution is presented in Figure 7(c). 
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Figure 7 SEM images of impact and tensile samples 

3.2 Differential scanning calorimetry: 

Differential scanning calorimetry (DSC) is a technique for measuring the energy necessary to 

establish a nearly zero temperature difference between a substance and an inert reference material, as 

the two specimens are subjected to identical temperature regimes in an environment heated or cooled 

at a controlled rate. The biggest advantage of DSC is the ease and speed with which it can be used to 

see transitions in materials. Various types of DSC are Power Compensated DSC, Heat Compensated 

DSC, Modulated DSC, Hyper DSC, and Pressure DSC. Direct scanning calorimetry (DSC) measures 

the temperature and heat flux associated with material transitions as a function of temperature and 

time. Qualitative and quantitative information on physical and chemical changes involving 

endothermic (heat absorption) and exothermic (heat released) processes are provided by this 

technique. The exothermic and endothermic peaks and magnitudes indicate the thermal phase 

transformation of the composites. The result is a plot of the difference in heat (q) versus temperature 

(T). 

 

Figure 8 DSC analysis 

The DSC curves of the glass and sisal fiber composites were shown in Fig.8. The glass transition (Tg) 

of coir and jute fiber composite at 105°C, while the melting point (Tm) at the temperature 150°C. The 

findings of other studies showed that the glass transition and melting point of HIPS were at 90°C and 

120°C or 160°C, respectively. The glass transition (Tg) of glass and sisal fiber composite from this 

a b 

c d 
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study occurred at 75°C. It could be seen that the temperature of Tg HIPS/PALF composite was at 

123°C, indicating that the temperature Tg of the composite increased around 18°C as compared to 

neat HIPS. The glass transition of the composites, denoted with CFA2, CFA4 and CFA6, was about 

118°C, 104°C, and 102°C. The melting point also decreased at 149°C, 147°C, and 147°C, 

respectively. 

Thermo gravimetric analysis (TGA) 

 

Figure 9 TGA analysis 

In this study, the Thermo-gravimetric (TGA) curves were used to determine the thermal degradation 

and thermal stability of each material. The TG analysis of neat high impact glass fiber, sisal fibre and 

their composites are presented in Fig. 9. The thermal decomposition of each sample took place in a 

programmed temperature range of 19°C to 807°C. The combination of glass and sisal fiber showed 

only one stage of weight loss process, which had a transition temperature that began from 312.76°C 

and the final transition at 434°C, and it was clear that the peak transition temperature of glass and 

sisal fibre composite at 362°C. The weight loss and residual weight of 3% and 12% for the TG 

analysis were found to be 99% and 1.2%, respectively. By observing in this test initially there is 

no mass change, by increasing temperature the mass reduces very quickly and then finally 

the mass reduces slowly by applying temperature. 

 

4. Conclusion 

Based on the results of this study, it can be concluded that, the combination of 75% glass fibre and 

25% of sisal fibre reinforced composites got high mechanical properties as compared to remaining the 

combinations of high-brid composites. In this work, fibre-reinforced polyester hybrid composites 

were prepared as per ASTM standards. Glass and sisal fibres are available abundantly in nature and 

offer low material density. The density of the composites decreased with increasing fibre content. 

Thus, the hybrid composites are light in weight with better mechanical and insulating properties. The 

fracture surface was studied through SEM images. The internal cracks and ductility nature of the 

specimens were observed from the SEM images of fractured surfaces. Orientation of fiber and its 

bonding with matrix is visualized by SEM and found to be good for both glass and sisal fibres. This 

paper provides the results of DSC analysis that can only provide the glass transition temperature. The 

investigation of the thermal properties of glass and sisal fibres could bring an improvement in using 

natural fibre composites. The investigation of thermal properties for glass and sisal fibre showed that 

composite has high glass transition temperature that could bring an improvement of using fibre 

composites. The maximum thermal conductivity was observed for the combination of weight 

percentage 75% glass fibre and 25% of sisal specimen showed highest thermal conductivity. 
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Abstract: The die-making industry does the machining of holes by drilling, reaming, boring, 

grinding and EDM operations for the fitment of punches, pillars, tool inserts, etc., or assembly 

purposes like screw relief holes, tapped holes, and riveting holes by using standard fixturing. 

Normally the hole locations are given in the manufacturing drawing by taking two accurately finished 

perpendicular datum features. Thesedatum features will be used in machining, inspection,reworks, 

and they need to be protected from damages.  Any inaccuracy in the datum features like flatness, and 

perpendicularity leads to the wrong measurement or location of the hole, shows an inaccurate 

assembly.  This paper presents the novel method ofusing tooling hole in the manufacturing drawing 

andillustrate the advantages through experiments.While dimensioning, the concept of tooling hole 

enhances the tolerance of position in profiles and permits faster machining/inspection activities; 

thereby increases productivity. 

Keywords: Positional accuracy, datum feature, tooling hole, die-making 

 

1. Introduction 

The die-makingindustry makes the parts for sheet metal stamping dies, moulds,jigs,fixtures, 

and gaugesthat need to be assembled.  The manufacturing drawing contains the dimensioning 

of hole positions and referencepoints for various profiles given from two datum features [1].  

Figure 1 shows the sample part drawing of a die plate, and thedatum featuresare indicated by 

datum references B and C, which needsto be machined accurately either by milling or 

grinding within the tolerance of the zone of perpendicularity. These plates are often moved 

from machine to machine either for a series of machining operations or inspection or rework 

and to locate the existing hole centers from datum features. As there is no specific distance is 

specified in the drawing, the operator may take any point on thedatum feature to move the 

coordinates by using the edge finder. Thereby it is difficult to get to the previously located 

center. There is a chance to get a deviation of 0.001mm to 0.05mmin the hole location. 

To eliminate hole positioning inaccuracies, WEDM technology will be used to manufacture 

the entire round or special holes in the mould plate in one setup [2]. The feature-related 

position tolerance (also known as FRTZ) is used to manage the relationship between a group 

of holes. FRTZ is used to ensure that matching pieces are properly assembled. Due to the 

lack of a datum reference frame whose job is to impose translational and rotational 

constraints on the component, assessing feature-related positional inaccuracy is a tough 

process.A mathematical model for three-dimensional feature-related positional inaccuracy 

was presented by Jiang, et al. [3]. Assemblability and functional compliance of products are 

affected by geometric variations. Because small part differences accumulate in large-scale 
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assembly and cause malfunctions [4]. To address form defects, a CAD model with integrated 

tolerancing was created [5]. Such deviations are not acceptable in the precision machining of 

tool parts. The addition of material condition like MMC/LMC increases the complexity of 

the manufacturing process [6].   Finally, it affects the tool assembly, function, life of the tool 

as well as component accuracy. The danger of wrongly locating the hole center each time to 

be overcome.  Pandya, et al. [7] developed and implemented a computer assistance to help 

designers in allocating design sizes and tolerances that fulfil functional translation, rotation, 

and assembly limitations imposed on four common datum systems. In complex assemblies 

the need of alternative method is anticipated, in order to ensure the assembly of the parts 

right at first time [8]. Attempts were also done to understand the significance of datum-

oriented errors in 2D assemblies [9] and 3D assemblies [10] and non-rigid assemblies [11]. 

 
Figure 1:Sample part drawing of adie plate 

Section 2 of this article dealswith the methodology of introducing tooling hole in the plates to 

overcome hole location problems.  Case studies on the usage of tooling hole are discussed in 

Section 3 and it is concluded in Section 4. 

 

2. Improve position tolerance utilizing Tooling Hole – Novel method 

A tooling hole (TH) is an additional or existing hole placed in every plate of an assembly, 

which is accurately machined by reaming, boring, grinding, and WEDM operations by 

controlling hole cylindricity and perpendicularity.  They are placed in the non-functional area 

of the part thickness. The tooling hole can be 5mm deep from the plate's top surface, with the 

rest relieved. 

If the plate has to be heat treated, the TH should be finished thereafter. The tooling holes can 

be either one or two numbers depending onthe availability of an external flat surface for pre-

setting using a lever-type dial indicator. If one tooling hole is used, the hole and profile 

centers are located by dialing accurately machined datum feature (B) and taking the tooling 

hole (TH) center as the origin. This method doesn’t require the machining of the second 

datum feature. Figure 2 shows the dimensioning of the hole and profile centers from the 

tooling hole center. 
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Figure:2 Dimensioning hole or profile centers from tooling hole centre 

Two tooling holes are preferred when the plate size is too big to finish the datum features.  

Figure 3 shows the positioning of tooling holes to set the datum and also it reduces the 

manufacturing cost of tool parts as the accurate machining of datum feature is eliminated. 

 
Figure: 3 Datum formed by two tooling holes 

 

3. Case studies on Tooling hole applications 

3.1 Part having uneven external profiles 

Parts like machine housings, bodies, etc are processed primarily fromcasting.A sample 

diagram is shown in Figure4,anditis not having any external flat surfaces.  If the fixturing is 

not preferred for machining of flat surfaces due to a smaller number of samples, the butting 

surfaces are machined by milling.  Identify two holes that are in line as tooling holes (TH) 

and locate them on a co-ordinate drilling machine to finish to the size. By taking one of the 

tooling hole center as origin, move the coordinates to drill, ream, and bore the remaining 

holes to the required size. This tooling hole concept permits to locate hole centers any 

number of times either duringthe inspection or reworks without any deviation. 

 
Figure: 4 Machine part without external flat surfaces 
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3.2 Ease of verification of part dimensions that are going to be assembled 

Usually, the parts that are going to be assembled will have a common hole center distance for 

screw holes, dowels, punches, inserts,but with various block sizes.  If two datum features are 

used for dimensioning either by manual or computer-aided drafting, the dimensions need to 

be verified by suitable addition or subtraction.  The process ofdimensions verification is 

simplified by the tooling hole concept in the drawings.  It is depicted in Figure 5 with two die 

plates having similar dimensions from tooling hole centerfor easy verification. 

 
Figure:5 Die plates having similar dimensions for verification 

3.3 Rapid location of hole centersutilizing THfor machining or inspection 

Parts with one tooling hole will have one reference side machined to be set straight and the 

tooling hole center to be located by dialingdirectly or with an inserted plug gauge.  The 

tooling hole center is set asthe origin to check the position of other holes or profiles. This 

practice appliesto all conventional machines like co-ordinate drilling, jig boring, or jig 

grinding machines.  On non-conventional machines like EDM or Wire EDM, it is quickly 

done by setting the reference side straight followed by tooling hole location with an electrode 

tool. It is easier to set the datum as shown in Figure 3on co-ordinate measuring machine 

(CMM) and from one hole center, other hole locations are checked. Figure 6 depicts an 

example of part drawing with a polar coordinate system, which can be quickly done by the 

tooling hole concept by taking a Ø.875 hole as a TH. 

 
Figure:6 An example of part drawing with a polar coordinate system 
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3.4 Small capacity machines using TH for operations on lengthier workpieces 

Sometimes it is necessary to drill the holes in the workpiece which is more than the travel 

capacity of the machine.  In such cases, it is necessary to make several tooling holes with the 

known centerdistance, which is less than machine capacity, and in one line.  This setup 

permitsthecompletionof one set of holes by setting the datum straight and moving co-

ordinates from the first tooling hole. The left-out holes are machined by resetting the 

workpiece to move co-ordinates from the second tooling hole. Figure 7 illustrates an example 

of a die plate with two tooling holes when its length is larger thanthe machine's capacity. 

 
Figure:7Sample die plate with two TH larger than machine capacity 

3.5 Accurate positioning of angular holes using TH 

It is the major advantage of tooling hole by accurate positioning for machining of angular 

holes. It can be either a single or compound angle. This can be done onco-ordinatedrilling 

machine with a sine table attachment.  It does not require any complicated CNC part 

program.Figure 8(a) depicts a part drawing with angular hole requirement in front and top 

views. Figure 8(b) shows the part setup (i.e., 30) on sine table and a calculated distance (i.e., 

20.00) to be moved from the tooling hole (TH)centerto drill the hole Ø10. 

 
Figure:8 Sample part drawing and its machine setup for angular hole drilling 

In this process and an additional hole (i.e., tooling hole) is provided to fit a gauge pin.  After 

tilting the workpiece on the sine table, the calculated movement is given to the workpiece to 

complete the required hole.  In the end, the tooling hole need to be blocked and protected for 

future reference. 
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4. Conclusion 

The dimensioning of manufacturing part drawing is normally given from two datum features.  

As the tolerance is given for the machining of two perpendicular datum features, it is difficult 

to locate the same hole center accurately for repetitive tasks especially in series of machining 

operations.  This is because the machine operator may choose to move xand y coordinate 

values from any point on datum features.  The task of positioning the hole center is 

simplified by the addition of a tooling hole (TH) and moving the x, and y distances from its 

center.  When two tooling holes are used then a datum can be set to machine or inspect the 

plates.  It further improves the readability of the various part drawings of their similar center 

distance in their assembly.  The machine capacity is enhanced by the addition of two or more 

tooling holes in line with their center distance being less than the machine's table travel 

distance.  This concept will be best suitable for angular holes with either a single or 

compound angle that can be accurately positioned. 
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Abstract: In the current investigation, two carbide tool inserts—one coated (MT-CVD) and 

the other un-coated were used to test the machinability of SS410 grade material on a CNC 

turret lathe. Work materials are frequently used in petrochemical and mineral processing 

equipment, gate valves, Cutlery, Petroleum Refining and Petrochemical Processing 

Equipment, Ore Processing, Sugar Processing, Gate Valves, Press Plat etc. because they 

possess high strength, hardness, and corrosion resistance. The trials were carried out in a dry 

environment with different feed rates (0.1, 0.15, and 0.2 mm/rev), cutting speeds (1000, 

1250, and 1500 RPM), and depths of cut (0.5, 1 and 1.5 mm) by using the L18 (2
1
*3

3
) 

orthogonal array. Preference Selection Index (PSI) method, an MCDM tool, has been used to 

assess how changing process parameters affect Material Removal Rate (MRR), Roughness 

Characteristics (Ra and Rt), and Dimensional Deviation (DD) performance. The PSI data are 

used to determine the ideal process parameters and they found at Tool Type: Coated (level 

1), 1250 RPM (level 2), 0.1 mm/rev (level 1), and 0.5 mm (level 1), accordingly, are the 

speed, feed, and DOC parameters. Finally, Signal-to-Noise ratios and ANOVA were used to 

analyse the generated composite index values. According to the investigation, Depth of cut 

significantly influences the various replies. It has been determined how parameters like depth 

of cut and tool type interacts. The models were created for the composite index, and the 

goodness of fit was assessed by plotting residual plots. It was determined that the errors 

follow normality and constant variance, making them the most accurate and adequate models 

because they are best fitted. 

Key words: Orthogonal Array (OA), Preference Selection Index (PSI) method, Material 

Removal Rate (MRR), Roughness Characteristics (Ra and Rt), Dimensional Deviation (DD), 

Signal-to-Noise (S/N) ratios and ANOVA 

 

1. Introduction 

Turning is a machining process used to create cylindrical objects. It can be defined as the 

machining of an exterior surface in its most basic form:1)While the work item is 

rotating.2)With a single-point cutting tool,3)with the cutting tool feeding parallel to the axis 

of the work piece and at a distance sufficient to remove the work's outer surface. The 

performance and wear of the mating parts are significantly influenced by the quality of the 

mating components whenever two machined surfaces come into contact with one another. 

These surface irregularities on the work item might vary in height, shape, arrangement, and 

direction depending on a number of variables, including: Depth of cut, Feed rate, Cutting 
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speed ,Material removal rate, Cutting tool wear & other parameters. The term optimization 

describes the art and science of efficiently allocating limited resources. The Taguchi 

approach is a well-known technique that offers a way for design and process optimization 

that is methodical and effective. In order to address material selection MCDM issues, Maniya 

and Bhatt presented the PSI technique in 2010. The PSI method does not necessitate 

establishing the relative relevance of the criteria, making it unnecessary to establish criteria 

weights, in contrast to the majority of Multiple Criteria Decision-Making (MCDM) 

techniques. In situations when there is a disagreement over the relative relevance of different 

criteria, the technique is thus especially helpful. Actually, the PSI technique uses an objective 

methodology to calculate the criteria weights, such as the standard deviation or entropy 

method, by using the data presented in the decision matrix. There are two well-established 

vapour processing approaches for coating: Chemical Vapour Deposition (CVD) and Physical 

Vapour Deposition (PVD) (e.g. evaporation, sputtering and ion plating). In recent years, 

moderate temperature CVD (MTCVD) has been developed to address the problem of TRS 

reduction. Because metal-organic compounds such as acetonitrile are used instead of 

methane or nitrogen, the deposition temperature in MTCVD can be reduced to 700-800 C. At 

the moment, the most prevalent coatings on the market are TiC, TiN, Ti(C,N), TiAlN, and 

Al2O3, with Ti(C,N) being a desirable coating that offers better hardness and abrasive wear 

resistance than typical TiN coating and outstanding chemical stability superior to TiC. 

Do Duc Trung [1] optimized turning process parameters using (PEG), (PSI), and 

Collaborative Unbiased Rank List Integration are three MCDM techniques that were 

employed (CURLI).Using Steel SB410 as a test substance and TiN is used to coat cutting 

instruments. Determined To obtain the “minimum” surface roughness and “maximum” MRR 

at the same time, it is necessary to select the cutting velocity, feed rate and depth of cut. He 

Le Hoang Anh  et. al. [2] determined the maximum Material Removal Rate and the minimal 

surface roughness by combining the Taguchi method with the PSI approach on 0A4 steel 

where the cutting device is a face milling cutter constructed from High Speed Steel 

(HSS).Arti Saxena1 et. al .[3] used the H-13 (P8) material is turned and drilled with the 

cutting tools CNMG190616-M5-TM2501 and SD205A-1050-056-12R1-P, respectively. 

