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Mid Test 1: Chapter 2 & Chapter 4 

Mid Test 2: Chapter 1 & Chapter 3 

Mid Test 3: Chapter 5 

         

No. of Chapter in GTU Syllabus No. of Chapter in Reference Book 

(Theory of Machines by R.S.Khurmi) 
Chapter 1 Chapter 14 

Chapter 2 Chapter 10,19 

Chapter 3 Chapter 16 

Chapter 4 Chapter 18 

Chapter 5 Chapter 5,15 

 

Question Bank 

Chapter 1 – Gyroscope  

 
Sr. 

No. 

Question Marks 

1 What is gyroscopic couple? Derive a relation for its magnitude. 7 

2 Explain gyroscopic effect in case of naval ships with a diagram. Show 

the Terminologies used to indicate sides, front and back of ship. 

Explain effect of Steering, pitching and rolling, assuming ship moves 

left and right direction Sequentially. 

7 

3 The moment of inertia of an aero plane air screw is 20 kg.m2 and the 

speed of Rotation is 1250 rpm clockwise when viewed from the front. 

The speed of the Flight is 200 km/hr. calculate the gyroscopic 

reaction of the air screw on the aero Plane when it makes a left hand 

turn on a path of 150 m radius. 

7 

4 Explain the effect of the gyroscopic couple on the reaction of the four 

Wheels of a vehicle negotiating a curve. 
7 

5 A two wheeler motor vehicle and its rider weight 225 kg and their 

combined Center of gravity is 600 mm above the ground level, when 
7 
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the vehicle is upright. Each road wheel is of 600 mm diameter and 

has a moment of inertia of 1 kgm2The rotating parts of the engine 

have a moment of inertia of 0.175 kgm2. The Engine rotates at 5.5 

times the speed of the road wheels and in the same sense. Determine 

the angle of heel necessary, when the vehicle is rounding a curve of 

30 m radius at a speed of 55 km/hr. 

6 The turbine rotor of a ship has a mass of 3500 kg. It has a radius of 

Gyration of 0.45 m and a speed of 3000 rpm clockwise when looking 

from stern. Determine The gyroscopic couple and its effect upon the 

ship: 

1. When the ship is steering to left on a curve of 100 m radius at a 

speed of 36Km/h 

2. When the ship is pitching in a simple harmonic motion, the bow 

falling with Its maximum velocity. The period of pitching is 40 

seconds and the total angular Displacement between the two extreme 

positions of pitching is 12 degrees. 

7 

7 Discuss the effect of the gyroscopic couple on a disc fixed at a 
certain angle to a rotating shaft. 

7 

8 Find the angle of inclination with respect to the vertical of a two 

wheeler Negotiating a turn. 

Following data is given: combined mass of the vehicle with Its rider 

250 kg, moment of inertia of the engine flywheel 0.3 kg.m 2, moment 

Of inertia of each road wheel 1 kg.m 2, speed of engine flywheel five 

times that of road wheels and in the same directions, height of centre 

of gravity of rider with vehicle 0.6 m ,two wheeler speed 90 km/h, 

wheel radius 300 mm ,radius of turn 50 m. 

7 

9 Explain gyroscopic couple and discuss its effect on an aeroplane 

taking turns When viewed from rear. 
7 

10 The turbine of rotor of a ship has mass of 3000 kg. & radius of 

gyration of 0.4m, and clockwise speed of 2500 r.p.m. when looking 

from stern. Determine 

Gyroscopic couple and its effect when 

(1)The ship steers to the left on curve of 100 m radius at a speed of 

36Km/hr. and 

(2)When the ship is pitching in S.H.M., the bow falling with its 

Maximum velocity .The period of pitching is 40 Sec. and the total 

Angular displacement between the bow extreme positions of pitching 

is 12 
0
. 

