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Read the following instructions carefully

1. This question paper contains 30 objective questions. Q.1-10 carry one mark each and
Q.11-30 carry two marks each.

2. Answer all the questions.

3. Questions must be answered on Objective Response Sheet (ORS) by darkening the appropriate
bubble (marked A, B, C, D) using HB pencil against the question number. Each question has
only one correct answer. In case you wish to change an answer, erase the old answer completely
using a good soft eraser.

4. There willbe NEGATIVE marking. For each wrong answer 1/3rd of the full marks of the question
will be deducted. More than one answer marked against a question will be deemed as an
incorrect response and will be negatively marked.

Write your name & Roll No. at the specified locations on the right half of the ORS.
No charts or tables will be provided in the examination hall.

Choose the Closest numerical answer among the choices given.
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If a candidate gives more than one answer, it will be treated as a wrong answer even if one
of the given answers happens to be correct and there will be same penalty as above to that
questions.

9. If aquestion is left blank, i.e., no answer is given by the candidate, there will be no penalty for
that question.

DO NOT OPEN THIS TEST BOOKLET UNTIL YOU ARE ASKED TO DO SO
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Q.1

Q.2

Q.3

Q.No. 1to Q.No. 10 carry 1 mark each

Which of the following is an example of
incompletely constrained motion?

Collar
(@ N\ L
Shaft i
0) T T4
| Shaft
Round hole
©) o R I\
| Shaft
Square hole
lLoad
(d) Shaft
Foot step
bearing

A gear train is shown below. The motor is
connected to gear Aand runs at 975 rpm. Fis
the output gear. The speed of Fis

Gear | A| B | C|D| E| F
Teeth | 20 |50 |25 | 75| 26 | 65
(b) 52rpm
(d) B82rpm

(@) 40rpm
(c) 50rpm

The ends A and B of a 1.5 m link AB are
constrained to move in the directions as shown in
the figure. At a given instant when A is 0.9 m
above C it was moving at 3 m/s upwards. The
velocity of B at this instant will be

Q.4

Q.5

Q.6

Q.7

Q.8

®B
(@ 1.75m/s (b) 3.50m/s
() 2.25m/s (d) 4.72m/s

In a spring mass vibrating system, the natural
frequency of vibration is reduced to half the value
when a second spring is added to the first spring
in series. If the stiffness of first spring is 9 N/m
then stiffness of the second spring will be

(@ 2N/m (b) 3N/m

(c) 4N/m (d) 7N/m

Offset in radial cam is provided for

(a) decreasing pressure angle during upward
movement of follower

(b) decreasing pressure angle during
downward movement of follower

(c) increasing pressure angle during upward
movement of follower

(d) increasing pressure angle during downward
movement of follower

The rotor of the turbine of a yacht makes 1200
rpm clockwise when viewed from the stern. The
rotor has mass 750 kg and radius of gyration
250 mm. The gyroscopic couple (in kNm)
transferred to the hull when the yacht pitches
at angular velocity of 1 rad/s is
(@) 250 (b) 3.49
(c) 4.89 (d) 5.88

The engine of an aeroplane rotates in clockwise
direction when seen from the tail end and the
aeroplane takes a turn to the left. The effect of
gyroscopic couple on the aeroplane will be:

(a) to raise the nose and dip the talil

(b) to dip the nose and raise the talil

(c) to dip the nose and tail

(d) to dip the nose and tail

The mass moment of inertia of a flywheel is
2500 kg-m? and the starting torque is 1500 Nm.
The kinetic energy of the flywheel after 10 sec
of start will be:
(@ 18kNm
(c) 36kNm

(b) 25kNm
(d) 45kNm
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Q.9

Q.10

The sleeve and each rotating mass of a porter
governor weigh 200 N and 50 N, respectively. If
the friction at the sleeve is 10 N, then coefficient
of detention would be
(@) 0.20
(c) 0.04

(b) 0.40
(d) 0.05

Which of the following graph shows the velocity,
v and 6 diagram for cycloidal motion of a
follower?
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Q. No. 11 to Q. No. 30 carry 2 marks each

