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ME6505 DYNAMICS OF MACHINES 
Important Note: Study Similar problem also with different values for each parameter 

TWO MARKS 
UNIT-I 

1 1. State D’Alembert’s principle. 

2 Define Inertia force. 

3 Define maximum fluctuation of speed. 

4 Why flywheels needed in forging and processing operations 

5 Define unbalance and spring surge   

UNIT-II 
1 Write the condition for complete balancing.  

2 Define Dalby’s method of balancing masses. 

3 Define tractive force. 

4 Define swaying couple. 

5 What is the effect of hammer blow and what is the cause it? 

 
UNIT-II 

1 What is the principle of Rayleigh’s method of finding natural of vibrations? 

2 Define critical or whirling or whipping speed of shaft. 

3 Define transient vibration. 

4 What are torsional vibrations? 

5 What are the causes of critical speed? 

6 What are transverse vibrations? 

UNIT-IV 
1. What is meant by transmissibility? 

2. Define transmissibility ratio or isolation factor 

3. Briefly explain elastic suspension. 

4. Define forced vibration. 

5. Define magnification factor or dynamic magnifier. 

6. Define logarithmic decrement. 

7. Sketch the graph for frequency response curve.       

8. Sketch the graph for phase-frequency response curve 

UNIT-V 
1 Explain the function of governors. 

2 Explain governor effect? 

3 Explain sensitiveness of governors? 

4 What is meant by hunting? 

5 Explain the term stability of governor? 

6 Define steering. 

7 Explain gyroscopic couple. 



 

 

 
PART B 
UNIT-I 

1. A vertical petrol engine 100 mm diameter and 120 mm stroke has a connecting rod 250 mm long. The mass of the 
piston is 1.1 kg. The speed is 2000 r.p.m. On the expansion stroke with a crank 20° from top dead centre, the gas 
pressure is 700 kN/m2. Determine: 1. Net force on the piston, 2. Resultant load on the gudgeon pin, 3. Thrust on 
the cylinder walls, and 4. Speed above which, other things remaining same, the gudgeon pin load would be 
reversed in direction 

2. A certain machine requires a torque of (5000 + 500 sin) N-m to drive it, where   is the angle of rotation of shaft 

measured from certain datum. The machine is directly coupled to an engine which produces a torque of (5000 + 

600 sin 2) N-m. The flywheel and the other rotating parts attached to the engine has a mass of 500 kg at a radius 

of gyration of 0.4 m. If the mean speed is 150 r.p.m., find: 1. the fluctuation of energy,  the total percentage 

fluctuation of speed 

3. The turning moment diagram for a petrol engine is drawn to the following scales : Turning moment, 1 mm = 5 N-
m ; crank angle, 1 mm = 1°. The turning moment diagram repeats itself at every half revolution of the engine and 
the areas above and below the mean turning moment line taken in order are 295, 685, 40, 340, 960, 270 mm2. 
The rotating parts are equivalent to a mass of 36 kg at a radius of gyration of 150 mm. Determine the coefficient 
of fluctuation of speed when the engine runs at 1800 r.p.m. 

4. A shaft fitted with a flywheel rotates at 250 r.p.m. and drives a machine. The torque of machine varies in a cyclic 
manner over a period of 3 revolutions. The torque rises from 750 N-m to 3000 N-m uniformly during 1/2 
revolution and remains constant for the following revolution. It then falls uniformly to 750 N-m during the next 
1/2 revolution and remains constant for one revolution, the cycle being repeated thereafter. Determine the 
power required to drive the machine and percentage fluctuation in speed, if the driving torque applied to the 
shaft is constant and the mass of the flywheel is 500 kg with radius of gyration of 600 mm 

