
QUISTION BANK

111301, MECHANICS OF MACHINES

                  UNIT-01

PART – A

1.Define a kinematic pair and kinematic chain.
2.What is meant by the inversion of a kinematic chain?
3.Distinguish between machine and structure by giving example.
4.Using Gruebler’s equation, prove that the degree of freedom of four bar chain is one.
5.In a crank and slotted lever mechanism the distance between the fixed centers is 150 cm and the length 

of the crank is 80 cm.  Find the time ratio.
6. How are kinematics classified?
7. What are the inversions of a slider crank chain?
8. Differentiate between a machine and structure.
9. What are the properties of the instantaneous centre?
10. What are the types of instantaneous centers?
11. How are kinematic pairs classified?
12. What are the inversions of a slider crank chain?
13. Describe static force and dynamic force.
14. What is quick return mechanism?

PART – B

1. ABCD is a 4 - bar chain with link AD fixed. The length of the link are AB= 6.25 cm, BC = 17.5 cm, 
CD = 11.3 cm and DA = 20 cm. The crank AB makes 180 rpm. Find the acceleration of C and the 
angular acceleration of BC and CD when angle BAD is 15o and B and C lie on the opposite sides of 
AD.

2. Explain the working of following mechanism:
(i) Crank and slotted lever quick return mechanism.
(ii) Oldham coupling
(iii) Double crank mechanism.

3. The displacement of the follower is to take place with uniform acceleration and uniform retardation.  
Determine the maximum velocity and acceleration of the follower when the camshaft rotates at 900 
rpm.  Draw the displacement, velocity and acceleration diagrams for one complete revolution of the 
cam.

4. In four bar chain ABCD, link AD is fixed and is 600 mm apart, and the crank AB rotates at 10 rad/sec 
and an acceleration of 30 rad/sec2 both clockwise direction.  Lengths of the links are AB = 300 mm, 
BC = CD = 360 mm.  When angle BAD = 600 and both B and C lie on the same side of AD, find 
angular velocities and angular acceleration of BC and CD and velocity and acceleration of joint C. 

  
5. Sketch and explain any two inversions of a double slider crank chain.  
                                                                               
6. The crank and connecting rod in a theoretical steam engine are 0.5m and 2m long respectively.  The 

crank makes 180 rpm in the clockwise direction.  When it has turned 450 from the inner dead centre 



position, determine (1) velocity of piston, (2) angular velocity of connecting rod, (3) velocity of point 
E on the connecting rod 1.5 m from the gudgeon pin, (4) velocities of rubbing at the pins of the crank 
shaft, crank and crosshead when the diameters of their pins are 50 mm, 60 mm and 30 mm 
respectively.

7. Define rubbing velocity at a pin joint.  What will be the rubbing velocity at pin joint when the two 
links move in the same and opposite direction? 

8. What do you mean by inversion of a mechanism? Explain any two inversions of single slinder crank 
mechanism.

                                                          
9. The crank of a slider crank mechanism rotates clockwise at a constant speed of 300 rpm.  The crank is 

150 mm and the connecting rod is 600 mm long.  Determine (1) linear velocity and acceleration of the 
midpoint of the connecting rod and (2) angular velocity and acceleration of the connecting rod, at a 
crank angle of 450 from inner dead centre position. 

10. A mechanism in which the crank AB is rotating uniformly at 180 rpm in the clockwise direction is 
shown in fig.1. The blocks D and E are working in friction less guides. The dimensions of the 
mechanism are: AB = 450 mm, BD = 1500 mm and CE = 900 mm.  Draw the velocity diagram and 
determine the velocity diagram and determine the velocities of block D and E in their guides. Find the 
turning moment at A if a force of 1000 N acts on D in the direction of the arrow X and a force of 1500 
N acts on E in the direction of the arrow Y.

fig.1

11. PQRS is a four bar chain with link PS fixed. The length of the links are PQ = 62.5 mm; QR = 175 mm; 
RS = 112.5 mm and PS = 200 mm. The crank PQ rotates at 10 rad /sec clockwise. Draw the velocity 
and acceleration diagram when angles QPS = 60o and Q and R lie on the same side of PS. Find the 
angular velocity and angular acceleration of links QR and RS.



