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Roll No .

MES07: Theory of Machines Time: 3 hours Max. Marks: 80

Instructions to students:
1. Do not write anything other than your roll number on question paper.
2. Assume suitable data wherever required and mention it clearly.
3. Writing appropriate units, nomenclature, and drawing neat sketches/schematics/ flow chart

wherever, required arc an integral part of the answer.

Q.l Objective type multiple choice questions (10 questions @ 1 mark) 10
I. According to Kutzbach criterion, the mobility of a rigid body is given by

the formula:
(a) 3(n+1)-2p,-P2 (b) 3(n+1)+2P,+P2
(c) 3(n-1)+2p,+P2 (d) 3(n-1)-2PcP2

II. Which relation is used to denote condition for equal speeds, when driving
and driven shafts are connected by Hook's joint?
(a) tan 8 = ± ..Jcos a (b) tan 8 = ± ..Jcot a
(c) tan 8 = ± ..Jsin a (d) cot 8 = ± ..Jcos a

lll. Why is double Hooke's joint used?
(a) To obtain uniform velocity ratio (b) To obtain variable velocity ratio
(c) Both a. and b. (d) None of the above

IV. A slider crank chain consists of following numbers of turning and sliding

VI.

paIrs
(a) 1,3 (b) 2,2
(c) 3,1 (d) 4,0

v. The total number of instantaneous centres for a mechanism consisting of n
links are
(a) n/2
(c) n-I
The coriolis component
along a path that has
(a) linear displacement (b) rotational motion
(c) gravitational acceleration (d) tangential acceleration
The radial distance from the top of a tooth to the bottom of a tooth in a
meshing gear, is called (a) velocity of slider (b) angular velocity of the link
(c) both a and b (d) none of the above

The method of obtaining different mechanisms by fixing in turn different
links in a kinematic chain, is known as

(b) n
(d) n(n-l)/2

of acceleration exists whenever apoint moves

Vll.

VIll.



(a) structures (b) machines
(c) inversion (d) compound mechanism

IX. Sensitiveness of the governor is defined as the ratio of the
(a) mean speed to the maximum equilibrium speed
(b) mean speed to the minimum equilibrium speed
(c) difference of maximum and minimum equilibrium speeds to the mean
speed
d) sum of the maximum and minimum equilibrium speeds to the mean
speed

x. For an involute gear, the ratio of base circle radius and pitch circle radius
is equal to

(a) sin <p (b) cos <p (c) see <p (d) cosec <p

Q.2 Short answer type questions (4 questions @ 2.5 marks)
Q.2A Find DOF of following planar mechanism

Q.2B
Q.2C

Q.2D

Q.3

Q.3

Q.4

Q.4

10

Explain types of l-centres with suitable sketch.
Explain following terms related to cam & follower mechanism usmg a
suitable sketch: (a)Base circle (b)Pitch Curve
Explain following terms related to spur gear: (a)Circular Pitch (b)Module

Explain the working of automotive differential with suitable sketch. 05
OR

Consider a roller-follower with a lift of 35 mm. Line of stroke of follower 05
passes through the axis of rotation of cam. Radius of roller is 10 mm and
minimum radius of cam is 40 mm. Cam rotates at 630 rpm clockwise.
Follower is raised with SHM for 90° then it dwells for 60° and then lowers
with uniform acceleration or deceleration for 150°. Sketch velocity and
acceleration .diagram indicationg key values. (Do not solve graphically. Do
not draw displacement diagram or cam profile. Just solve algebraically and
sketch acceleration and velocity diagram).

Write a short note on hartnell governer.
OR

In the 4 speed pre-selective gear box the number of teeth are:
TAl = TA2 = 80
TSl = T52 = 24
TA:i = 64 T5"l= 21

05

05



T!\.j = 90 TS4 = 41
If the input shaft E rotates at a uniform speed of 640 rpm, determine the
speeds of the output shaft F when different gears are engaged.

Q.5A Write a short note on Hart's mechanism. 05
Q.5B The driving shaft of a Hooke's joint has a uniform speed of 280 rpm. 05

Determine the maximum permissible angle between the axes of the shafts to
permit a maximum variation in speed of the driven shaft by 8% of the mean
speed.

Q.6 The mass of each ball of proell governer is 3 kg and the weight on the sleeve 10
is 20 kg. Each arm is 220 mm long and the pivots of the lower and upper
arm are 20 mm from the axis. For the midposition of the sleeve, the
extension link of the lower arm are vertical, the height of the governer is 180
mm and the speed is 150 rpm. Determine the lengths of the extension links
and the tension in the upper arms.

OR
r.;;:.

Q.6 In a Hartnell governer, the lengths of the ball and sleeve arm are equal. The 10
extreme radii of rotation of the ball are 60 mm and 80 mm and the
corresponding speeds are 160 rpm and 175 rpm. Each ball, has a mass of 2
kg. Find the spring stiffness and the initial compression of the spring.

Q.7 Two 20° involute gears having a velocity ratio of 2.5 mesh externally. The 10
module is 4 mm and the addendum is equal to 1.23 module. The pinion
rotates at 150 rpm. Find the:
(i) Minimum number of teeth on each wheel to avoid interference
(ii) Minimum number of pairs of teeth in contact

OR
Q.7 Derive expression for any TWO:

(i) Piston Effort (ii) Thrust Along Connecting Rod (iii) Thrust on sides of 10
the cylinder (iv) Thrust on the bearings

t:;:.:: Q.8 The number of teeth on the gear and the pinion of two spurs gears in mesh 10
are 30 and 18 respectively. Both the gears have module of 6 mm and the
pressure angle of 20°. If the pinion rotates at 400 rpm, what will be the
sliding velocity, at the moment the tip of the tooth of pinion has contact
with the gear £lank? Take addendum equal to one module. Also find
maximum velocity of sliding.

Q.9 Area above and below the mean mean torque line in a turning moment 10
diagram of a multi-cylinder engine are as follows (mm-) :

-30,374,-242,300,-310,234,-362,251,-215
The diagram has been drawn to a scale of 1mm = 325 N-m vertically and 1
mm = 3° horizontally. The mean speed of engine is 600 rpm. If the radius of
flywheel is 700 mm, determine the mass of the £lywheel. The fluctuation of
speed is limited to ±1.8% of the mean speed.