7 

11 The turbine rotor of a ship has a mass of 2.2 tones and rotates at 180
0
 

clockwise when viewed from the left. The radius of gyration of the 

Rotor is 320mm. Determine the gyroscopic couple and its effect when 

7 
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(1) Ship turns right at a radius of 250m. With a speed of 25 

km/hr.(2)Ship Pitches with the bow rising at an angular velocity of 

0.8 rad/sec. (3) Ship Rolls at an angular velocity of 0.1 rad/sec 

12 Derive an expression for angle of heel of a two wheeler taking turn. 7 

13 A four wheeled trolley car has a total mass of 3000 kg.Each axle with 

its Two wheels and gears has a total moment of inertia of 32kg.m2. 

Each Wheel is of 450mm radius. The centre distance between two 

wheels on an Axle is 1.4m.Each axle is driven by a motor with a 

speed ratio of 1:3.EachMotor along with its gear has a moment of 

inertia of 16 kg.m2 and rotates in the opposite direction to that of the 

axle. The centre of mass of the car is 1 m. above the rails. Calculate 

the limiting speed of the car when it has to travel around a curve of 

250m. Radius without the wheel leaving the Rails. 

7 

 

Chapter 2- Clutches, Brakes and Dynamometer 

 
Sr. 

No. 

Question Marks 

1 What is a brake? What is the difference between a brake and a 

clutch? 
4 

2 What is brake? Explain any one with neat sketch. 7 

3 Describe with the help of a neat sketch the principles of operation of 

an internal expanding shoe. Derive the expression for the braking 

torque. 

7 

4 Explain single shoe brake with all three cases. 7 

5 Derive an expression of retardation for a vehicle moving up an 

inclined plane when (i) brakes are applied to front wheels only (ii) 

brakes are applied to all four wheels. 

7 

6 Determine the maximum torque for a shoe brake shown in figure 1. 

The diameter Of the brake drum is 400 mm and the angle of contact 

is 96. The applied force is 3 kN on each arm and the coefficient of 

friction between the drum and the lining Is 0.35 

 

7 
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7 A differential band brake shown in Figure, has an angle of contact of 

225
o
. The band has a lining whose coefficient of friction is 0.3 and 

the drum diameter is 400mm. The brake is to sustain a torque of 375 

Nm. Find (i) the necessary force for the clockwise and counter-

clockwise rotation of the drum and (ii) the value of OA for the brake 

to be self-locking, when the drum rotates clockwise. 

 

7 

8 A simple band brake (refer fig.) is applied to a shaft carrying a 

flywheel Of 250 kg mass and of radius of gyration of 300 mm. The 

shaft speed is 200r.p.m.The drum diameter is 200 mm and the co 

efficient of friction is 0.25. 

Determine the 

(1) The brake torque when a force of 120 N is applied at the lever 

end. 

(2) Number of turns of the flywheel before it comes to rest. 

 

7 

9 A band and block brake, having 14 blocks each of which subtends an 

angle of 15° at the centre, is applied to a drum of 1 m effective 

diameter. The drum and flywheel mounted on the same shaft has a 

mass of 2000 kg and a combined radius of gyration of 500 mm. The 

two ends of the band are attached to pins on opposite sides of the 

brake lever at distances of 30 mm and 120 mm from the fulcrum. If a 

force of 200 N is applied at a distance of 750 mm from the fulcrum, 

find: 1. maximum braking torque, 2. angular retardation of the drum, 

and 3. time taken by the system to come to rest from the rated speed 

of 360 r.p.m. The coefficient of friction between blocks and drum 

may be taken as 0.25. 

7 
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10 What is a dynamometer? How the dynamometer differs from the 

brake? Explain with neat sketch, the working of any one of the 

transmission type Dynamometers. 

 

11 Explain Prony brake type dynamometer with neat sketch. 7 

12 The rope brake dynamometer consisting of a pulley of 1 m diameter. 

The rope of diameter of 10 mm is wrapped over the rim of the 

pulley. The dead weight on the brake is of 50 kg while the spring 

balance shows a reading of 120 N when the speed of the engine is 

180 rpm. Find the power of the engine. 

7 

13 A torsion dynamometer is fitted to a shaft of a turbine. The shaft gets 

twisted by 2o in length of 20 m when it rotates at 120 rpm. If the 

shaft is hollow with 300 mm internal and 400 mm external 

diameters, what will be the power of the turbine? If a hollow shaft is 

Replaced by a solid shaft with 350 mm diameter, what will be the 

power of the turbine? Take the modulus of rigidity of the shaft 

material as 80 GPa. 