Q.11

Q.12

For the given slider crank mechanism shown in
figure below, the crank rotates at a constant
angular velocity of 50 rad/s. At the instant
shown, the velocity of slider will be

\
0= |
I
]
1

"""""""""""" \50 rad/s
6 " Tow
78
(8) 6.25m/s (b) 7.21 mis
(c) 8.72m/s (d) 5.75m/s

The natural frequency of vibration of the following
system shown in the figure will be
[Take g = 10 m/s?, EI = 200 N.m? for the beam]

Q.13

Q.14

Q.15

Q.16

L=3m 3
k=10 N/m =

<

VVVY

@
m=5kg
(@) 1.25rad/s (b) 2.35rad/s
(c) 3.75rad/s (d) 4.57rad/s
Consider a four bar mechanism shown in the
figure, with links OA = 3 cm, AB = 5 cm,

BC=6cm, OC =70 mm. The mechanism is
B

o

Double crank mechanism
Double rocker mechanism
Crank rocker mechanism
Single slider mechanism

(a)
(b)
(©
(d)

Adisc camisto give SHMto a knife edge follower
during out-stroke of 40 mm. The angle of ascent
is 120° and the minimum radius of cam is 40
mm. The cam shaft revolves at 200 rpom. Then
the maximum velocity during ascent is

(a) 0.28 m/s (o) 0.39m/s

(c) 0.87 m/s (d) 0.63m/s

The mobility of planar mechanism shown below is

Body 1 Body 2

Fixed link
(@ 0 (b) 1
(c) 2 (dy -1
Four masses m,, m,, myand m, of 200 kg,
300 kg, 240 kg, and 260 kg respectively, are
rotating in corresponding radius of rotation
0.2m, 0.15m, 0.25 m and 0.3 m respectively.
The angles between successive masses are
45°,75° and 135°. What will be the magnitude
of balancing mass required at the radius of
0.2m?
(@) 116kg
(c) 90kg

(b) 110kg
(d) 42kg
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Q.17 The figure illustrate the cam mechanism used

to drive exhaust port of an IC engine. For
this instant, the cam forces point B upwards
at 30 mm/s. The velocity (in mm/s)with which
point C moves will be

(c) 225

(d) 30

Q.18 Anepicyclic gear train is shown in figure below:

"

Gear A C

Teeth 72 32

Gear Bmeshes with both Aand Cand is carried
by arm E which rotates at 18 rom about centre
of A If the gear A is fixed, what will be the
speed of gear B?
(@) 18rpm

(c) 46.8rpm

(b) 40.5rpm
(d) 50rpm

Q.19 A uniform rod of mass 3 kg and length 1 m is

Q.20

hinged at its centre and laterally supported at
one end by a spring of stiffness 900 N/m. The

natural frequency is
b L2 —d=— L2 —

L1

k=900 N/m

(a) 60rad/s
(c) 80rad/s

(b) 120rad/s
(d) 30rad/s

An exhaust fan, rotating at 1000 rpm is to be
supported by four springs. If only 10% of the

Q.21

Q.22

Q.23

Q.24

unbalanced force is to be transmitted to the
base and mass of the fan is 40 kg, the value of
stiffness of each spring is nearly

(a) 1872N/m (b) 11609 N/m

() 9969 N/m (d) 8569 N/m

Two involute gears in a mesh have a velocity
ratio of 3. The arc of approach is not to be less
than the circular pitch when the pinion is the driver.
The pressure angle of the involute teeth is 20°.
The least number of teeth on each gear is

(@) 17,51 (b) 18,54

(c) 19,57 (d) 20,60

In a spring controlled governor the curve of
controlling force is a straight line. When balls
are 35 cm apart the controlling force is 1100 N
and when 20 cm apart, it is 550 N. To make the
governor isochronous, the required initial tension
on the spring would be
(@) 172.5N

(c) 192.7N

(b) 183.3N
(d) 162.5N

The torsional pendulum with a disc of moment
of inertia as 0.05 kg-m? immersed in a viscous
fluid as shown in diagram. During vibrations of
pendulum, the observed amplitudes on the
same side of neutral axis for successive cycles
are reduced to 50 % of initial value. The damping
factor will be

