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1. (a) Define the following 
(i) Axis of spin (ii) Axis of precession (iii) gyroscope  

(b) The turbine rotor of a ship weighs 200 kN has a radius of gyration of 0.8 m. If the 
ship pitches with simple harmonic motion having amplitude of 8 degrees and time 
period of 15 seconds, determine the maximum couple that tends to shear the holding 
down bolts of the turbine. Also determine the maximum acceleration of the ship 
during pitching. [6+9]

 
2. (a) Derive an expression for efficiency of an inclined plane when a body moves up 

the plane.   
(b) A shaft has a number of collars, external diameter of each is 35 cm and the shaft   
diameter is 20 cm. Assuming uniform intensity of pressure as 30 N/cm2 and coefficient 
of friction as 0.06. Determine the power absorbed in overcoming friction when the shaft 
runs at 100 r.p.m and carries a load of 120 kN. Also find the number of 
collars required. [7+8]

 
3. (a) Describe epicyclic train dynamometer with the help of a sketch.   

(b) The effective mean diameter of contact surfaces of a cone clutch is 76 mm. The 
semi-angle of the cone is 16 degrees and the coefficient of friction is 0.3. Assuming 
uniform rate of wear, determine the torque required to produce slipping of the clutch,   
if the axial force applied is 200 N. The clutch connects an electric motor running at a 
uniform speed of 1200 r.p.m to a flywheel which is stationary. The moment of inertia 
of the flywheel is 0.25 kg-m2. Calculate the time required to attain the full speed and 
also the energy lost in slipping of the clutch. [8+7] 

 
4. (a) What is the function of a flywheel? Explain.   

(b) A machine shaft running at an average speed of 360 r.p.m requires a constant torque 
of 1.5 kN-m during two revolutions and a constant torque of 400 N-m during next three 
revolutions and this cycle repeats. Determine the power of the motor required and 
moment of inertia of a flywheel in order that the total fluctuation of speed  
shall not exceed 6 percent of mean speed of 320 r.p.m. [5+10]

 
5. (a) Define the terms controlling force and effort of a governor.   

(b) The arms of a porter governor are 35 cm long. The upper arms are pivoted on the axis 
of rotation while the lower arms attached to the sleeve at a distance of 4 cm from the axis 
of rotation. The load on the sleeve is 800 N and each ball weighs 100 N. If friction of 
mechanism is equivalent to a force of 50 N at the sleeve, corresponding to a  
radius of rotation of 25 cm, determine, (i) equilibrium speed and (ii) speed when the 
sleeve has a tendency to ascend for the given configuration. [7+8]
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6. Four masses A, B, C and D rotating in different planes are to be arranged to give 

complete balance. Planes containing B and C are 60 cm apart. The masses B and C are at 
right angles to each other while the mass D makes angles of 150 degrees and 240 degrees 
respectively with the masses B and C in the same sense. Determine the position of the 
planes containing the masses A and D and the magnitude and angular position of the 
mass A, if the mass of B is 220 kg at a radius of 60 cm, the mass of C is   
350 kg at a radius of 30 cm, the mass of D is 240 kg at a radius of 50 cm and the mass 
A is at a radius of 40 cm. [15]

 
7. An inside cylinder locomotive has 90 degrees angle between the cranks and length of 

each crank is 30 cm. The weight of reciprocating parts per cylinder is 3 kN. The pitch of 
the cylinder is 80 cm and the distance between the planes of driving wheels is 200   
cm. The load on each wheel is 50 kN and radius of tread wheels is 100 cm. If the 
driving wheels lift off the rails at a speed of 90 km/hr and if the whole of revolving 
parts and fraction of the reciprocating parts are balanced, what is the value of the 
fraction? [15]

 
8. (a) Prove from first principles that with viscous damping, the amplitudes of 

successive oscillations are geometric progression in case of free damped vibration.   
(b) A vibrating unit having a mass of 40 kg is to be supported on three springs, each 
having a spring stiffness K. The unit operates at 500 r.p.m. Find the value of stiffness, K, 
if only 15% of the disturbing force is allowed to be transmitted to the supporting  
platform. [8+7] 
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1. (a) What is gyroscopic effect?   
(b) The mass moment of inertia of rotating parts of an automobile with rear engine is 1.2 
Kg-m2 and that of each of the four wheels is 2.4 Kg-m2. The engine axis is parallel to the 
rear axle and the crankshaft rotates in the same sense as the road wheels. If the 
automobile is traveling along a track of 110 m mean radius, determine the limiting speed 
of the vehicle around the curve in order that all the four wheels remain in   
contact with the road surface. The gear ratio, engine to back axle, is 3:1. The vehicle 
weighs 20 kN and has its center of gravity 40 cm above road level. The width of track 
of the vehicle is 1.4 m and effective diameter of the wheel is 55 cm. [3+12]

