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Question Concept to cover BL co Marks Total 
No Marks 
La) Definition of degree of freedom L2 1 l Mark 

of a mechanism 
2 Marks example 1 Mark 

1.b) Constrined motion types L2 l 1 Mark 
2 Marks 

Names with example 1 Mark 
1.c) Coriolis component of L2 1,2 1 Mark 

acceleration 1 Mark 2 Marks 

1.d) Kennedy's theorem L2 1 ,2 1 Mark 2 Marks 
equation 1 Mark 

l.e) Interference with figure L2 1.3 2 Marks 2 Marks 
1.f) Gear train types L2 1 3 2 Marks 2 Marks 
l.z) Dynamic balancing explanation L2 1 4 2 Marks 2 Marks 
1.h) Pressure angel in cam definition L2 1,4 2 Marks 2 Marks and representation 
1.i) Definition of coefficient of 12 1,5 2 Marks 2 Marks fluctuation of enerzv 
1.j) Damping coefficient L2 1,5 2 Mark 2 Marks 

PART-B 
UNJT-1 

2.a Classification of kinematic pairs L2 l 4Mark 
Neat sketch explanation L2 1 2 Marks 

2.b Inversions of single slider crank L2 1 4 Marks 10 Marks 

chain with neat sketch 

SCHEME OF EVALUATION 

Answer the following questions. 

Note: l. This question paper contains Two Parts A and B 
2. Part-A contains l O short answer questions. Each question carries 2 Marks 
3. Part-B contains 5 essay questions with an internal choice from each unit. Each 
question carries 10 Marks 

Max. Marks: 70 Duration: 3 hours 

(MECHANICAL ENGINEERING) 

Theory of Machines 

May 2025 

II B.Tech-1 Semester-Regular I Supplementary Examinations- 

PVP 23 Code: 23ME3403 
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OR 
3.a Any type of approximate straight L2 1 5 Marks 

line mechanism with neat sketch 
3.b Hook's joint purpose and L2 1 5 Marks 10 Marks 

application 

UNIT-II 
4. Instantaneous method L2 1,2 7 Marks 

representation using the given 
details 10 Marks 
Calculation of angular velocity L2 1,2 3 Marks 
of link CD 

OR 
5. Velocity and acceleration of L2 1,2 8 Marks 

given problem 10 Marks 
Acceleration of slider B L2 1,2 2 Marks 

UNIT-Ill 
6. a. Gear trains types L2 1,3 2 Marks 

Explanation of each-type L2 4 Marks 
10 Marks 

1,3 
6.b Law of gearing explanation and L2 1,3 4 Marks 

Fizure representation 
OR 

7. Representation of the problem L3 1,4 2 Marks 
with given data 
Determination of gyroscopic· L2 1,4 6 Marks 10 Marks 
couple 
Explanation of couple effect in L2 1,4 2 Marks 
statement 

UNIT-JV 

8. Representation of masses with L3 1,4 2 Marks 
angle 
Determination of balancing mass L3 1,4 4 Marks 10 Marks 

Determination of position of L3 1,4 4 Marks 
balancing mass 

OR 

9. Different types of cams and L2 1,3 5 Marks 
followers 
With figure explanation L2 1,3 5 Marks 10 Marks 

· UNIT-V 

10. a) Natural frequency definition L2 1,5 5 Marks 
under free longitudinal vibration 10 Marks 

10.b) Given problem data L3' 1,5 5 Marks 
reoresentation and natural 

2 
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.. 
j 

frequency formula and 
substitution 

(OR) 

11. Turning moment diagram L2 1,4 5 Marks 
representation 10 Marks 
And explanation of turning L2 1,4 5 Marks 
moment diagram of steam engine 

3 
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Ans) There are three types of constrained motions. They are listed below: 

Completely Constrained Motion 
Partially or Successfully Constrained Motion 
Incompletely Constrained Motion. 
Completely Constrained Motion 
Completely constrained motion is defined as the type of motion where the motion of 
the pair is limited to only one direction. 
Successfully Constrained Motion 
Partially or successfully constrained motion is the kind of motion that can be in more 
than one direction without the influence of any external force. 
Incompletely Constrained Motion 
Incompletely constrained motion is the type of motion where the motion between a 
pair can take place in more than just one direction. 

J.b) Classify different types of constrained motion L2 COJ 2 Marks 

1. a) What is the degree of freedom of'a mechanism? L2 COi 2 Marks 
Ans) The degree of freedom (DOF) of a mechanism, also known as its mobility, 
represents the number of independent parameters or inputs required to fully 
define the position or motion of a system 

PART-A 

Answer the following questions. 

Note: 1. This question paper contains Two Parts A and B 
2. Part-A contains 10 short answer questions. Each question carries 2 Marks 
3. Part-B contains 5 essay questions with an internal choice from each unit. Each 
question carries 10 Marks 

Max. Marks: 70 Duration: 3 hours 

(MECHANICAL ENGINEERING) 

MATERIAL SCIENCE AND METALLURGY 

DECEMBER 2023 

II B.Tech-1 Semester-Regular I Supplementary Examinations- 

Code: 20ME3302 
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Ans) The coefficient of fluctuation of energy (CFE) is a measure of how much the 
energy of a system, like a flywheel, fluctuates during a cycle. It's calculated as the 
ratio of the maximum fluctuation of energy to the total work done per cycle. 

l.i) Explain about coeeficient of fluctuation of energy L2 COJ, 5 2 Marks 

Ans) In cam mechanisms, the pressure angle is the angle between the normal to the 
pitch curve ( or the cam profile) and the instantaneous direction of the follower's 
motion. This angle is crucial because it represents the steepness of the cam profile and 
varies with the follower's movement. 