— >l g
Shaft
k=
Disc
[=0.05kg-m
(a) 0.278 (o) 0.317
(c) 0.018 (d) 0.109

A single cylinder reciprocating engine has crank
rotating at speed of 480 rpm. The stroke length
is 600 mm and the mass of reciprocating parts
is 100 kg. If two-third of the reciprocating parts
and all the revolving parts are to be balanced,
the residual unbalanced force when the crank
has rotated 60° from inner dead centre is

(a) 38.44 kN (b) 29.60kN

(c) 52.68kN (d) 45.54kN
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Q.25 Acylinder of diameter 10 mm and mass 2 kg
floats vertically in a liquid of mass density
900 kg/m? as shown in figure. It is depressed
slightly and released. If specific gravity of
liquid is 1.2, the period of oscillation will be
approximately,

Cylinder Tx

Q.26 A machine is coupled to a power source. The
machine requires constant torque but torque
supplied by the power source is (1000 + 300
sin ©) N-m. Mass moment of inertia of the
flywheel is 200 kg-m?. What is the maximum
angular acceleration of the flywheel and at what

position does it occur?
3 2
(a) Erad/sec ,0=0°
3 2
(b) Erad/sec ,0 =90°
() %rad/secz,e =180°
1 2
(d) grad/sec ,0 =90°
Q.27 PQ is a single link in a double-parallelogram

mechanism as shown below. The correct
statement pertaining to this mechanism is

P U~ Q

R S T

(a) ltis a structure with zero DOF

(b) Itisafivelink and four turning pair mechanism
(c) It violates Grashof’s law

(d) Itis a Gruebler paradox

Q.28 When the primary direct crank of a reciprocating
engine positioned at 60° clockwise, the
secondary reverse crank for balancing will be
at:

(a) 60° clockwise

(b) 120° clockwise

(c) 60°anticlockwise

(d) 120° anticlockwise

Q.29 Consider the following statements about the
properties of involute profile :

1. The shape of involute profile is dependent
only on the dimensions of base circle.

2. Theangular velocity ratio when two involutes
are in mesh, is directly proportional to the
size of the base circles.

3. Basic rack for involute tooth profile has
straight line form.

4. Involute is the only tooth form that is not
sensitive to centre distance of their base

circles.
Which of the above statements are correct?
(@) 1,3and 4 (b) 1,2and 3
(c) 2,3and 4 (d) 1,2and 4

Q.30 Statment (l): Helical gears are used for
transmitting motion and power between
intersecting shafts, where as straight bevel gears
are used for transmitting motion and power
between two shafts intersecting each other at
90°.

Statment (l1): In helical gears teeth are inclined

to the axis of the shaft and are in the form of a helix,

whereas in bevel gears, teeth are tapered both in

thickness and height from one end to the other.

(a) Both Statement (1) and Statement (Il) are
individually true and Statement (Il) is the
correct explanation of Statement (1).

(b) Both Statement (1) and Statement (Il) are
individually true but Statement (Il) is NOT
the correct explanation of Statement (1).

(c) Statement (l)is true but Statement (ll) is false.

(d) Statement (l) is false but Statement (ll) is
true.
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DETAILED EXPLANATIONS

1. (b)

‘a’is completely constrained. (c) is also completely constrained and (d) is successfully constrained. Only
(b) has two possible motion, sliding and rotating.

[ MADE EASY B - Theory of Machines |

(b) isincompletely constrained.

2. (b)
Ne _ Topu _Te To Ta_ 26x25% 20
Ny, — Toupt TF 1o Ts 65x75x50
Ny = 0.0633 N, =0.0533 x 975 = 52 rpm
3 (c)
lI,gB =09m
AB = 15m
LigA = \/(AB) ~(1agB)” = J(1.5° =(0.9° =+225-0.81 =12m
Yo _ Iag:B_09
0.9 9
Vo, =V ><——3><— =2.25m/s
BT AT 12 /
4. (b)
k
W, = o
where, o, = natural frequency; k = stiffness of spring; m = mass
For first spri _
or first spring, W = 4
. 1 k1 . _ 0)1
For second spring, W = Sy given, o, )
keg _ 1 |K
m  2\m
k1
keg = 2
Springs are connected in series, then stiffness,
LI I
keq ki ko

© Copyright: MADE ERSY www.madeeasy.in
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K = ki ks, =ﬁ
eq Ki+k, 4
4k, = K, + Kk,
3k, = Kk,
. . K
Stiffness of second spring, k, = 337 3 N/m

5. (a)
The vertical component (Fcosa) lifts the follower whereas the horizontal component (Fsina.) exerts lateral
pressure on the bearing. In order to reduce the lateral pressure or Fsina, o has to be decreased which
means making the surface more convex and longer.