7 

14 What is Clutch? What is the difference between brake & clutch? 

Give the classification of clutches. 
4 

15 Explain Centrifugal Clutch with neat sketch. 7 

16 Derive expression for frictional torque for single plate clutch 

considering uniform wear and uniform pressure condition. 
7 

17 A single plate clutch is required to transmit 8 kW at 1000 rpm. The 

axial pressure is limited to 70 kN/m2. The mean radius of the plate is 

4.5 times the radial width of the friction surface. If both the sides of 

the plate are effective and the coefficient of friction is 0.25, find the 

(i) inner and outer radii of the plate and the mean radius (ii) width of 

the friction lining (iii) axial force to engage the clutch. 

7 

 

Chapter 3 – Flywheel 

 
Sr. 

No. 

Question Marks 

1 What is a flywheel? What is its use? Derive a relationship for the 

Coefficient of fluctuation of speed in terms of maximum 

fluctuation of Energy and the kinetic energy of the flywheel at 

mean speed. 

7 

2 Explain the turning moment diagram for 4 cylinder four stroke cycle 

Internal Combustion engine. 
7 

3 Explain in brief the working of flywheel in punching Press. 7 
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4 Define these terms: Coefficient of fluctuation of speed and 

coefficient of Fluctuation of energy. 
7 

5 The turning moment diagram for a multi cylinder engine has been to 

drawn to a scale of 1 mm to 500 N-m torque and 1 mm to 6° of 

crank Displacement. The intercepted areas between output torque 

curve and mean resistance line taken in order from one end in sq. 

mm are,-30, +410,-280,+320,-330,+250,-360,+280,-260 sq. mm 

when the engine Is running at 800 RPM. The engine has a stroke of 

300mm and the Fluctuation of speed is not to exceed ± 2% of the 

mean speed. Determine a suitable diameter and cross section of the 

Flywheel rim for a limiting Value of the safe centrifugal stress of 7 

MPa. The material density may Be assumed as 7200 Kg/m3. The 

width of Rim is to be 5 times the thickness 

7 

6 The turning moment diagram for a petrol engine is drawn to a 

vertical scale of 1mm = 5 N.m and a horizontal scale of 1 mm = 10. 

The turning moment repeats itself after every half revolution of 

engine. The areas above and below the mean torque line are 305, 

710, 50, 350, 980 and 275 mm2. The rotating parts amount to a mass 

of 40 kg at a radius of gyration of 140 mm. Calculate the coefficient 

of fluctuation of speed if the speed of the engine is 1400 rpm. 

7 

7 A punching machine carries out 6 holes per minute. Each hole of 40 

mm diameter in 35 mm thick plate requires 8 Nm of energy/mm2 of 

the sheared area. The punch has a stroke of 95 mm. Find the power 

of the motor required if the mean speed of the flywheel is 20 m/s. If 

total fluctuation of speed is not to exceed 3% of the mean speed, 

determine the mass of the flywheel. 

7 

8 A machine punching 38 mm holes in 32 mm thick plate requires 7 

N-m of energy per sq. mm of sheared area, and punches one hole in 

every 10 seconds. Calculate the power of the motor required. The 

mean speed of the flywheel is 25 metres per second. The punch has a 

stroke of 100 mm. Find the mass of the flywheel required, if the total 

fluctuation of speed is not to exceed 3% of the mean speed. Assume 

that the motor supplies energy to the machine at uniform rate. 

7 

 

Chapter 4 – Governor  

 
Sr. 

No. 

Question Marks 

1 What is the function of a governor?  How does it differ from a 

flywheel? 
4 
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2 Explain the terms relating to governor. Sensitiveness, Hunting, 

Stability and Isochronous Governor. 
7 

3 Describe the function of a Proell governor with the help of a neat 

sketch. Establish a relation among various forces acting on the bent 

link. 