1. h) What is pressure angle in Cam? L2 COJ, 4 2 Marks . .. 

Ans) Dynamic balancing is a process of balancing rotating machinery to reduce 
vibration and improve performance. It involves measuring and correcting unbalance 
in rotating parts while they are in motion, ensuring that forces and moments are 
distributed evenly around the axis of rotation 

J.g) Explain about dynamic balancing L2 CO], 4 2 Marks 

Types of Gear Trains: 
Simple Gear Train 
ompound Gear Train 
Epicyclic Gear Train 
Reverted Gear Train 

Ans) A gear train is a system of two or more gears that work together to transmit' 
rotational motion and torque. 

1.j) Explain about a Gear train L2 COJ, 3 2 Marks 

Ans) Interference in gears occurs when the tooth tips of one gear contact the non-' 
involute portion of the mating gear, causing potential damage or failure 

1.e) Expalin about interference? L2 COi, 3 2 Marks 

Ans) Kennedy's theorem, also known as the "Three Centers in Line Theorem" or the 
"Aronhold-Kennedy Theorem of Three Centers," states that if three bodies have 
relative motion, their three instantaneous centers of velocity are collinear 

1.d) what is the kennedy theorem L2 COJ,2 2 Marks 

Ans).The Coriolis component of acceleration is a tangential acceleration that arises 
when a point on one rotating link slides along another link 

Le) What is the Coriolis component of acceleration L2 CO 1,2 2 Marks 

5 
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Fig. 1.8 

(d) to) 

(l1) 1'un1illg l'nir When one link has a 
turning or revolving motion relative tt1 the 
other. lhc: con~1ih11t· a turning or revolving 
ri.11r [Fig. I .8(h)). 

In a slidcr-crunk mccharusm, all pairs 
except the ~lidcr and guide pair an: turning 
pairs. A circular "h;1ft ro..'\11hi111! invulc a 
hearing is a turning pair. 

~ 

0-Bal! 
(C) {b) (0) 

;::;;~:;~,?;;:.,:~,:~:;::~~~;:'.;~~~re of :2_i J;o~ qqq. 
form a sliding pair. 9____ it.:=..=.=jJ-J 

A rectangular rod m a rectangular hole 
in a prism 1:- ;1 sliding pair lfi1!. 1.1-:(a)]. 

Types of k inemat ic pairs: 

The two_ links or elements of a machine, v, hen in contact with each other. are srud to form a pair. If the 
relative motion between them rs completely or successfully constrained (i.e. in a definite direction). 
the pair is known as kinematic pair. 

A krnematic pair is a connection between two physical objects that imposes constraints on their 
relative movement. 

2. a. Classify kinematic pairs with" neat sketch. L2, COJ 6M 
Ans) 

Kinrnrntk P:tir: 

UNIT-I 

PART-B 

Ans) A damping coefficient, often denoted by "c," is a parameter that quantifies the 
amount of energy dissipation in a system due to damping forces, such as friction or air 
resistance 

1.j) What is damping coefficent? L2 COJ, 5 
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7 

I. P,•111/11/wn /1/1111/l or /lull ,·u;:i,;, -. J n thi, mechanism. the inv ,·r,inn i\ obtained h) Jh. ing llw 
cylimleror li11I.. .:I (i.,. ,liding pair), a, vhnwn in Fig. 5.:H. In 1hi, ca-«, whvn the \.·n111J... {liuJ... ~l nn.uc-; 
tlw l'Onnct·ting rod (link .'.1) o-cillutcs abou: :t pin pivoted 'to the tixcd hnk 4 at A and the pi-ton 
a11adk·d 111 lhl' pi,1011 rot! dink J I rcciprocutcv, The dupll''< p11111p which i~ thl.!11 h> xupply lt'l·d \\ all'!' 
to ht1ikr, ha\l' twu pi,t,111' a1t.1dk·d (I) link I. a-, ,hm,11111 ril! ).~I 

L2 C014M 

. Fig. J.1, 

(b) 

/cam 

2.b) Sketch any two inversions of single slider crank chains. 

(n) Closet! Pair Whl:11 the elernc:nlb. of a pair are held together mechanically, it is known lb a closed pair, 
TI1c rwo clements arc geometrically identical; one 
ii. solid and full and the other is hollow or open. 
The faller not only envelops the former but also 
encloses ii. The contact between the two c.:111 be 
broken only by destruction of ;ti li:as1 one of lhc 
members. 

All the lower rairi and some of the higher poirs 
are closed pairs. A ram and follower pair (higher 
pair) shown in Fig. 1.7(:i) and a screw pair (lower 
p:1ir)b~long to the closed pair category. 
(IJ) Unclosed Pair When two links of a p;1ir 
:UC in COllWCI either due 10 force of gm\"ity or 
some spring action. they constitute an unclosed 
pair. In this, the links are not held together 
mechanically. c.g .. can, aml follo"c:r pair of 
Fig. 1.7(b). 