 
2. (a) Derive the expressions for friction moment of a conical pivot bearing assuming (i) 

uniform pressure and (ii) uniform rate of wear.  
(b) A turnbuckle is used to connect two rods, one having right handed and other, 
having left handed V-threads. The angle of V-threads is 60 degrees. The rods have a 
mean diameter of 2 cm and 3 threads per cm. The coefficient of friction between the 
rods and the nut connecting the rods is 0.15. Find the torque required on the nut to 
produce a pull of 40 kN. Assume that rods do not twist. [8+7] 

 
3. (a) What is the difference between belt transmission and epicyclic train 

dynamometers?   
(b) A band and block brake having 12 blocks each of which subtends as angle of 20 
degrees at the center is applied to a drum of 100 cm effective diameter. The drum 
and flywheel mounted on the same shaft weigh 20 kN and have combined radius of 
gyration of 60 cm. The two ends of the band are attached to pins on opposite sides of 
the brake lever at distances of 4 cm and 16 cm from the fulcrum. If a force of 200 N 
is applied at a distance of 80 cm from the fulcrum, determine (i) maximum braking 
torque (ii) angular retardation of the drum and (iii) time taken by the system to come   
to rest from the rated speed of 400 r.p.m. Assume the coefficient of friction between 
the blocks and drum as 0.2. [4+11]

 
4. (a) The weight of reciprocating parts of a horizontal engine is 3 kN. The difference   

between driving and back pressures when crank has traveled 60 degrees from inner dead 
center is 4 N/cm2. The crank pin radius is 350 mm and the diameter of cylinder is 600 
mm. The connecting rod length between centers is 130 cm. If the speed of engine is 300 
r.p.m, determine, for the given crank position, (i) force on slide bars (ii) thrust in 
connecting rod (iii) tangential force on crank pin and (iv) turning moment.   
(b) A machine requires torque given by 6000+600 sin θ N-m to drive it, ‘θ’ being the   
angle of rotation of shaft measure from a reference. The machine is coupled to an engine that produces 
a torque of 6000+ 700 sin 2θ N-m. Determine the fluctuation of 
energy. [10+5]
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5. (a) What is hunting in a governor?   

(b) A Hartnell type spring loaded governor rotates about a vertical axis. The two rotating 
masses weigh 10 N each rotate at a radius of 130 mm when the speed is 600 r.p.m. At 
this speed the arms, which are vertical and horizontal, have effective lengths of 110 mm 
and 80 mm respectively. The equilibrium speed is 630 r.p.m when the rotating masses 
are at their maximum radius of 160 mm. Determine the stiffness rate  
of spring, the compression of spring at 600 r.p.m. [4+11]

 
6. A shaft carries four balls A, B, C and D having mass, respectively, 15 kg, 25 kg, 35 

kg and 22 kg spaced 50 cm apart. The radii of rotation of A, B, C and D are 30 cm, 
25 cm, 20 cm and 50 cm respectively. The angular positions of the masses B, C and 
D, measured anticlockwise from A, are 200 degrees, 120 degrees and 290 degrees   
respectively. The speed of rotation of the shaft is 200 r.p.m. Determine the magnitude 
and direction relative to A of unbalanced force and couple about a plane midway 
between A and B. [15] 

 
7. A locomotive has two inside cylinders whose centerlines are 90 cm apart and stroke 70 

cm. The rotating masses are equivalent to 160 kg at the crank pin and reciprocating 
masses per cylinder to 200 kg. The planes of the wheels may be taken as 1.7 cm apart. if 
the whole of the rotating and two-third of reciprocating masses per cylinder are to 
balanced, determine the masses of the balance weights required at an effective radius of 
50 cm. What is the maximum speed at which it is possible to run the locomotive, in 
order that the wheels are not lifted from the rails? [15]

 
8. (a) Find the frequency of free transverse vibrations of a simply supported beam of 3 m   

long with a central load of 1 kN. The cross sectional diameter of the beam is 50 cm 
and the modulus of elasticity of the material of the beam is 2 x105 N/mm2.   
(b) A centrifugal compressor of mass 100 kg is supported on isolators having a 
damping factor of 0.2. It runs at a constant of speed of 1500 r.p.m and has a rotating 
unbalance of 0.1 kg-m. What should be the stiffness of the isolator, if the force 
transmitted to the foundation is to be less than 10% of the unbalanced force?  