5. The crank-pin circle radius of a horizontal engine is 300 mm. The mass of the reciprocating parts is 250 kg. When 
the crank has travelled 60° from I.D.C., the difference between the driving and the back pressures is 0.35 N/mm2. 
The connecting rod length between centres is 1.2 m and the cylinder bore is 0.5 m. If the engine runs at 250 r.p.m. 
and if the effect of piston rod diameter is neglected, calculate : 1. pressure on slide bars, 2. thrust in the 
connecting rod, 3. tangential force on the crank-pin, and 4. turning moment on the crank shaft 

6. The turning moment curve for an engine is represented by the equation, T = (20 000 + 9500 sin 2θ – 5700 cos 2θ) 
N-m, where θ is the angle moved by the crank from inner dead centre. If the resisting torque is constant, find: 1. 
Power developed by the engine ; 2. Moment of inertia of flywheel in kg-m2, if the total fluctuation of speed is not 
exceed 1% of mean speed which is 180 r.p.m; and 3. Angular acceleration of the flywheel when the crank has 
turned through 45° from inner dead centre 

7. A vertical double acting steam engine has a cylinder 300 mm diameter and 450 mm stroke and runs at 200 r.p.m. 
The reciprocating parts has a mass of 225 kg and the piston rod is 50 mm diameter. The connecting rod is 1.2 m 
long. When the crank has turned through 125° from the top dead centre, the steam pressure above the piston is 
30 kN/m2 and below the piston is 1.5 kN/m2. Calculate the effective turning moment on the crank shaft 

8. A connecting rod is suspended from a point 25 mm above the centre of small end 650 mm above its centre of 
gravity its mass being 37.kg. When permitted to oscillate the time period is found o be 1.87 sec. find the 
dynamical equivalent system constituted of two masses one of which is located at the small end centre 

 
UNIT-II 

 
1. 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 

2. The following data apply to an outside cylinder uncoupled locomotive : Mass of rotating parts per cylinder = 360 kg ; 
Mass of reciprocating parts per cylinder = 300 kg ; Angle between cranks = 90° ; Crank radius = 0.3 m ; Cylinder centres 
= 1.75 m ; Radius of balance masses = 0.75 m ; Wheel centres = 1.45 m. If whole of the rotating and two-thirds of 
reciprocating parts are to be balanced in planes of the driving wheels, find : 1. Magnitude and angular positions of 
balance masses, 2. Speed in kilometres per hour at which the wheel will lift off the rails when the load on each driving 
wheel is 30 kN and the diameter of tread of driving wheels is 1.8 m, and 3. Swaying couple at speed arrived at in (2) 
above 

3. Derive the following expression of effects of partial balancing in two cylinder locomotive engine (i) Variation of 
attractive force (ii) Swaying couple (iii) Hammer blow 

4. Four masses m1, m2, m3 and m4 are 200 kg, 300 kg, 240 kg and 260 kg respectively. The corresponding radii of 
rotation are 0.2 m, 0.15 m, 0.25 m and 0.3 m respectively and the angles between successive masses are 45°, 75° and 
135°. Find the position and magnitude of the balance mass required, if its radius of rotation is 0.2 m. 

5. The following data refer to two cylinder locomotive with cranks at 90° : Reciprocating mass per cylinder = 300 kg ; 
Crank radius = 0.3 m ; Driving wheel diameter = 1.8 m ; Distance between cylinder centre lines = 0.65 m ; Distance 
between the driving wheel central planes = 1.55 m. Determine : 1. the fraction of the reciprocating masses to be 
balanced, if the hammer blow is not to exceed 46 kN at 96.5 km. p.h. ; 2. the variation in tractive effort ; and 3. the 
maximum swaying couple 

6. A shaft carries four masses A, B, C and D of magnitude 200 kg, 300 kg, 400 kg and 200 kg respectively and revolving at 
radii 80 mm, 70 mm, 60 mm and 80 mm in planes measured from A at 300 mm, 400 mm and 700 mm. The angles 
between the cranks measured anticlockwise are A to B 45°, B to C 70° and C to D 120°. The balancing masses are to be 
placed in planes X and Y. The distance between the planes A and X is 100 mm, between X and Y is 400 mm and 
between Y and D is 200 mm. If the balancing masses revolve at a radius of 100 mm, find their magnitudes and angular 
positions 