UNIT: 02: FRICTION
PART – A

1. Derive an expression for the friction moment of a collar thrust bearings.
2. State the influence of centrifugal tension in the transmission of power in belt drives.
3. What is creep in belt?
4. Calculate the power loss in conical pivot bearing if it supports a vertical shaft of diameter 200 mm 

and is subjected to a load 30 KN angle of cone ‘’ is 1200 and ‘’ is 0.025 assume uniform pressure.
5. What is meant by limiting friction?
6. State any four advantages of V- belt drive over flat belt drive.
7. State the laws of solid friction.
8. State the factors upon which the amount of power transmitted depend.
9. What is angle of friction and solid friction?
10. Define slip?
11. What do you mean by self locking?
12. What do you mean self locking screws and Over Hauling? 
13. What are the factors upon which selection of a belt drive depends?
14. State the laws of dry friction?
15. What is the difference between flat, V and circular belt drives?
16. Derive the condition for maximum power transmission in belt drives. 

PART – B

1.   A single plate clutch, both sides effective is required to run a machine from a constant speed shaft 
rotating at 300 rpm. The moment of inertia of the rotating parts of the machine is 6 kg.m2. The inner 
and outer diameter of the friction plate is 12 cm and 20 cm respectively. Assuming uniform pressure 
of 0.8 bar and coefficient of friction to be 0.25, determine the time taken for the machine to attain 
full speed when the clutch is suddenly engaged. Also find the power transmitted by the clutch and 
the energy transmitted during clutch slip.

2.  The mean diameter of square threaded screw jack is 60 mm.  The pitch of the thread is 10 mm.  The 
co-efficient of friction is 0.15.  What force must be applied at the end of a 0.9 m lever, which is 
perpendicular to the longitudinal axis of the screw to raise a load of 20KN and to lower it?  

                                                                                                    
3.   A multi plate clutch has three pairs of contact surfaces.  The outer and inner radii of the contact 

surfaces are 100 mm and 50 mm respectively.  The axial spring force is limited to 1KN.  Assuming 
uniform wear, find the power transmitted at 1500 rpm.  Take  = 0.35. 

4.  A V belt drive consists of three V belts in parallel on grooved pulleys of the same size.  The angle of 
groove is 300 and the co-efficient of friction is 0.12.  The cross sectional area of each belt is 750 mm2

and the permissible safe stress in the materials is 7 Mpa.  Calculate the power that can be transmitted 



between two pulleys 400 mm in diameter rotating at 960 rpm.  Also find the maximum power that 
can be transmitted.        

5.  The trust of a propeller shaft in a marine engine is taken up by a number of collars integral with a 
shaft which is 300 mm in diameter.  The thrust on the shaft is 200KN and the speed is 75 rpm.  
Taking  is equal to 0.05 and assuming intensity of pressure as uniform and equal to 0.3 N/mm2, find 
the external diameter of the collars and the number of collars required, if the power lost in friction is 
not to exceed 16KW.    

6.   Derive an expression for the velocity ratio of belt drive considering slip of belt.
7.   A single dry plate clutch transmits 7.5 KW at 900 rpm.  The axial pressure is limited to 0.07 N/mm2.  

If the coefficient of friction is 0.25, find mean radius and face width of the friction lining outer and 
inner radii of the clutch assuming the ratio of the mean radius to face width as 4.   

                                                                                                  
8.  The following data refer to an open belt drive: Diameter of the larger pulley = 400 mm; Diameter of 

the smaller pulley = 250 mm; Distance between two pulleys = 2m; Coefficient of friction between 
smaller pulley surface and belt = 0.4; Maximum tension when the belt is on the point of slipping = 
1200 N.  Find the power transmitted at speed of 10 m/s.  It is desired to increase the power.  Which 
of the following two methods you will select?