[6+9] 
***** 
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1. (a) Derive an expression for the gyroscopic couple.   
(b) The moment of inertia of the rotating parts of a motorcycle is 0.3 kg-m2 and that of 
its each road wheel is 1.8 kg-m2. The weight of the motorcycle together with the rider is 
300 kg and its center of gravity is 65 cm above the ground level. Determine the angle of 
heel if the cycle is traveling at 50 kilometers per hour and taking a turn of 25m radius, 
when the cycle is standing upright and the rider is sitting on it. The speed  
of the engine is six times the speed of the wheels and in the same sense. The wheel 
diameter is 50 cm. [5+10] 

 
2. (a) Derive  the  expressions  for friction  moment of  a collar thrust  bearing assuming 

(i) uniform pressure and (ii) uniform rate of wear.  
(b) A screw jack is used to raise a load of 45 kN. The screw has a single start square 
thread of 20 mm pitch and its mean diameter is 60 mm. Determine the force required 
to be applied at the end of 1 meter long lever to raise the load. The coefficient of 
friction is 0.15. What is the mechanical efficiency of the jack? [8+7]

 
3. (a) In a belt transmission dynamometer, the distance between the center of driving 

pulley and the dead weights is one meter. Determine the value of dead weights 
required to keep the lever in horizontal position, if the power transmitted is 7.5 kW 
and the diameter of each of the driving as well as the intermediate pulleys is equal to  
40 cm. The driving pulley runs at 500 r.p.m.  
(b) A multiple plate clutch of alternate bronze and steel plates having effective 
diameters of 20 cm and 8 cm has to transmit 30kW at 2000 r.p.m. The end thrust is 
1.8kN and coefficient of friction is 0.12. Calculate the number plates necessary, 
assuming uniform pressure distribution on the plates. [7+8]

 
4. (a) Derive expressions for displacement, velocity and accelerations of reciprocating 

parts in reciprocating engine.   
(b) The turning moment diagram for an engine is given by the equation T= 20+10 sin2θ – 6 cos2θ kN-m, θ 
being the angle turned by the crank measured from the inner   
dead center. If the resisting torque is constant, determine (i) the power developed by 
the engine (ii) moment of inertia of flywheel, if the total fluctuation of speed is not to 
exceed two percent of mean speed, which is 200 r.p.m. [6+9] 

 
5. (a) Describe a  simple watt governor. What are its limitations?   

(b) The upper and lower arms of porter governor are 0.25 m each and are pivoted 30mm 
from the axis of rotation. The radius of rotation is 130 mm. The mass of the ball and 
sleeve are 3 kg and 38 kg respectively. Find the effort and power of the governor.  

[7+8] 
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6. A shaft has three eccentrics each 8 cm diameter and 1cm long in axial direction, 

machined as one piece with shaft. The central planes of the eccentrics are 6 cm apart. 
The distances of the centers from the axis of rotation are 1.5 cm, 2 cm and 1.5 cm in   
that order and their angular positions are 120 degrees apart. The density of the metal is 
7.25 g/cm3. Determine the unbalanced force and couple at 1000 r.p.m. If the shaft is 
balanced by adding weights in two planes at radius of 5 cm and at distances of 8 cm   
from the central plane of middle eccentric, determine the magnitude of the weights and 
their angular positions. [15] 

 
7. (a) Derive expressions for variation in tractive effort, swaying couple and hammer 

blow for a two cylinder locomotive having cranks 90 degrees apart.   
(b) The crank of a two cylinder, 90 degrees V- engine moves with simple harmonic   
motion. The engine speed is 1500 r.p.m. The weight of reciprocating parts inclusive 
of connecting rod is 120 N and the weight of rotating parts is 220 N. Crank radius is 
80mm. Determine the maximum unbalanced force. [9+6]

 
 
8. (a) Determine the natural frequency for the system shown in Fig. 1. Neglect the mass 

of the bar.  
 

 k1 
 
 
 
a 
 

L 
Fig. 1 

 
 
 
 

 k2 

M 
 
(b) An engine drives a pump through gearing. The shaft from the engine flywheel to 
the gear wheel is 10 cm diameter and one meter long, whole that from the pinion to 
the pump impeller is 8 cm diameter and 40 cm long. The pump runs at three times 
the speed of the engine and the moments of inertia in kg m2 are: flywheel – 100, gear 
wheel – 10 and pinion – 1. Determine the frequency of oscillations of the system, if 
the modulus of rigidity for the shaft material 8.4 x 106 N/cm2. [6+9] 
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1. (a) What is meant by angle of heel in case of a moving motorcycle taking a turn? 

