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DEPARTMENT OF AERONAUTICAL ENGINEERING 
PR8451 – MECHANICS OF MACHINES
PART B
Unit I - KINEMATICS OF MACHINES
Inversion of mechanism
1. Describe with neat sketch, the mechanisms obtained by the inversions of single slider crank mechanism. June/July 2021
2. Explain the inversion of four bar mechanism with neat sketch?
3. Explain the crank and slotted link mechanism with neat sketch? June/July 2021 
Velocity and Acceleration diagram
4. In a four bar linkage ABCD, AD is fixed and is 120 mm long. The crank AB is 30 mm long and rotates at 100 rpm in clockwise direction while the link CD is 60 mm oscillates about
D. BC and AD are of equal length. Find angular velocity of the link CD when the angle BAD is 60°. [p.no 2.1,pg.no-2.9]

5. ABCD is a four bar chain with link AD fixed. The lengths of the links are AB = 62.5 mm; BC = 175 mm; CD = 112.5 mm; and AD = 200 mm. The crank AB rotates at Roll # rad/s clockwise. Draw the velocity and acceleration diagram when angle BAD = 60° and B and C lie on the same side of AD. Find the angular velocity and angular acceleration of links BC and CD. [p.no 2.10,pg.no-2.34]

Cam profile
6. A cam operating a knife-edged follower has the following data :
(a) Follower moves outwards through 40 mm during 60° of cam rotation.
(b) Follower dwells for the next 45°.
(c) Follower returns to its original position during next 90°.
(d) Follower dwells for the rest of the rotation.
The displacement of the follower is to take place with uniform velocity during both the outward and return strokes. The least radius of the cam is 50 mm. Draw the profile of the cam when
1. The axis of the follower passes through the cam axis, and
2. The axis of the follower is offset 18 mm towards right from the cam axis [p.no 3.1,pg.no-3.37]

7. A cam is to be designed for a knife edge follower with the following data:
1. Follower lift is 40 mm with simple harmonic motion. During 90∘ of cam rotation
2. Dwell for the next 30∘.
3. The follower returns to its original position with simple harmonic motion. During the next 60∘ of cam rotation,
4. Dwell during the remaining 180∘. Draw the profile of the cam when
The line of stroke of the follower passes through the axis of the cam shaft, The radius of the base circle of the cam is 40 mm
(a) Draw the displacement diagram
(b) Draw the profile of the cam
(c) Determine the maximum velocity and acceleration of the follower during its ascent and descent,	if the cam rotates at 200 r.p.m.in clockwise direction. Nov/Dec2019 [p.no 3.3,pg.no-3.43]

8. A cam rotating clockwise with a uniform speed is to give the roller follower of 20 mm diameter with the following motion :
(a) Follower to move outwards through a distance of 30 mm during 120° of cam rotation ;
(b) Follower to dwell for 60° of cam rotation ;
(c) Follower to return to its initial position during 90° of cam rotation ; and
(d) Follower to dwell for the remaining 90° of cam rotation.
The minimum radius of the cam is 45 mm and the displacement of the follower is to take place with simple harmonic motion on both the outward and return strokes. Draw the cam profile.
1. The line of stroke of the follower passes through the cam shaft, and
2. The line of stroke of the follower is offset 15 mm from the cam axis
[p.no 3.8,pg.no-3.54]

9. It is required to set out the profile of a cam to give the following motion to the reciprocating follower with a flat mushroom contact face :
(i) Follower to have a stroke of 20 mm during 120∘ of cam rotation ;
(ii) Follower to dwell for 30∘ of cam rotation ;
(iii) Follower to return to its initial position during 120∘ of cam rotation ; and
(iv) Follower to dwell for remaining 90∘ of cam rotation.
The minimum radius of the cam is 25 mm. The out stroke of the follower is performed with simple harmonic motion and the return stroke with equal uniform acceleration and retardation. Draw the profile of the cam. June/July 2021 [p.no 3.19,pg.no-3.73]
10. Explain kinematics links, its types and kinematic pairs with its types based on the relative motion between the links Apr/May2019 [pg.no-1.2, 1.7]

