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	Credits Details
	L: 3
	T: 0
	P: 0
	C: 3

	Total Contact Hours Required
	45


Syllabus:

	UNIT I
	KINEMATICS OF MACHINES
	No of Periods : 9

	Mechanisms – Terminology and definitions – kinematics inversions of 4 bar and slide crank chain – kinematics analysis in simple mechanisms – velocity and acceleration polygons – Cam and followers – classifications – displacement diagrams - layout of plate cam profiles – derivatives of followers motion

	UNIT II  
	GEARS AND GEAR TRAINS
	No of Periods : 9

	Spur gear – law of toothed gearing – involute gearing – Interchangeable gears – Gear tooth action interference and undercutting – nonstandard teeth – gear trains – parallel axis gears trains – epicyclic gear trains.

	UNIT III 
	FRICTION
	No of Periods : 9

	Types of friction – Friction Drives -friction in screw threads – bearings – Friction clutches – Belt drives

	UNIT IV
	BALANCING and MECHANISM FOR CONTROL
	No of Periods : 9

	Static and Dynamic balancing – Balancing of revolving and reciprocating masses – Balancing machines -Balancing a single cylinder engine – Balancing of Multi-cylinder inline, V-engines – Partial balancing in engines- Governors and Gyroscopic effects.

	UNIT V
	VIBRATION
	No of Periods : 9

	Free, forced and damped vibrations of single degree of freedom systems – force transmitted to supports – vibration Isolation – vibration absorption – torsional vibration of shafts – single and multirotor systems – geared shafts – critical speed of shafts.


Objectives:

	To understand the principles in the formation of mechanisms and their kinematics.
To understand the effect of friction in different machine elements.

To understand the importance of balancing and vibration.

Easy to understand the importance of Governors and Gyroscopic effects.

Construction features of gears and gear trains and kinematic mechanisms are to solve their Engineering problems.


Text Book:

	T1: Antonio Simon Mata, Alex Bataller Torras, “Fundamentals of Machine Theory and Mechanisms” 2016. 

T2: Ambekar A.G., Mechanism and Machine Theory Prentice Hall of India, New Delhi, 2007.

T3: Shigley J.E., Pennock G.R and Uicker J.J., ―Theory of Machines and Mechanisms, Oxford University Press, 2003


Reference Book:

	R1: Ramamurthi. V., "Mechanisms of Machine", Narosa Publishing House, 2005.

R2: Robert L.Norton, "Design of Machinery", McGraw-Hill, 2012.

R3: Thomas Bevan, ―Theory of Machines, CBS Publishers and Distributors, 2010.


Website:

	W1: http://ecoursesonline.iasri.res.in/mod/page/view.php?id=1303 

W2: https://www.sanfoundry.com/1000-theory-machines-questions-answers/
W3:https://www.examveda.com/mechanical-engineering/practice-mcq-question-on-theory-of-machine/


Online Mode of Study:

	https://nptel.ac.in/courses/112/104/112104121/ (Topic No: 1-9)
https://nptel.ac.in/courses/112/106/112106270/ (Topic No: 10-18)
https://nptel.ac.in/courses/112/105/112105268/ (Topic No: 19-27)
https://nptel.ac.in/courses/112/104/112104114/ (Topic No: 28-36)
https://nptel.ac.in/courses/112/101/112101096/ (Topic No: 37-45)


Course Plan:

	Topic No
	Topic
	Books for Reference
	Page No.
	Teaching Methodology
	No. of Hours Required
	Cumulative No. of periods

	UNIT I    KINEMATICS OF MACHINES

	1
	Mechanisms- Terminology And Definitions 
	T1, W1
	3-6
	BB
	01
	01

	2
	Kinematics Inversions Of 4 Bar And Slider Crank Chain 
	T1
	7-18
	PPT
	01
	02

	3
	Kinematics Analysis In Simple Mechanisms 
	T1
	45-46
	PPT
	01
	03

	4
	Velocity And Acceleration Polygons 
	T1
	47-65
	BB
	01
	04

	5
	Cam And Followers 
	T2, R1
	68
	BB
	01
	05

	6
	Classifications 
	T2, R1
	68-69
	BB
	01
	06

	7
	Displacement Diagrams
	T2
	70-72
	BB
	01
	07

	8
	 Layout Of Plate Cam Profiles 
	T2
	72-85
	BB
	01
	08

	9
	Derivatives Of Followers Motion
	T2
	86-95
	BB
	01
	09

	Outcome of Unit I:

At the end of unit, students should be able to

CO 1: Apply kinematics analysis techniques to solve problems related to simple mechanisms, 4-bar and slide crank chain inversions, and cam and follower systems.