7 

4 Prove that a governor is stable if dF/dr > F/r, Where F is controlling 

force and r is corresponding radius of rotation 
3 

5 A porter governor has equal arms each 200 mm in length and pivoted 

on the axis of rotation. The mass of each ball is 5 kg and the mass of 

sleeve is 25 kg. The radius of governor is 100 mm when governor 

begins to lift. If the frictional increase of speed is 1 then determine the 

governor effort and power. 

7 

6 A Hartnell governor having a central sleeve spring and two right 

angled bell crank lever operates between 290 r.p.m. and 310 r.p.m. for 

a sleeve lift of 15 mm. The sleeve arms and the ball arms are 80 mm 

and 120 mm respectively. The levers are pivoted at 120 mm from the 

governor axis and mass of each ball is 2.5 kg. The ball arms are 

parallel to the governor axis at the lowest equilibrium speed. 

Determine stiffness of the spring 

7 

7 Classify ‘governors’ and prove for Watt governor, height of the 

governor h = 895/ N
 2
.where N is speed of rotation of sleeve. 

7 

8 A Porter governor has arms of 380 mm long. The upper arms are 

pivoted at the axis of the sleeve and lower arms are attached to the 

sleeve at a distance of 40mm from the axis. Each fly ball has a mass 

of 5 kg. weight on sleeve is 45 Kg Find the range of speed of the 

governor if the extreme radii of rotation of the balls are 250 mm and 

300 mm. The force of friction on sleeve of mechanism is 30N. 

7 

9 The following data refers to a Hartnell governor. 

Length of horizontal arms of bell crank lever = 40 mm and Length of 

vertical arms of bell crank lever = 80 mm, Mass of each flying ball 

1.2 kg. , The maximum radius of rotation = 100 mm, The minimum 

radius of rotation = 70 mm, The distance of fulcrum to axis of rotation 

= 75 mm, Minimum equilibrium speed = 400 rpm, Maximum 

equilibrium speed 5 % higher than minimum equilibrium speed. 

Neglecting obliquity of arms determine: (i) spring stiffness (ii) initial 

compression 

7 

10 The arms of a porter governor are each 25 cm long and pivoted on the 

governor axis. Mass of each ball is 5 kg and mass of the central sleeve 

is 30 kg. The radius of rotation of the balls is 15 cm when the sleeve 

begins to rise and reaches a value of 20 cm for maximum speed. 

Determine the range of the governor. 

7 
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11 A porter governor having each of its four arms of 400 mm. The upper 

arms are pivoted on the axis of the sleeve, whereas the lower arms are 

attached to the sleeve at a distance of 45 mm from the axis of rotation. 

Each ball has a mass of 8 kg and the load on the sleeve is 60 kg. 

Determine the equilibrium speeds for two extreme radii of 250 mm 

and 300 mm of rotation of the balls. 

7 

12 Derive the expression for Effort and Power of a Porter Governor. 7 
 

Chapter 5 – Introduction to Dynamics 

  
Sr. 

No. 

Question Marks 

1 Explain Inertia Force & D’Alemberts Principle with neat sketch. 4 

2 Explain: Dynamically equivalent system. 7 

3 Explain Newton’s Laws of Motion. 7 

4 Explain Centroid and Centre of Mass, Mass Moments and products of 

Inertia. 
7 

5 Explain Euler’s equation of motion. 7 

6 What is application of concepts to dynamic analysis of slider-crank 

mechanism and 4-bar mechanism? 
7 

7 Explain Angular impulse and momentum. 7 

8 Explain shaking forces and shaking moments. Derive their 

expressions for a four bar linkage. 
7 

9 Explain the Static Force Analysis of I.C. Engine Mechanism. 7 

10 Discuss the dynamic force effect on reciprocating engine using 

Klein’s construction. 
7 

11 Discuss the effect of inertia force on connecting rod. 7 

12 Explain the Two mass dynamical equivalent system with neat sketch. 7 

13 Derive the expression for correction couple applied to two mass 

dynamical equivalent system. 
7 

14 List experimental methods used for finding out the radius of gyration 

of components having complicated geometry? Explain any one 

method in detail, with neat sketch. 

-Compound Pendulum 

-Bifilar Suspension 

-Trifilar Suspension 

7 

 