Taguchi L9 array analysis and additional ANOVA analysis are then used to improve the 

performance of the CNC machine by taking into account the input control factors cutting 

speed (CS), feed rate (FR), and depth of cut (DOC). P. Sivaiah and D. Chakradhar [4]  

examined the use of TGRA to optimise multiple responses when turning 17-4 Precipitation 

Hardened Stainless Steel (PH SS) under the jetting of liquid nitrogen. The TGRA result 

showed that the enhanced turning process could be achieved at cutting velocity of 120.89 

m/min, feed rate of 0.048 mm/rev, and depth of cut of 0.4 mm. Ali Kalyon et. al. [5] 

analyzed the amounts of influence that machining parameters had on FR and Ra 

(ANOVA),to simultaneously minimise FR and Ra, a grey relational grade (GRG) was 

calculated. According to the ANOVA results based on GRG, the feed rate was followed by 

the cutting depth, The chrome ratio, cutting speed, feed rate, and cutting depth that produced 

the best results were 12%, 100 m/min, 0.05 mm/r, and 0.1 mm, respectively. Muhammad 

Jamil et.al. [6] applied the RSM-based GRA to discover the trade-off between four matrices 

under EMQL. For multi-objective optimisation, the tribological behaviour of cutting speed, 

feed, depth of cut, and EMQL flow rate on sustainable leading responses (MRR, tool life, 

surface roughness, and power consumption) was simulated and analysed. Ponugoti 

Umamaheswarrao  et.al. [7] optimised the cutting parameters by utilising the Technique for 
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Order Preference by Similarity to Ideal Solution (TOPSIS) on AISI 52100 steel using 

polycrystalline cubic boron nitride (PCBN) tools by hard turning machining process. The use 

of analysis of variance (ANOVA) is used to determine how process parameters affect results. 

Umamaheswarrao P et.al. [8] conducted experiment on AISI 52100 steel by hard turning 

using multi-objective optimization to produce the best surface quality, machining force. 

experiments are carried out by Taguchi L9 orthogonal array, using the MINITAB14 software 

package, a parametric inquiry is conducted to determine the impact of input parameters on 

the response.  R. Vara Prasad et.al. [9] focussed on the responses of material removal rate 

and surface roughness at various combinations of speed and feed depth of cut. Machining is 

done for AA7075 work parts on the L9 orthogonal array of Taguchi by utilizing the 

preference selection index approach. Dr. G. Bhanodaya Reddy et.al. [10] investigated 

parametric optimization of turning of 7075 aluminium alloy utilising Taguchi L27 orthogonal 

array, which was used for both DOE and S/N to examine the effects of the selected 

parameters. The outcome shows that different cutting parameters have distinct effects on 

cutting force, surface roughness, and temperature for two samples when 

comparing the samples. Maya Radune et.al. [11] focused on the primary high energy ball 

milling (HEBM) parameters of milling time (MT), ball to powder weight ratio (BPWR), and 

milling speed (MS) on the size of the CaCO3 crystallite were examined using Taguchi's 

method. To demonstrate the efficiency of the Taguchi optimization method, a confirmation 

test with a 90% confidence level was conducted. The examination of the signal-to-noise 

(S/N) ratio was used to establish the best milling parameter combination.  Do Duc Trung 

et.al. [12] conducted the experiment on by using a CNC milling machine, a TiAlN cutting 

tool, SCM400 steel for the experimental material, and Caltex Aquatex 3180 oil as the 

coolant. The impact of input parameters on output parameters has been identified by Pareto 

chart analysis of experimental findings. The input parameter values have been determined 

using the Moora method. Nguyen Huu Quang et.al. [13] made an article that presents a 

multi-objective optimization of the turning process analysis with four input parameters—

nose radius, cutting velocity, feed rate, and cutting depth the experimental matrix was 

designed using the Taguchi method. The multi-objective optimization problem has been 

solved using Copra's technique. In the end, the ideal values of the minimum surface 

roughness and the maximum MRR were found. He Le Hoang Anh et.al. [14] studied the 

machinability of vertical milling machine to mill this sort of 060A4 steel using a multi-

objective optimization approach. A face milling cutter constructed of High Speed Steel 

(HSS) is the cutting tool. The best value of three input parameters has been calculated using 

the Taguchi technique and the PSI method in conjunction to concurrently meet the 

requirements of the least surface roughness and the maximum Material 

Removal Rate (MRR). Nguyen Huu-Phan et.al. [15] worked on the process parameters of 

titanium-based PMEDM for machining die steels were optimised using Taguchi PSI. 

According to the trials and investigations, PSI, TOPSIS, and MOORA outperform GRA in 

multi objective optimization in PMEDM utilising titanium powder. Because of their 

relevance in determining spark energy, the electrode material and powder concentration may 

have a considerable impact on performance measurements. Fulya Erdemir, Murat Tolga 

Ozkan [16] used the Taguchi method to design the experiment set, and 27 experimental sets 

were created instead of 729 experimental sets, saving time and money. Full factorial analysis 

was performed in the ANSYS environment for the applied method, and the method used in 

the analysis is verified and detailed in the article. S. Ghosh et. al. [17] The goal of this work 
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is to use the Taguchi  L9(34) Method to straight turn AISI 1018 .Here two vegetable-based 

cutting fluids and a commercial semi-synthetic cutting fluid are employed and values of 

response variables are studied to determine whether utilising vegetable-based cutting fluids 

for sustainable machining improves the performance of response machining parameters. 

Dipayan Mukherjee et. al. [18] done this research, Taguchi Grey relational analysis is used 

to maximise response qualities such as surface roughness and material removal rate. The 

Taguchi technique was used to undertake 18 experimental runs on an L18 mixed-orthogonal 

array. A grey relational grade derived from grey relational analysis is used to determine 

optimum parameters with numerous performance attributes. Hilmi Pekşen & Ali Kalyon 

[19] evaluated the machinability of AISI 430 stainless steel based on the cutting insert 

coating type, cutting speed, and feed rate. Experiments were conducted out in a moist 

environment with a constant 1.5 mm depth of cut. By extracting an 801 900 mm3 volume of 

chip from the working material, VB and Ra were investigated. The Taguchi-based GRA was 

used to identify the best processing settings. Dušan Petković et. al. [20] described the use of 

a new MCDM method, the PSI method, for tackling discrete machining optimization issues. 

The detailed computing technique of the PSI method is presented by addressing two case 

studies dealing with material machinability and the selection of the best cutting fluid for the 

particular machining application. Ning Li et. al. [21] optimised the design of process 

parameters for turning Ti-6Al-4V under dry conditions including kind of inserts, feed rate, 

and depth of cut. The depth of cut has the greatest impact, according to the range analysis's 

findings. Zahid Hussain [22] interchanged two phases straight cemented tungsten carbide-

cobalt mixed (WC-Co) By Taguchi coupled grey relational analysis, a insert grade (CSTC—

K20) tool has been introduced for the best turning parameters in the turning process. It is 

advised that metal cutting enterprises utilise these optimal ways to decrease material waste 

and production costs while machining EN31-535A99 SS. D. Palanisamy et. al. [23] 

demonstrated that improved surface finish is obtained by combining greater machining speed 

with lower feed, and that machining depth has a large impact on surface roughness. 

Precipitation In the hardened state, 17Cr-4Ni is used as a PH stainless steel. Different 

machining parameters were taken into consideration as responses, including tangential force, 

surface roughness, and vibration components in three axes. M. V. Satish Kumar et. al. [24] 

optimised the CNC turning parameters for cutting EN19 alloy steel. Analysis of variance is 

used to determine how parameters affect MRR and surface roughness (ANOVA). 

Optimization is done using the desirability technique. Engin Nas et.al. [25] addressed an 

approach based on the Taguchi method with grey relational analysis for enhancing the 

turning parameters of hardened DIN 1.2344 hot work tool steel (54 HRC) with various 

performance traits. Cryogenically treated and untreated uncoated carbide cutting tools were 

used in dry turning testing. N.M. Vaxevanidisa et.al. [26] examined the effects of rotating 

speed, feed rate, and depth of cut on the machinability properties of a high-leaded brass alloy 

(CuZn39Pb3). It was decided to use an L18 mixed-level Taguchi Orthogonal Array 

experimental design. A. Johnson Santhosh et.al. [27] generated the Face Centred Central 

Composite Design (CCD) technique is used in the Coded and Actual Empirical model. In 

order to determine the ideal machining process parameters, this study recommends 

combining Artificial Neural Network (ANN) with Genetic Algorithm (GA) technique. 

Muhammad Ali Khan et.al. [28] developed the best machining parameter by optimising the 

formulated multi-objective function. To maximise the efficiency of the machining process, 

concurrent responses were optimised with the best-suited values of the input parameters. 
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According to the results of the analysis of variance, the most effective parameter is feed, 

followed by cutting condition. Djordje Cica et.al. [29] presented the results of an 

experimental investigation and multi-objective optimization of the machining parameters for 

turning Inconel 718 with coated carbide tools under high pressure jet assistance. The 

experimental design made use of the Taguchi L27 orthogonal array, and the analytic 

hierarchy process was used to determine the weights of the responses. Saran 

Keeratihattayakorn et.al. [30] developed a fast tool servo compensation technique to 

reduce out-of-roundness when milling with a traditional CNC machine. A conventional CNC 

machine was used to fabricate and instal the fast tool servo with piezoelectric actuator. A 

representative profile was created after analysis of the profiles of machined femoral heads. 

 

2. Experimental Details 

In current experiment are Alloy 410 (UNS S41000) of a 12% Chromium Martensitic 

stainless steel with a wide range of mechanical qualities that has used. The alloy possesses 

great strength and hardness as well as outstanding corrosion resistance. When annealed, 410 

is ductile and may be produced. It retains its magnetic properties when annealed and heat 

treated. It has extensive  applications in Cutlery, Petroleum Refining and Petrochemical 

Processing Equipment, Ore Processing, Sugar Processing, Gate Valves, Press Plates. The 

chemical properties and mechanical features of work material used depicted in table 1&2 

respectively. In current work, The experiment were planned by taking Tool Type, Speed 

,Feed rate, DOP as variable factors showing in Table 3, a suitable L18 design considered and 

the experiment were performed as per the chart given in. The CNC Turret Lathe used for the 

expirement and the finished samples were shown in figure 1& 2 respectively. 

 
Figure 1. CNC Turret Lathe 

 
Figure 2. Machined Components Samples 
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Table 1: 

Chemical 

Composition of 

SS410 

 

 

 

 

 

 

 

 

Table 2: Mechanical Properties of SS410 

Yield Strength 0.2% 

Offset 

Ultimate Tensile 

Strength 

Elongation in % Hardness (Max) 

Psi (Mpa) Psi (MPa) 34 96 Rb 

42,000   290 74,000 510 

 

Table 3: Process Parameters and their Levels 

 

 

 

 

 

 

Table 4. Input Parameters & L18 OA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material Composition% Material Composition% 

Chromium 11.5 min- 13.5 max Phosphorus 0.04 

Nickel 0.75 Sulfur 0.03 

Carbon 0.08 min- 0.15 max Silicon 1.0 

Manganese 1.0 Iron Balance 

 Level-1 Level-2 Level-3 

Tool type Non Coated Coated  

Speed, RPM 1000 1250 1500 

Feed, mm/Rev 0.1 0.15 0.2 

DoC, mm 0.5 1 1.5 

S.No. Tool Type Speed, RPM Feed, mm/rev DoC, mm 
1 Non Coated 1000 0.1 0.5 

2 Non Coated 1000 0.15 1 

3 Non Coated 1000 0.2 1.5 

4 Non Coated 1250 0.1 0.5 

5 Non Coated 1250 0.15 1 

6 Non Coated 1250 0.2 1.5 

7 Non Coated 1500 0.1 1 

8 Non Coated 1500 0.15 1.5 

9 Non Coated 1500 0.2 0.5 

10 Coated 1000 0.1 1.5 

11 Coated 1000 0.15 0.5 

12 Coated 1000 0.2 1 

13 Coated 1250 0.1 1 

14 Coated 1250 0.15 1.5 

15 Coated 1250 0.2 0.5 

16 Coated 1500 0.1 1.5 

17 Coated 1500 0.15 0.5 

18 Coated 1500 0.2 1 
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3. Proposed Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Results & Discussion 

    
  

∑   
 
   

 

Step7: Determine the criteria weights by following equation: 

subjected to ∑      
    

 

Step1: Define the objective, attributes and alternatives. 

 

Step2: Formation of the decision matrix based on the available information. 
 

 

     
   

   

   
                                      

Step3: Determination of Normalized decision matrix by following equations: 

      
   

   
                                    

 

   
 

 
     

 

   

 

Step4: Determine the mean value of the normalized data by using following equation: 

 

             
 

 

   

 

Step5: Determine the preference variation value from the mean value by  following equation: 

 

            

Step6: Determine the deviation in the preference value. 

 

Step8: Preference selection index is calculated for each alternative by 

    ∑      
 
     

 

Step9: Ranking the alternatives in descending order of preference selection index value of  i  
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The output responses of Material removal rate, roughness and dimensional deviation 

measured were decipated in Table 5. By following the proposed methodology steps the 

normalized and weighted normalised values calculated and given in the table 6&7 

respectively. 

Table 5 : Measured Output Responses 

S.No. MRR Ra Rt DD 
1 0.0500 0.231 1.973 0.1413 

2 0.1500 0.487 3.524 0.0688 

3 0.3000 0.635 4.521 0.0675 

4 0.0625 0.275 2.276 0.0438 

5 0.1875 0.847 5.717 0.0100 

6 0.3750 0.614 4.142 0.1238 

7 0.1500 0.372 3.928 0.0425 

8 0.3375 0.406 3.140 0.0638 

9 0.1500 1.266 5.734 0.1600 

10 0.1500 0.214 3.463 0.0638 

11 0.0750 0.319 2.282 0.0413 

12 0.2000 0.651 3.833 0.0613 

13 0.1250 0.217 1.635 0.0200 

14 0.2813 0.325 2.921 0.1763 

15 0.1250 0.412 3.125 0.0025 

16 0.2250 0.341 3.836 0.1063 

17 0.1125 0.309 2.229 0.0320 

18 0.3000 0.668 3.483 0.0750 

Table 6: Normalised Values(Nij) 

S.No. MRR Ra Rt DD 
1 0.133 0.928 0.829 0.018 

2 0.400 0.440 0.464 0.036 

3 0.800 0.337 0.362 0.037 

4 0.167 0.778 0.718 0.057 

5 0.500 0.253 0.286 0.250 

6 1.000 0.349 0.395 0.020 

7 0.400 0.576 0.416 0.059 

8 0.900 0.528 0.521 0.039 

9 0.400 0.169 0.285 0.016 

10 0.400 1.000 0.472 0.039 

11 0.200 0.672 0.716 0.061 

12 0.533 0.329 0.427 0.041 

13 0.333 0.986 1.000 0.125 

14 0.750 0.658 0.560 0.014 

15 0.333 0.520 0.523 1.000 

16 0.600 0.628 0.426 0.024 

17 0.300 0.693 0.734 0.078 

18 0.800 0.321 0.469 0.033 

Table 7 : Weighted Normalized values 

S.No. MRR Ra Rt DD  i 
 

S/N of  i 
 

1 -0.0677 -0.2534 1.1454 0.0071 0.8314 -1.6053 

2 -0.2036 -0.1200 0.6413 0.0145 0.3322 -9.5725 
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3 -0.4072 -0.0920 0.4999 0.0148 0.0155 -36.1929 

4 -0.0848 -0.2124 0.9929 0.0228 0.7186 -2.8707 

5 -0.2545 -0.0689 0.3953 0.0999 0.1718 -15.3011 

6 -0.5090 -0.0952 0.5456 0.0081 0.0505 -25.9320 

7 -0.2036 -0.1572 0.5753 0.0235 0.2380 -12.4670 

8 -0.4581 -0.1440 0.7197 0.0157 0.1333 -17.5056 

9 -0.2036 -0.0461 0.3941 0.0062 0.1506 -16.4413 

10 -0.2036 -0.2729 0.6526 0.0157 0.1918 -14.3449 

11 -0.1018 -0.1834 0.9903 0.0242 0.7294 -2.7410 

12 -0.2715 -0.0898 0.5896 0.0163 0.2447 -12.2288 

13 -0.1697 -0.2691 1.3822 0.0500 0.9934 -0.0578 

14 -0.3818 -0.1797 0.7737 0.0057 0.2179 -13.2349 

15 -0.1697 -0.1419 0.7229 0.3997 0.8110 -1.8166 

16 -0.3054 -0.1713 0.5891 0.0094 0.1219 -18.2820 

17 -0.1527 -0.1890 1.0139 0.0312 0.7034 -3.0561 

18 -0.4072 -0.0875 0.6488 0.0133 0.1675 -15.5214 

For the weighted Normalised Preference selection values are obtained Taguchi analysis and 

ANOVA were employed to analyse the ratio’s of depicted in Table 8&9 respectively, main 

effect plot and residuel plot drawn also were shown in figures 3&4 respectively. From the 

result it is noticed that depth of cut has highest influence over the composite index significant 

interaction effects between Speed* Speed and DOC* Tool type were also well noticed. 

Residual plots showed that the modals prepared were best fit and accurate. 