	UNIT II  GEARS AND GEAR TRAINS

	10
	Spur Gear 
	T2, W3
	97-98
	BB
	01
	10

	11
	Law Of Toothed Gearing 
	T2, W3
	98-101
	BB
	01
	11

	12
	Involute Gearing 
	T2, W3
	101-103
	BB
	01
	12

	13
	Interchangeable Gears 
	
	532-536
	BB
	01
	13

	14
	Gear Tooth Action Interference And Undercutting 
	T2
	103-114
	BB
	01
	14

	15
	Nonstandard Teeth 
	R2
	236-239
	BB
	01
	15

	16
	Gear Trains 
	T2
	114-123
	BB
	01
	16

	17
	Parallel Axis Gears Trains 
	T2
	123-130
	BB
	01
	17

	18
	Epicyclic gear trains
	T2
	136-142
	BB
	01
	18

	Outcome of Unit II:

At the end of unit, students should be able to

CO 2: Apply the principles of interchangeable gears to solve practical problems in gear design and selection. 

	UNIT III   FRICTION

	19
	Types Of Friction 
	T2, W2
	201-205
	PPT
	01
	19

	20
	Friction Drives 
	T2, W2
	205-210
	BB
	01
	20

	21
	Friction In Screw Threads 
	T2, W2
	213
	BB
	01
	21

	22
	Friction In Screw Threads 
	T2, W2
	213-214
	BB
	01
	22

	23
	Bearings 
	R1, W1
	467-472
	BB
	01
	23

	24
	Friction Clutches 
	T2, W2
	216
	BB
	01
	24

	25
	Friction Clutches 
	T2, W2
	216-234
	BB
	01
	25

	26
	Belt Drives
	T2
	236-241
	BB
	01
	26

	27
	Belt Drives
	T2
	236-241
	BB
	01
	27

	Outcome of Unit III:

At the end of unit, students should be able to

CO 3: Apply knowledge of belt drives to analyze and design systems for optimal power transmission efficiency.

	UNIT IV    BALANCING and MECHANISM FOR CONTROL

	28
	Static and Dynamic Balancing
	T3, W3
	290-292
	BB
	01
	28

	29
	Balancing Of Revolving Masses
	T3, W3
	294-304
	BB
	01
	29

	30
	Balancing Of Reciprocating Masses
	T3, W3
	330-344
	BB
	01
	30

	31
	Balancing Machines 
	T3, W3
	346-356
	BB
	01
	31

	32
	Balancing A Single Cylinder Engine
	T3
	360-361
	BB
	01
	32

	33
	Balancing of Multi-Cylinder Inline
	T3
	362-367
	BB
	01
	33

	34
	V-Engines
	T3
	368-380
	BB
	01
	34

	35
	Partial Balancing In Engines 
	T3
	382-396
	BB
	01
	35

	36
	Governors and Gyroscopic Effects.
	T3
	403-409
	BB
	01
	36

	Outcome of Unit IV:

At the end of unit, students should be able to

CO4: Illustrate the principles of static and dynamic balancing in the context of rotating and reciprocating masses. 

CO5 : Illustrate the principles of underlying governors and gyroscopic effects, emphasizing the relationships between key variables and their implications. 

	UNIT V  VIBRATION

	37
	Free ,Forced And Damped Vibrations Of Single Degree Of Freedom Systems
	R2
	413
	BB
	01
	37

	38
	Free ,Forced And Damped Vibrations Of Single Degree Of Freedom Systems
	R2
	413-425
	BB
	01
	38

	39
	 Force Transmitted To Supports
	R2
	426-437
	BB
	01
	39

	40
	 Vibration Isolation
	R2
	437-449
	BB
	01
	40

	41
	 Vibration Absorption
	R2
	452-460
	BB
	01
	41

	42
	 Torsional Vibration Of Shafts
	R2
	461-464
	BB
	01
	42

	43
	 Single And Multirotor Systems
	R3
	156-162
	BB
	01
	43

	44
	 Geared Shafts
	R3
	166-173
	BB
	01
	44

	45
	 Critical Speed Of Shafts.
	R3
	174-179
	BB
	01
	45

	Outcome of Unit V:

At the end of unit, students should be able to

CO6 :Apply the principles of free, forced, and damped vibrations in single-degree-of-freedom systems. 