Kinematic Pairs according to Nature of Contact 
(a> Lower P11ir A pair of links having surface or 111c.i conU11:1 between the members is known a~ a lower 
pair. The.comact surfaces of the two links arc similar. 
Exampfes Nut turning on a screw, shaf] rotating in a bearing .• ill pairs of n slider-crank mechanism, umvcrsal 
joint, etc. 
(l,) lligltcr Pair When o pair has a point or line contact between the Iinks. it is known us a higher pair. The 
contact surfaces of the two links ore dissimilar. 
£x11111plt~ Wheel rullini; on n surface. cam and follower pair, roofh gears. bull and miler bearings. etc. 
Kinematic Pairs according to Nature of Mechanical Constraint 

tc) Rolli,ig Pair When the links of a pair have a rolling motion relative to each other, they Iorrn a rolling 
pair, e.g .• a rolling wheel on a Rat surface, ball and miler bearings, etc. In a ball bearing {Fig I .i!(cl). the ball 
and the sh:lfl constiture one rollini: pair whereas the b.111 and the bearing is the second rolling pair. 
(,I) SNetv Pair (Ht/ic,il Pair) .If two mating linl.s h.'lvc: a turning as well ni. sliding motion between them. 
they from a screw pair. This ii. achieved by cutting matching threads on the two link .. 

The lead screw anti the nut of a lathe ii. a screw pair (Fig. l .8(J}]. 
te) S11l1erict1l Pair When one link in the form of a sphere cums lnxid ... a fixed link. it h a spherical pair. 

The ball and socket joint is a spherical pair [Fig. I .R(cll, 

7 
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The approximate straight line motion mechanisms are the modifications of the four-bar chain 
mechanisms. following mechanisms to give approximate straight line motion. are important from the 
subject point of view : 

l. \fotf's mechanism. It is u crossed four bar chain mechanism :.111J was used by W:m for his 
early steam engines 10 guide the piston rod in a cylinder to have an approximate straight line motion. 

OR 
3. Explain any one of the approximate straight line mechanisms. L2, COi SM 

Ans) 

Note: Any two types are accepted 

.t Roturv internal , ombu stion , 11;:rm• 
or ( iuomc t'IIJ.:il1'1• Sumcn mc-. back. ,,,1:iry in 
ll·1 nal combustion l'll:!in1.. ... \ wcr« u-.t·d in .1, 1.1t111n. 
But th)\\ -;1-d.1~, ~;1, tu, h1111.·, .11\· thnl in n- pl;,~:c. 
11 (.'UIP,t,h ()t seven 1..~l.1111..kr, lll one pl.me and 
al I t\'\ llh '-'' about 11 ,1..·d centre I) .• 1, ~h< iv. n ll1 

Fig. 5.25. while the: crank (link 2) i~ Jived. In 
this mechanism. v. hen the \.'(rnn1..·1..·1i11p n)J I link 
.t J rotatcv. the JW,tC1n I link J > rccip: oc.itc-, inside 
the c yhudcr-, fonn,n~ link I. 

-'-'1/'~ , • ,, ,r• 
Connec 11ng • 

rod 
(Lon, J) 

.» ~I', , - ~ - 
~ ~ Cylt•1<Jer 
~ . ,? (l.l"lk 4} 
~ . ~ 
i"'J'l'/1/I,' 

Crank 
tL1nk 2) • 

/Jl'/l'l'I,(, 

~ A ~ ~ r ;: Cylinder 
~ ~ (Link 4) ,, . ,, ,, 
0', 

)," __.., Connecnnq 
..,, (Link 3) 

Piston rod • 
(Link 1) ..--~ ... .... - 

I ii,: •• , . .?J. Pt:11Julu111 pu11111. 

1. O,cil!a1i11,.: cvtirutrr ,.,,Kin,·. Thv ar 
r .. Hlc!Clllcnl <tf n"(.·illa1ing cylinder engine mechu 
nixru. a.., <hown in Fig. 5.~4. b. used to convert 
rcdrro1.::11ing morion intn ro1ar~ nu u ion. In rhi.., 
mcchunivm. 1]1L• l i nk ~forming.the turning pair i:-. 
Ii vcd. The link 3 corrcvpoud» to tlw counccring 
r"d of a n:l·iprot:•ating -.:ll."a1t1 l·11!!it11: 1111..•'-·h:111i,m 
\~'h1.:11 th,: crank 1 link ::! > rot .. ne s. tlu .. ' pi-.11>11 .u 
t:ldh·d II) pi,1011 rod t hn], I l 1·l·...:ipn1catl.', and rill· 
vylindcr 4 link ·I I o:-.dllatc:,. ,ihnut u prn p1, ,111:d tn 
the ll\l'd IIIIK at/\ 
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F,g. 1- 1 Gras.sh>ppv JJ.7chanism 
- For small a.ll.c,<7\Jlar di:;pJacements of OP on each side of the horizontal, the point Q 

on the e.uefl&ion of the link.PA traces out an apptoxim:stely a straight path QQ'. if 
the lengths are such that 

r o:-----. 
I ---~-~ 
t - t ---._A 
l o~PP1 : Jl,;._~ \ -~ 
I ?, I I .... ...-· A1 I 

: --------- \ ,.__.,- 
a, \ 

Grasshopper Mechanism 
- In this mecbanism, the centers Oard 01 are f"ixecL The link OA oscillates about O 

through an angle AOAl which causes 1be pinP to :mo,-e along a circular arc with 
01 as center md OlP as radiw.. 

Thus, the point P divides the link AB into two parts whose lengths are inversely proportional 
ro the lcng1hs of the :idjacent links .. 

01A = PB 
OB P.·t or 

... (ii) 

Also 
OJJ/01A :9/6 

A 'P = IP' x 9, and !J'P' = If" x 9 
A 'YI B'JY =QI e 

From cquutions ({) llnd (ii), 

... (i) tuc B 1f = arc A A' 
Fli;:. 9.6. Watt's mechanism. 