Table 8: Response Table for Signal to Noise RatiosLarger is better 

Level Tool Type Speed Feed Doc 
1 -9.031 -12.781 -8.271 -4.755 

2 -15.321 -9.869 -10.235 -10.858 

3  -13.879 -18.022 -20.915 

Delta 6.289 4.010 9.751 16.160 

Rank 3 4 2 1 

 

 
Figure 3. Main Effects plot for S-N ratios of  i  

 

Table 9 : Analysis of Variance for  i  

Source DF Adj SS Adj MS F P 
Model 13 1.57975 0.121520 3.47 0.119 

Linear 4 1.10709 0.276774 7.91 0.035 
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Speed 1 0.03606 0.036063 1.03 0.367 

Feed 1 0.26602 0.266024 7.61 0.051 

Doc 1 0.50829 0.508292 14.53 0.019 

Tool Type 1 0.10410 0.104104 2.98 0.160 

Square 3 0.11531 0.038437 1.10 0.447 

Speed*Speed 1 0.09981 0.099812 2.85 0.166 

Feed*Feed 1 0.01822 0.018225 0.52 0.510 

Doc*Doc 1 0.00017 0.000171 0.00 0.948 

2-Way Interaction 6 0.17905 0.029842 0.85 0.590 

Speed*Feed 1 0.01326 0.013263 0.38 0.571 

Speed*Doc 1 0.01011 0.010111 0.29 0.619 

Speed*ToolType 1 0.00997 0.009967 0.29 0.622 

Feed*Doc 1 0.00363 0.003629 0.10 0.763 

Feed*Tool Type 1 0.00368 0.003679 0.11 0.762 

Doc*Tool Type 1 0.10425 0.104251 2.98 0.159 

Error 4 0.13989 0.034973   

Total 17 1.71964    

 

 
Figure 4. Residual Plots for  i  

 

5. Conclusions 

The following conclusions can be drawn from Taguchi and ANOVA analysis. 

1) DOC is found to be the most significant factor among all parameters. 

2) Interaction effects of speed* speed and DOC * Tool type  are found to be significant. 

3) Residual plots showed that the models prepared are more significant and accurate as they 

following normal distributions and constant variance. 

4) The proposed method of Preference Selection Index proves significant applications in 

solving many Industrial problems with less efforts and computational simplicity. 
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Abstract: The aim of the current work is to create an acceptable set of Wire EDM process 

parameters for cutting AISI1040 steel. The work material offers good heat resistance 

capabilities as well as resistance to chloride pitting and crevice corrosion cracking. As a 

result, it mostly fits in with marine engineering, nuclear power plants, boilers, pressure 

vessels and gas turbines, etc. The controllable parameters during machining have been 

identified as flushing pressure (FP), pulse-on-time (TON), pulse-off-time (TOFF), wire tension 

(WT), wire feed (WF), and servo voltage (SV). The responses obtained from Material 

Removal Rate (MRR) and Surface Roughness Characteristics (Ra & Rz) were optimized 

using Analytical Hierarchy Process (AHP) combined with Taguchi’s Quality Loss Function 

Analysis (TQLFA) methods. L18 OA (2
1
*3

5
) was used. Here, the criterion weights are 

determined using AHP, and the results are produced as consistency ratio (CR) = 0.04<0.1, 

λmax = 3.039, WMRR = 0.637, WRa = 0.258, and WRz = 0.105 respectively. Pulse-Off-Time 

(TOFF) is discovered to be the highest influencing factor and Wire Feed (WF) to be the lowest 

influencing factor for providing the best values of the quality loss function from the Analysis 

of Means (ANOM) and Signal-to-Noise (S/N) ratio analysis. The ideal process parameter 

setting was achieved at the following values: Flushing Pressure: 8 kg/cm
2
 (level 2), Pulse-

On-Time: 125 µs (level 3), Pulse-Off-Time: 55 µs (level 1), Wire Tension: 6 kg-f (level 3), 

Wire Feed: 4 mm/min (level 3) and Servo Voltage: 20 volts (level 1), respectively. 

Keywords: Analytical Hierarchy Process (AHP), Taguchi’s Quality Loss Function Analysis 

(TQLFA), Material Removal Rate (MRR), Surface Roughness Characteristics (Ra & Rz), 

Analysis of Means (ANOM), Signal-to-Noise (S/N) ratio. 

 

1. Introduction 

In order to attain the desired size and form by carefully managing the various parameters, 

machining is a technique that involves removing extra material from the work piece. A useful 

unconventional machining (UCM) technique that aids in machining hard materials is wire-

cut electrical discharge machining (WEDM). [1-3] It differs from other non-traditional 

cutting technologies in a number of important ways, including great machining versatility, 

minimal stress on the workpiece, high flexibility, and modest cutting forces. The WEDM 

technique allows for the manufacture of items with ±0.016 accuracy. [4-6]  Ashish Goyal [7] 

(2017) examined the impact of WEDM process parameters on material removal rate (MRR) 

and surface roughness (Ra) during Inconel 625 machining. In 18 trials, different tool 

electrodes (zinc coated and cryogenically treated zinc coated) were used. The material 
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removal rate and surface roughness were found to be significantly influenced by the pulse on 

time, tool electrode, and current intensity, according to the ANOVA results. Carmita 

Camposeco-Negrete [8] (2021) used WEDM to conduct studies on AISI O1 tool steel. He 

investigated the effects of pulse-on time, servo voltage, and voltage over machining time, 

electric power, overall energy consumption, surface roughness, and rate of material removal, 

among other things. The pulse-on time was discovered to be the most important factor 

influencing the responses. A. Pramanik et al. [9] (2019) examined the geometrical mistakes, 

such as cylindricity, circularity, and diametric errors of a feature (a hole), created through 

wire electrical discharge machining of Ti6Al4V alloy. R. Prasanna et al. [10] (2019) 

optimized WCEDM process parameters for machining titanium alloy (Ti–6Al–2Sn–4Zr–

2Mo). On material removal rate and surface roughness, the effects of the pulse on time, pulse 

off time, voltage, and wire feed rate were examined. They deduced from the findings that 

voltage, out of all the parameters, is the most important one. Raymond Magabe et al. [11] 

(2019) used WEDM to machine Ni55.8Ti shape memory alloy. On productivity, measured by 

the metal removal rate (MRR), and surface quality, measured by the mean roughness depth 

(Rz), the impacts of input parameters including spark gap voltage, pulse on-time, pulse off-

time, and wire feed have been examined. For optimizing the various answers, NSGA-II was 

used. The MRR and Rz values are correctly predicted by the derived empirical models. 

Ni55.8Ti wire-EDM with NSGA-II-optimized settings produced better surface quality (Rz - 

6.20  m) and process productivity (MRR-0.021 g/min). The NSGA solutions found in this 

work might be referred for better process performance depending on the requirements. S. 

Suresh et al. [12] (2019) investigated the effects of WEDM parameters including gap 

voltage, wire feed, pulse-off time, and pulse-on time on surface roughness (Ra) and MRR 

(material removal rate) in Al7075 and nano-silicon carbide-based metal matrix 

nanocomposites (SiC). They discovered that the key parameters for material removal rate and 

surface roughness are gap voltage and reinforcement weight percentage respectively. 

Varying the input process parameters in WEDM has the biggest impact on the surface quality 

performance characteristics. Due to the unsystematic nature of the WEDM process, 

optimizing the input process variables is an extremely vigorous task for the researchers. Amit 

Kumar et al. [13]  (2018) enhanced the WEDM process parameters during the machining of 

M2-grade high-speed steel (HSS). For optimizing the response variables material removal 

rate (MRR), surface roughness, and Kerf width, the regression model of significant factors 

such as pulse-on time, pulse-off time, peak current, and wire feed is taken into consideration. 

Ramy Abdallah et al. [14]  (2020) studied the effect of operational parameters and cut 

direction on composites (parallel and perpendicular to fiber orientation). For each cut 

direction, a Taguchi L18 fractional factorial orthogonal array with four variable parameters-

open voltage, ignition current, pulse-on and pulse-off time was conducted.  Titus Thankachan 

et al. [15] (2017) performed an experiment and investigated the impact of pulse discharge on 

time (Pulse on), pulse discharge off time (Pulse off), wire feed rate (Wire FR), as well as the 

material characteristics of different Boron Nitride (BN) volume fractions while machining a 

friction stir processed (FSPed) copper-BN surface composite. Methods such as ANOVA and 

grey analysis were used to optimize the responses. Yan et al. [16] investigated the machining 

properties and establishes the ideal wire electrical discharge machining process settings for 

the SiCp/Al composite. It is noticed that the material removal rate increases with increasing 

pulse-on time and decreases with increasing pulse-off time, servo voltage, wire feed, and 
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wire tension. Surface roughness rises with longer pulse-on and pulse-off times, but induced 

current and wire-feed only have fewer effects. 

WEDM technique uses a thin wire as an electrode to convert electrical energy to heat energy. 

EDM has been successfully utilized to machine tough, very durable, and temperature-

resistant materials. Rapid, repeated spark discharges over the space between the electrode 

and work piece which removes the unwanted material. Amit Kumar et al. [17] (2017) used an 

Al2O3 nanopowder mixed dielectric medium to machine Inconel 825. The experimental 

examination found that the maximum MRR was 47 mg/min and the minimum SR was 1.487 

m, which are 44 and 51% greater than the standard EDM technique, respectively. 

Nanopowder Mixed Electric Discharge Machining (NPMEDM) was used to significantly 

increase the surface topography of the machined surface.  Rakesh Chaudhari et al. [18] 

(2021) used MWCNTs combined with dielectric fluid in wire electrical discharge machining 

(WEDM) to improve the machining performance of Nitinol shape memory alloy (SMA). The 

effect of WEDM machining variables such as current, pulse-on time (Ton), pulse-off time 

(Toff), and change in MWCNT powder concentration on material removal rate (MRR) and 

surface roughness (SR) is investigated. The best combination of several responses is found 

using a sophisticated parameter less TLBO algorithm. Himanshu Payal et al. [19] (2019) 

employed the GRA and PCA methodologies to optimize the die-sinking EDM process 

parameters when milling Inconel 825 using three different electrode types namely, graphite, 

copper, and copper-tungsten. With a graphite electrode, they saw good MRR, TWR, and SR 

outcomes.Therefore, while working with hard materials like composites etc, the EDM 

process becomes the most essential. Many researchers worked on this area by employing 

different optimization techniques to study the effect of WEDM process parameters on 

various multi-responses. K. Anand Babu et al. [20]  (2021) use the Taguchi technique 

coupled with the Entropy-VIKOR approach to examine the optimization of electrical 

discharge wire-cutting process parameters on AA6082/fly ash/Al2O3 hybrid composite. The 

analysis leads to the conclusion that pulse OFF time, followed by pulse ON time, servo feed, 

and wire type, is the most highly relevant parameter for process performances, cutting speed, 

wire wear ratio, kerf width, and over-cut. Gopal P.M. et al. [21] (2016) optimized the surface 

finish (Ra) and material removal rate (MRR) of a novel Mg/BN/CRT hybrid MMC. Through 

the Taguchi-based orthogonal array technique, reinforcement weight percentage and size, 

pulse on time, pulse off time, and wire feed are taken into account as process parameters to 

build the WEDM trials. The created mathematical models for MRR and Ra are found to have 

greater predictive power and generate values that are consistent with experimental findings. 

Meinam Annebushan Singha et al. [22] (2020) focus on the manufacture of silicon carbide 

utilizing a rapid hot press sintering approach and the subsequent discovery of the relevant 

parameters that best correspond to a superior machining scenario in wire electric discharge 

machining. Amresh Kumar et al. [23] (2022) used the WEDM technique to machine an 

aluminum-based hybrid composite made of (Al/(SiCp+ GrP+ Fe2O3p)). The ideal machining 

conditions for hybrid composites have been determined using an analytical hierarchy process 

and a genetic algorithm. V. Kavimani et al. [24] (2017) studied the effect of the Wire Electric 

Discharge Machining (WEDM) parameter on the material removal rate (MRR) and surface 

roughness (Ra) of a newly designed magnesium metal matrix composite. In order to 

investigate their impacts on the required output responses, two material parameters and three 

machining parameters have been chosen. The Taguchi coupled Grey relation analysis is then 

used to analyze the output response variables like MRR and Ra. Malik Shadab et al. [25] 
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(2018) employed Metaheuristic Techniques to optimize the WEDM parameters. The Taguchi 

L25 orthogonal array is required for the experiments that were done. For the optimization, a 

TLBO algorithm based on RSM was employed.  R. Karthikeyan et al. [26] (2020) enhanced 

the material removal rate and surface roughness using a feed-forward artificial neural 

network model and a genetic algorithm by optimizing the network's weighing factors in 

neural power software. P. Vaidyaa et al. [27] (2021) used a hybrid artificial neural network 

(ANN) coupled genetic algorithm approach to optimize the multi-objective properties of wire 

electrical discharge machining (WEDM) in SLM-fabricated AlSi10Mg. The Taguchi 

experimental design is used to determine the microhardness and surface roughness outcomes 

while taking into account the three major influencing elements. Ahmed A et al. [28] (2020) 

used the WEDM technique to machine AISI 1045 steel. The goal of this study is to develop 

an ANN model that can forecast surface roughness (Ra) and metal removal rate (MRR) 

values. The Taguchi technique (Design of Experiments), artificial neural network (ANN), 

and analysis of variances (ANOVA) were utilized in this study as the approach to carry out 

the research. C. Balasubramaniyan et al. [29] (2021) focus on coated wire electric discharge 

machining of high-temperature Ni44Ti50Cu4Zr2 SMA (W-EDM). Surface undulation and 

material removal were evaluated in terms of machining quality attributes using current (I), 

servo voltage (SV), pulse on time (Ton), angle of cut (AC), and pulse off time (Toff). The 

response surface technique, based on central composite design, has been used in trials to 

study parametric analysis of machining features (RSM-CCD). Soutrik Bose et al. [30] (2020) 

experimental research was based on a novel optimization technique known as desirable grey 

relational analysis (DGRA), in which the desirability function is connected with grey 

relational analysis for multi-objective optimization. With multi-criteria decision-making 

approach like the fuzzy methodology for order preference by similarity to ideal solution 

(FTOPSIS) combined with a fuzzy analytical hierarchy process for criteria weights, the 

experimental and anticipated results are compared. Daniel Das A et al. [31] (2021) 

investigate the effect of wire-cut electrical discharge machining on input parameters in Ti 

alloy. The TOPSIS approach has been used to anticipate the optimization portion. 

 

2. Experimental Details 

In the current experiment, a brass electrode of 0.25 mm was used to machine medium carbon 

steel, AISI1040, utilizing Wire EDM, as illustrated in "Fig. 1." Work material can be used to 

make gears, axles, bolts, spindles, shafts, studs, and other automotive parts. It is also utilized 

in technical applications where higher tensile strength is needed. Tables 1 and 2 lists the 

chemical and mechanical characteristics of AISI1040 steel. Table 3 shows the levels of the 

selected process parameters. Table 4 contains information of the L18 orthogonal array used 

for the experiments.  SJ 301 tester as shown in "Fig. 2." is used to measure the roughness of 

the cutting faces at three distinct positions, with the mean value being used as the final result. 

Table1. Chemical Composition of AISI 1040 

Element Carbon Silicon Manganese Sulphur Phosphorus 

% 0.36 - 0.44 0.10 - 0.40 0.60 - 1.00 0.05  0.05  

Table 2. Mechanical Properties of AISI 1040 

UTS (MPa) YS (MPa) Elongation (%) Hardness 
550  280  16  201-255 
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Table 3. Fixed Parameters and Corresponding Levels 

Process Parameter L - 1 L - 2 L - 3 

Flushing Pressure  (kg/cm
2)

 4 8 - 

Pulse-on-Time       (µs) 115 120 125 

Pulse-off-Time      (µs) 55 58 61 

Wire Tension        ( kg-f) 2 4 6 

Wire  Feed           (mm/min) 2 3 4 

Servo Voltage      (volts) 20 25 30 

Table 4. L18 OA Design 

S.NO Flushing 

Pressure 

Pulse-On-

Time 

Pulse-Off-

Time 

Wire 

Tension 

Wire Feed Servo 

Voltage 

1 4 115 55 2 2 20 

2 4 115 58 4 3 25 

3 4 115 61 6 4 30 

4 4 120 55 2 3 25 

5 4 120 58 4 4 30 

6 4 120 61 6 2 20 

7 4 125 55 4 2 30 

8 4 125 58 6 3 20 

9 4 125 61 2 4 25 

10 8 115 55 6 4 25 

11 8 115 58 2 2 30 

12 8 115 61 4 3 20 

13 8 120 55 4 4 20 

14 8 120 58 6 2 25 

15 8 120 61 2 3 30 

16 8 125 55 6 3 30 

17 8 125 58 2 4 20 

18 8 125 61 4 2 25 

 

 
Figure 1. WEDM Experimental Setup 
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Figure 2. SJ301 Surface Roughness Tester 

 

3. Proposed Methodology: (AHP+TQLFA) 
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4. Results & Discussion 

To determine how the WEDM process settings affect the various performance 

characteristics, a total of 18 tests were conducted. Table 5 lists features of material removal 

rate and surface roughness that were measured. The values for Taguchi's quality loss were 

tabulated in Table 6 and the replies were later normalized, the results are shown in Table 7. 

The weights of the individual criteria were discovered using AHP. The weights are 

calculated and discovered to be, WMRR = 0.632, WRa = 0.258, and WRz = 0.105 respectively 

and CR = 0.04 < 0.1,  max = 3.039. After determining the individual weights for the 

responses, the weighted normalized values of the responses are determined. The outcomes 

are listed in Table 8. Using MINITAB-17 Software, the Taguchi method has been used for 

the analysis. Taguchi analysis was performed on the responses using the Lower-the-Better 

characteristic. The findings of the Taguchi analysis are shown in Table 9. The main effect 

plots are shown in Fig. 3 and were produced using the mean values of the process 

parameters. 