Course Outcome:

Apply kinematics analysis techniques to solve problems related to simple mechanisms, 4-bar and slide crank chain inversions, and cam and follower systems. 
Apply the principles of interchangeable gears to solve practical problems in gear design and selection. 
Apply knowledge of belt drives to analyze and design systems for optimal power transmission efficiency. 
Illustrate the principles of static and dynamic balancing in the context of rotating and reciprocating masses. 
Illustrate the principles of underlying governors and gyroscopic effects, emphasizing the relationships between key variables and their implications. 
Apply the principles of free, forced, and damped vibrations in single-degree-of-freedom systems. 
Course Outcome Vs Program Outcome Mapping:

	CO
	K
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12
	PSO1
	PSO2

	CO 1 
	K3
	3
	3
	3
	2
	1
	1
	1
	0
	1
	1
	0
	2
	2
	2

	CO 2
	K3
	3
	3
	3
	3
	1
	1
	0
	0
	0
	0
	0
	3
	2
	2

	CO 3
	K3
	3
	3
	3
	2
	0
	0
	1
	0
	0
	0
	0
	2
	3
	2

	CO 4
	K2
	3
	3
	3
	3
	1
	0
	0
	0
	0
	0
	0
	2
	3
	2

	CO 5
	K2
	3
	2
	2
	3
	0
	0
	0
	0
	0
	0
	0
	2
	2
	2

	CO 6
	K3
	3
	3
	3
	3
	0
	0
	0
	0
	0
	0
	0
	2
	3
	2

	AVG
	3.0 
	2.8 
	2.8 
	2.7 
	0.5 
	0.3 
	0.3 
	0.0 
	0.2 
	0.2 
	0.0 
	2.2 
	2.5 
	2.0 


	Static force analysis

Dynamic force analysis


Content beyond Syllabus:

	Assignment 1:

Batch Details

Register Number

Total Number

Mode of Assignment

Topics

Batch 1

814319101001
11
PPT

kinematics inversions of 4 bar and slide crank chain (Topic No: 2)
814319101003-12
Batch 2

814319101013-14
11
Written

Kinematics Analysis In Simple Mechanisms (Topic No: 3)
814319101016-26
Batch 3

814319101027-37
11
Seminar

velocity and acceleration polygons (Topic No: 4)
Cam and followers (Topic No: 5) Displacement Diagrams (Topic No: 7)
Assignment 2:

Batch Details

Register Number

Total Number

Mode of Assignment

Topics

Batch 1

814319101001

11
Written

Friction Clutches (Topic No: 24)
814319101003-12
Gear Tooth Action Interference And Undercutting (Topic No: 14)
Batch 2

814319101013-14
11
Seminar

Belt Drives (Topic No: 26, 27)
814319101016-26
Law Of Toothed Gearing (Topic No: 11)
Batch 3

814319101027-37
11
PPT

Parallel axis gears trains, epicyclic gear trains (Topic No: 17, 18)
Types of friction, Friction Drives (Topic No: 19, 20)
Assignment 3:

Batch Details

Register Number

Total Number

Mode of Assignment

Topics

Batch 1

814319101001
11
Seminar

Governors and Gyroscopic effects (Topic No: 36)
814319101003-12
Static and Dynamic Balancing (Topic No: 28)
Batch 2

814319101013-14
11
PPT

Free, forced and damped vibrations of single degree of freedom systems (Topic No: 37)
814319101016-26
Balancing of Machines (Topic No: 31)
Batch 3

814319101027-37
11
Written

Balancing Of Reciprocating Masses (Topic No: 30)
Geared Shafts (Topic No: 36)



SIM 1 Questions:

	
	 1. Briefly explain the Classification of Kinematic Pairs. 

2. Discuss the Types of Joints in a Chain

3. Explain the Inversions of Four Bar Chain.

4. Discuss the Inversions of Single Slider Crank Chain.

5. Explain the Inversions of Double Slider Crank Chain.

6. Find out the acceleration of the slider D and the angular acceleration of link CD for the engine mechanism shown in Fig.

The crank OA rotates uniformly at 180 r.p.m. in clockwise direction. The various lengths are: OA = 150 mm ; AB = 450 mm; PB = 240 mm ; BC = 210 mm ; CD = 660 mm.