Unit II - GEARS AND GEAR TRAINS
Gear problems

1. A pinion having 30 teeth drives a gear having 80 teeth. The profile of the gears is involute with 20° pressure angle, 12 mm module and 10 mm addendum. Find the length of path of contact, arc of contact and the contact ratio.(RS Khurmi p.no 12.3)
2. Two involute gears of 20° pressure angle are in mesh. The number of teeth on pinion is 20 and the gear ratio is 2. If the pitch expressed in module is 5 mm and the pitch line speed is
1.2 m/s, assuming addendum as standard and equal to one module, find: 1. The angle turned through by pinion when one pair of teeth is in mesh ; and 2. The maximum velocity of sliding. (RS Khurmi p.no 12.4)
3. A pinion of 20 involute teeth and 125 mm pitch circle diameter drives a rack. The addendum of both pinion and rack is 6.25 mm. What is the least pressure angle which can be used to avoid interference ? With this pressure angle, find the length of the arc of contact and the minimum number of teeth in contact at a time. (RS Khurmi p.no 12.14)
4. A pair of involute spur gears with 16° pressure angle and pitch of module 6 mm is in mesh. The number of teeth on pinion is 16 and its rotational speed is 240 r.p.m. When the gear ratio is 1.75, find in order that the interference is just avoided ; 1. the addenda on pinion and gear wheel ; 2. The length of path of contact ; and 3. the maximum velocity of sliding of teeth on either side of the pitch point. (RS Khurmi p.no 12.11)
5. Two mating gears have 20 and 40 involute teeth of module 10 mm and 20° 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 of contact, arc of contact and contact ratio. (RS Khurmi p.no 12.8)
6. Explain i)Law of Toothed Gearing ii) Involute Gearing
GEAR TRAIN PROBLEMS
7. Draw and explain the different types of gear trains, stating one practical application for each type. (Nov/Dec 2016 R13) (Nov/Dec 2018 R13)

8. An epicyclic gear consists of three gears A, B and C as shown in Fig. 13.10. The gear A has 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 r.p.m.. If the gear A is fixed, determine the speed of gears B and C (RS Khurmi p.no 13.6)
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9. [image: ]In a reverted epicyclic gear train, the arm A carries two gears B and C and a compound gear D - E. The gear B meshes with gear E and the gear C meshes with gear D. The number of teeth on gears B, C and D are 75, 30 and 90 respectively. Find the speed and direction of gear C when gear B is fixed and the arm A makes 100 r.p.m. clockwise. (RS Khurmi p.no 13.5)





.


10. The gearing of a machine tool is shown in Fig. 13.3. The motor shaft is connected to gear A and rotates at 975 r.p.m. The gear wheels B, C, D and E are fixed to parallel shafts rotating together. The final gear F is fixed on the output shaft. What is the speed of gear F ? The number of teeth on each gear are as given below : (RS Khurmi p.no 13.1)
	Gear
	A
	B
	C
	D
	E
	F

	No. of teeth
	20
	50
	25
	75
	26
	65
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Unit III – FRICTION

1. A screw jack has a square thread of mean diameter 6cm and pitch 0.8cm. the coefficient of friction at the screw thread is 0.09. A load of 3kN is to be lifted through 12cm. Determine the torque required and the work done in lifting the load through 12cm. Find the efficiency of the jack also. (Nov/Dec 2015 R13)
2. The pitch of 50mm mean diameter threaded screw of a screw jack is 12.5mm. The coefficient of friction between the screw and the nut is 0.13. Determine the torque required on the screw to raise a load of 25kN, assuming the load to rotate with the screw. Determine the ratio of the torque to raise the load to the torque required to lower the load and also the efficiency of the machine. (Nov/Dec 2016 R13)
3. The lead screw of a lathe has acme threads of 50mm outside diameter and 10mm pitch. The included angle of thread is 29 . It drives a tool carriage and exerts an axial pressure of 2500N. A collar bearing with outside diameter 100mm and inside diameter 50mm is provided to take up the thrust. If the lead screw rotates at 30rpm, find the efficiency and the power required to drive the screw. The coefficient of friction for screw threads is 0.15 and for the collar is 0.12. (April/May 2017 R13)
4. Two parallel shafts 6m apart are to be connected by a belt running over pulleys of diameters 60cm and 40cm respectively. Determine the exact and approximate lengths of the belt required: (i) if the belt is open (ii) if the belt is crossed. (Nov/Dec 2015 R13)
5. Two pulleys, one 450mm diameter and the other 200mm diameter are on parallel shafts
1.95 apart and are connected by a crossed belt. Find the length of the belt 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 200rev/min, if the maximum permissible tension in the belt is 1kN, and the coefficient of friction between the belt and pulley is 0.25?(Nov/Dec 2016 R13)
6. A leather belt is required to transmit 9kW from the pulley 1.2m in diameter running at 200 rpm. The angle of contact is spread over 11/24 of the circumference and the coefficient of friction between the belt and the pulley rim is 0.3. if the safe working stress for the belt is 1.4MN/m2, the density of the leather is 1000kg/m3, and the thickness of belt is 10mm, determine the width of the belt taking the centrifugal tension into account. (Nov/Dec 2017 R13)
7. The following data refer to an open belt drive: Diameter of larger pulley=400mm; diameter of smaller pulley=250mm; 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=1200N. Find the power transmitted at speed of 10m/s. It is desired to increase the power. Which of the following two methods you will select?
i) Increasing the initial tension in the belt by 10 percent.
ii) Increasing the coefficient of friction between smaller pulley surface and belt by 10 percent by the application of suitable dressing on the belt.
iii) Find, also the percentage increase in power possible in each case
8. An open belt drive connects two pulleys 1.2m and 0.5m diameter on parallel shafts 3.6m apart. The belt has a mass of 1kg/m length and the maximum tension in it is not to exceed 2kN. The
1.2m pulley, which is the driver, runs at 200rpm. Due to the belt slip on one of the pulleys, the