Table 5. Output Responses 

S.NO MRR       

1 8.4204 2.5032 13.9056 

2 7.2597 2.6216 15.2776 

3 6.9008 2.4008 15.3151 

4 7.8915 2.4237 14.1967 

5 7.1902 2.4955 15.9591 

6 7.3215 2.5658 16.3575 

7 7.7430 2.4728 15.8616 

8 8.8791 2.6294 16.6926 

9 6.9232 2.6065 16.0197 

10 8.8.31811 2.52.5323323 15.315.3131131 

11 6.9764 2.5105 15.0291 

12 7.7513 2.6403 16.0149 

13 9.8805 2.7400 16.9233 

14 8.4247 2.9679 16.9644 

15 6.6119 2.6071 15.5482 

16 9.1397 2.5923 16.6620 

17 9.0195 2.7440 16.8876 

18 7.4033 2.6909 16.698 

Table 6. Quality Loss Function values (   ) 

S.NO MRR Ra    

1 0.0141 6.2660 193.3657 

2 0.0190 6.8728 233.4051 

3 0.0210 5.7638 234.5523 

4 0.0161 5.8743 201.5463 

5 0.0193 6.2275 254.6929 

6 0.0187 6.5833 267.5678 

7 0.0167 6.1147 251.5904 

8 0.0127 6.9137 278.6429 

9 0.0209 6.7938 256.6308 

10 0.0145 6.4125 234.4910 

11 0.0205 6.3026 225.8738 

12 0.0166 6.9712 256.4770 
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13 0.0102 7.5076 286.3981 

14 0.0141 7.2787 287.7909 

15 0.0229 6.7970 241.7465 

16 0.0120 6.7200 277.6222 

17 0.0123 705295 285.1910 

18 0.0182 7.2409 278.8232 

Table 7. Normalized Values (   ) 

S.NO MRR       

1 0.6159 0.8322 0.6719 

2 0.8286 0.9128 0.8110 

3 0.9170 0.7655 0.8150 

4 0.7012 0.7802 0.7003 

5 0.8447 0.8271 0.8850 

6 0.8146 0.8743 0.9297 

7 0.7284 0.8121 0.8742 

8 0.5539 0.9182 0.9682 

9 0.9111 0.9023 0.8917 

10 0.6311 0.8517 0.8148 

11 0.8972 0.8371 0.7849 

12 0.7268 0.9258 0.8912 

13 0.4473 0.9971 0.9952 

14 0.6153 0.9667 1.0000 

15 0.9989 0.9027 0.8400 

16 0.5228 0.8925 0.9647 

17 0.5368 1.0000 0.9910 

18 0.7967 0.9617 0.9688 

Table 8. Weight Normalized Values of Responses (     ) 

S.NO MRR       Total Quality Loss(   ) SN of Tij 

1 0.3923 0.2147 0.0705 0.2259 12.9233 

2 0.5278 0.2355 0.0852 0.2828 10.9699 

3 0.5841 0.1975 0.0856 0.2891 10.7800 

4 0.4467 0.2013 0.0735 0.2405 12.3779 

5 0.5380 0.2134 0.0929 0.2815 11.0119 

6 0.5189 0.2256 0.0976 0.2807 11.0349 

7 0.4640 0.2095 0.0918 0.2551 11.8660 

8 0.3528 0.2369 0.1017 0.2305 12.7479 

9 0.5804 0.2328 0.0936 0.3023 10.3924 

10 0.4020 0.2197 0.0856 0.2358 12.5503 

11 0.5715 0.2160 0.0824 0.2900 10.7530 

12 0.4630 0.2389 0.0936 0.2651 11.5305 

13 0.2849 0.2572 0.1045 0.2156 13.3287 

14 0.3919 0.2494 0.1050 0.2488 12.0839 

15 0.6363 0.2329 0.0882 0.3191 9.9207 

16 0.3330 0.2303 0.1013 0.2215 13.0919 

17 0.3419 0.2580 0.1041 0.2347 12.5912 

18 0.5075 0.2481 0.1017 0.2858 10.8792 

Table 9. Taguchi Analysis: Tij  versus FP, TON, TOFF, WT, WF, SV 

Level Flushing 

Pressure 

Pulse-On-

Time 

Pulse-Off-

Time 

Wire 

Tension 

Wire Feed Servo 

Voltage 

1 0.2654 0.2648 0.2324 0.2687 0.2644 0.2421 
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2 0.2574 0.2644 0.2614 0.2643 0.2599 0.2660 

3 - 0.2550 0.2903 0.2510 0.2598 0.2760 

Δ 0.0080 0.0098 0.0580 0.0177 0.0046 0.0340 

Rank 5 4 1 3 6 2 

 

 
Figure 3. Main Effect Plots for Means of Tij 

 

5. Conclusions 

From the experimental results on WEDM machining, the following conclusions can be 

drawn 

 Pulse-off-time is found to be the most influencing control parameter in affecting the 

multi-responses.  

 The optimal setting of process parameters was obtained at FP: Level-2, 8 kg/cm
2
; TON: 

Level-3, 125µs; TOFF: Level-1, 55µs; WT: Level-3, 6 kg-f; WF: Level-3, 4 mm/min; SV: 

Level-1, 20 volts respectively. 

 The proposed methodology can be effective for employing/solving multi-objective 

optimization problems efficiently with very less effort. 
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Abstract: The present work studied the wear behaviour of microwave sintered alumina-

graphene composite samples. The wear tests of ceramic composite samples were conducted 

on pin-on-disk apparatus at speed of 0.5 m/sec, 1 m/sec and 1.5 m/sec and with sliding 

distance of 50,100 & 150 m. The wear rate of ceramic composites influenced by speed and 

sliding distance was analyzed and compared with wear behaviour of monolithic alumina by 

conducting tests at a constant load of 10 N. Investigated results shows that alumina 

composite reinforced with 0.35 wt% of graphene yielded superior wear resistance compared 

to other alumina-graphene composites and also to monolithic alumina prepared under same 

conditions. This study revealed the superior wear properties of alumina ceramic composite at 

0.35 wt% of graphene reinforcement. 

Key words: Alumina, Graphene, wear rate, ceramic composites, pin-on-disk 

 

Introduction 

Ceramics have been receiving great attention in manufacturing world due to their superior 

intrinsic characteristics. Alumina was important representative of ceramic materials. It’s 

various properties like high chemical inertness, relatively low cost, great hardness, high 

erosion resistance, good temperature resistance made alumina much attractive in several 

applications like aerospace, biomedical, cutting tool and automobiles especially when 

working conditions are severe. Hence, Al2O3 is the most widely used material in applications 

requiring high wear resistance. Large variety of commercial alumina grades are available 

with a percentage variation of alumina ranging between 85% - 99.99%. This grade of 

materials can also exhibit various densities, grain sizes with different microstructural 

characteristics. But, Wear of the ceramic materials is a serious concern and a big issue of 

industrial importance as it leads to reduction of the overall efficiency of ceramic components. 

Of all wear mechanisms, abrasive wear and adhesion wear are frequently observed in dry 

sliding ceramics. To improve wear properties and tribological properties of pure alumina 

further, numerous experimental studies and investigations have been made by adding 

individual reinforcements to alumina matrix. 

Zhao Xingzhong et. al [1] employed Si3N4 ceramic material to machine AISI 321 stainless 

steel and conducted friction and wear tests under dry and water-lubricated conditions on a 

pin-on-disk tribometer. This experimentation revealed that with the increasing speed and 

load, the wear rate of Si3N4 ceramic material was also increasing in both dry and water 

lubricated conditions and wear rate was rapid under dry conditions at higher load (235.2 N). 

The test concluded that even water or water based cutting fluids were not effectively 

reducing the wear of Si3N4 ceramic cutting tools during tests. R.F. Silva, et al. [2] adopted 
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Si3N4 based ceramic cutting tools to machine tool steel and gray iron and studied the distinct 

wear behaviour of ceramic tool by using SEM images. The wear mechanism was also 

investigated by pin-on-disk tests conducted under atmospheric conditions and concluded that 

selective abrasion and corrosion of ceramic grain boundary of tool are changed according to 

the change in temperatures at the contact of metal ceramic surfaces. 

Z.S. Rak, et al. [3] prepared dense Al2O3–TiN (Titanium Nitride) composites with 5-25 

vol% TiN and studied the effect of TiN content on the electrical resistivity, mechanical 

properties, wear resistance and oxidation resistance. Their microscopic study of prepared 

samples revealed even distribution of TiN particles in the alumina matrix of all prepared 

composites. They identified that TiN crystals were located either in between the alumina 

grains or incorporated into the alumina grains basing on the size of TiN particles. They 

reported formation of a near continuous network of titanium nitride grains in the alumina 

matrix in the composite with 25 vol% TiN was responsible for achieving highest strength of 

567 MPa and the lowest electrical resistivity of 2·5 × 10−3 Ω.cm. M. Parchoviansky, et al. 

[4] prepared alumina-silicon carbide composites by adding SiC (volume fractions 3, 5, 10, 

15, and 20 vol%) and evaluated the effect of size and vol% of SiC particles on dry sliding 

wear behaviour and mechanical properties of obtained composite. during wear test, they 

observed no grain pull-out in the matrix even at high volume reinforcement of SiC particles. 

Since a decade graphene has been strongly identified as a promising reinforcing material for 

composite materials. Many research articles informed that the addition of grapheme or CNT 

as a second phase in ceramics lead to an enhancement of the tribological properties of 

resulting composite. J.W. An, et al. [5] fabricated alumina–CNT composites with the CNT 

contents ranging from 0 to 12.5 wt% by hot-pressing and investigated the effect of CNT 

addition on wear resistance. They reported enhanced wear and mechanical properties of the 

prepared composites when the CNT content range is 0-4% in the composite. Anton Smirnov, 

et al. [6] fabricated graphene-reinforced Al2O3-SiCw (silicon carbide whisker) ceramic nano 

composites and investigated the wear behavior of 0.5 vol% graphene reinforced prepared 

alumina composite using ball-on-disk wear apparatus at 10 N and 40 N of sliding loads. They 

reported around higher wear resistance of these nanocomposites than the wear resistance of 

pure alumina ceramic regardless of the applied load. They stated that graphene present in 

ceramic matrix was acting as an auto-lubricating layer and improving the wear behaviour of 

the prepared composite. They also confirmed that graphene was providing enough 

lubrication in between the sample and alumina ball during wear test by forming tribofilm 

through Raman and SEM observations. They concluded that this composite is suitable for 

heavy applications like valves, high temperature valve system, protective coating 

applications and conveyor system bearing. 

It is well known that fabrication method also plays a major role in deciding the fundamental 

characteristics of obtained composite and also can significantly affect various mechanical 

properties of the obtained composite [7]. Ceramics are brittle, hard and melt at very high 

temperatures, hence their manufacturing involves powder pressing and consolidation at high 

temperature called as sintering [8]. Attaining full density (near to the actual) without 

affecting the final structure of the composite is a fundamental prerequisite and one of the 

challenges in the sintering of the ceramic composites [9]. Hence for the present work to 

choose the appropriate sintering method for preparation of the proposed ceramic composites, 

a vast survey was done on different sintering methods adopted by several authors to fabricate 
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ceramic composites and identified that microwave sintering the suitable process for ceramic 

composites [10,11,12,13]. 

Hence, the present work mainly concentrated on preparation of alumina ceramic composite 

material reinforced with different weight proportions of graphene through microwave 

sintering method. Studies also carried out on the effect of graphene on wear resistance 

properties of obtained ceramic composite by performing wear tests at varying speeds and 

sliding distances using Pin-on-disk machine. 

 

Wear Test on Pin-On-Disk Apparatus 

Pin on disk apparatus (Shown in Fig. 1) was used to carry out the wear tests on prepared 

alumina-graphene composite samples. Along with pure alumina samples, ceramic composite 

samples are prepared using powder metallurgy technique by reinforcing graphene in to 

alumina at weight fraction ranging i.e from 0.15 - 0.45 wt% maintaining an interval of 0.1 

(shown in Fig. 2) and consolidated through microwave sintering [14].  The tests were carried 

under 10N load and at a speed of 0.5 m/Sec, 1.0 m/sec and 1.5 m/sec at sliding distances of 

50 m, 100 m and 150 m on a SiC (Silicon carbide) emery paper of grit size 150 μm. This 

emery sheet serves as an abrasive medium during wear test. 

  
Fig. 1: Pin-on-Disk Apparatus  Fig. 2: Pin shaped Ceramic Composite Samples 

Using an electronic weighing machine, weights of the samples were measured before and 

after wear test to obtain the weight loss. Wear rate of all samples was calculated by 

employing the formulae (1). The wear rate of samples at different sliding distances and 

speeds were calculated and obtained values are noted. 

                  ……….. (1) 

                                     

                                       

                                   

                               

S = Sliding distance in meters. 

Results and Discussions 

The obtained wear rate values are depicted in the form of bar graphs and were presented in 

the Fig. 3. From the Fig. 3, it can be observed that, of all samples tested for wear, samples 

containing 0.35 & 0.45 wt% of graphene have shown remarkable improvement in the wear 

rate when compared with pure alumina samples. 
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(a)  

(b)  

(c)  

Fig. 3: Wear rate Vs Speed of samples at different sliding distance :  (a)  50m;  (b) 100m;  (c) 150m 

on 150 µ grit size emery paper 

The higher wear rate in other samples can be attributed to low wt % of graphene 

reinforcement. During reciprocating movement of samples, the graphene particles in the 

ceramic composite might be exposed from it’s top surface to the wear track and thereby 

might aided for formation of lubricating tribofilm. The slippery nature of graphene exhibits 

lubricating property and might restricted the higher damage in 0.35 and 0.45 wt% of 

graphene reinforced alumina composite samples. 

From the obtained wear rate values it was noted that, the percentage decrease in wear rate at 

a speed of 0.5 m/sec (with sliding distance of 50 m, 100 m, 150 m respectively) was 88.11%, 

62.74%, 37.64% in the composite samples reinforced with 0.35 wt% of graphene and 

45.64%, 32.35%, 1.17% in the composite samples reinforced with 0.45 wt% of graphene 

when compared with wear rate of pure alumina samples. The percentage decrease in wear 

rate at a speed of 1.5 m/sec (with sliding distance of 50 m, 100 m, 150 m respectively) is 

56.04%, 71.58%, 28.14% in the composite samples reinforced with 0.35 wt% of graphene 
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and 43.95%, 44.26%, 17.03% in the composite samples reinforced with 0.45 wt% of 

graphene when compared with wear rate of pure alumina samples. It is also observed that the 

decrease in wear rate of ceramic composite samples at graphene reinforcement of 0.35 wt% 

& 0.45 wt% was much noticeable at all speeds and sliding distances when compared with 

wear rate of remaining composite samples also. 

 

Conclusions 

The present work studied the wear behaviour of alumina-graphene composite samples on pin-on-disk 

apparatus at different sliding distances and speeds. 

1. Wear rates of alumina-graphene composite samples  were calculated and compared with the  

wear rates of pure alumina 

2. In addition to that, effect of different wt% of graphene reinforcement in alumina matrix on wear 

performance of composite samples also analysed. 

3. It is observed that, alumina ceramic composite samples reinforced with 0.35 wt% and 0.45 wt% 

of graphene showed improved wear performance when compared with pure alumina samples. 
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Abstract: Pocket milling is used in the ship building and aerospace industries. Various tool 

trajectories can be used to cut the required profile of the pocket on the material. Surface 

quality  is one of the parameters to accept products while also reducing production time to 

reduce production costs. This demonstrates the importance of selecting the best machining 

parameters to achieve a good surface finish in a short amount of time. Tool trajectories are 

also important in pocket generation and production time. In the present paper, best 

combination of process parameters are identified for AA6082 using Taguchi L9 OA and 

Multi- objective optimization is done using Grey Relational Analysis. Experiments are 

carried out with the experimental factors Speed (S), Feed (F), and Stepover (SO). Second, an 

appropriate tool path must be identified in order to enhance surface quality (SR) and Material 

Removal Rate (MRR). To create pockets, two tool paths are used: follow periphery and 

zigzag. Grey Relational Grade is calculated for each tool path based on the obtained results. 

The optimal parameters are identified as the combination of parameters with the highest Grey 

Relational Grade. Confirmation experiments show that predicted responses are closer to 

optimal. 

Keywords: Multi-Objective Optimization, Pocket Milling, AA6082, Taguchi, GRA 

 

1. Introduction 

In the current scenario, the manufacturing industry is being forced to use advanced 

technologies in order to maintain object quality while reducing production costs and 

increasing production volume. Pocket milling is one of the basic processes in the 

manufacture of dies and moulds. The surface roughness of the pocket directly reflects its 

quality. Characteristic derived from the product's functional properties. 

Aluminium (AA) alloys are the most machinable materials where less weight and corrosion 

resistance are important criteria for machining. Aluminium and its alloys are typically not 

difficult to machine. AA6082 is one among the most often used alloys in the moulding 

business, although it is recommended for moulding due to its strength, polishing ability, 

corrosion resistance, and wear resistance.  Productivity depends on production time and 

material removal rate. Surface roughness and material removal rate are affected by many 

factors like feed, Speed, Depth of cut, stepover, Number of passes, tool geometry etc., The 

selection of tool trajectory for pocket milling is very important as it influences the machining 

time and cost. Firstly, a rough cut of pocketing takes place with the tool trajectory selected 

for machining. Then final finish cut is performed to get the required surface finish and 

correctness in the pocket profile. Many researchers worked to identify the best tool path to 

reduce the machining time. Number of algorithms are available to select required tool path 

for obtaining minimum surface roughness[1]–[3]. P.E. Romero et al.[4] investigated how pocket 
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shape and tool movement affect surface quality and cutting forces. According to the findings of the 

study, each tool route has its own impact on the answers dependent on the pocket shape chosen. H. 