, - ' •A' 
I ~ . - - 
' I ...... ..,. ....... ', :A ·re- - 0• \ I ;,,J:t_ ... :;., I ' P' _yi_,.,..,_ 

]'~--------- 
- - - ...... - a, \, 

C(.'v•t1( .B '. 
~ A \ 

I\ f 
I ' - , 

I 
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3 3 4 i :~ ,, .,. 
:;; 
f ... 

2 4 

6 5 

2 

.V BA = 120 r.p.m 

t ,, ~r···'-lo/ ,h t.!I uu , .\U .luucu ,1ci1,-. ui uuut 

D 150 A 

'\60' 
t I 'I I ,' 

SC 
a 

,C 

UNlT-IJ 
4. In a four bar chain ABCD, AD is fixed and is J 50 mm long. The crank AB is 40mm 

long and rotates at J 20 r.p.m. clockwise. while the link CD =80 mm oscillates about 
D. BC and AD are of equal length. Calculate the angular velocity of link CD when 
angle BAD =60 by instantaneous center method L2, C02 JOM 

• Ans) 

r 1~. •1.1 \ 11,11\·1·,,nl o, H11ol.,•, 1,,11,1 
for the :1111" of., ci,,,,. The anu- vi the er,," are perpen.hcul:u 1,1 e.ich other I he 11llll1<1111, trn11~11111- 
red from the ,lnnn,!.! -hafr ro dlt\ en ,Jrni1 1hrnu11l1 il c10,,. I he 111di11:11inn of the 111,.., ,Jmfh may he 
c,>mt,111:.1>111 in actu.rl p1,1.:1icc it 1·a11e,. when the morion 1~ 11,111,111111c.J. The 111ai11 applica1t,)11,,fthe 
l"m\ cl',al t>l Hooke ·" jouu 1, touud III the trausuuvsion l1 om the ~c,11 box ro the dittercnual ('I bad, 
,lXk of tho! ,I\IIOUlOb1k<,. It b Jhl, 11!.td 101 uauvrmvsion or JJL'\\'l'I 10 J1ff,.:1<!'11t ,pmcll.:-·, 01 multipk 
d11llill¥ uiaclnuc It 1; ,,ho used as a knee ;011u in 1111llU1¥ iuactuncs 

I\XI~ 1 

At>dy?. 

f}ody I D11vo11 
c forked ond ~halt ) 

I
r :./1,'>!. \ -t~- -~~ . /·~ 
'J" c ' ~ ....-,.:_ .. • :~-· v ~ 

A-- ---i ---B -. -· -· - -- --- 

11 /D11v1t1" uhal1 ' '\\1) \ For~od cod 
0 ~ l! 

Cross 

3 b) What is a Hook's joint and where is it used? L2 COl SM 
A H,1oke·~Joi111 is used to connect rwo ~J111fl,. which are inrersecnng ar n rnrnll angle a 

,lH".111 Lil l-'1,?. 9. l 1-1. I he encl of each vhaft i, f,,1 ked 1111 ·-1ype .111<1 each fork provide- two heari11_1.1~ 

Note: any approximate straight line mechanism is accepted 

APZ 
OA= -. - 

AQ 
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• The perpendicular to ln at B (since 8 is on link AB. rotating) 

• The perpendicular to Vi~· at C (since C is on link CD, rotating} 

Finding Instantaneous Center 11:1 

• I1a lies at the intersection of: 

• Link 3: Coupler BC 

• Link 4: CD 

• Link 2: Crank AB 

• Link 1: Fixed (AD) 

Direction of Vn: perpendicular to AB (due to pure rotation), clockwise. 

Vn -= WAD x AB - 41r x 40 - 1601r mm/s ~ 502.65 mm/s 

Since AB is rotating at w_413 -:: 4rr rad/s. the linear velocity of point 8 relative to A: 

• LBAD=60:' 

• BC - AD - 150 mm 

• CD-=- 80mm 

• AB-40mm 

From the given data: 

1 

--- --- --- -- --- -----------------'----------I 
4 

2 
-- 

11 6=J 
;I 

I I 
I I 

I I 
I I 

I I 
I I 

/ I 
I I 

I I 
I I 

I I 
I I 

I I 
/ I 

I I 
I I 

I I 
I I 

I I 
I I 

/ 3 I EJ //// 
I 
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•' 

' ' ' 
' ' '.' 

G 

// 
' 

' J. 

All dimensions E •· 

5. For configuration of slider-crank mechanism shown, calculate acceleration slider 
B. L2, C02 JOM 

OR 

lGOO(liT 100 .. 
--- - -- ::::: 10.47 ra<l/s 

4800 80 
4;r · 40 60 4r. · 4(1 · 100 

WCD. 80 - 100 7 W(:D - 80. GO 

Then: 

• IC - C - 60 mm 

• IC - B - 100 mm 

IC-C 
IC-B 

IC - C w_4n · AB ----·--=> ----- I c - B W(:D . c D 
Vn 
Vr: 

This is complex algebraically, so we simplify by applying geometry to find the triangle positions when angle 
BAD= 60°. 

WIJC x h.iB h1C wnc x h1B2 
---- - -- ~· W('D - ----- 
WCD X GD I1:1B CD X t.«: 

From velocity ratio: 

Vi' - W('D x CD 

But we can also write: 

Vn h1C 
Fr 11:iB 

We know from IC method: 

12 
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, 
.: 192 , , 

' ,' 
I 

' 8J ,' ., . ' . , ~· 
CJ ec1 

t\1, .: 
, 

Step 5: Draw the acceleration diagram choosing a suitable scale. 