6. (d)
Angular velocity of rotor is given by,
21 x 1200
W= "y = 125.6 rad/s
.. Gyroscopic couple, ¢ = low,= 750 x 0.25% x 125.6 x 1 =5887.5Nm = 5.88 kNm
7. (a)
p &
tail \ o b
</ :
clockwise
engine
ab = angular momentum vector
a’ b’ = reactive vector which when seen from right side causes a couple in vertical
plane in counter clockwise direction and thus trying to raise the nose and
dip the tail.
8. (d)
As torque, T = Ia
= 1500 = 2500 x o
= o=006
After10 sec.speed, m, = o, + ot =0 + 0.6 x 10 = 6 rad/s
N KE = %Imz =%><25OO><62: 45 kKNm
9. (c)
f 10 10
iCi ion = = = =0.04
Coefficient of detention (M+m)g _ 200+50 ~ 250
10. (c)

In cycloidal motion, there are no abrupt changes in the velocity and the acceleration at any stage of the
motion. Thus, it is the most ideal programme for high-speed follower motion.

11.  (b)
Given: Length of crank, r= 200 mm, Length of connecting rod, / = 600 mm, o = 50 rad/s, 6 = 120°

i [
Velocity of slider, V, = rm[sine + SI;ZG} (as we know, n = 7)
n

www.madeeasy.in © Copyright: MADE EASY
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2><600 4x3

O.2><50><{sin120+
200

Sinﬂ] - o.2x50x[§‘ = }

1 1 1 1
—— | = 02%x50x3X|=——| =
O.2><50><«/§><[2 4x3} NE) [2 12} 7.21m/s

12.  (b)

| 200 Nm

L=3m o
A=mg/2k§

> VVVY

_ 5x10

2x10
=25m

mg
PL®  5x10x3° 9
3EI  2x3x200 2x4
Total deflectionof mass A = (25 +1.125)/2=1.8125m

10
o = \/7 ,{1 8195 = 2.348 rad/s ~ 2.35 rad/s

sS+1 3+7=10cm
p+qg=5+6=11cm
s+l < p+q
Since Grashof’s law is satisfied and link adjacent to shortest is fixed hence it is crank rocker mechanism.

m =1125m

Deflection of cantilever

13. (c)

14. (d)
Given: h=40mm, N =200 rpm, ¢ = 120°
Angular velocity, 0 = ot = Z2X200 _ 54 94 rag)
ngular velocity, = === = =7 = 20.94 rad/s

Maximum velocity during ascent,

s~ (mh)(@) _[mx40x107)(20.94 x180
max 2 o) 2 120x

0.628 m/s ~ 0.63 m/s

15. (b)
Number of links, n = 3
Number of joints with single degree of freedom, j, = 2
Number of joints with double degree of freedom, j, = 1
. Number of degrees of freedom of the mechanism, m
m = 3(n=1)-2},—J,
=3B8-1)-2%x2-1=6-4-1=1