(i) In creasing the initial tension in the belt by 10%
(ii)  Increasing the coefficient of friction between smaller pulley surface and belt by 10% by the 

application of suitable depressing on the belt.
    Find also, the possible percentage increase in power in each case. 

9.   Derive from first principles an expression fro the friction moment of a conical pivot assuming (i) 
uniform pressure and (ii) uniform wear

10. A shaft which rotates at a constant speed of 160 rpm is connected by belting to parallel shaft 720 mm 
apart, which has to run at 60, 80 and 100 rpm.  The smallest pulley on the driving shaft is 40 mm in 
radius.  Determine the remaining radii of the two stepped pulleys for (i) a crossed belt and (ii) an 
open belt.  Neglect belt thickness and slip.

   
11. Derive the expression for the transmission for maximum power considering the effect of centrifugal 

tension.

12. An open belt drive running over two pulleys 24 cm and 60 cm diameter connects two parallel shafts 
3 m apart and transmits 3.75 kW from the smaller pulley that rotates at 300 rpm. The coefficient of 
friction between the belt and the pulleys is 0.3 and the safe working tension is 100 N per cm width. 
Determine (1) maximum width of the belt (2) initial belt tension (3) length of the belt required.

13. The external and internal radii of a friction clutch of disc type are 90 mm and 50 mm respectively. 
Both sides of the friction clutch are effective and co-efficient of friction is 0.25. The friction clutch is 
used to rotate a machine from a shaft which is rotating at a constant speed of 240 rpm. The moment 
of inertia of the rotating parts of the machine is 5.5 kgm2. The intensity of pressure is not to exceed 
0.8 X 105 N/m2. Assuming uniform wear, determine the time required for the machine to attain the 
full speed when the clutch is suddenly applied. Also determine the energy lost in slipping of the 
clutch.

14. Derive from first principles the expression for the friction moment of a flat pivot and truncated 
conical pivot bearing assuming uniform pressure and uniform wear.

15. Two pulleys, one 450 mm diameter and the other 200 mm diameter are on parallel shafts 1.95 m 
apart and are connected by a crossed belt. Find the length of the required and the angle of contact 



between the belt and each pulley. What power can be transmitted by the belt when the larger pulley 
rotates at 200 rpm, if the maximum permissible tension in the belt is 1 KN and the coefficient of 
friction between the belt and the pulley is 0.25? 

17. A compressor requiring 90 kW is to run at about 250 rpm. The drive is by V-belts form an electric 
motor running at 750 rpm. The diameter of the pulley on the compressor shaft must not be greater
than 1 meter while the center distance between the pulley is limited to 1.75 m. the belt speed should 
not exceed 1600 m/min. determine the number of V-belts required to transmit the power, if each belt 
has a cross – sectional area of 375 mm2, density 1000 kg/m3 and allowable tensile stress of 2.5 Mpa. 
The groove angle of the pulley is 35o.  The co-efficient of friction between the belt and the pulley is 
0.25. Calculate also the length required of each belt. 

UNIT: 03: GEARING AND CAMS

PART – A

1. What are the advantages of using involute as gear tooth profile?
2. What are the different types of follower motion?
3. What are the three pitches associated with gear manufacturing?
4. Classify followers based on surfaces in contact.
5. Define law of gearing.
6. A single reduction gear of 120 KW with a pinion 250mm pitch circle diameter and speed 650 rpm is 

supported in bearings on either side.  Calculate the total load due to power transmitted, the pressure 
angle being 200.

7. What are the various types of gear trains?
8. Define ‘normal pitch’ and ‘axial pitch’ in connection with a helical gear.
9. Determine the minimum number of teeth required on a pinion, in order to avoid interference which is 

to gear with a wheel to give a gear ratio 3 to 1.  The pressure angle is 200 and a standard addendum 
of 1 module for the wheel.

10. Define module and pressure angle.
11. Name the different motions that a follower can have.
12. How are cam followers classified?
13. How are gears classified?