Perez et al. [5] developed a novel mathematical model to investigate the influence of tool route on 

surface roughness and cutting force. Martin Held et al.[6] used an algorithm in the POWERApx 

package to build a spiral tool path in machining at high speeds. Bouard et al.[7] use a 

constrained-based optimization approach for tool path calculation in pocket milling to investigate 

the influence on machining time. J Medina et al.[8] used simulation to examine alternative tool 

motions for determining cutting time. They attempted to investigate the effect of interpolation, 

distance between points, and toolpath curvature on cutting time in the study. A. Ghani et al.  [9] 

investigated the effect of cutting parameters on surface roughness using Taguchi 

optimization. Mohamed T. Hayajneh et al.[10] investigate the effect of cutting factors on 

surface roughness in end milling. They conducted random tests at all feasible factor level 

combinations. Milon D. Selvam et al. [11] used Taguchi and the Genetic Algorithm to investigate 

the influence of process factors on surface roughness in Mild Steel face milling. B.Jabbaripour et 

al.[12] investigated the impact of four cutter directions and speed changes on surface polish and 

cutting force. Taguchi OA with grey relational analysis was used by A. Noorul Haq et al.[13] to study 

multi response optimization in drilling Al/SiC metal matrix composite. M Maiyar et al.[14] used 

Taguchi and grey relational analysis to investigate multi-response milling of Inconel 718Super 

Alloy. They demonstrated through experiments that this strategy may enhance machining 

performance. Taguchi method coupled grey relational analysis is applied by Santha kumar et 

al.[15] to optimize one direction tool movement in pocketing of Ti-6Al-4V. By doing 

confirmation experiments, they observed that MRR, radial tool deflection and surface roughness 

are optimized by this method. Rajyalakshmi and Babu [16]optimized surface roughness in pocket 

milling of SAE304 using Taughi analysis. In the experimental study, they have applied two 

different tool paths and compared the surface roughness in both criteria. Sukumar et al.[17] On Al 

6061, Taguchi and Artificial Neural Networks techniques were used to improve cutting 

parameters in face milling. They discovered that, despite the fact that both procedures produce 

distinct combinations of parameters, experimental findings indicated that the surface roughness 

value was practically same. Malvade et al. [18] employed the Taguchi technique to investigate 

the effect of cutting settings on Material Removal Rate, Surface Integrity, and Parallelism during 

end milling operations on OHNS steel. They discovered that the depth of cut influences the rate 

of material removal and the speed influences the surface roughness. Shunyao et al. [19] 

employed the Taguchi Grey Relational Analysis approach to determine the influence of tool 

geometry on achieving a satisfactory surface quality when milling Titanium alloy TB17.  

Etyemez[20] The Grey Taguchi technique was used to investigate the influence of cutting 

parameter and tool route on milling AA7075. Emel Kuram and Babur Ozcelik[21] performed 

experimental study to optimise cutting settings for micro milling of AA7075 using the grey-

based taguchi approach. Surface roughness, cutting forces, and tool wear are all evaluated to get 

the best reaction values. M. Nurhaniza et al.[22] investigated the influence of procedure on 

surface integrity while milling Al-CFRP composites using a Taguchi orthogonal array. Within 

the specified boundaries, they observed good surface integrity at high speed, low feed, and low 

DOC. Biswajit Das et al. investigated the influence of procedure on surface integrity while 

milling Al-CFRP composites using a Taguchi orthogonal array. Within the specified boundaries, 

they observed good surface integrity at high speed, low feed, and low DOC. Biswajit Das et 

al.[23] used Grey-based fuzzy logic to adjust the response parameters during milling Al-4.5%Cu-

TiC metal matrix composites. 

According to the preceding study, It is observed that the majority of the researchers concentrated 

on single goal optimization. Several studies have been conducted on pocket milling. In pocket 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 396 

 

 

generation, the effect of step over in conjunction with speed and feed is not stated. It is also 

possible to investigate tool trajectory selection for multi response optimization in pocket milling. 

For multi-response optimization, the Grey Taguchi approach provides a superior combination. As 

a result, in the current work, multi-response optimization with Taguchi-based Grey relational 

analysis is used to determine the best combination of parameters for producing pockets 

employing two different tool paths. 

 

2. Material and methodology 

AA6082 grade Aluminium Alloy workpieces of size 80X80X10mm are selected. The 

chemical composition of the material by weight percentage is shown in table 1. 

Table1: Composition of AA6082 

Element Al Si Fe Cu Mn Cr Mg Zn Ti Others 

Composition 

(Wt. %) 
97.506 0.903 0.223 0.002 0.411 0.016 0.852 0.071 0.010 

0.05 

max 

Taguchi OA produce effective and efficient outcomes with fewer experiments and at a lower 

cost. An appropriate OA is chosen based on the number of variables and the number of levels 

for each component. For surface roughness, the lower the Signal to Noise ratio, and for 

MRR, the greater the signal to Noise ratio are considered as better choice. 

The machining parameters considered for this investigation are speed, feed, and stepover. 

The parameter levels are determined by a survey of the literature, machine specs, and 

material attributes. Table 2 displays various degrees of machining parameters and reactions. 

Table 2: Machining parameters and their Levels selected for experimentation 

Symbol Parameters Units Level 1 Level 2 Level 3 Responses 

S Speed RPM 2000 3000 4000 Surface Roughness 

(SR)(μm) 

Material Removal Rate 

(MRR) (gm/sec) 

F Feed mm/ min 500 1000 1500 

SO Step Over  % 20 30 40 

Table 3 displays the combinations of experimental runs utilizing the L9 orthogonal array for 

the supplied parameters and level combinations. 

Table 3: Experimental runs in L9 orthogonal array 

Run No. Speed (RPM) Feed (mm/min) Step Over (%) 

1 2000 500 20 

2 2000 1000 30 
3 2000 1500 40 

4 3000 500 30 

5 3000 1000 40 

6 3000 1500 20 

7 4000 500 40 

8 4000 1000 20 

9 4000 1500 30 
A number of studies used Grey Relational Analysis (GRA)[24]–[27] to improve the answers 

by better combining machining parameters in many industries of production. The 

experimental data are subsequently analyzed in the current study with the following methods 

to determine the parameter values for surface roughness and MRR utilizing Grey relational 

Analysis (GRA). Procedure to calculate Grey Relational Grade is explained by Rajyalakshmi 

and Babu [28]. 
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3. Simulation and Experimental set up 

Siemens NX 11.0 software is used to simulate the shape of the pocket that will be formed on 

the workpiece. The tool paths, namely follow periphery and zigzag, are simulated 

independently on the pocket shape, as illustrated in fig. 1. To create the geometry 

appropriately, the zigzag tool trajectory requires a final cut as well. After simulation, the NC 

part programme for each tool route was also created. 

Pockets are machined using a vertical machining centre with a Fanuc O controller and a 

10mm Carbide coated four flutes cutter. Tests were carried out in accordance with the run 

sequence produced by Minitab 11.0 software, as indicated in table 3. Each experiment was 

carried out five times. After ten tests, a fresh cutter is employed for each tool route. 

   

a) Follow Periphery    b) Zigzag 

Fig.1: selected Tool Trajectories for Pocket Milling 

The weight of the work pieces is recorded before and after cutting using a precision balance 

with a least count of 0.01gm. Throughout the experimentation, the machining time for each 

trial was recorded. Mitutoyo SJ201P surftest is used to detect surface roughness (SR). MRR 

is computed using equation (1) 

     
     

  
                 

Where,       are the workpiece weights before and after machining respectively and    is 

time taken for generating the pockets in seconds 

 

4. Results and discussion 

Experimental tests were carried out in the order described in the preceding section, and the 

surface roughness of each component was measured. MRR was estimated using Equation 1. 

As indicated in table4, signal to noise ratios were determined for each response in both tool 

trajectories. 

Table 4: Response values and Signal to Noise Ratio for both the tool paths for AA6082 

Expt. 

Run 

Follow periphery Zigzag 

SR 

(μm) 

S/N 

Ratio 

MRR 

(g/s) 

S/N 

Ratio 

SR 

(μm) 

S/N 

Ratio 

MRR 

(g/s) 

S/N 

Ratio 

1 1.850 -5.3493 0.0928 -6.6652 1.9536 -5.8167 0.0689 -9.2592 

2 2.132 -6.5794 0.1280 -3.8762 1.8276 -5.2376 0.1638 -1.7239 

3 2.892 -9.2261 0.1625 -1.8016 2.3222 -7.3759 0.2019 0.0959 

4 2.008 -6.0559 0.1618 -1.8375 1.8448 -5.319 0.0970 -6.2834 

5 2.756 -8.8152 0.2025 0.1104 1.9416 -5.7632 0.1775 -1.0359 

6 2.766 -8.8429 0.1967 -0.1428 2.8416 -9.0713 0.1679 -1.5144 

7 2.148 -6.6805 0.2208 0.8611 2.0608 -6.281 0.0958 -6.378 

8 2.152 -6.6573 0.3113 3.8486 2.0236 -6.124 0.1320 -3.6087 

9 2.310 -7.2799 0.4170 6.3935 2.9508 -9.3988 0.2362 1.4534 
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After computing the Signal to Noise (S/N) ratios, Taguchi analysis is performed on the 

experimental data. The improved surface roughness and MRR values for both tool 

trajectories are determined by calculating the level means. Table 5 shows the level means for 

both tool paths for surface roughness. 

Table 5: Taguchi Method for Surface Roughness for AA6082 

Tool Path 
Level Speed (RPM) Feed (mm/Min) Stepover (%) 

 
Raw Data S/N Ratio Raw Data S/N Ratio Raw Data S/N Ratio 

FP 

1 2.29133 -7.05160 2.0020 -6.028567 2.2560 -6.9498 

2 2.51000 -7.90467 2.3467 -7.35063 2.1500 -6.6384 

3 2.20333 -6.87257 2.6560 -8.44963 2.5987 -8.2406 

Delta  0.30667 1.03210 0.6540 2.42107 0.4487 1.6022 

Rank  3 1 2 

ZZ 

1 3.39078 -6.1434 3.2551 -5.80557 3.78822 -7.0040 

2 3.68222 -6.71783 3.2182 -5.70827 3.67956 -6.6518 

3 3.90844 -7.26793 2.7028 -8.61533 2.10767 -6.4734 

Delta  0.51767 1.12453 0.5523 2.90707 1.68056 0.5306 

Rank  2 1 3 

Table 5 shows that in the FP tool path, high speed, low feed, and medium step over produce 

the lower of surface roughness. In the ZZ tool path, low speed, high feed, and high step over 

produce the least amount of surface roughness. 

Figure 2 (a) and (b) show a means plot for signal to noise ratios for tool routes indicate for 

FP tool path, high speed, medium feed and medium step over gives low surface roughness 

value whereas lower speed, medium feed and higher feed generate less surface roughness for 

ZZ tool path. 

In zigzag tool trajectory, surface roughness is affected by speed and feed. Similarly, Taguchi 

Analysis applied on MRR also indicate that high speed, high feed and medium stepover gives 

high value of MRR for FP tool path and ZZ tool paths. The detail of the analysis is shown in 

table 6. 

        

a. Follow Periphery    b.  Zigzag 

Figure 2: Level Means graph of S/ N Ratios for Surface Roughness for AA6082 

Table 6: Taguchi Method for Material Removal Rate for AA6082 

Tool 

Path 

Level Speed (RPM) Feed (mm/Min) Stepover (%) 

 
Raw Data S/N Ratio Raw Data S/N Ratio Raw Data S/N Ratio 

FP 

1 0.12777 -4.11433 0.158467 -2.5472 0.20027 -0.9865 

2 0.18700 -0.62330 0.213933 0.0276 0.23560 0.2266 

3 0.31637 3.701067 0.258733 1.4830 0.19527 -0.2767 

Delta  0.1886 7.8154 0.10027 4.03023 0.040333 1.2131 
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Rank  1 2 3 

ZZ 

1 0.144867 -3.62907 0.08723 -7.30687 0.12293 -4.7941 

2 0.147467 -2.94457 0.15777 -2.12283 0.16567 -2.1846 

3 0.154667 -2.84443 0.20200 0.01163 0.15840 -2.4393 

Delta  0.00980 0.78463 0.11477 7.31850 0.04273 2.609467 

Rank  3 1 2 

It is also observed that for FP tool path, Speed is the most influencing factor whereas Feed is 

the significant factor for ZZ tool path. 

   
a. Follow Periphery    b.  Zigzag 

Figure 3: Level Means graph of S/ N Ratios for Material Removal rate for AA6082 

Figure 3 indicates the level means of the factors selected for the study. From the figure it is 

observed that Higher speed, Higher feed and medium step over for both the tool trajectories 

generate maximum MRR value. 

ANOVA applied on the experimental results of AA6082 for both the responses indicate that 

Feed is the influencing factor for both tool trajectories for surface roughness. In case of 

MRR, Speed is the influencing factor for FP tool path and Feed is the most effecting 

parameter for ZZ tool path. 

For both the materials from the Taguchi analysis it is observed that better results are obtained 

for follow periphery tool trajectory, compared to zigzag tool. This may be because of the 

chip remained between the cutting tool and the pocket's edge, which helped to scratch the 

surface, allowing the material to be easily removed. 

4.1 Grey Relational Analysis of AA6082 

The link between the desired and the actual experimental findings is shown by grey relational 

coefficients. Grey Relational Grade (GRG) for the experimental results is calculated for the 

two tool trajectories and tabulated. Table 7 shows the GRG value and the ranks allotted for 

Follow periphery tool trajectory. 

Table 7: Grey Relational values for Follow periphery 

Expt. 

No SR 

 (μm) 
MRR (g/s) 

Normalized Delta Grey Coefficient 

GRG Rank SR 

 (μm) 
MRR (g/s) 

SR 

 (μm) 
MRR (g/s) 

SR 

 (μm) 
MRR (g/s) 

1 1.85 0.0928 0 1 1 0 0.3333 1 0.6667 2 

2 2.132 0.128 0.1086 0.7294 0.8914 0.2706 0.3593 0.6488 0.5041 6 

3 2.892 0.1625 0.2150 0 0.7850 1 0.3891 0.3333 0.3612 9 

4 2.008 0.1618 0.2128 0.8484 0.7872 0.1516 0.3884 0.7673 0.5779 4 

5 2.756 0.2025 0.3384 0.1305 0.6616 0.8695 0.4304 0.3651 0.3978 7 

6 2.766 0.1967 0.3205 0.1209 0.6795 0.8791 0.4239 0.3626 0.3933 8 

7 2.148 0.2208 0.3948 0.7140 0.6052 0.2860 0.4524 0.6361 0.5443 5 

8 2.152 0.3113 0.6740 0.7102 0.3260 0.2898 0.6053 0.633 0.6192 3 
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9 2.31 0.417 1 0.5585 0 0.4415 1 0.5311 0.7656 1 

From Table 7, it is observed that high speed, high feed and medium stepover gives the 

highest GRG value. This combination gives minimum surface roughness and near to 

optimum material removal rate. The grey relational grade is 0.7656. From the level means 

plot shown in figure 4, it is identified that higher speed, low feed and medium stepover is the 

combination that gives the highest Grey relational Grade. 

 
Figure 4: Level Means graph for GRG Value for FP tool path 

From the means plot, it is observed that high speed, low feed and medium stepover gives 

maximum GRG value. The Grey relational Coefficient obtained with 4000RPM speed, 

500mm/min feed and 30% stepover is 0.8428. From the confirmation tests, it is observed that 

surface roughness is 1.98µm and MRR value is 0.396 g/s. There is a 10.08% improvement in 

the GRG Value for the optimal combination of parameters. 

Grey Relational Grade is also calculated for zigzag tool trajectory and tabulated. Table 8 

shows the gray relational analysis of the zigzag tool path. 

Table 8: Grey Relational values for Zigzag 

Expt. 

No 

SR 

 (μm) 
MRR (g/s) 

Normalized 

 
Delta Grey coefficient 

GRG Rank 
SR 

 (μm) 
MRR (g/s) 

SR 

 (μm) 
MRR (g/s) 

SR 

 (μm) 
MRR (g/s) 

1 
1.9536 0.0689 0 0.8878 1 0.1122 0.3333 0.8168 0.5751 7 

2 1.8276 0.1638 0.5672 1 0.4328 0 0.536 1 0.768 1 

3 2.3222 0.2019 0.7950 0.5597 0.2050 0.4404 0.7092 0.5317 0.6205 5 

4 1.8448 0.097 0.1680 0.9847 0.8320 0.0153 0.3754 0.9703 0.6729 3 

5 1.9416 0.1775 0.6491 0.8985 0.3508 0.1015 0.5876 0.8313 0.7095 2 

6 2.8416 0.1679 0.5918 0.0972 0.4083 0.9028 0.5505 0.3564 0.4535 9 

7 2.0608 0.0958 0.1608 0.7924 0.8392 0.2076 0.3734 0.7066 0.54 8 

8 2.0236 0.132 0.3772 0.8255 0.6228 0.1745 0.4453 0.7413 0.5933 6 

9 2.9508 0.2362 1 0 0 1 1 0.3333 0.6667 4 

The level means plot drawn for grey relational data of zigzag trajectory is shown in figure 5. 

From the figure also it was evident that lower speed, medium feed and medium stepover 

gives optimum response values. 
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Figure 5: Level Means graph for GRG Value for FP tool path 

Level means graph also indicates that 2000 RPM speed, 1000 mm/min feed and 30% 

stepover gives Optimum surface roughness and MRR values. 

 

Conclusions 

Present study is concentrated on multi response optimization of machining parameters using 

Taguchi and Grey Relational Analysis. One linear and one nonlinear tool trajectories viz, 

zigzag and follow periphery are used to generate pockets. For each tool trajectory, 

Experimental results are further processed with Grey relational analysis. Following 

conclusions can be drawn from the study. 

1. For follow periphery tool path, The Grey relational Coefficient obtained with 4000RPM 

speed, 500mm/min feed and 30% stepover. Confirmation test ensures the result with 

10.085% increase in the GRG value. 

2. For zigzag tool path, the optimal combination from the mean plot is lower speed, medium 

feed and medium stepover and experimental GRG value confirms the combination as the best 

combination for generating surface roughness closer to minimum and MRR closer to 

maximum values. 

3. When coupled with Grey relational analysis, the Taguchi technique produces superior 

results in finding the best combination of parameters in multi-response optimization. Within 

the settings chosen, follow periphery produces superior surface roughness and material 

removal rate than zigzag. 