velocity of the driven shaft is only 450rpm. If the coefficient of friction between the belt and the pulley is 0.3, find: (i) Torque on each of the two shafts. (ii) Power transmitted, (iii) Power lost in friction, and (iv) Efficiency of the drive.
9. A pulley is driven by a flat belt running at a speed of 600m/min. The coefficient of friction between the pulley and the belt is 0.3 and the angle of lap is 160 . If the maximum tension in the belt is 700N; find the power transmitted by a belt. (April/May 2017 R13)
10. A compressor requiring 90kw is to run at about 250rpm. The drive is by V belts from an electric motor running at 750rpm. The diameter of the pulley on the compressor shaft must not be greater than 1 meter while the center distance between the pulleys is limited to 1.75 meter. The belt speed should not exceed 1600m/min. determine the number of V-belts required to transmit the power if each belt has a cross sectional area of 375mm2, density 1000kg/m3 and an allowable tensile stress of 2.5 MPa. The groove angle of the pulley is 35⁰. The coefficient of friction between the belt and the pulley is 0.25

Unit IV - BALANCING and MECHANISM FOR CONTROL

1. A, B, C and D are four masses carried by a rotating shaft at radii 100mm, 150mm, 150mm and 200mm respectively. The planes in which the masses rotate are spaced at 500mm apart and the magnitude of the masses B, C and D are 9kg, 5kg and 4kg 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. A, B, C and D are four masses carried by a rotating shaft at radii 100mm, 125mm, 200mm and 150mm respectively. The planes in which the masses rotate are spaced at 600mm apart and the magnitude of the masses B, C and D are 10kg, 5kg and 4kg respectively. Find the required mass A and the relative angular settings of the four masses so that the shaft shall be in complete balance. (April/May 2017 R13)
3. Four masses m1, m2, m3, and m4 are 200kg, 300kg, 240kg and 260kg respectively. The corresponding radii of rotation are 0.2m, 0.15m, 0.25m and 0.3m respectively and the angles between successive masses are 45⁰, 75⁰ and 135⁰. Find the position and magnitude of the balance mass required, if its radius of rotation is 0.2m. (Nov/Dec 2016 R13)
4. A shaft is rotating at a uniform angular speed. Four masses m1, m2, m3, and m4 of magnitudes 300kg, 450kg, 360kg and 390kg respectively are attached to the shaft. The masses are rotating on the same plane. The corresponding radii of rotation are 200mm, 150mm, 250mm and 300mm respectively. The angles made by these masses with horizontal are 0⁰, 45⁰, 120⁰ and 255⁰ respectively. If the system is to be balanced, find
(i) The magnitude of the balancing mass and
(ii) The angular position of the balancing mass if its radius of rotation is 200mm.
5. The following data refer to a single cylinder vertical reciprocating engine Mass of reciprocating parts=40kg
Mass of revolving parts=30kg at 180mm radius
Speed=150mm rpm Stroke=350rpm
If 60% of the reciprocating mass and all the revolving mass are to be balanced, determine
(i) The balance mass required at a radius of 320mm
(ii) The unbalanced force when the crank has turned 45⁰ from the top dead center.
6. A single cylinder horizontal engine runs at 120rpm. The length of stroke is 400 mm. the mass of the revolving parts assumed concentrated at the crank pin is 100kg and mass of the reciprocating parts is 150kg. Determine the magnitude of the balancing mass required to be placed opposite to the crank at a radius of 150mm which is equivalent to all the revolving and 2/3rd of the reciprocating masses. If the crank turns 30⁰ from the inner dead center, find the magnitude of the unbalanced force due to the balancing mass.
7. A four cylinder vertical engine has cranks 300mm long. The planes of rotation of the first, third and fourth cranks are 750mm, 1050mm and 1650 respectively from that of the second crank and their reciprocating masses are 150kg, 400kg, 250kg respectively. Find:
(i) The mass of the reciprocating parts for the second cylinder and
(ii) The relative angular positions of the cranks in order that the engine may be in complete primary balance. (April/May 2017 R13)
8. A leather belt is required to transmit 7.5 kW from a pulley 1.2 m in diameter, running at 250 r.p.m. The angle embraced is 165° and the coefficient of friction between the belt and the pulley is 0.3. If the safe working stress for the leather belt is 1.5 MPa, density of leather 1 Mg/m3 and thickness of belt 10 mm, determine the width of the belt taking centrifugal tension into account. (Nov/Dec 2017 R13)
9. An open flat belt drive connects two parallel shafts 1.2 metres apart. The driving and the driven shafts rotate at 350 r.p.m. and 140 r.p.m. respectively and the driven pulley is 400 mm in diameter. The belt is 5 mm thick and 80 mm wide. The coefficient of friction between the belt and pulley is 0.3 and the maximum permissible tension in the belting is 1.4 MN/m2. Determine:1. diameter of the driving pulley, 2. maximum power that may be transmitted by the belting, and 3. required initial belt tension. (Nov/Dec 2017 R13)