7. An inside cylinder locomotive has its cylinder centre lines 0.7 m apart and has a stroke of 0.6 m. The rotating masses 
per cylinder are equivalent to 150 kg at the crank pin, and the reciprocating masses per cylinder to 180 kg. The wheel 
centre lines are 1.5 m apart. The cranks are at right angles. The whole of the rotating and 2/3 of the reciprocating 
masses are to be balanced by masses placed at a radius of 0.6 m. Find the magnitude and direction of the balancing 
masses. Find the fluctuation in rail pressure under one wheel, variation of tractive effort and the magnitude of 
swaying couple at a crank speed of 300 r.p.m. 

8. Four masses A, B, C and D as shown below are to be Completely Balanced 
 

 A B C D 

Mass in Kg - 30 50 40 

Radius in m 180 240 120 150 

 

The planes containing the masses B and C are 300 mm apart. The angle between the planes containing B and C is 900. B 
and C make angles of 2100 and 1200 respectively with D in the same sense. Find the Magnitude and angular Position of 
Mass A 

UNIT-III 
1. 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 0.4 m from the centre towards left. The shaft is 



 

 

hollow of external diameter 75 mm and internal diameter 37.5 mm. The density of the shaft material is 8000 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 

2. A machine of mass 75 kg is mounted on springs 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 38.4 mm to 6.4 mm 
in two complete oscillations. Assuming that the damping force varies as the velocity, determine : 1. the resistance of 
the dashpot at unit velocity ; 2. the ratio of the frequency of the damped vibration to the frequency of the undamped 
vibration ; and 3. the periodic time of the damped vibration 

3. A cantilever shaft 50 m dia and 300 mm long has a disc of mass 100 kg at its free end. The young’s modulus for the shaft 

material is 200 GN/m2. Determine the frequency of longitudinal and transverse vibrations of the shaft. 

(ii) Explain the types of free vibration with sketch      

(iii) 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 = 50 mm. 
4. A vertical shaft of 5 mm diameter is 200 mm long and is supported in long bearings at its ends. A disc of mass 50 kg is 

attached to the centre of the shaft. Neglecting any increase in stiffness due to the attachment of the disc to the shaft, 
find the critical speed of rotation and the maximum bending stress when the shaft is rotating at 75% of the critical 
speed. The centre of the disc is 0.25 mm from the geometric axis of the shaft. E = 200 GN/m2 

5. The mass of a single degree damped vibrating system is 7.5 kg and makes 24 free oscillations in 14 seconds when 
disturbed from its equilibrium position. The amplitude of vibration reduces to 0.25 of its initial value after five 
oscillations. Determine : 1. stiffness of the spring, 2. logarithmic decrement, and 3. damping factor, i.e. the ratio of 
the system damping to critical damping 

6. Derive an expression for the natural frequency of the free longitudinal vibration by Equilibrium method 
7. A coil of spring stiffness 4 N/mm supports vertically a mass of 20 kg at the free end. The motion is resisted by the oil 

dashpot. It is found that the amplitude at the beginning of the fourth cycle is 0.8 times the amplitude of the previous 
vibration. Determine the damping force per unit velocity. Also find the ratio of the frequency of damped and 
undamped vibrations 

8. 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 dia and 300 mm long. The moment of inertia of the motor is 400 kg – m2 the 
impeller shaft is 100 mm dia 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 the torsional vibration of the system. E = 80 GN/m2   