PART - B

1. State and prove law of gearing.

2. A sun wheel of 28 teeth is in mesh with a planet of 18 teeth and both are held in an arm. The planet wheel 
is in contact with an internal wheel of 64 teeth which is coaxial with the sun wheel. Sketch the 
arrangement of the gears band compute the angular velocity ratio between arm and the internal wheel if 
sun wheel is fixed.

3. Draw the profile of a cam to operate a roller of 1.5 cm diameter. The center line of the follower of this 
cam passes through the centre of the cam shaft. The least distance between the centre of the cam shaft and 
center of roller should be 6cm. the follower executes SHM with a rise of 4 cm during 2/3 of revolution and 
returns to its original position during the remainder of revolution. Find the maximum velocity and 
maximum acceleration of the follower during the rise period.

4. A cam, with a minimum radius of 40 mm, rotating clockwise at a uniform speed is required to give a 
knife-edge follower the motion as described below.

 To move outwards through 40 mm during 1000 rotation of the cam 
 To dwell for next 800



 To return to its starting position during next 900 and
 To dwell for the rest period of revolution.

               Draw the profile of the cam, when the line of stroke of the follower passes through the centre of 
camshaft.

5. The displacement of the follower is to take place with uniform acceleration and uniform retardation.  
Determine the maximum velocity and acceleration of the follower when the camshaft rotates at 900 rpm.  
Draw the displacement, velocity and acceleration diagrams for one complete revolution of the cam. 

6.  A pair of 200 full depth involute spur gears having 30 and 50 teeth respectively of module 4 mm is in 
mesh.  The similar gear rotates at 100 rpm. Determine (i) sliding velocities at engagement and at 
disengagement of pair of a teeth and (ii) contact ratio.

7. Two mating gears have 20 and 40 involute teeth of module 10 mm and 200 Pressure angle.  The 
addendum on each wheel is to be made of such a length that the line of contact on each side of the pitch 
point has half the maximum possible length.  Determine the addendum height for each gear wheel, 
length of the path contact, arc of contact.

8.   An epicyclic gear train consists of a wheel A with 72 internal teeth and gear C has 32 external teeth.  The 
gear B meshes with both A and C and is carried on an arm EF which rotates about the centre of A at 18 
rpm.  If gear A is fixed, sketch the arrangement and determine the speed of gears B and C. 

9.   A cam rotating clockwise at a uniform speed of 100 rpm is required to give a roller follower the motion 
defined below:

(i) Follower to move outwards through 50mm during 1200 of cam rotation,
(ii) Follower to dwell for next 600 of cam rotation,
(iii) Follower to return to its starting position during 900 of cam rotation,
(iv) Follower to dwell for the rest of the cam rotation.

        The minimum radius of the cam is 50mm and the diameter of roller is 10 mm. The line of 
stroke of the follower is offset by 20 mm from the axis of the camshaft.  If the displacement of the 
follower takes place with uniform and equal acceleration and retardation on both the outward and return 
strokes, draw profile of the cam and find the maximum velocity and acceleration during outstroke and 
return stroke.

10. In an epicyclic gear train, the internal wheels A and B and compound wheels C and D rotate 
independently about the axis O. The wheels E and F rotate on pins fixed on the arm G. E gears with A 
and C and F gears with B and D. All the wheels have the same module and the number of teeth are TC = 
28, TD = 26, TE =TF = 18. (i) Sketch the arrangement (ii) find the number of teeth on A and B (iii) if the 
arm G makes 100 rpm clockwise and A is fixed, find the speed of B and (iv) if the arm G makes 100 rpm 
clockwise and A makes 10 rpm counter clockwise; find the speed of wheel B.

11. A pair of involute spur gear with 160 pressure angles and pitch of module 6 mm is in mesh.  The number 
of teeth on pinion is 16 and its rotational speed is 240 rpm.  When the gear ratio is 1.75, find in order that 
the interference is just avoided; (i) the addenda on pinion and gear wheel; (ii) the length of path of 
contact and (iii) the maximum velocity of sliding of teeth on either side of pitch point.