[image: image1.png]30° A
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7. A cam is to give the following motion to a knife-edged follower :

1. Outstroke during 60° of cam rotation ; 

2. Dwell for the next 30° of cam rotation ;

3. Return stroke during next 60° of cam rotation, and 

4. Dwell for the remaining 210° of cam rotation.

The stroke of the follower is 40 mm and the minimum radius of the cam is 50 mm. The follower moves with uniform velocity during both the outstroke and return strokes. Draw the profile of the cam when (a) the axis of the follower passes through the axis of the cam shaft, and (b) the axis of the follower is offset by 20 mm from the axis of the cam shaft.

8. A cam is to be designed for a knife edge follower with the following data : 1. Cam lift = 40 mm during 90° of cam rotation with simple harmonic motion. 2. Dwell for the next 30°. 3. During the next 60° of cam rotation, the follower returns to its original position with simple harmonic motion. 4. Dwell during the remaining 180°.

Draw the profile of the cam when (a) the line of stroke of the follower passes through the axis of the cam shaft, and (b) the line of stroke is offset 20 mm from the axis of the cam shaft. The radius of the base circle of the cam is 40 mm. Determine the maximum velocity and acceleration of the follower during its ascent and descent, if the cam rotates at 240 r.p.m.

9. Derive the Condition for Constant Velocity Ratio of Toothed Wheels–Law of Gearing.

10. Derive the expression of Velocity of Sliding of Teeth.

11. Compare Between Involute and Cycloidal Gears.

12. 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.

SIM 2 Questions:

	
	1. Two gear wheels mesh externally and are to give a velocity ratio of 3 to 1. The teeth are of involute form ; module = 6 mm, addendum = one module, pressure angle = 20°. The pinion rotates at 90 r.p.m. Determine : 1. The number of teeth on the pinion to avoid interference on it and the corresponding number of teeth on the wheel, 2. The length of path and arc of contact, 3.The number of pairs of teeth in contact, and 4. The maximum velocity of sliding.

2. The speed ratio of the reverted gear train, as shown in Fig. is to be 12. The module pitch of gears A and B is 3.125 mm and of gears C and D is 2.5 mm. Calculate the suitable numbers of teeth for the gears. No gear is to have less than 24 teeth.
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3. 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.

[image: image3.png]



4. In an epicyclic gear of the ‘sun and planet’ type shown in Fig. the pitch circle diameter of the internally toothed ring is to be 224 mm and the module 4 mm. When the ring D is stationary, the spider A, which carries three planet wheels C of equal size, is to make one revolution in the same sense as the sunwheel B for every five revolutions of the driving spindle carrying the sunwheel B. Determine suitable numbers of teeth for all the wheels.

[image: image4.png]



5. Derive the Torque Required to Lift the Load by a Screw Jack.

6. An electric motor driven power screw moves a nut in a horizontal plane against a force of 75 kN at a speed of 300 mm/min. The screw has a single square thread of 6 mm pitch on a major diameter of 40 mm. The coefficient of friction at the screw threads is 0.1. Estimate power of the motor.

7. A vertical screw with single start square threads 50 mm mean diameter and 12.5 mm pitch is raised against a load of 10 kN by means of a hand wheel, the boss of which is threaded to act as a nut. The axial load is taken up by a thrust collar which supports the wheel boss and has a mean diameter of 60 mm. If the coefficient of friction is 0.15 for the screw and 0.18 for the collar and the tangential force applied by each hand to the wheel is 100 N ; find suitable diameter of the hand wheel.

8. A leather faced conical clutch has a cone angle of 30º. If the intensity of pressure between the contact surfaces is limited to 0.35 N/mm2 and the breadth of the conical surface is not to exceed one-third of the mean radius, find the dimensions of the contact surfaces to transmit 22.5 kW at 2000 r.p.m. Assume uniform rate of wear and take coefficient of friction as 0.15.

9. 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 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 200 rev/min, if the maximum permissible tension in the belt is 1 kN, and the coefficient of friction between the belt and pulley is 0.25?

10. 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.

11. 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.

12. 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.

SIM 3 Questions:

	
	1. 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.

2. 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.

3. 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.

4. 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.

5. The arms of a Porter governor are each 250 mm long and pivoted on the governor axis. The mass of each ball is 5 kg and the mass of the central sleeve is 30 kg. The radius of rotation of the balls is 150 mm when the sleeve begins to rise and reaches a value of 200 mm for maximum speed. Determine the speed range of the governor. If the friction at the sleeve is equivalent of 20 N of load at the sleeve, determine how the speed range is modified.

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.

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.

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 part 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.
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