UNIT-IV 
1. A steel shaft ABCD 1.5m long has flywheel at its end A and D. The mass of the fly wheel A is 600kg and has a 

radius of gyration of 0.6 m. The mass of the flywheel D is 800kg and has a radius of gyration of 0.9m.The 
connecting shaft has a diameter of 50 mm for the portion AB which is 0.4m long and has a diameter of 60mm for 
the portion BC which is 0.5m long and has a diameter d mm for the portion CD which is 0.6m long. Determine: 
1.determine d of the portion CD so that the node of the torsional vibrational of the system will be at the center of 
the length BC and 2.the natural frequency of the torsional vibrations. The modulus of rigidity for the shaft 
material is 80 GN/m2 

2. A body of mass 20 kg is suspended from a spring which deflects 15 mm under this load. Calculate the frequency of 
free vibrations and verify that a viscous damping force amounting to approximately 1000 N at a speed of 1 m/s is 
just-sufficient to make the motion aperiodic. If when damped to this extent, the body is subjected to a disturbing 
force with a maximum value of 125 N making 8 cycles/s, find the amplitude of the ultimate motion. 

3. The mass of an electric motor is 120 kg and it runs at 1500 rpm. The armature mass is 35 kg and its C.G. lies at 0.5 
mm from the axis of rotation. The motor is mounted on five springs of negligible damping so that the force 
transmitted is one – eleventh of the impressed force. Assume that the mass of the motor is equally distributed 



 

 

among five springs. Determine Stiffness of each spring, Dynamic force transmitted to the base at the operating 
speed and natural frequency of the system 

4. A single cylinder vertical petrol engine of total mass 300 kg is mounted upon a steel chassis frame and causes a 
vertical static deflection of 2 mm. The reciprocating parts of the engine has a mass of 20 kg and move through a 
vertical stroke of 150 mm with simple harmonic motion. A dashpot is provided whose damping resistance is 
directly proportional to the velocity and amounts to 1.5 kN per metre per second. Considering that the steady 
state of vibration is reached ; determine : 1. the amplitude of forced vibrations, when the driving shaft of the 
engine rotates at 480 r.p.m., and 2. the speed of the driving shaft at which resonance will occur 

5. A machine has a mass of 100 kg and unbalanced reciprocating parts of mass 2 kg which move through a vertical 
stroke of 80 mm with simple harmonic motion. The machine is mounted on four springs, symmetrically arranged 
with respect to centre of mass, in such a way that the machine has one degree of freedom and can undergo 
vertical displacements only. Neglecting damping, calculate the combined stiffness of the spring in order that the 
force transmitted to the foundation is 1 / 25 th of the applied force, when the speed of rotation of machine crank 
shaft is 1000 r.p.m. When the machine is actually supported on the springs, it is found that the damping reduces 
the amplitude of successive free vibrations by 25%. Find : 1. the force transmitted to foundation at 1000 r.p.m., 2. 
the force transmitted to the foundation at resonance, and 3. the amplitude of the forced vibration of the machine 
at resonance 

6. The measurement on a mechanical vibrating system show that it has a mass of 8 kg and that the spring can be 
combined to give an equivalent spring of stiffness 5.4 N/mm. If the vibrating systems have a dashpot attached 
which exerts a force of 40 N when the mass has a velocity of 1 m/s. Find critical damping, damping factor, 
logarithmic decrement and ration of two consecutive amplitude 

7. A mass of 10 kg is suspended from one end of a helical spring, the other end being fixed. The stiffness of the 
spring is 10 N/mm. The viscous damping causes the amplitude to decrease to one-tenth of the initial value in four 
complete oscillations. If a periodic force of 150 cos 50 t N is applied at the mass in the vertical direction, find the 
amplitude of the forced vibrations. What is its value of resonance? 

8. A machine part of mass 2 kg vibrates in a viscous medium. Determine the damping coefficient when a harmonic 
exciting force of 25 N results in a resonant amplitude of 12.5 mm with a period of 0.2 second. If the system is 
excited by a harmonic force of frequency 4 Hz what will be the percentage increase in the amplitude of vibration 
when damper is removed as compared with that with damping. 