12. A cam, with a minimum radius of 25 mm, rotating clockwise at a uniform speed is to be designed to give 
a roller follower, at the end of a valve rod, motion described below :

          (i)   to raise the valve through 50 mm during 1200 rotation of the cam;
          (ii) to keep the valve fully raised through next 300;



          (iii) to lower the valve during next 600 and
(iv) to keep the valve closed during the rest of the revolution.

        The diameter of the roller is 20 mm and the diameter of the cam shaft is 25 mm.  Draw the profile of the 
when the line of the stroke is offset by 15 mm of the axis of the camshaft.  The displacement of the 
valve, while being raised and lowered, is to take place with simple harmonic motion.  Determine the 
maximum acceleration of the valve rod when the cam shaft rotates at 100 rpm.

13. In a reverted epicyclic train, the arm F carries two wheels A and D and a compound wheel B-C. The 
wheel a meshes with wheel B and the wheel D meshes with wheel C. The numbers of teeth on wheel A, 
D and C are 80, 48 and 72 respectively. Find the speed and direction of wheel D when wheel A is fixed 
and arm F makes 200 rpm clockwise.

14.  Draw the profile of a cam operating a knife edge follower from the following data:

(i) Follower to move outward through a distance of 20 mm during 120o of cam rotation
(ii) Follower to dwell for the next 60o of cam rotation.
(iii) Follower to return to its initial position during 90o of cam rotation
(iv) Follower to dwell for the remaining 60o of cam rotation.

The cam is rotating clockwise at a uniform speed of 500 rpm. The minimum radius of the cam is 40 
mm and the line of stroke of the follower is offset 15mm from the axis of the cam and displacement of 
the follower is to take place with uniform and equal acceleration and retardation on both the outward and 
return strokes. Determine the maximum velocity and acceleration of the follower during outward and 
return strokes.

15. The following data relate to pair of 20o involute gears in mesh:
Module = 6 mm, Number of teeth on pinion = 17, number of teeth on gear = 49, addendum on pinion 
and gear wheel = 1 module. Find

a) the number of pairs of teeth in contact
b) the angle turned  through by the pinion and the gear wheel when one pair of teeth is in contact and
c) The ratio of sliding to rolling motion when the tip of a tooth on the larger wheel.

 Is just making contact
 Is just leaving contact with its mating tooth and
 Is at the pitch point.

16. Draw a cam profile to drive an oscillating roller follower to the specification given below:

(i) Follower to move outwards through an angular displacement of 20o during the first 120o rotation 
of the cam.

(ii) Follower to return to its initial position during the next 120o rotation of the cam.
(iii) Follower to dwell during the next 120o of cam rotation.

The follower between the pivot centre and roller centre = 120 mm; distance between pivot centre and 
cam axis = 130 mm, minimum radius of cam = 40 mm, radius of roller = 10 mm, inward and outward 
strokes takes place with simple harmonic motion.



UNIT: 04: BALANCING

PART – A

1. What is the difference between the balancing of rotating masses and balancing of reciprocating masses?
2. What is meant by primary and secondary crank?
3. Explain the terms:
     (a)  Tractive force.             (b) Hammer blow.
4. What is static and dynamic balancing?
5. What is primary and secondary balancing?
6. Why is balancing of rotating parts necessary for high speed engines?
7. State the conditions that must be satisfied to give primary balance of primary parts of a multi cylinder 

engine.
8. What is meant by swaying couple?
9. Draw the turning moment diagram for a single cylinder double acting steam engine.

PART –B

1. The spacing of the 4 – cylinder A, B, C and D of a vertical in –line engine is 650 mm, 500 mm and 650 
mm. the reciprocating masses of the inner cylinder B and C are 80 kg and their cranks are at 60o to one 
another. The stroke is 325 mm and connecting rods are 600 mm long. Find the magnitude of the 
reciprocating masses for the outer cylinder A and D and the relative angular positions of all the cranks if 
primary forces and couples are to be balanced. What is the maximum unbalanced secondary force when 
the speed of engine 375 rpm.