How is it determined?   
(b) The propeller shaft of an aero-engine is supported on two bearings, which are 
0.8m distance apart and the shaft is rotating at 2500 r.p.m. If the radius of gyration of 
the propeller is 0.6 m, find the extra pressure on the bearings, when the aeroplane is  
whirling round in a horizontal circle of 250 m radius at a speed of 250 kilometers per 
hour. Take the weight of the propeller as 500 N. [7+8]

 
2. (a) What is friction circle? Obtain an expression for its radius.   

(b) The diameters of a frustum of cone of a pivot bearing of a shaft are 30 cm and 60cm 
and its semi-cone angle is 60 degrees. If the shaft carries a load of 50 kN and rotates at 
300 r.p.m, assuming uniform intensity of pressure, determine the magnitude of pressure 
and the power lost in friction. Take the coefficient of friction as 0.02.  

[7+8] 
 

3. (a) Describe briefly the Bevis-Gibson torsion dynamometer with necessary sketches.   
(b) A band brake used for a winch, is wound round a drum of 800 mm diameter. The two 
ends of the band are attached to the pins on the opposite sides of the fulcrum of the brake 
lever at distances 30 mm and 120 mm from the fulcrum. The angle of lap on   
the drum is 260 degrees. The coefficient of friction is 0.23. Determine the torque, 
which can be applied by the brake when a force of 500 N is applied to the lever 
upwards at a distance of 1.2 meters from the fulcrum. Assume anticlockwise rotation 
of drum. [8+7]

 
4. A punching machine is required to punch 20 mm diameter holes in 20 mm having an 

ultimate shear stress of 30 kN/cm2. If 25 holes are to be punched per minute and if  
punching operation requires one eighth of a second, find moment of inertia of flywheel 
in order that the speed lies between 140 and 160 r.p.m. [15]

 
5. (a) Explain the terms (i) stability (ii) isochronism of a governor.   

(b) A governor of porter type has equal arms and links that intersect on the axis and each 
is 400 mm long. The masses of each rotating ball and the central weight are 3 kg   
and 45 kg respectively. The equivalent friction force at the sleeve is 20 N. if the 
limiting angles of inclination of the arms to the vertical axis are 45 degrees and 30 
degrees respectively, calculate the range speed of the governor. [6+9] 
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6. A shaft has four masses 10 kg, 6kg, 12 kg and 15 kg attached at radial distances of, respectively, 90 

mm, 130 mm, 110 mm and 80 mm and angular positions of zero degrees, 45 degrees, 120 degrees and 
240 degrees respectively. The planes containing the masses 6 kg, 12kg and 15 kg are at distances of 
120 mm, 240 mm and 360 mm respectively from that of the mass 10 kg. If the shaft is to be balanced 
by two masses   
located 120 mm radii and revolving in the planes midway of the planes 10 kg and 6 kg and 
midway of 12 kg and 15 kg, determine the magnitudes of the masses and their 
angular positions. [15] 

 
7. (a) Describe reasons for partial balancing of reciprocating parts.   

(b) Explain why the reciprocating parts of different cylinders of coupled locomotives are partly 
balanced in leading wheels and partly in trailing wheels?   
(c) The pistons of four cylinder vertical in-line engine reach their uppermost position at 90 degrees 
interval in order of their axial position. Pith of cylinders is 40 cm. Crank radius is 15 cm and 
connecting rod length is 45 cm. The engine runs at 700 r.p.m. If the weight of reciprocating parts of 
each cylinder is 30 N, determine the unbalanced   
primary  and  secondary  forces  and  couples.  Take  central  plane  of  the  engine  as 
reference plane. [3+3+9]

 
8. A machine weighing 800 N is mounted on supports whose stiffness is 12 kN/cm and damping factor 

is 0.18. The reciprocating parts of the machine make simple harmonic motion and have a mass of 2.5 
kg and stroke of 80 mm. The speed of the machine is 3000 r.p.m. Determine the (a) amplitude of 
vibration of the machine (b) its phase angle  

with respect to the exciting force (c) force transmitted to the foundation. [15]
*****  

 
 
 
 
 