10. A belt drive consists of two V-belts in parallel, on grooved pulleys of the same size. The angle of the groove is 30°. The cross-sectional area of each belt is 750 mm2 and μ. = 0.12. The density of the belt material is 1.2 Mg/m3 and the maximum safe stress in the material is 7 MPa. Calculate the power that can be transmitted between pulleys 300 mm diameter rotating at 1500 r.p.m. Find also the shaft speed in r.p.m. at which the power transmitted would be maximum.
Unit V – VIBRATION
1. Find the frequency of the transverse vibrations of a shaft which is simply supported at its ends and is of 40mm in diameter and 2.5 m in length. The shaft carries three point loads of masses 30kg, 70kg and 45kg at 0.5m, 1m and 1.7m respectively from the left support. The young’s modulus for the material of the shaft is 200GPa. Neglect the weight of the shaft. (Nov/Dec 2016 R13)
2. Derive the equations of motions and hence the natural frequency of longitudinal free vibrations of spring mass system by
(i) Equilibrium Method
(ii) Energy Method
(iii) Rayleigh’s Method
3. A shaft of 100mm diameter and 1 meter long is fixed at one end and other carries a flywheel of mass 1 tonne. Taking young’s modulus for the shaft material as 200GN/m2, find the natural frequency of longitudinal and transverse vibrations.



4. A shaft of length 1.25m is 75mm indiameter for the first 275mm of its length, 125mm in diameter for the next 500mm length, 87.5mm in diameter for the next 375mm length and 175mm in diameter for the remaining 100mm of its length. The shaft carries two rotors at two ends. The mass moment of inertia of the first rotor is 75kgm2 where as of the second rotor is 50kgm2. Find the frequency of natural torsional vibrations of the system. The modulus of the rigidity of the shaft material may be taken as 80 GN/m2. (Nov/Dec 2016 R13)
5. A shaft 1.5m long supported in flexible bearings at the ends carries two wheels each of 50kg mass. One wheel is situated at the center of the shaft and the other at a distance of 375mm from the center towards left. The shaft is hollow of external diameter 75mm and internal diameter 40mm. the density of the shaft material is 7700kg/m3 and its modulus of elasticity is 200 GN/m2. Find the lowest whirling speed of the shaft, taking into a account the mass of the shaft. (April/May 2017 R13)
6. 6. An aeroplane 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.

7. 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/m3. Find the lowest whirling speed of the shaft, taking into account the mass of the shaft. (April/May 2017 R13)

8. The measurements on a mechanical vibrating system show that it has a mass of 8 kg and that the springs can be combined to give an equivalent spring of stiffness 5.4 N/mm. If the vibrating system have a dashpot attached which exerts a force of 40 N when the mass has a velocity of 1 m/s, find : 1. critical damping coefficient, 2. damping factor, 3. Logarithmic decrement, and 4. ratio of two consecutive amplitudes.

9. 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. (Nov/Dec 2016 R13)

10. 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.



11.  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 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.

12. The mass of an electric motor is 120 kg and it runs at 1500 r.p.m. The armature mass is 35 kg and its C.G. lies 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 the five springs. Determine: 1. stiffness of each spring; 2. dynamic force transmitted to the base at the operating speed; and 3. natural frequency of the system. (Nov/Dec 2016 R13)
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