2.  A shaft rotates in two bearings A and  B, 180 cm apart and projects 45 cm beyond A and B. at the 
extremities, of the shaft are two pulleys of masses 20kg and 48 kg, their centre of gravity being 
respectively 1.25 cm and 1.5 cm from the axis of the shaft. Mid way between the bearings is a third 
pulley of mass 56 kg, its C.G. being 1.5 cm from the axis of the shaft. If the three pulleys have been 
arranged so as to obtain static balance, find the dynamic forces produced on the bearings when the shaft 
rotates at 300 rpm.

3.  A, B, C and D are four masses carried by a rotating shaft at radii 100, 125, 200 and 150 mm respectively.  
The planes in which the masses revolve are spaced 600 mm apart and the mass of B, C and D are 10 Kg, 
5 Kg and 4 Kg respectively.  Find the required mass A and the relative angular settings of the four 
masses so that the shaft shall be in complete balance.

4.   A five-cylinder in-line engine running at 750 rpm has successive cranks 1440 apart, the distance between 
the cylinder centre lines being 375 mm.  The piston stroke is 255 mm and the ratio of the connecting rod 
to the crank is 4.  Examine the engine for balance of primary and secondary forces and couples.  Find the 
maximum values of these and the position of the central crank at which these maximum values occur.  
The reciprocating mass for each cylinder is 15Kg.     

5. A shaft has three eccentrics, each 75 mm diameter and 25 mm thick, machined in one piece with the 
shaft.  The central planes of the eccentrics are 60 mm apart.  The distance of the centers from the axis of 
rotation are 12 mm, 18 mm and 12 mm and their angular positions are 1200 apart.  The density of metal 
is 7000 Kg/m3.  Find the amount of out-of-balance force and couple at 600 rpm.  If the shaft is balanced 



by adding two masses at a radius 75 mm and at distances of 100 mm from the central plane of the middle 
eccentric, find the amount of the masses and their angular positions.

6.   A four crank engine has the two outer cranks set at 1200 to each other, and their reciprocating masses are 
each 400 Kg.  The distance between the planes of rotation of adjacent cranks are 450 mm, 750 mm and 
600 mm.  If the engine is to be in complete primary balance, find the reciprocating mass and the relative 
angular position for each of the inner cranks.  If the length of each crank is 300 mm, the length of each 
connecting rod is 1.2m and the speed of rotation is 240 rpm, what is the maximum secondary unbalanced 
force?   

7.   Four masses 200 kg, 300 kg, 240 kg and 260 kg are attached to a shaft. These masses are revolving at 
radii 270 mm, 210 mm, 300 mm and 360 mm respectively in planes measured from A1 at 270 mm, 420 
mm and 720mm respectively. The angles measured anticlockwise are m1 to m2 45o, m2 to m3 75o, m3 to 
m4 135o, and the distance between the planes L and M in which the balance masses are to be placed is 
500 mm. the distance between planes A1 and L is 120 mm and M and A4 is 100 mm. if the balancing 
masses revolve at a radius of 72 mm, find their magnitude and angular positions.

8.  The crank and connecting rods of a 4-cylinder –in-line engine running at 1800 rpm are 60mm and 
240mm each respectively and the cylinders are spaced 150mm apart. If the cylinders are numbered 1 to 4 
in sequence from one end, the cranks appear at intervals of 90o in an end view in the order 1-4-2-3. The 
reciprocating mass corresponding to each cylinder is 1.5 kg. Determine (i) unbalanced primary and 
secondary forces, if any and (ii) unbalanced primary and secondary couples with reference to central 
plane of the engine.