SI. Link Magnitude Direction Sense No. 

l. OA t~<) = oloAr = 192 Parallel to OA ~o 
2. AB t\t, = olsbr = 17.2 Parallel to AB ~A 

fab - .lr to AB - 
3. Slider B - Parallel to Slider - 

Step 4: 

b 

Step ./: Draw velocity vector diagram. !· 

Step 2: Find velocity of A with respect to 0. 

v. = ClloA x OA 
V,. =20 x0.4X 

V0 =9.6 m/s 

Step I: Draw configuration diagram. 

13 .r 
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6.<Classijt different types of gear trains L2, COJ-3 6 M 
Following arc the different types of gear trains, de 

pending upon the arrangement of wheels : 
1. Simple gear train, 2. Compound gear train, 3. Re 

verted gear train. and 4. Epicyclic gear train. 
In the first three types of gear trains, the axes of the 

shafts over which the gears are mounted are fixed relative to 
each other. But in case of epicyclic gear trains. the axes or 
the shafts on which the gears are mounted may move relative 
to a fixed axis. 

Simple Gear train: 
When there is only one gear on each shaft, as shown 

in Fig. 13.1, it is known as simple gear train. The gems are 
represented by their pitch circles. 

UNIT-III 

Auswers: 

fb = 72 mh,cc~ 

. . ' o Join Ct to l>ig1. g1e1 = fc = 236 m/s". 

f', blbl 167 . , • 
o a.~b = -~-· = -- = - = I 04 rad/sec" l C C\V ). 

AB AU 1.6 

- - ab AR 
o Extend a.b, = o1c1 such that -1 -1 = -1-1 

AB AE 

o Mark 01.!:;1 (zero acceleration point) 

o Draw o1g.1 = C acceleration of OA towards 'O'. 

o from a1 draw a1b11 = 17.2 m.ls1 towards 'A' from b11 draw a line .L' to AB. 

o From 01g1 draw a line along the slider B to intersect previously drawn line at 
bi, a.b, =fol> 

14 



15 

Product of the number of teeth on the drivers 

. Speed of the first driver Speed ratio= ------------ 
Speed of the last driven or follower 
Product of the number of teeth on the drivcns 

Driver \ Compound 
_! 1 gears J / ,...-..... .. 3 . 

· .-1-.. •. ·, . -~··1 Driven 

( 

r I " <:> ,_J.,' ' ,,,....!.... .s j 
I ;\ /' I")'· ' t 

d. ' ''{ ,- ' . .\~ \ ·~\6 I •1'· '' f ,,, ' (--.1,· • 
, 1) ' } ,1,: j t \,,/4/ J ..t I 
\ ,~ 1 • I . ' i \ I ' ; I / ~ '•·r-'. . 'v. , , I , I . , / 

\ I '"'-. I / "'·i .-' ' I . . I ., '-.~. ' ,,·' 1· I 

, OOJlillfirfum ,~ ~Iii , l 
Ll o I ( , , 1 

, I' I i c 
3M] ,mEI®nl :!, D 

•.. s UII[Jl)Wlllllm~Jllll! s 
l'ii:, t,U. Compound gear train. 

When there are more than one gear on a shaft, as shown in Fig. I 3.2, it is called a compound 
train of gear. 

Compound gear train: 

T . al Speed of driven No. of teeth on driver ram v ue = = -------- 
Speed of dri vcr No. of teeth on driven 

S d 
. Speed of dri vcr No: of teeth on driven pee ratio = = -------- 

Speed of driven No. of teeth on driver 

N1 T1 
-=-· or 

Ji'ij!. LU. Simple gear train. 
(c) (/,) (ti) 

I 

ll~'~I 
I 

' 

Driven or Driver Driven or 
f follower Driver c;~, (o~~(~J 

, __ , \__J_/ -r '+ 
I I i 

fIDlI1lI 
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aim is fixed, the gear train is simple and gear A can drive gear B 
or vice- versa, but if gear A is fixed and the arm is rotated about 
the axis of gear A (i.e. 01), then the gear B is forced to rotate 
upon and around gear A. Such a motion is called epicyclic mid 
the! gear trains arranged in such a manner that one or more of 
their members move upon and around another member are 
known as epicyclic gear trains tepi, means upon and cyclic 
means around). The epicyclic gear trains may be simple or<:0111- 
pound. 

EpicyclicGearTrain 
We have already discussed rhat in an epicyclic gear train. the axes of the shafts, over which 

the gears am mounted, may move relative lo a fixed axis. A simple epicyclic gear train is shown in 
Fig. 13.6, where a gear A and the arm C have a common axis at O 1 about which they can rotate. The 
gear B meshes with gear A and has its axis on the arm at 02• about which the gear B can rotate. If the 

N1 _ 1~ x_1~ 
N4 TjxT_1 

Fig. 13.4. Reverted gear unin. 

When the axes of the first gear (i.e. first driver) 
and the last gear (i.e. last driven or follower) are co-axial, 
then the gear train is known as reverted gear 111un as 
shown in Fig. 13.4. 

Reverted Gear Train 

16 
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. O>i = <:hN = V~P 
Cl>, 01M O,P 

01M 011' 
Combining equations (i) and iii I. we haw 

O>i _ 02N 
(I), 0/•l 

AIM> from vimilar triauglc« 01MP and O!Nf'. 

0,.~1 O,P ----- =-·- 

or (w1 x o, Q) cos a= fw: x 01 Ql co~J3 
01 M O.,N 

IW1 x o, Q) -- = fW, x O, Q) _, - Ot W1 x 01M = ill,2 x ()!,\' o, {! • - (),(J 

v1 cos a = 1·2 cos ~ 

wheel 2, as shown by thick line curves in fig. 12.6. Let the two teeth 
come in contact at point Q, and the wheels rotate in the directions as 
shown in the figure. 