4. According to the ANOVA results, the influencing element for follow periphery feed is 

speed, whereas speed is the greatest influencing factor for zigzag. 
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Abstract: In the present work, waste jute mat (gunny bags) and sugar cane bagasse fibers are 

used as reinforcement in polyester matrix for the development of bio-composites. Hand layup 

technique was adopted for the preparation of composite samples. Three types of bio 

composite (Jute mat+ Polyester, Bagasse+ Polyester, Jute mat +Bagasse+ Polyester) were 

developed. Mechanical properties such as tensile, flexural and impact properties in each case 

were tested as per standard test methods. Tensile strength of Jute mat +Bagasse+ Polyester 

composite (Hybrid composite) is 121% greater than that of bagasse composite. Flexural 

strength of hybrid composite is 4.2 times that of bagasse composite. Hence, Hybrid bio 

composite materials can be used in place of petroleum-based materials in construction 

industries. 

Key words: Mechanical properties, Bio-composite materials, Jute mat, Bagasse fiber 

 

1. Introduction 

Due to growing environmental consciousness and worries about the use of renewable natural 

resources, there has been a lot of work done to develop eco-friendly and biodegradable 

materials for the next generation of composite products. The number of natural materials 

used in composites has increased, which has decreased their carbon footprint and associated 

greenhouse gas emissions. In addition to the advantages of using green materials, there are 

also drawbacks, such as the natural fibers relatively high moisture absorption and the poor 

compatibility of the reinforcing natural fiber and matrix. Petroleum-based materials may be 

adequately replaced by green composites. The fundamental physical and mechanical 

characteristics of natural fibers, natural fiber reinforced bio composite materials, as well as 

their prospective applications, were examined [1]. Natural composites consisting of rice husk 

powder and sugarcane bagasse fiber were evaluated using the hand layup method. They show 

a minimum level of ductility and have lower tensile and yield strength. The flexural strength 

was reduced as a result of a lack of cohesion in the bonding between the reinforcement and 

matrix [2]. The mechanical properties in banana and Sugarcane Bagasse hybrid composites 

improved with an increase in Sugarcane   Bagasse fiber content from 6%, acting as a positive 

reinforcement in providing the composite with additional strength and a smooth surface 

finish, while at the same time the Banana fiber gave the composite elasticity [3]. The JFRP 

composite system of strengthening showed that the JFRP material has great potential as a 

structural strengthening material by having the highest deformability index [4]. Hybridization 

has been found to be usually advantageous in terms of raising the tensile and flexural moduli, 

decreasing the likelihood of brittle failure, and stopping the decline in tensile modulus caused 

by moisture absorption [5]. The mechanical qualities of jute reinforced epoxy composite 

were superior to jute polyester composite [6]. Sansevieria natural fiber in the creation of 

green composites that are partially biodegradable. Maximum fiber resulted in tensile and 
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impact strengths that were 2.55 and 4.2 times, respectively, greater than those of pure resin. 

Sansevieria fiber addition significantly reduced the matrix's heat release rate (HRR) and peak 

heat release rate (PHRR) by 10.4% and 25.7%, respectively. The thermal conductivity of the 

composite decreased as the fiber content increased, but the temperature trend showed a 

completely different pattern [7]. When natural Borassus seed shoot fiber is incorporated into 

polymers as reinforcement, partially green polymer composites can have a fiber content 

ranging from 0.116 to 0.305 by volume. It was discovered that the composite produced from 

Borassus seed shoot fibers had tensile and flexural strengths that were, respectively, 77.1% 

and 112.6 percent more than those of pure matrix. The impact at the maximum fiber volume 

percent is found to be 88.54 J/m [8]. Reaction of a hybrid composite made of jute, bagasse, 

glass, and epoxy under tension and indentation stress. Bagasse-glass/epoxy hybrid composite 

is less dense than jute-glass/epoxy hybrid composite, but it is more durable than bagasse-

glass hybrid composite [9]. Using epoxy resin and sugarcane bagasse powder as a base, their 

study examined the tensile, hardness, and impact characteristics of the material. With a rise 

in sugarcane content, the composites can become less ductile [10]. Study on the tensile 

characteristics of epoxy composites reinforced with sugarcane short fiber and bagasse fiber. 

Tensile strength rises with a rise in bagasse fiber weight % and falls with a rise in bagasse 

fiber weight percentage [11]. Natural fibers have a wide range of industrial and commercial 

applications, including the interior of vehicles, partition and false ceiling panels, partition 

boards, roof tiles, coir fiber packaging, furniture, low-energy home insulation, geo-textiles 

for erosion control and soil protection, enhancing barrier properties, composite materials, and 

more [12]. Tensile and bending strength are negatively impacted by an increase in fiber 

content. The 10% Bagasse Fiber Composite has the strongest tensile and bending strength 

when compared to the 20% and 30%. Water is absorbed faster when the fiber content rises. 

The composite with a 30% bagasse fiber content absorbs the most water [13]. The physical 

and sound-absorbing qualities of five distinct composite materials produced from used 

sugarcane bagasse and bamboo charcoal were studied. Because the components are denser, 

the natural green composite mats demonstrated superior physical and auditory absorption. 

The outcomes demonstrate that natural fiber composites, which can absorb more than 70% of 

sound resistance, have the best acoustic absorption capabilities [14]. A thorough analysis was 

done on jute-based bio and hybrid composites. Hybrid jute-based composites have 

outstanding mechanical and physical characteristics. Thermophysical characteristics, 

moisture resistance, and fiber/matrix adhesion are all improved in hybrid jute composites 

[15]. 

Waste Jute mat and sugar cane bagasse are renewable and abundantly available. This 

economical source compared to other natural sources is still underutilized. The overall 

objective of this work is to prepare fibers and incorporating them into polyester resin matrix 

to prepare the composite materials. The composites were tested and characterized to evaluate 

the tensile, flexural and impact properties. 

 

2. Experimental details 

2.1. Materials 

Polyester resin used as matrix and Jute fiber mat, and Sugar bagasse fibers are used as 

reinforcement in the preparation of composites. 

2.2. Extraction of fiber 

Bagasse fibers are extracted from sugarcane rind in two steps: mechanical separation and 

chemical extraction. The two main types of jute: white jute (corchorous capsularies) & dark 

jute (Corchorus Olitorius). Jute fiber has some unique physical properties like high tenacity, 

bulkiness, Sound & heat insulation property, low thermal Conductivity, Anti-static Property 

etc. 
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Fig 1: Sugar bagasse fibers    Fig 2: Jute fiber mat 

Table 1 Physical and mechanical properties of Jute fiber 

Material  Properties  Values 

Jute fiber  Density 1300 – 1500 kgm
-3

 

Length 1.5-120 mm  

Elongation % 1.5-1.8 

Tensile strength 393-800 Mpa 

Young’s Modulus 10-55 Gpa 

Water Absorption % 12 

Table 2 Physical and mechanical properties of Sugarcane Bagasse fiber 

Material  Properties Values 

Sugarcane Bagasse Density 1.2 g/cm
3
 

Tensile Strength 20-290 Mpa 

Young’s Modulus 19.7-27.1 Gpa 

Elongation Break % 1.1 

Table 3 Physical and mechanical properties of Polyester resin 

Material  Properties  Values 

Unsaturated Polyester Resin Density 1.2 to 1.5 g/cm
3
 

Young’s Modulus 2 to 4.5 Gpa 

Tensile Strength 40 to 90 Mpa 

Compressive Strength 90 to 250 Mpa 

Tensile elongation at break % 2 

Cure Shrinkage % 4 to 8 

Water Absorption 24h at 20 ° C 0.1 to 0.3 

2.3. Fabrication of composites 

In this process resins are impregnated by hand into fibers which are in the form of woven, 

knitted, stitched or bonded fabrics. Hand lay-up is the simplest and oldest open moulding 

method for fabricating composites. At first, dry fibers in the form of woven, knitted, stitched, 

or bond fabrics are manually placed in the mould, and a brush is used to apply the resin 

matrix on the reinforcing material. Subsequently, hand rollers are used to roll the wet 

composite to ensure an enhanced interaction between the reinforcement and the matrix, to 

facilitate a uniform resin distribution, and to obtain the required thickness. Finally, the 

laminates are left to cure under standard atmospheric conditions. Generally, this process is 

divided into four steps: mould preparation, gel coating, lay-up, and curing. Curing is the 

process of hardening the fiber-reinforced resin composite without external heat. A pigmented 

gel coat is first applied to the mould surface to obtain a high-quality product surface. 
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Fig 3: Hand layup method 

 
Fig 4:  Cutting of composite into samples according to ASTM standards 

2.4. Tensile and Flexural Testing 

The tensile properties of the samples of sizes 160 mm long, 12.5 mm wide and 3 mm thick 

were measured in accordance with ASTM: D638-10. The samples were tested at a cross head 

speed of 5 mm/min, using an UTM 5000kgf computerized advanced equipment. Three-point 

bend tests were performed in accordance with ASTM D 790M test method I (procedure A) to 

measure flexural properties. The specimens were 100 mm long, 25 mm wide and 3 mm thick. 

In three point bending test, the support distance of 100mm and samples were tested at a strain 

rate of 10 mm/min. 

 
Fig 5: Tensile test experimental setup 

2.5. Impact Testing 

Impact strength of notched specimens were tested in accordance with ASTM: D256-10 using 

plastic impact testing machine (Resolution- 0.0001J), supplied by 3.46 m/s. The specimens 

were 63.5 mm long, 12.7 mm deep and 10 mm wide. 

 
Fig 6: Impact test experimental setup 
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3. Results and discussion 

3.1. Tensile Properties of composite materials 

The experimental values of tensile strength of jute fiber reinforced composite material,   

sugar cane bagasse fiber reinforced composite material and jute + sugar cane bagasse fiber 

reinforced hybrid composite materials are presented in Table 4. From the results, It was 

clearly evident that Tensile strength of jute fiber and hybrid composite is 13.6 % and 68.3 % 

higher than that of plain matrix respectively. This is due to the fact that the polyester resin 

transmits and distributes the applied stress to the fibers resulting in higher strength. 

Therefore, the composite can sustain higher load before failure compared to the unreinforced 

polyester. Jute mat +Bagasse+ Polyester composite (Hybrid composite) is 121% greater than 

that of bagasse composite. The tensile strength of hybrid composite considered in this study 

is far better than that of peach palm fiber reinforced polyester composites [11]. Hence, 

Hybrid bio composite materials can be used in place of petroleum-based materials as 

building material for light load structural applications. 

Table 4 Tensile properties of Composite materials 

Material Tensile strength (MPa) 

Polyester Resin 20.5 

Jute fiber composite 23.28 

Bagasse fiber composite 15.61 

Jute+ Bagasse fiber hybrid 

composite 

34.53 

3.2. Flexural Properties of composite materials 

The experimental values of Flexural strength of jute fiber reinforced composite material,   

sugar cane bagasse fiber reinforced composite material and jute + sugar cane bagasse fiber 

reinforced hybrid composite materials are presented in Table 5. From the results, It was 

clearly evident that Flexural strength of jute fiber, sugar cane bagasse and hybrid composite 

is 2.53, 1.35 and 5.16 times that of polyester resin, respectively. This is due to the fact that 

the polyester resin transmits and distributes the applied stress to the fibers resulting in higher 

strength. Therefore, the composite can sustain higher load before failure compared to the 

unreinforced polyester. Among all the materials , Jute mat +Bagasse+ Polyester composite 

(Hybrid composite) exhibits higher flexural strength compared to other materials. Hence, 

Hybrid bio composite materials can be used in place of synthetic fiber reinforced composite 

materials in construction industries. 

Table 5 Flexural properties of Composite materials 

Material Flexural strength (MPa) 

Polyester Resin 44.6 

Jute fiber composite 113.142Mpa 

Bagasse fiber composite 59.95 MPa 

Jute+ Bagasse fiber hybrid 

composite 

261.6Mpa 

3.3. Impact strength of composite materials 

The results of pendulum Impact tests of composite materials are shown in table 6. The 

impact strength of jute fiber is 51.4 %  and 35 %  higher than that of polyester resin and soft 

wood. Hence Jute fiber reinforce composite material can be placed in the category of tough 

engineering materials. 

Table 6 Impact strength of Composite materials 

Material Impact strength (J/m) 

Polyester Resin 35 
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Jute fiber composite 52.9 

Bagasse fiber composite 26.4 

Jute+ Bagasse fiber hybrid 

composite 

37.6 

 
4. Conclusions 

Bio composite materials were successfully developed using Hand layup technique.The 

tensile, flexural and impact properties of the composites with these fibers were found to be 

higher than that of the matrix conforming the reinforcing action of the fibers. Tensile strength 

of Jute mat +Bagasse+ Polyester composite (Hybrid composite) is 121% greater than that of 

bagasse composite. Flexural strength of hybrid composite is 4.2 times that of bagasse 

composite. Hence, Hybrid bio composite materials can be used in place of petroleum-based 

materials in construction industries. 
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Abstract: Owing to their outstanding strength to specific weight ratio and good 

mechanicalproperties, the use of heat treatable aluminium alloys is going on increasing for 

the lasttwo decades especially for structural and ballistic applications in aerospace, 

marine,automobile and defence industries. The present investigation aims to develop 

andevaluate the microstructural behaviour of the surface composite of AA7075-T6 (Al-Zn-

Mg-Cu) reinforced with boron carbide (B4C) ceramic particulate by solid-state technique- 

friction stir welding (FSW). A long groove of 1mm depth and width 1mm were madealong 

the centre of the plate(150×300mm). B4C powder Particulates which were ballmilled for 50 

hours were incorporated in the groove, Pinless tool is used for closing thegroove. Bead on 

plate welding is performed at rotational speed 1400rpm with transversespeed 40mm/min, the 

axial force of 10kN and tilt angle of 2o is maintained. MechanicalProperties such as tensile 

strength, hardness have improved by the addition of B4Cparticles. Mechanical and 

microstructural changes have been studied and correlated usingoptical microscopy (OM), 

scanning electron microscopy (SEM). 

Keywords: Friction Stir Welding (FSW); AA7075; B4C Particulate, Ball mill,Microstructure 

 

Introduction 

In many Industries like automobile, marine, defense, armory, aerodynamic, space etc., the 

application of AA 7XXX grade aluminium alloys have been emerged in last decade in big 

way [1-2].The enhanced high strength to weight ratio property of these AA7XXX series 

alloys was processed by the process called precipitation hardening.Similar kind of properties 

may be enhanced by using fabrication technics like stir casting, powder metallurgy, etc. [3-

4]. The enhanced properties of materials in the above techniques are achieved by 

incorporating high hard particulate in to base material [5-6]. But the main drawback in these 

techniques is porosity [7].In order to overcome these problems, a secondary process like 

extrusion, rolling etc., has to undergo for the prepared material [8]. Friction stir process 

(FSP) is a derived technique by modifying friction stir welding process in which the 

properties of the surface will enhanced according to the requirement [9]. In this novel FSP, 
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ceramic like high had particulate is filled inthe pre-prepared blind holes on the surface of 

substrate, against which a revolving tool with a probe is plunged with moderate force [10]. In 

the FSP process the rotating speed and travelling speed are considered as the process 

variables [11].This process is a proven technique for the effective modification of both 

surface and subsurface with enhanced properties [12]. Ceramic particulate like SiC, TiB2, 

Al2O3,ZrO2etc, were used as reinforcement material in many of AA7XXX series alloys using 

FSP [13-15]. With these reinforcements though higher hardness is achieved, poor impact 

properties are exhibited due to poor grain refinement [16]. AA7075 is the harder and stronger 

alloy among all AA 7XXX series which poses better mechanical and thermal properties at 

normal room temperature [17]. B4C particulate stances outstanding properties like low 

density to weight ratio and which can with stand for high temperature environments and have 

excellent ballistic properties [18-19]. Neutron absorptivity is observed in Al-B4C FSP 

composites which causes high strength at high temperatures and better surface properties. 

[20].In the present study surface composites were prepared from base substrate AA 7075 by 

incorporating B4C particulate for achieving the combined effect of these two which leads to 

better microstructural and mechanical properties. 

 

Materials and Methods 

A 300 mm × 150 mm × 6 mm sized high strength AA7075 aluminum alloy strips were used 

as the substrate in the presentwork. Boron carbide powder is used as the filler material, as it 

is aoutstanding capable material for various applications. Due to its nearness to AA7075 in 

its density, compared to SiC, Alumina etc., B4C is more suitable as filler material [21]. The 

chemical composition of the substrate is given in the table 1. The top surface of the plate was 

drilled with 1 mm and then passed along the length of the work piece. The depth of the 

grooveis 4 mm. Boron carbide powder particles is milled for 50 hours using ball mill.The 

obtained 60 nm-sized B4C powder particulate was filled in the groove that made on the 

plates. Initially the powder-filled groove of the plates was closed with the help of friction stir 

processing (FSP) tool. After processing with FSP tool, the processed region was then friction 

stirred with FSW tool. The tool was made to move along the rolled direction of the substrate 

plates. The schematic representation of plate with groove, tool setup, the tool and the welded 

plates were shown in figure1 (a), (b), (c) and (d). Due to interface surface deformation 

process, heating process and solid-state deformation process the plates were joined together. 

In order to obtain a defect free joint, the process is undergone through three passes. FSW 

parameters were tabulated in table 2. The samples were prepared for metallographic analysis. 

The tensile test specimens were cut using wire EDM, as per ASTM E-8/E8-M-09 standards. 

The extracted samples from the welded plates were heat treated to T6 condition. Tensile test 

was conducted on the INSTRON testing machine (± 100 kN loadrating) attached with an 

extensometer. Hardness of the samples were measured using micro-Vickers Hardness Tester 

(LV700 USA make) with 0.2kgf load applied at 10 sec dwell. 

Table 1. Chemical composition (wt. %) of the substrate AA7075 alloy 

Element Si Fe Cu Mn Mg Cr Zn Ti Al 

Wt. % 0.4 0.5 1.2 0.3 2.1 0.2 5.4 0.3 Bal 
Table 2. FSW parameters 

Parameter Load, 

kN 

Tool axial 

feed, mm/ min. 