o Copyright: MADE EASY www.madeeasy.in
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16. (a)
Given data
m, = 200 kg; m, = 300 kg; m, = 240 kg and m, = 260 kg
om,
XH = myry + myr, cos45° - myr, cos60° — m,r, cos75°
= 200 x 0.2 + 300 x 0.15 cos45° — 240 x 0.25 cos60° - 260 x 0.3cos75°
= 40 +31.8-30-20.19
= 21.61kgm
2V = 0+ 300 x0.15sin45° + 240 x 0.25 x sin60°— 260 x 0.3 sin 75° = 8.44 kgm
F= {sv2+3xH2 =23.1kgm
23.2
Balancing mass = Wkg =116 kg
17.  (c)
Angular velocity of rocker,
VC
Vs
“= o8
30 T 15 mm
- —— _ 30 mm/s
© =5 = 1.5rad/s \
Velocity of C = V_=w-OC e 20mm— O
= 1.5 x15=225mm/s
18. (c¢)
d a,
From geometry, =& = =% +dj
2 2
As the module is the same for gears to mesh with each other, we have,
Ta = 7_—c+7'3
2 2
72 32
2 2"
= Tz = 20
Gear A Arm E Gear B Gear C
Whole system X X X X
Arm is fixed & T T
gear c rotates by y x—yﬁ— o x—yﬁ Yy
Tc
from question, x = yﬁ =0 (Gear Afixed)

www.madeeasy.in © Copyright: MADE EASY
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and X
= y
NB

72 9x
e =t
32 4
18 rpm
40.5rpm

e 32
X - yT = 18-405x— =-46.8rpm
20

Negative indicates direction of Bis opposite to that of the arm.

19. (d)
Writing equilibrium equation

Ié+kx(£)

2

940l
2 2

2
Je+£e
4

20. (c)
w

Transmissibility ratio

Here, S

2
or 1- (ﬂj
(’Oﬂ

kL2 / 3x 9oo
mL2

30 rad/s

1000 rpm x 2n

= 104.72 rad/sec
60

0.1

1/2

51 = 0.1
()
(Dn
10
-10
+10 (Rejected)

o Copyright: MADE EASY
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21.

22.

23.

“ = = 31.57 rad/sec
o, = [%
m

4k = mw 2 =40 x 31572 = 9959.19 x 4 N/m
or k = 9969.3N/m
(b)

0= 20
VR = 3
Arc of approach = Circular pitch=mm

Path of approach ntmcos20=2.952m
Maximum length of path of approach

) mt .
rsing = ?Sln(b =0171mt

0.171mt = 2.952m
t = 17.2631~18
T =3x18=54

(b)

The controlling force curve of a spring controlled governor is a straight line and thus can be expressed as
F=ar+b

where b will be positive for unstable and negative for stable overnor and zero for isochronous governor

Putting values of Fand r, we have

ax0.35
—_—

= b
1100 5
0.20x a
550 = T+b

35
[as balls are 35 cm apart radius = > = 17.5cm]

Solving

a = 7333.33

b = -183.33
For making it isochronous, the value of b should be zero. This can be done by increasing initial tension
to 183.33 N.

(d)

Shaft
T
Disc

1=0.05 kg-m’

www.madeeasy.in © Copyright: MADE EASY
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Say initial displacement is©

In i) =In2=0.693
6/2

s on solving we get
Ji-¢27
0.109
480 rpm
2N _ 50.26 rad/

e0 =20 ad/s
/=600mMm=r=300mm=0.3m
m, =100 kg
2
3

mye?(1- off cos?6 + Psine

2 2
1OO><O.3><(50.26)2\/(1—§) cos26oo+@ SI260° = 4554 kN

Let us assume ‘x’ as the displacement of the cylinder

= S =
also S =
= =
24. (d)
Given N =
= o =
Stroke =
mreoiprocat'\ng =
C =
Residual unbalanced force =
25. (a)
Restoring force =
According to Newton'’s law
mx =
mi + pAxg =
0, =
T =
T =
26. (b)
Tmean =
AT =
AT =
AT =
ATmax =
As we know o =
27. (d)

p(Ax) x g
—pAxg
0

pAg

m

21 m [ 2
n pAg \/9OO><4><O.O12 %9.81

10.67 = 11 sec

{1800+ 300sin6)c = 1800 N-m

o

(T-T,

mean)
(1800 + 300 sin 6) — (1800)
300sin6
300 (6 =90°)
A_T = @ = E rad/5e02
1 200 2
o

The shown mechanism has five links, but the function of the mechanism is not affected even if any one of
the links PR, US or QT are removed. It is a mechanism with redundant link.

o Copyright: MADE EASY
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28. (d)

Primary direct I:(> Secondary direct I:(> Secondary reverse

Line of stroke
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