Let T T be the common tangent and MN be the 
common normal to the curves at the point or contact Q. From the 
centres 01 and 02, draw 01M and 02N perpendicular to MN. A 
little consideration will show that the point Q moves in the direction 
QC. when considered as a point on wheel 1, and in the direction 
QD when considered as a point on wheel 2. 

Let v 1 and v 2 be the velocities of the point Q on the wheels 
1 and 2 respectively. If the teeth are to remain in contact, then the 
components of these velocities along the common normal MN must 
be equal.. 

Consider the portions of the two teeth, one on the wheel 1 (or pinion) and the other on the 

6. It State law of gearing L2 COl, C03 4 Marks 

ArrnC 

i ~--t. L./- --'\ 
\ :~1±-02-~ ) 

;

l •. j_ f/\, // 
i \ <, , -- 

' \ I \ t=-"j -t- 
Fii:. J3.ti. Epicyclic gear train. 
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When the engine or propeller rotates in clockwise direction when viewed from the rear or tail 
end and the aeroplane takes a right tum, the effect of the reactive gyroscopic couple will be to 
dip the nose and raise the tail of the aeroplane. 

. • ',\ ri-1, 

li.l ' . .l'r 

'"'\ 
' 

El1ect 
When the aero-plane turns towards left, the effect of the gyroscopic couple is to lift the nose 
upwards and tail downwards. 

Gyroscopic couple, C - I (JJ w1, = 46.08 x 209.43x l. l l r-: l 0712.09 N-111 

I I - f . t> M.li7 11 d.' Angu ur \C ocrty o precession, 6.lp == - == -,- e-- I. ra ,s R so 

Mass moment of inertia of the rotor·,/ - m Ir-, 450 (0.32)2 - 46.08 kg-m~ 

N "''.2000 r.p.m. or o>"' 2nN /60,,.. 2n x 2000/60 ,- 209.43 rad/s 

• . 2411 x 1()00 ~ Given : R ~ 60 m · v - 240 km/hr > = 6,.> 67 m/s · m -r 450 kg · k ·, 0 _,J rn 
' . 3600 "' ' ' . - 

7. An aeroplane flying at 240 km/hr turns towards the left and completes a 
quarter circle of 60 m radius. The mass of the rotary engine and the propeller of 
the plane is 450 kg with a radius of gyration of 320 mm. The engine speed is 
2000 rpm clockwise when viwered from the rear. Determine the gyroscopic 
couple on the airplane ands state its effect 13 CO 1,4 JOM 

OR 

From above, we sec that the angular velocity ratio is inversely proportional 10 the ratio of the 
distances of the point P from the centres O I and O 1, or the common normal to the two surfaces at the 
point of contact Q intersects the line of centres at point Pwhich divides the centre distance inversely 
as the ratio of angular velocities. 

Therefore in order to have a constant angular velocity ratio for all positions of the wheels. the 
point P must be the fixed point (called pitch point) for the two wheels. In other words, the common 
normal at the point of contact between a pair of teeth must always pass through the pitch point, 
This is the fundamental condition which must be satisfied while designing the profiles for the teeth of 
gear wheels. It is also known as law of gearing. 

18 
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All dimensions in mm. 
(/,) Angular position of masses. ( a) Position of planes. 

1----- soo ---~I , 700 ------+ 

200 kg 

A 
B 

X' 

-1100 I 400--1-200-1 

-300--J 
,---400--- 

+ve • 
300 kg ©©© . 

R.P 
t 

@ 
-ve • 

Plane MttSS (m) Radius (r) Centforce + c,/, Distance from (,'r,up/e + w2 

kf: Ill (m .r) k,:-m Plane x(IJ m (m.rl) k,:-m1 

(]) (2) (3) (.t) 15) (6) 

,. 
200 0.08 In - 0. I - 1.6 A 

X(R.P.) mx U.J 0.1 »« 0 () 

B 300 0.07 21 0.2 4.2 
c 400 0.06 24 0.3 7.2 
y Illy 0.1 0.1 JT/y 0.4 0.04 my 

D 200 0.08 16 0.6 9.6 

UNIT-IV 
8. A shaft carries four masses A, B, C, and D with magnitudes 200 kg, 300 kg, 400 
kg, and 200 kg respectively. They revolve at radii of 80 mm, 70 mm, 60 mm, and 80 
mm in planes measured from A at 300 mm, 400 mm, and 700 mm. The angles between 
the cranks measured anticlockwise are A to B 45°, B to C 70°, and C to D 120°. 
Balancing masses are to be placed in planes X and Y. The distance between planes A 
and X is 100 mm, between X and Y is 400 mm, and between Y and D is 200 mm. If the 
balancing masses revolve at a radius of 100 mm, find their magnitude and angular 
positions. L3 CO 1,4 10 Marks 

Solution. Given : mA = 200 kg ; mB = 300 kg : me = 400 kg ; mr, = 200 kg : r,\ = 80 mm 
= 0.08m; r8 = 70 mm= 0.07 m ; re= 60 mm= 0.()6 m ; rl) = 80 mm= 0.08 m; rx = ry = 100 mm 
= (T.l m 

Let mx = Balancing mass placed in plane X. and 
m.; = Balancing mass placed in plane Y. 