Depth, mm Tool down 

feed, mm/ min. 

Spindle 

speed, RPM 

Value 10 40 3 20 550 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 411 

 

 

  
Figure 1(a) The schematic representation  Figure 1(b) FSW tool setup 

of plate with groove before FSW 

  
Figure 1(c) FSW tool   Figure 1(d) After welding the plates 

 

Result and Discussion 

Hardness: 

The micro hardness values of the specimens of base alloy AA7075, friction stir welded 

AA7075 without filler particulate and FSW AA7075 with B4C particulate as filler were 

tabulated in Table 3 and Table 4. The hardness of base AA7075 alloy is 141 HV. The 

hardness of friction stir welded (FSW) AA7075 at stir zone (SZ) has been increased because 

of fine refinement of grains.Usefully, in SZ regions, hardness increases because of very fine 

grain size due to dynamic recrystallization [22]. The hardness in base alloy is less because of 

large grain size. We can see this in the SEM graph as show in figure 4. The hardness in 

thethermo mechanical affected zone (TMAZ) region shows slight decrement because of 

subsequent increase in grain size and partially recrystallized grains. In the hear affected zone 

(HAZ) hardness is further decreasedbecause of increase in grain size.Moreover,in the HAZ 

and TMAZregions, coarsening of MgZn2-η precipitates causes decrease in hardness.Similar 

observations were reported byLi J.F. et.al [23]. The hardness for FSW AA7075 with B4C 

reinforcementis increased by 73% compared to base alloy. A. Karaaslan et. al. reported that, 

due to substituted primary GP zones and finer precipitates during post heat treatment 

hardness of weld zone in AA7075 reinforced with SiC drastically increased [24]. 

Table 3. Hardness of AA7075, FSW without filler and FSW with B4C filler 

Specimen Base Alloy 

AA7075 (BM) 

FSW without 

Filler (FWF) 

FSW with B4C 

Filler (FBF) 

Hardness, 

VHN 
141±1 192±3 243±3 
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Table 4. Hardness of AA7075, FSW without Filler (TMAZ, HAZ), FSW with B4C Filler 

(TMAZ, HAZ) 

Specimen Base Alloy 

AA7075 

FSW without Filler FSW with B4C Filler 

SZ TMAZ HAZ SZ TMAZ HAZ 

Hardness, 

VHN 
141±1 192±3 172±1 152±1 243±3 220±1 208±1 

 
Figure2 Hardness Graph 

Tensile strength: 

The tensile strength of base alloy AA7075, FSW AA7075 without filler and FSW AA7075 

with B4C as filler material were tabulated in Table 5. The yield strength (YS) of base alloy 

AA7075 obviously improved by 20% when FSWed with B4C nano particulate. Further, the 

Ultimate Tensile Strength (UTS) of FSWed with B4C filler material was increased by 12% 

to that of base alloy and the same was observed with percentage elongation. The percentage 

elongation of FSWed AA7075 with B4C specimens is 13.6% greater than that of base alloy 

AA7075. It is clear that, the strength coupled to elongation property is increased. From the 

above discussion, it can be clearly observed that the addition of nano B4C particulate to the 

weld nugget improved the yield strength, ultimate tensile strength and percentage elongation 

of the friction stir welds. Again, the tensile strength properties YS and UTS for FSWed with 

B4C filler material, were improved by 48% and 42% respectively compared to FSWed 

AA7075 without any filler material. Higher ballistic and tensile strength were observed when 

the ordinary B4C particulate was added justifying the above results [25]. 

Table 5. Tensile properties of AA7075, FSW with B4C, post heat treated FSW with B4C 

Specimen Yield 

strength, 

MPa 

Ultimate Tensile 

Strength (UTS), 

MPa 

% 

Elongation, 

(%) 

Base alloy 

AA7075 

402 457 6.6 

FSWed without 

Filler (FWF) 

325 356 4.5 

FSWed with B4C 

Filler (FBF) 

482 512 7.5 
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Figure3 Tensile strength of baseAA7075 and FSWed Samples 

Microstructure: 

Scanning electron micrograph of the base material AA7075 is shown in the figure 4 (a & b). 

Grain boundaries and grain size are clearly visible in 1000X and 2000X zoom. The eutectics 

of MgZn2 that seems like darken spots are observed nearby the grain boundaries. These are 

the grain boundary precipitates labeled as M-phase [26-27]. The SEM graph in the figure 5 (a 

& b) shows the micro structure of the stir zone of the friction stir welded (FSWed) AA7075 

without filler material. The grain refinement at the zone is clearly seen, which is the evidence 

for improvement in the hardness. The figure 6 (a & b) and figure 7 (a & b) shows the SEM 

micro graphs of FSWed AA7075 (HAZ) and FSWed AA7075 (TMAZ) respectively. The 

grains and boundaries are perfectly visible. The bottom corner of the figure shows the HAZ 

and moving to right side the zone depletes and TMAZ is visible. The holes in the 

microstructure are not identified. Moving to the left of microstructure the grain is same as the 

shape as base metal but in HAZ and TMAZ the grain is pea shape. Grains in HAZ and 

TMAZ regions are less finer in size as compared with that of the grains in SZ. Again, in the 

base material AA7075 the size of grain (50-60 μm) were comparatively larger to that of the 

grains in SZ (10-20 μm) of FSWed AA7075. The grain size in TMAZ region were observed 

comparatively larger in size (20 -30 μm) when compared with that of grains in SZ. Whereas 

the average grain size is not much affected in HAZ compared to that of the grains in base 

material AA7075 alloy. 

   
Figure 4. SEM micrographs of Base AA7075 alloy 
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Figure 5. SEM micrographs of FSWedAA7075 without filler material (SZ) 

  
Figure 6. SEM micrographs of FSWedAA7075without filler material (HAZ) 

  
Figure 7. SEM micrographs of FSWedAA7075 without filler material (TMAZ) 

Electron micrographs of different zones, viz. weld zone, SZ, HAZ and TMAZ of FSWed 

AA7075 with B4C as reinforcement were shown from the figure 8 to figure 11 respectively. 

The figure 8 (a & b) shows the weld zone of FSWed AA7075 with B4C as filler material. 

Weld path with presence of various zones is clearly visible. There are no holes or porous is 

observed in the microstructure. 

In the figure 9 (a & b), which shows the SZ of FSWed AA7075 with B4C, the B4C particles 

are clearly visible. Due to tool stirring action and temperature while rotation, in SZ zone finer 

and equiaxed recrystallized grains were present. The finer grains and grain boundaries are 

clearly visible. The hole in the microstructure is found due to the irregularities happened 

during the process of friction stir welding. The size of the grains in the other zone as shown 

in figure 10 (a & b) and figure 11 are not as finer as in SZ. Onion rings type rings were 

observed in the SZ as well as in TMAZ. Tool rotational speed affects the microstructure, 

high rotational speed leads to an increase in a temperature gradient, this widens HAZ, and 
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also it causes grain coarsening, dissolution, and accumulation of hardening precipitates near 

grain boundaries [28]. 

  
Figure 8. SEM micrographs of FSWedAA7075 withB4C as filler material 

  
Figure 9. SEM micrographs of FSWedAA7075 withB4C as filler material (SZ) 

  
Figure 10. SEM micrographs of FSWedAA7075 withB4C as filler material (TMAZ) 

  
Figure 11. SEM micrographs of FSWedAA7075 withB4C as filler material (HAZ) 
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Conclusions 

The fabrication of FSW processed AA7075 alloy reinforced with B4C was done successfully. 

The micro-Vickers hardness is increased by 73% for FSWedspecimens with nano B4C 

reinforcements compared to base AA7075 alloy. This is manifested by the observation of 

finer precipitations. The mechanical strength properties viz. YS, UTS and percentage 

elongation were also significantly increased by 20%, 12% and 13.6% in order. The 

microstructural evidence is revealed in SEM micrographs. 
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Abstract: Fused Deposition Modeling (FDM) is a popular additive manufacturing technique used to 

build parts layer by layer. In this study, the mechanical properties of specimens made from the blends 

of Polylactic Acid (PLA) and Acrylonitrile Butadiene Styrene (ABS) were investigated The goal was 

to determine if combining the two materials could enhance the mechanical properties of the resulting 

parts. Various compositions and parameters were used to produce specimens that were then tested for 

resistance against different tests such as tensile, flexural. The study was conducted by following the 

ASTM standards which are internationally recognized guidelines for testing and evaluating materials. 

The results showed that the addition of PLA with ABS improved the mechanical properties of the 

parts, indicating that using the combination of these two materials could lead to an increase in 

strength. Therefore, it can be concluded that using blended PLA and ABS can be a viable alternative 

to pure ABS for achieving increased strength in FDM parts. 

Keywords: 3D Printing; FDM; Flexural Test; ABS; PLA 

 

1. Introduction 

Additive manufacturing, also known as 3D printing, is the process of building three-dimensional 

objects layer by layer. It's similar to how standard desktop printers create images—but 3D printers 

use materials other than ink, such as polymer composites, metals, ceramics, food, foams, gels, and 

even living tissue. Chuck Hull invented stereolithography, now known as 3D printing, in the 1980s, 

which paved the way for additive manufacturing. After becoming frustrated with the long production 

times of prototyping, he developed a method, in which using UV lasers, 3D models are built up layer 

by layer. 

He was ultimately recognized as the originator of 3D printing after successfully patenting his idea in 

1986. This inspired the subsequent wave of manufacturing techniques. Because it enables greater 

flexibility, quicker manufacturing times, and more complex shapes, this technology has transformed 

how goods are created and made. Several industries, including aerospace, automotive, healthcare, and 

consumer goods, can benefit from additive manufacturing. 

Fused Deposition Modeling (FDM), one of the most well-liked types of additive manufacturing, 

constructs things through the use of a material extrusion procedure. Alternative techniques include 

electron beam melting(EBM), selective laser sintering(SLS), and stereolithography (SLA) process. 

Today, complicated parts for the aerospace and automotive industries, prosthetics and medical 

devices, and consumer goods like jewellery, toys, and home décor are all made using additive 

manufacturing. Rapid prototyping is another area where it is employed, allowing designers and 

engineers to test and improve their creations before mass production. Due to its ability to produce 

only the components that are required, additive manufacturing also helps to reduce waste by 

eliminating the need for extra raw materials. 

1. 1 Materials 

1.1.1 Acrylonitrile butadiene styrene (ABS): 

Acrylonitrile Butadiene Styrene (ABS), which has the chemical formula 

(C8H8)X(C4H6)Y(C3H3N)Z, is a thermoplastic polymer that is frequently used in a variety of 

mailto:sumalathame@vrsiddhartha.ac.in
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applications because it has superior mechanical qualities to other popular polymers, including 

impact resistance, toughness and stiffness. It has a glass transition temperature of about 105 °C (221 

°F) but lacks a genuine melting point because it is amorphous. By altering the ratios of its 

components, ABS can be improved for impact resistance, toughness, and heat resistance. 

For instance, improving impact resistance may be achieved by increasing the percentage of 

polybutadiene to styrene and acrylonitrile but doing so will also have an impact on other qualities. At 

lower temperatures, the impact resistance does not rapidly diminish and ABS has good load stability 

with modest loads. Several grades of ABS, including ABS for extrusion and ABS for injection 

moulding as well as varying levels of impact resistance, including high and medium impact resistance, 

can be made. -20 to 80 °C (-4 to 176 °F) is a wide range of temperatures in which ABS can be 

utilized. 

1.1.2 Polylactic acid (PLA): 

A thermoplastic polymer called polylactic acid (PLA) is created from renewable resources like 

sugarcane or maize starch. It has gained popularity in many applications because of its 

environmentally friendly manufacture. Because of its low melting point, strong strength, minimal 

thermal expansion, good layer adhesion, and great heat resistance when annealed, it is frequently used 

in 3D printing. However, compared to other typical 3D printing polymers, PLA has one of the lowest 

heat resistances without annealing. Despite being widely used, PLA still has several technical and 

physical restrictions that prevent its extensive adoption in other applications. Despite these 

drawbacks, it continues to be the popular bioplastic worldwide and has the biggest consumption 

volume among them. 

1. 2. Equipment 

1.2.1 Fused Deposition Modelling: 

Fused filament manufacturing (FFF), also known as fused deposition, is a 3D printing technique that 

makes use of a continuous thermoplastic filament. A big filament spool is fed into a moving, heated 

printer extruder head, which is extruded onto the expanding work. To specify the printed shape, the 

print head is moved by computer. Typically, the print head or work is moved a short amount 

vertically to start a new layer after the head has deposited one horizontal plane, or layer, at a time as it 

was moved in two dimensions. To stop and start deposition and create an interrupted plane without 

stringing or dribbling between portions, the speed of the extruder head can also be adjusted. The Rep 

Rap project participants came up with the term "fused filament fabrication" to provide an acronym 

(FFF) that might have been employed without breaking the rules. 

By the number of machines, fused filament printing has risen to the top of the list for hobbyist-grade 

3D printing. Although more expensive, other methods like photopolymerization and powder sintering 

might produce superior outcomes. Feedstock material is forced through an extruder in fused filament 

fabrication to print objects. The feedstock material for the majority of fused filament fabrication 3D 

printing machines is a filament wrapped onto a spool. The main element in this kind of printing is the 

3D printer liquefier. for extruders, there is a cold end and a hot end on these printers. The cold end 

draws material from the spool using gear- or roller-based torque, while a stepper motor regulates the 

feed rate. Feedstock is pushed into the hot end by the cold end. 

The hot end is made up of a nozzle and a heating chamber. The liquefier, which melts the feedstock 

to turn it into a liquid, is housed in the heating chamber. It enables the molten material to emerge 

from the tiny nozzle in the form of a slim, sticky plastic bead that will stick to the surface it is put on. 

The typical nozzle diameter ranges from 0.3 mm to 1.0 mm. Depending on the material being printed, 

various nozzle types and heating techniques are employed. Various nozzle types require different 

replacement procedures. The V6 and MK8 nozzles, which were made popular by E3D, are the most 

often used nozzles. To prevent plastic leaks, the nozzle must be changed while still hot. 

1.3. Experimental Setup 

Specimens were created using an FDM printer following the ASTM standards in order to assess the 

mechanical characteristics of the pieces generated from PLA and ABS . To make sure the outcomes 
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were trustworthy, for each test, five identical samples were created. To guarantee the accuracy and 

reproducibility of the results, this is a standard procedure in material testing. Tensile, flexural, and 

impact qualities were among the mechanical attributes assessed. These characteristics can be used to 

compare the performance of various materials and are frequently used to assess a material's overall 

strength and durability. The ASTM standards offer instructions for sample preparation, test settings, 

and methods for assessing mechanical properties, assuring that the outcomes are comparable among 

investigations. 

1.3.1 Tensile Test: 

To ascertain the mechanical characteristics of materials under tension load, tensile tests are frequently 

utilized as a method. The sample is loaded until it breaks in a tensile direction as part of the test. The 

quantity throughout the test, the amount of force applied, and the lengthening of the sample is 

measured. The information gathered is used to determine the material's ultimate tensile strength or the 

highest stress it can endure before failing. 

The qualities of a material are frequently represented in terms of strain (percentage change in length) 

and stress (force per unit area). Strain is computed by dividing the length change by the sample's 

original length, while stress is calculated by dividing force measurements by the sample's cross-

sectional area. A stress-strain curve, an XY graph, is then used to plot these numbers. 

Depending on the substance being tested and the intended use, different testing and measuring 

techniques may be used. The ASTM standards offer instructions for sample preparation, test 

conditions, and methods for calculating mechanical properties. The standards also offer guidance on 

how to compare the effectiveness of various materials and how to interpret the results. 

1.3.2 Flexural test: 

A mechanical test called the flexural test, commonly referred to as the bend test, gauges a material's 

resistance to fracture under bending loads. The strength and flexibility of materials including metals, 

polymers, and ceramics are frequently assessed with this test. Flexural tests are frequently performed 

to ascertain a material's elastic modulus, yield strength, and ultimate tensile strength. 

A sample of the material is supported on two places during a flexural test, and a load is applied at a 

third point, usually in the middle. The test determines the sample's deflection under load, and using 

this information, the flexural strength, elastic modulus, and other parameters can be computed. 

Depending on the substance being tested and the intended use, different testing and measuring 

techniques may be used. The ASTM standards offer instructions for sample preparation, test setup, 

and methods for calculating the flexural characteristics of materials. The standards also offer 

guidance on how to compare the effectiveness of various materials and how to interpret the results. 

 

2. Literature Review 

Mst Faujiya Afrose[1] This paper tells about the fatigue behaviour of the PLA material on FDM by 

taking the three building orientations. The specimen in dog bone structure. In the above three building 

orientations.The ultimate tensile stress is highest at the 0
0
. Orientation while compared to the 90

0
 and 

45
0
 orientations. They observed the temperature and surface finish based on the knowledge of fatigue 

characteristics of FDM Parts. 

Tybox Sonsalla[2] They conducted various experiments by varying printer Settings (FDM) which 

effect on thermal conductivity. 3D printer Settings (i.e. layer height, fill density, nozzle diameter) 

must be set as on a macro scale. This study uses themacro-scale and micro-scale to characterize the 

printer Settings. In this study, the highest thermal conductivity paint with a height of 0.4 mm and 

100% infill density. 

Dinesh S.l Arun Prakash[3] They conducted experiments by various (2020) compositions of ABS 

and PLA used and finds the flexural and tensile of that material combinations. To calculate those 

Parameters they used the ASTM standards. Finally results are compared to the properties of normal 

ABS and PLA material. And in this one new filament material is introduced. This gives higher 

resistance to stresses. 
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Emila Brancewicz[4] They aims to analyze the available information on elements produced from 

more than one materialwith additive manufacturing resulting from printing using PLA. And by 

combining with other materials several parameters (process temperatures, filling and surface 

development) are also noted. 