9.   A shaft carries four masses in parallel planes A, B, C and D in this order along its length. The masses at 
B and C are 18 kg and 12.5 kg respectively and each has an eccentricity of 60 mm. the masses at A and 
D have an eccentricity of v80 mm. the angle between B and C is 20 mm. if the shaft is in complete 
dynamic balance, determine:

(i) the magnitude of the masses at A and  D;
(ii) the distance between the planes A and D and
(iii) The angular position of the mass at D.



UNIT: 05: VIBRATIONS

PART – A

1. What are vibration and its types with example?

2. What are free forced and damped vibrations?

3. Derive the natural frequency for free longitudinal vibration?

4. Write the deflection formulae for cantilever, simply supported and fixed shaft, the load is acting on the 

shaft at any point and middle?

5. What is critical speed? What are the factors affecting the critical speed?

6. Write dunkerly’s and energy equilibrium equation for free transverse vibration?

7. What is damped frequency?

8. What is over, under and critical damping?

9. How will you find the permissible stress in the shaft?

10. Draw the displacement – time diagram for under damping?

11. What is critical damping coefficient and damping factor?

12. What is meant by Logarithmic Decrement? What is use of determining the logarithmic decrement?

13. Define the term “whirling speed” of a shaft and state on what parameters does it depend?

14. Explain the term logarithmic decrement as applied to damped vibration?

15. What do you mean by magnification factor or dynamic magnifier?

16. Draw the graph between magnification factor, phase angle vs. ω / ω n.  

17. What do you mean by isolation factor or transmissibility ratio?

18. Draw the graph between transmissibility (Є vs. ω / ω n.)

19. What do you mean by torsional vibration?

20. Derive the formulae for the length of an equivalent shaft?

21. How will you find the node position of the two & three rotor system?

22. Establish the expression to determine the frequency of torsional vibration of a geared system.

23. A shaft of 100 mm diameter and 1 meter long has one of its free ends and fixed and the other end carries 

a disc of mass 500 kg at a radius of gyration 450 mm. the modulus of rigidity for the shaft material is 80 

GN/m2. Determine the frequency of torsional vibration.

24. What are the causes and effects of vibration?

25. Define torsional equivalent shaft.



26. A shaft of length 0.75 m, supported freely at the ends, is carrying a body of mass 90 kg at 0.25 m from 

one end. Find the natural frequency of transverse vibration.    Assume E = 200 GN/M2 and shaft 

diameter = 50mm.

PART- B

1. A machine of mss 85 kg is mounted on spring and is fitted with a dashpot to damp out vibrations. There 
are three springs each of stiffness 10 N/mm and it is found that the amplitude of vibration diminishes 
from 36.4 mm to 4.4 mm in 2 complete cycles. Assuming that the damping force varies as the velocity.

Determine:
a) the resistance of the dash pot at unit velocity,
b) the ratio of the frequency  of the damped vibration to the frequency of undamped vibration and
c) The periodic time of the damped vibration.

2. A mass of 50kg is supported by an elastic structure of total stiffness 20kN/m. the damping ratio of the 
system is 0.2. A simple harmonic disturbing force acts on the mass and at any time t seconds, the force is 
60 cos 10 t Newton. Find the amplitude of the vibration and the phase angle caused by the damping.

3. A vertical shaft is held in long bearings and a disc is attached to the shaft at its mid point. The center of 
gravity of the disc does not coincide with the axis of the shaft. The diameter of the shaft is 15 mm and 
the span of the shaft between the bearings is 1 meter. The mass of the disc is 10 kg and the center of 
the disc is 0.30 mm from the axis of the shaft. Assuming E = 200 GN/m2 and the permissible stress in 
the shaft material is 70 X 106  N/m2, determine (i) critical speed of the shaft and  (ii) range of speed 
over which it is unsafe to run the shaft. Neglect the mass of the shaft.

4. In a  single cylinder reciprocating engine supported on springs and dash pots, the total mass = 400 kg, 
mass of the reciprocating parts = 15 kg, static deflection of spring due to the system’s weight = 50mm , 
stroke = 200 mm, ratio of consecutive amplitudes in free vibration of the system = 1: 0.42. The 
connecting rod length is long enough to generate near harmonic motion of the reciprocating parts. 
Determine the amplitude of engine vibration at 250 rpm and the dynamic force transmitted to the ground 
at this speed.