19 
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, ril C') l1nd1,,::,I cam \\·11111,•1:ip10,,1t111~ 

1nl ln, .. -r 

.-~. (~,-- 
' I l 

/,{\ r·· -· ·- - ·7l ·tr\ · ·-·-----·-·i \ . . ;·, . . f. .... ,,_ __ ... - . ~,1 .. ~ ·\.: , .......... ·--. ·- . ·- 
~ '; \J .• 

~ 
I 
I 
' 

Though tlw earns ma~ he dm,sifa·tl in many ways. yet the lnllowing rw» types art' imponam 
from the subject point of view : 

9. Explain with sketches the different types of cams and followers L2, CO 1-3 1 OM 

Classlflcotlon of Cams 

0.1 nix = vector eo = 35.5 kg-m or mx = 355 kg Ans. 

The angular position of the mass 111x is obtained by drawing Omx in Fig. 21.8 (b), parallel 
to vector co. By measurement. the angular position of mx is ex = 145° in the clockwise 
direction from mass mA ti.e. 200 kg). Ans. 

(c) Couple polygon. 

d' .. Batanced 4.2 •....•.•. .._coupte 
o.04 rn ...•. ,. 

y a' o' 
-1.6 

b' 

9.6 

c' 
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·, 
1. According lo the surface i11 contact. The followers, 

according to the surface in contact, are as follows : 
(a) Knife edge foil ow er. When the contacting end of 

the follower has a sharp knife edge, it is called a 
knife edge follower, as shown in Fig. 20. J (a}. The 
sliding motion takes place between the contacting 
surfaces (i.e. the knife edge and the cam surface). It 
is seldom used in practice because the small area of 
contacting surface results in excessive wear. In knife 
edge followers, a considerable side thrust exists 
between the follower and the guide. 

(b) Roller follower. When the contacting end of the follower is a roller. it is called a roller 
~ follower, as shown in Fig. 20.l (b). Since the rolling motion takes place between the 
• contacting surfaces (i.e. the roller and the cam), therefore the rate of wear is greatly reduced. 

In roller followers also the side thrust exists between the follower and the guide. The 
roller followers are extensively used where more space is available such as in stationary 
gas and oil engines and aircraft engines. 

(c) Flat [aced or mushroomfollower. When the contacting end of the follower is a perfectly 
Ilat face, it is culled a Oat-faced follower, as shown in Fig. 20.1 (c). It may be noted that 
the side thrust between the follower and the guide is much reduced in case of flat faced 
followers. The only side thrust is due to friction between the contact surfaces of the follower 
and ihc earn. The relative motion between these surfaces is largely of sliding nature but 
wear may be reduced by off-selling the axis of the follower. as shown in Fig. 20.1 (() so 
that when the cam rotates, the follower also rotates about its own axis. The flat faced 
Iollowers arc generally used where space is limited such as in earns which operate the 
valves of automobile engines. 

The followers may be classified as discussed below : 

Classification of follower: 

L Radial or disc cam. In radial 
cams. the follower reciprocates or 
oscilJates in a direction perpendicular to 
the cam axis. The cams as shown in Fig. 
20. l are all radial cams. 

2. Cylindrical cam. In cylindrical 
cams, the follower reciprocates or 
oscillates in a direction parallel to the cam 
axis. The follower rides in a groove at its 
cylindrical surface. A cylindrical grooved 
cam with a reciprocating and an oscillating 
follower is shown in Fig. 20.2 (a) and (b) 
respectively, 
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111 l Rcnim1rnli11g or lra11s/Miug [ollower, Whcu the follower rcciprucatcs in guides as tht· 
cam rotates uniformly, it is known as reciprocating or trunslaring follower. The followers 
[L'> shown in Fig. 20.1 ~a) to ~d) arc all reciprocating or translatiug followers. 

1/J J (J.\cilluti11;: or rotutiut; [ulluwcr, \Vhc11 the uniform rotary motion or the cum il> converted 
into predetermined oscillatory motion of the follower. it is called oscillating or rotutinj; 
follower. Th: follower, as shown in Fig 20.1 kl, i:s an uscilluting, or rotating Iollnwcr. 

3. . \n·ordiu;; to the putli of 11111tion of the follower. The followers. according to it~ path of 
motion, arc of thl! following two types: 

(a f RC1tiiC1!./iJl/mvu. When the motion of the follower i~ along an axis passing through the 
centre of the cum, iii!'> known as radial follower. The followers. ;:i:,, shown in Fig. 20.1 ta) 
to c/1. arc all radial followers. 

</J f 0/(-.,ct [olluwrr. When the motion nf the follower i:-. ailing an axis uwuv from the uxis of 
the cunt centre. it i1-, called oft-set follower. The follower; as ~h1)W11 in Fig. 20. I 1./ l, is un 
off-sci follower, 

2 . According to th e motion of th« follower. The followers. according to i1~ motion. arc of the 
following two types: 

follower. faced follower. 

Fig. 20. I. Classification of followers. 

(el Cam with spherical 

Offset follower -... I! l ~:~ ,-i 
,/ I --1~: tam 
I YI , , 

·1· ~--)-;--- 
\ l"· .... J .,i / 

_:j t:oftset 
(j) Cam with olfse: 

Spherical faced 
follower . !r I. . ·@·:'I 

• --....L-- ...----~-- '.'J .... ··f:••,' " •. ····'".: ··, I 

J .. -» ·<\earn - +-1__:,_., __ 
I T ' ( 
\ '~1 ·/· 

-f 

(cJ Cam with flat 
faced follower. 

(bJ Cam with roller 
follower. 

~

-l· Flat faced r ¥"' follower 
I 

~!~ 
l ! l 

I. ~·L- -l. /\ ,cam // I '· I 11" -- "1 I\ J <-r-~---· 

· ·r-:1 Roller 
j 

1,follower 

f?2]!~ ··ft; /r ... "\Cam 
·(' .-.\ ! I , I 

\·. T J I '-'.:t / 

tdl Cam with spherical 
faced follower. 