Ranvijay kumar [5] In this multi-material printing is happened. The materials are ABS, PLA, and 

HIPS. The combining of these three materials in a composite form on the FDM. They observed some 

parameters (thermal test, break load, break strength, break elongation percentage elongation, and 

Young’s Module). This also highlightsthe process parameters with photomicrographs. 

M.Samkaro [6]In this paper there are three parameters are calculated for the material ABS. 

Parameters tensile strength,fracture strain toughness and taken properties layer height, raster angle, and 

infill percentage. Mathematical equations has been developed using surface response methodology which 

can be used to predictthe ABS tensile properties numerically and also the optimum parameter for 

ultimate properties. 

Sachin Wickramasingle [7]This paper tells about the defects on FDM bared 30 Printing of Polymer 

and associated Composite. Here the FRC is used as composite combined with the polymer on the 

FDM. This results some most common defect. The void formation, Surface roughness and poor 

bonding between materials. An inclusive discussion on the effectiveness of chemical, laser heat and 

ultrasound treatments to minimize these drawbacks. 

Daniyar syrlrbayer [8]In this paper the properties of FDM is tested. It is evident that part qualities are 

greatly influenced by thevarious process parameter was carried out infill density, infill Patterns, 

extrusion temperature, layer thickness, nozzle diameter, raster angle. This study improves the part 

strength and new research trends such as vacuum assisted FDM. 

Liu Zhaobing [9] In this study, the mechanical properties—including tensile and flexural 

properties—of samples made from polylactic acid (PLA) composites based on wood, ceramic, 

copper, aluminum, and carbon fiber using FDM with various additives are thoroughly examined. The 

technical attributes of PLAand its mixture have been assessed while accounting for key printing 

factors. 

Mohammed Algarni[10] Based on information from the literature, this paper analyzes and examines 

how process parameters affect the mechanical behavior of printed parts. These process parameters 

influence parts' mechanical properties differ based on the FOM material. It prioritizes (PLA), 

(ABS),both (PEET) (PETG). The outcome demonstrates that the process parameter most affected by 

infill percentage is largethickness. 

Dr. Sudhir Kumar[11] In this study, materials on the multi-material components are fused or 

laminated together into a single standard flexural specimen using the laminated object manufacturing 

method for sustainable polymer using materials ABS and TPU and tested in accordance with ASTM 

D790 standards.They found that, when compared to solo materials, the specimen's flexural strength 

had increased. 

Xingshaung Peng[12] The research details the creation of CF/PA6 composite filaments as a feedstock 

for FDM printing. It also looked into the effects of processing factors on mechanical properties and 

interlayeradhesion during FDM printing and the tensile properties of CF/PA6 specimens printed using 

these materials. Three different printing supervisors are evaluated. It is discovered that CF/PA6 printed 

in the direction of the tensile loading has better tensile properties than the other 2 printing directions. 

Gholamhossein Sodelfian[13] In this study, printing was carried out using pure polypropylene (PP), 

glass fiber (GF), and PP/GF composites containing materials of anhydride polyolefin (POE-g-MA) at 

three distinctweight percentages . Tensile experiments were carried out to assess the specimens' 

mechanical qualities. Results reveal suggested higher crystallinity of specimens prepared viathe CM 

method rather than 3D printing 

Shilpesh R. Rajpurohit[14] The tensile strength of the FDM printed PLA part is being studied in 

this article.As part of the ASTM D638 fabrication process, three process parameters—raster angle, 

layer height, and raster width—have been chosen to investigate their effects on tensile properties. It has 
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been found that the0° raster angle produces the highest tensile strength. To investigate their impact on 

the tensile strength of the FDM-printed PLA part, the layer height, raster width, and raster angle have 

also been changed. 

Lai-Chang Zhang[15] The processing, microstructure, and properties of titanium alloys and the 

composites made from them by EBM have made recent strides, which are reviewed in this article. The 

article detailsimportant advancements in porous and solid bulk structures in EBM. Ti-24Nb-42r-8sn, 

a novel biomedical titanium alloy with low modules and non-toxic elements, has the ability to replace 

current biomedical implants as the preferred implant material. 

Zharyaylkassyn Beibit[16] In this study they looked into factors like nozzle diameter, raster angle, 

build direction, extrusion temperature, infill density, infill patterns, and layer thickness. They came to 

the conclusion that byadjusting various factors, the testing's outcomes were optimized. 

Sunpreet Singh[17] The fabrication of multi-material 3D Printing using ABS and HIPS is the goal of 

this study. They experimented with parameters like raster angle, layer height, and fill density to 

perform testslike flexural, impact, and tensile tests. They came to the conclusion that the material's 

strength had improved with the inclusion of these two components. 

Ajay Batish[18] The sustainable polymer used in these papers, made from materials ABS and TPU, 

is used tofuse and laminate the multi-material components into a single standard flexural specimen, 

which is then evaluated in accordance with ASTM D790 standards. They came to the conclusion that, 

when compared to single materials, the specimen's flexural strength had grown. 

 

3. Experimental Procedure 

3.1 Tensile testing: 

Tensile testing is a standard method used to determine the mechanical properties of materials, such as 

their strength, elasticity, and ductility. The following are the steps involved in conducting a tensile test 

of a D638 specimen: 

The first step is to prepare the specimen according to the ASTM D638 standard. The standard 

specifies the dimensions and shape of the specimen, as well as the type of material to be used. The 

specimen is mounted in the grips of a tensile testing machine. The grips should be aligned with the 

long axis of the specimen and tightened securely. Align the specimen such that the longitudinal axis 

of the specimen is aligned with the axis of the testing machine. This ensures that the load is applied in 

the correct direction. Before the test begins, it is necessary to set up the testing machine and software to 

ensure that the test is performed accurately. This includes calibrating the load cell and setting the 

crosshead speed. Gradually apply a tensile load to the specimen using the tensile testing machine. 

 
Fig: 3.1: Tensile Testing Set Up on UTM Machine 

The load should be applied in a smooth and continuous manner until the specimen breaks. During the 

test, the machine records the force (load) applied to the specimen, as well as the deformation (strain) 

of the specimen. This data is used to create a stress-strain curve for the material. The results of the 

test are calculated based on the stress-strain curve. The most common results include ultimate tensile 

strength, yield strength, elongation at break, and modulus of elasticity. The results of the test can be 

analyzed to determine the mechanical properties of the material, as well as to assess its suitability for 

specific applications. 
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It is important to note that the specific testing procedures and requirements may vary depending on 

the testing machine, the material being tested, and the specific testing standard being followed. 

Therefore, it is crucial to follow the appropriate testing standards and guidelines for accurate and 

reliable results. 

 
Fig No. 3.2 Tensile Specimens before Testing 

Fig No. 3.2 shows the specimens   prepared   by   3D printing for tensile test. The specimens 

printed with set 1 parameters are shown in the left side of the picture and specimen printed with set 

2 parameters are shown in right side of the picture. The tensile test specimens after testing are shown 

in the Fig No. 3.3. 

   
Fig:3.3 Tensile test Specimens After Testing 

3.2 Flexural testing: 

Flexural testing, also known as the bend test or transverse testing, is a common method used to 

determine the strength and stiffness of a material when subjected to bending forces. The following are 

the general steps involved in the flexural testing process 

First, prepare the test specimen according to the relevant standards, typically rectangular in shape 

with specific dimensions. The material should be homogeneous, and any surface imperfections should 

be removed. Mount the sample onto the testing machine in a way that allows it to be subjected to a 

bending force. The test apparatus should be set up according to the relevant standards or 

specifications. Conduct pre-test calibration of the testing machine, including verifying the load cell 

and displacement transducer readings. Apply a load to the center of the specimen at a constant rate of 

displacement or strain, and record the resulting load and displacement data. 

The load is usually applied until the specimen fractures or reaches a specified deflection. Calculate 

the flexural strength, modulus of elasticity, and other relevant mechanical properties using the 

recorded load-displacement data. These values can be used to evaluate the material's performance and 

compare it with other materials. Document the test results, including the sample preparation, test 

conditions, and test results, as well as any relevant observations. The results should be reported in 

accordance with the relevant standards or specifications. 

 
Fig: 3.4 Flexural Test Set Up 
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Fig No. 3.5 shows the specimens prepared by 3D printing for Flexural test. The specimens printed 

with set 1 parameters are shown in the left side of the picture and specimen printed with set 2 

parameters are shown in right side of the picture. The Flexural test specimens after testing are shown 

in the Fig No. 3.6. 

 
Fig 3.5 Flexural Test Specimens before testing 

 
Fig 3.6 Flexural test Specimens after testing 

 

4. Results 

4.1 Tensile test: 

From tensile test peak load, peak elongation, percentage of elongation, tensile strength and yield 

strength are found. The results for 10 Specimens are tabulated in Table No. 1. 

Table No.1: Tensile Test Results 

 
Sample No. Infill 

Density(%) 

Orientation ( 
0
 ) 

Peak Load (kg) 
Peak 

Elongation(m

m) 

Young’s 

modulus 

(MPa) 

 

 
Set 1 
parame
ters 

1S1 100 45 179 6.69 23338.34 

1S2 100 45 251.5 6.15 46676.84 

1S3 100 45 210.5 6.8 31117.87 

1S4 100 45 228 6.6 46676.61 

1S5 100 45 190.5 7.47 46676.39 

 

 
Set2 
parame
ters 

2S1 80 0 105.5 5.52 20227.396 
2S2 80 0 150 4.49 40451.684 
2S3 80 0 122 3.69 40452.852 
2S4 80 0 149.5 4.92 30341.096 
2S5 80 0 117.5 3.58 40453.238 

Table No.1 shows the results from the tensile test for 5 different material combinations and two set of 

varying parameters. Set 1 parameter has 100% fill density, 45
0
 orientation and set 2 parameter has 

80% fill density, 0
0
 orientation. From the table, it clearly depicts that set 2 parameters showing less 

performance than the set 1 parameters. 
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Fig No. 4.1 Peak load Graph for Set 1 parameters Fig No. 4.2 Peak load Graph for Set 2 

parameters 

Fig No. 4.1 shows the graph plotted between combinations and peak load for the parameter values 

100% fill density and 45
0
 orientation(Set 1). The graph clearly depicts that combination 1S2 i.e. PLA 

bears more Load 251.5 Kg than remaining combinations. 1S4 has second highest value 228 Kg. 

1S1(ABS) shows low peak load value than others. We can say combination of ABS with PLA shows 

better peak load value than pure ABS. 

Fig No. 4.2 shows the graph between combination and peak load for the parameter values 80% fill 

density and 0
0
 orientation (Set 2). From the graph the highest peak load is for material 2S2 150 Kg 

and the lowest value is for material 2S1 105.5 Kg. 2S4 has the second highest peak load value 149.5 

Kg, in set2 parameters material 2S2 and 2S4 shows nearly equal peak load. 

Fig No. 4.3 shows the graph between combination and peak elongation for the set 1 parameters. From 

the graph the maximum elongation is 7.47mm for the material combination 1S5 and lowest value 

6.15mm for material 1S2. It depicts that 1S5 has more ductile than others. 

The graph between combination and Peak elongation for Set 2 parameters is shown in Fig No.4.4, from 

the graph the maximum elongation is 5.52 mm for material 2S1 and minimum elongation is 3.58 mm 

for material 2S5. We have observed that the elongation for S5 is reduced for set 2 parameters. 

From this test we have observed that there is a great influence of printing parameters on the behaviour 

in tensile test. Printing with 80% fill density and 0
0
 orientation shows poor behaviour than the set 1 

parameters. The combination of ABS with PLA shows better values than a pure ABS. 

 

 

 

 

 

 

 

 

 

 

 

Fig No. 4.3 Peak Elongation Graph for Set 1 parameters Fig No. 4.4 Peak Elongation Graph for 

Set 2 parameters 

Flexural Test 

Table No. 2 Flexural test results 

 
Specime

n 

Infill 

Density(

%) 

Orientation( 
0
 

) 

Peak 

Load(kg) 

Flexural 

Strength(Mpa) 

 

Set 1 
parameter
s 

1S1 100 45 7 114.45 
1S2 100 45 8 130.

2 
1S3 100 45 9.5 155.325 
1S4 100 45 8 130.

8 
1S5 100 45 8 130.

5 

 

Set 2 

parameter
s 

2S1 80 0 5.5 89.925 
2S2 80 0 7 114.45 
2S3 80 0 6 98.1 
2S4 80 0 7 114.

5 
2S5 80 0 6 98.1 

Five combinations of materials printed with two set of parameters are tested under bending load on 

UTM machine and their results from the flexural test are tabulated in Table No.2. Table consisting 

values of peak load and Flexural strength from the test. 
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The graphs plotted between combination and peak load for two set of parameters respectively are 

represented in fig no.4.5 and 4.6. From the fig no. 4.5 the maximum peak load is 9.5 Kg for material 

1S3 and minimum peak load is 7Kg for material 1S1. Where for set 2 parameters from fig no. 4.6 the 

maximum peak load is 7Kg for 2S2 and 2S4, the minimum peak load is 5.5 kg for 2S1. Combination 

1S3 shows best peak load value than the other combinations, depicts that more bending load capacity. 

Graph between combinations and flexural strength is also plotted as shown in fig. 4.7 and 4.8. Fig No. 

4.7 shows the graph for set 1 parameters, The maximum flexural strength is 155.32 Mpa for 1S3 and 

minimum value is 114.5 Mpa for 1S1. 1S3 combination shows high flexural strength, the 

combinations 1S2, 1S4 and 1S5 shows nearly equal flexural strength. 

Fig No. 4.8 shows the graph for set 2 parameters, the maximum flexural strength is 114.5Mpa for 

combinations 2S2 and 2S4 which is equal to the minimum strength of set 1 parameters. Minimum 

value is 89.5 Mpa for combinations 2S1. 2S3 and 2S5 shows similar values in strength. 

  
Fig No.4.5 Peak Load graph of flexural test for Set 1 parameters  

Fig No.4.6 Peak Load graph of flexural test for Set 2 parameters 

 
Fig No. 4.7 Flexural Strength Graph for Set 1parameters  

Fig No. 4.8 Flexural Strength Graph for Set 2 parameters 

 

5. Conclusion 

5.1 Tensile test: 

Based on the results, sample 1S2 i.e 100% PLA infill density of 100%, and orientation of 45
O
 has 

the highest peak load of 251.5 kg and the highest peak strength of 47.446 MPa among all the samples 

tested. It also has a relatively high peak elongation of 6.15 mm and a percentage elongation of 3.73%. 

This means that the sample can withstand a higher amount of stress before breaking and has a higher 

overall strength than the other samples.  

Additionally, sample 1S2 has a higher Young's modulus of 46,676.84 MPa compared to the other 

samples, which indicates that it is stiffer and more resistant to deformation under stress. It also has a 

higher yield stress of 9.055 N/mm2, which means that it can withstand a greater amount of stress 

before it starts to deform plastically. Overall, sample 1S2 appears to have the best combination of 

strength and mechanical properties among all the samples tested. 
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Fig No. 5.1 Peak load Comparison between Set 1 and Set 2 parameters 

 
Fig No. 5.2 Peak Elongation Comparison between Set 1 and Set 2 parameters 

A comparison is made between the set 1 and set 2 parameters for peak load and peak elongation as 

shown in Fig No. 5.1 & 5.2. From Fig No. 5.1 The combination has shown better peak load values 

than the pure ABS(S1). From peak elongation graph Fig No. 5.2 the combination S5 has shown more 

elongation than other combinations. 

5.2 Flexural test: 

Based on the results provided, sample S3 i.e 50% ABS and 50% PLA, infill density of 100%, and 

orientation of 45
O
 have a peak load of 9.5 kg, flexural strength of 155.325 MPa, and a deflection of 

7.23 mm. Flexural strength indicates the material's ability to withstand bending stress without 

breaking. The high flexural strength S3 indicates that it can resist bending stresses better than the other 

samples tested. Furthermore, the high flexural strength of S3 can be attributed to its high peak load 

which indicates that it can sustain high loads without breaking. 

 
Fig No. 5.3 peak Load Comparison between Set 1 and Set 2 parameters 

Fig No. 5.3 shows comparison graph between two parameters for Peak load in Flexural test, S3 shows 

the maximum peak load. Fig No. 5.4 shows the comparison graph between set 1 and set 2 parameters 

Peak Lod(Kg) 
10

 9.5  

8 8 8 
8 7 7 7 
6 5.5 6 6 

4 

2 

0 S1 S2 S3 

Combinations 

S4 S5 

SET 1 Parameters SET 2 Parameters 

Peak ELongation(mm) 
8 7.47 

6.69 

5.52 

6.8 
6.15 6.6 

6 
4.49 4.92 

4 
3.69 3.58  

2 
 
0 

S1 S2 S3 

Combinations 

S4 S5 

SET 1 Parameters SET 2 Parameters 

Peak Load(Kg) 
300 

250 

200 

150 

100 

50 

0 

251.5 
210.5 

228 

      179  190.5 
150 149.5 

105.5 122 117.5  

S1 S2 S3 

Combinations 

S4 S5 

SET 1 Parameters SET 2 Parameters 



Two-day International Conference on Recent Advances in Mechanical and Industrial Engineering – 2023 

(ICRAMIE-2023) 

Dept. of Mech. Engg. PVPSIT 428 

 

 

for flexural strength. The maximum flexural strength is shown for the set 1 parameters and S3 

combination. 

 
Fig No. 5.4 Flexural Strength Comparison between Set 1 and Set 2 parameters 

From this experimental investigation we have found that the combination of PLA with ABS has 

shown better properties than the Pure ABS. From this we conclude that S3 combination is best in 

flexural strength. S5 combination with printing parameters 100% fill density and 45
0
 orientation is 

more ductile than others. 

Specimens printed with set 1 parameters shows best results, whereas in both the tests set 2 

parameters has low performance. Hence 3D printing with set 1 parameters with combinations gives 

better results. 
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