9. A coil of spring stiffness 4 N/mm supports vertically a mass of 20 kg at the free end. The motion is resisted by the 
oil dashpot. It is found that the amplitude at the beginning of the fourth cycle is 0.8 times the amplitude of the 
previous vibration. Determine the damping force per unit velocity. Also find the ratio of the frequency of damped 
and undamped vibrations 

UNIT-V 
1. The length of the upper and lower arms of a porter governor are 200mm and 250mm respectively. Both the arms 

are pivoted on the axis of rotation. The central load is 150N,the weight of the each ball is 20N and the friction of 
the sleeve together with theresistance of the operating gear is equivalent to a force of 30N at the sleeve. If the 
limiting inclinations of the upper arms to the vertical are 30° and 40° taking friction in to account. Find the range 
of speed of the governor 

2. A Proell governor has equal arms of length 300 mm. The upper and lower ends of the arms are pivoted on the axis 
of the governor. The extension arms of the lower links are each 80 mm long and parallel to the axis when the radii 
of rotation of the balls are 150 mm and 200 mm. The mass of each ball is 10 kg and the mass of the central load is 
100 kg. Determine the range of speed of the governor 

3. Write the expression for spring stifness of hartnell governor   
4. A Hartnell governor having a central sleeve spring and two right-angled bell crank levers moves between 290 

r.p.m. and 310 r.p.m. for a sleeve lift of 15 m m. 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 : 1. loads on the spring at the 
lowest and the highest equilib- rium speeds, and 2. stiffness of the spring 

5. The mass of a turbine rotor of a ship is 8 tonnes and has a radius of gyration 0.6 m. It rotates at 1800 r.p.m. 
clockwise when looking from the stern. Determine the gyroscopic effects in the following cases: 1. If the ship 
travelling at 100 km / h strees to the left in a curve of 75 m radius, 2. If the ship is pitching and the bow is 
descending with maximum velocity. The pitching is simple harmonic, the periodic time being 20 seconds and the 
total angular movement between the extreme positions is 10°, and 3. If the ship is rolling and at a certain instant 
has an angular velocity of 0.03 rad/s clockwise when looking from stern. In each case, explain clearly how you 
determine the direction in which the ship tends to move as a result of the gyroscopic action 

6. The ship pitches 6 degree above and 6 degree below the horizontal position. The bow is descending with its 
maximum velocity. The motion due to pitching is simple harmonic and the periodic time is 20 seconds. 3. The ship 
rolls and at a certain instant it has an angular velocity of 0.03 rad/s clockwise when viewed from stern. Determine 
also the maximum angular acceleration during pitching. Explain how the direction of motion due to gyroscopic 
effect is determined in each case 

7. 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 r.p.m. 
clockwise when looking from stern. Determine the gyroscopic couple and its effect upon the ship: 1. when the 
ship is steering to the left on a curve of 100 m radius at a speed of 36 km/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 

8. A ship propelled by a turbine rotor which has a mass of 5 tonnes and a speed of 2100 r.p.m. The rotor has a radius 
of gyration of 0.5 m and rotates in a clockwise direction when viewed from the stern. Find the gyroscopic effects 
in the following conditions:The ship sails at a speed of 30 km/h and steers to the left in a curve having 60 m 
radius.The ship pitches 6 degree above and 6 degree below the horizontal position. The bow is descending with 
its maximum velocity. The motion due to pitching is simple harmonic and the periodic time is 20 seconds 

9. An aero plane makes a complete half circle of 50 metres radius, towards left, when flying at 200 km per hr. The 
rotary engine and the propeller of the plane has a mass of  400 kg and a radius of gyration of 0.3 m. The engine 
rotates at 2400 r.p.m. clockwise  when viewed from the rear. Find the gyroscopic couple on the aircraft and state 
its effect on it 

 
Please do not Copy (or) Republish This Questions, Students if You Find the Same Questions in Other Sources, Kindly report 
us to rejinpaulteam@gmail.com 