(a) Cam with knife 
edge follower. 

1 

_1_ Sph .. erical faced 
/follower 

~Iii~ 
· 1 t 

..-.::·:r..:2-· xCarn 
/ .. r· . I 

_J'.L_ +-+'.-'· \ ;· t>~ / 

ul) Splt eric al [aced follower. When the contacting end of the follower is of spherical shape, 
it is called a spherical faced follower, as shown in Fig. 20. l (d). 11 may be noted that when 
a Ilat-faced follower is used in automobile engines, high surface stresses are produced. In 
order to minimise these stresses. the flat end of the follower is machined to a spherical 
shape. 
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co,,. 

... (Same u.s before) and natural frequency, J;, =_.!___=~=-) /S 
,,, 21t ~7t ·{;;; 

Note : In all the above expressions, roh known as uaturul circular frequency and is generally denoted by 

... (Same as before) ?7t p;· I = .::_ = 21t ..:_ 
" co 111 

Time period, 

? s d ff or co- = - . an ro = 
tn 

Equating equations <ii) and (iii), 

I 2 2 I . 2 -xm.ro .X =-X.s.X 
2 2 

. .. (iii) 

and maximum potential energy at the extreme position 

-(O+s.X )x _ l ·X2 - --- --X.\. 2 2 

dx - = O)X X COS (J).T 
dt 

Since at lhc mean position, t =~·therefore maximum velocity at the mean position, 

dx 1•=-=W.X 
di 

Maximum kinetic energy at mean position 

X = Maximum displaccrncnt from mean position to extreme posit inn. 
Now, differentiating equatton 1i). we have 

where 

10 a) Derive natural frequency of free longitudinal vibrations. L2 COi, COS 5 Marks 
I. Free or natural vibrations. When no external force acts on the body, after giving it an 

initial displacement, then the body is said to be undcr/rn or natural vibrations, The frequency of 
the free vibrations is called free or natural frequency, 
3. Raytcigt, 's method 

In lhi~ method, the maximum kinetic energy at the mean position is equal to the maximum 
potential energy (or strain energy) a1 the extreme position, Assuming the motion executed by the 
vibrationto be simple harmonic, then 

x= Xsinro1 ... (i) 

.r = Displacement of the body from the mean position after time t 
seconds. and 

UNIT-V 
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. t: t.: ( . {\ ::.in20 J , = rp x r sm o -r --.====== 
2J,12 - ::.in1 e 

11. Explain and Draw Turning moment diagram of steam engine. L3, COS 
JOM 

Ans) The turning moment diagram (also known as crankeffort diagram) is the 
graphical representation of the turning moment or crank-effort for various positions of 
the crank. It is plotted on cartesian co-ordinates, in which the turning moment is taken 
as the ordinate and crank angle as absciss~ 

A turning moment diagram for a single cylinder 
double acting steam engine is shown in Fig. 16. 1 . The, crtical 
ordinate represents the turning moment and the horizontal 
ordinate represents the crank angle. 

We have discussed in Chapter 15 (Art. 15.10.) chat 
the turning moment 011 the crankshaft . 

Wn = ·/ 80 2~103 = .j,fcjo = 20 rad] S 

OR 

r: w = .. I- n V m 

Mass of body (m) = 200 kg, spring stiffness (k) = 80 N/mm = 80 >< 103 N/m 

The natural frequency of vibration is: 

Given: 

where k = spring stiffness (N/m) and m = mass of the body (kg) 

Calculation: 

f = ~ and w = lk 11 211' n v m 

UNIT-V 
JO. B. A longitudinal system consists of a mass of 200 kg, a spring of stiffness 80 

N/mm and a damper with damping coeeeflcient of 800 N/mls. Determine the 
frequency of vibration of the system.Ls, COJ 5 5M· 

The natural frequency of a spring-mass system is given by, 
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mean resisting torque. 

where Fp = Piston effort, 
r :. Radius of crank. 

11 .:c Ratio of the connecting rod length and radius of crank, and 

e ~ Angle turned by the crank from inner dead centre. 
From the above expression, we see that the turning moment (T ) is zero, when the 
crank angle (9) is zero. It is maximum when the crank angle is 90° and it is again zero 
when crank angle is 180°. This is shown by the curve abc in Fig. 16.1 and it 
represents the turning moment diagram for outstroke. The curve cde is the turning 
moment diagram for instroke and is somewhat similar to the curve abc. Since the 
work done is the product of the turning moment and the angle turned, therefore the 
area of the turning moment diagram represents the work done per revolution. In actual 
practice, the engine is assumed to work against the mean resisting torque, as shown by 
a horizontal line AF. The height of the ordinate aA represents the mean height of the 
turning moment diagram. Since it is assumed that the work done by the turning 
moment per revolution is equal to the work done against the mean resisting torque, 
therefore the area of the rectangle aAFe is proportional to the work done against the 

rig. J 6.1. Turning moment diagram for a single cylinder, double acting steam engine. 

-- Crank angle --- 

t T b Mean resisting d j max - - - - • i -;- torque ;;..--:---.\ 

!T A/!\41 i \e c moan ~-+---j- -1 -~-• F .E ,~ f I I I 

2 /: : :\ ,, : :\ 
r- • J I • I I * I 

I I I I / 1 I \ 
I I • / 1 I I . a I I ,~_._.___; I ~e 

O P 90'' q 180~ r 270° s 360° 
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