5. A shaft 1.5 m long supported in flexible bearings at the ends carries two wheels each of 50 kg mass. One 
wheel is situated at the centre of the shaft and the other at a distance of 375 mm from the centre towards 
left. The shaft is hollow of external diameter 75 mm and internal diameter 40 mm. the density of the 
shaft material is 7700 kg/m3 and its modulus of elasticity is 200 GN/m2. Find the lowest whirling speed 
of the shaft. Taking into account the mass of the shaft.



TORSIONAL VIBRATION:

6. A steel shaft 1.5 m long is 95 mm in diameter for the first 0.6 m of its length, 60 mm in diameter for the 
remaining 0.4 m of its length. The shaft carries two flywheels at two ends, the first having a mass of 
900kg and 0.85 m radius of gyration located at the 95 m diameter end and the second having a mass of 
700 kg and 0.55 m radius of gyration located at the other end. Determine the location of the node and the 
natural frequency of free torsional vibration of the system. The modulus of rigidity of shaft material may 
be taken as 80 GN/m2

. 

7. A steel shaft ABCD 1.5 m long has a flywheel at its ends A and D. The mass of the flywheel A is 600kg, 
radius of gyration of 0.6 m. The mass of 800 kg  radius of gyration of 0.9m the connecting shaft has a 
diameter of 50mm for the first position AB which is 0.4 m long and has a diameter of 60mm for the 
portion BC that is 0.5 m long and  has a diameter ‘d’ mm for the portion CD, which is 0.6 m long. 

Determine, 
(a) the diameter‘d’ of the portion CD so that the node of the torsional vibration of the system will 

be at the center of the length BC and 
(b) The node and the natural frequency of free torsional vibration of the system. The modulus of 

rigidity of shaft material may be taken as 80 GN/m2.

8. A single cylinder oil engine drives a centrifugal pump. The rotating mass of the engine , flywheel and the 
pump with the shaft is equivalent to a three rotor system as shown in the fig. the mass moment of inertia 
of the rotors A,B and C are 0.15, 0.3 and 0.09 kg-m2. Find the natural frequency of the torsional 
vibration. The modulus of rigidity for the shaft material is 84 KN/ mm2.

9.  A motor drives a centrifugal pump through gearing, the pump speed being one third that of the motor. 
The shaft from the motor to the pinion is 60 mm diameter and 300mm long. The moment of inertia of 
the motor is 400 kg-m2. The impeller shaft is 100mm diameter and 600 mm long. . The moment of
inertia of the impeller is 1500 kg-m2. Neglecting inertia of the gears and the shaft, determine the 
frequency of torsional vibration of the system. The modulus of rigidity of the shaft material is 80 GN/m2.

10. Two equal masses of weight 5000N and radii of gyration 375 mm are keyed to the opposite ends of a 
shaft 600 mm long. The shaft is 100 mm in diameter for the first 250 mm, 175 mm in diameter for the 
next 150 mm and 150 mm for the rest. Find the frequency of torsional vibration and the position of the 
node along the length of the shaft. Take modulus of rigidity of the shaft material as 80 X 109 N/m2.

11. A 4 – cylinder engine and flywheel coupled to a propeller are approximated to a 3 – rotor system in 
which the engine is equivalent to a rotor of moment of inertia 800 kg-m2, the flywheel to a second rotor 
of 320 kg-m2 and the propeller to a third rotor of 20 kg-m2 . The first and the second rotors being 
connected by 50mm diameter and 2 meter long shaft and the second third rotors being connected by 25 



mm diameter and 2 meter long shaft. Neglecting the inertia of the shaft and taking its modulus of rigidity 
as 80 GN/m2, determine (i) Natural frequencies of torsional oscillation and (ii) the position of the nodes.


