
Department of Mechanical Engineering

GBN GOVT. POLYTECHNIC , NILOKHERI

1

Simple Mechanisms



Kinematic Link or Element
Each part of a machine, which moves relative to some other part, is known as a 
kinematic link (or simply link) or element. A link may consist of several parts, which 
are rigidly fastened together, so that they do not move relative to one another. For 
example, in a reciprocating steam engine,

1st Link: piston, piston rod and crosshead constitute one link

2nd Link: connecting rod with big and small end bearings constitute a second link 

3rd Link: crank, crank shaft and flywheel a third link and

4th Link:   the cylinder, engine frame and main bearing a fourth link.



A link or element need not to be a rigid body, but it must be a
resistant body. 

A body is said to be a resistant body if it is capable of transmitting the 
required forces with negligible deformation.

Thus a link should have the following two characteristics:

1. It should have relative motion, and

2. It must be a resistant body



Types of Links:
In order to transmit motion, the driver and the follower may be connected 
by the following three types of links :

1. Rigid link. A rigid link is one which does not undergo any deformation 
while transmitting motion. Strictly speaking, rigid links do not exist. 
However, as the deformation of a connecting rod, crank etc. of a 
reciprocating steam engine is not appreciable, they can be considered as 
rigid links.

2. Flexible link. A flexible link is one which is partly deformed in a manner 
not to affect the transmission of motion. For example, belts, ropes, chains 
and wires are flexible links and transmit tensile forces only.

3. Fluid link. A fluid link is one which is formed by having a fluid in a 
receptacle and the motion is transmitted through the fluid by pressure or 
compression only, as in the case of hydraulic presses, jacks and brakes.



Structure
It is an assemblage of a number of resistant bodies (known as members) 
having no relative motion between them and meant for carrying loads 
having straining action. A railway bridge, a roof truss, machine frames etc., 
are the examples of a structure.

Difference Between a Machine and a Structure

The following  are important from the subject point of view :

1. The parts of a machine move relative to one another, whereas the 
members of a structure do not move relative to one another.

2. A machine transforms the available energy into some useful work, 
whereas in a structure no energy is transformed into useful work.

3. The links of a machine may transmit both power and motion, while 
the members of a structure transmit forces only.



Kinematic Pair
The two links or elements of a machine, when in contact with each 
other, are said to form a pair. If the relative motion between them is 
completely or successfully constrained (i.e. in a definite direction), the 
pair is known as kinematic pair.

According to the type of contact between the elements. 

The kinematic pairs according to the type of contact between the elements may be 
classified as discussed below :

(a) Lower pair. When the two elements of a pair have a surface contact when 
relative motion takes place and the surface of one element slides over the 
surface of the other, the pair formed is known as lower pair. It will be seen that 
sliding pairs, turning pairs and screw pairs form lower pairs.

(b) Higher pair. When the two elements of a pair have a line or point contact when 
relative motion takes place and the motion between the two elements is partly 
turning and partly sliding, then the pair is known as higher pair. A pair of friction 
discs, toothed gearing, belt and rope drives, ball and roller bearings and cam 
and follower are the examples of higher pairs.



According to the type of relative motion between the elements.
The kinematic pairs according to type of relative motion between the elements may be 
classified as discussed below:

(a) Sliding pair. When the two elements of a pair are connected in such a way that one can only 
slide relative to the other, the pair is known as a sliding pair. The piston and cylinder, cross-
head and guides of a reciprocating steam engine, ram and its guides in shaper, tail stock on 
the lathe bed etc. are the examples of a sliding pair. A little consideration will show, that a 
sliding pair has a completely constrained motion.

[When the motion between a pair is limited to a definite direction irrespective of the direction 
of force applied, then the motion is said to be a completely constrained motion.]

(b)  Turning pair. When the two elements of a pair are connected in such a way that one can only 
turn or revolve about a fixed axis of another link, the pair is known as turning pair. A shaft with 
collars at both ends fitted into a circular hole, the crankshaft in a journal bearing in an engine, 
lathe spindle supported in head stock, cycle wheels turning over their axles etc. are the 
examples of a turning pair. A turning pair also has a completely constrained motion.

(c)  Rolling pair. When the two elements of a pair are connected in such a way that one rolls over 
another fixed link, the pair is known as rolling pair. Ball and roller bearings are examples of 
rolling pair.

(d) Screw pair. When the two elements of a pair are connected in such a way that one element

can turn about the other by screw threads, the pair is known as screw pair. The lead screw of a 
lathe with nut, and bolt with a nut are examples of a screw pair.

(e) Spherical pair. When the two elements of a pair are connected in such a way that one element 
(with spherical shape) turns or swivels about the other fixed element, the pair formed is called 
a spherical pair. The ball and socket joint, attachment of a car mirror, pen stand etc., are the 
examples of a spherical pair.



Kinematic Chain:
a kinematic chain may be defined as a combination of kinematic pairs, joined in 
such a way that each link forms a part of two pairs and the relative motion between 
the links or elements is completely or successfully constrained. 

For example,

the crank shaft of an engine forms a kinematic pair with the bearings which are 
fixed in a pair, 

the connecting rod with the crank forms a second kinematic pair,

the piston with the connecting rod forms a third pair

and the piston with the cylinder forms a fourth pair.

The total combination of these links is a kinematic chain.



To determine, whether it is kinetic chain or not, we have to apply the following two 
equations: 

1. Consider the arrangement of three links A B, BC and C A with pin joints at A , B and 
C as shown in Fig. 5.6. In this case,

Number of links, l = 3

Number of pairs, p = 3

number of joints, j = 3

From equation (i), l = 2p – 4   or 

3 =  2 × 3 – 4 = 2

i.e.    L.H.S. > R.H.S.

Now from equation (ii),                                                                      i.e.    L.H.S. > R.H.S.

Since the arrangement of three links, as shown in Fig. 5.6, does not satisfy the

equations (i) and (ii) and the left hand side is greater than the right hand side, 

therefore it is not a kinematic chain and hence no relative motion is possible

Such type of chain is called locked chain and forms a rigid frame or structure which is 
used in bridges and trusses.

Determination of whether it is Kinetic Chain or not: 

and



2. Consider the arrangement of four links A B, BC, CD and DA as shown in Fig. 5.7. In this case
l = 4, p = 4, and j = 4, From equation (i)

3l = 2 p – 4     or       4 = 2 × 4 – 4 = 4    I.e L.H.S. = R.H.S

From equation (ii), j = (3/2)l − 2  or  4 = (3/2) − 2 =4

i.e. L.H.S. = R.H.S.

Since the arrangement of four links, as shown in Fig. 5.7, satisfy the equations (i) and(ii),

therefore it is a kinematic chain of one degree of freedom.

A chain in which a single link such as A D in Fig. 5.7 is sufficient to define the position of 
all other links, it is then called a kinematic chain of one degree of freedom.

A little consideration will show that in Fig. 5.7, if a definite displacement (say θ) is given 
to the link A D, keeping the link A B fixed, then the resulting displacements of the 
remaining two links BC and CD are also perfectly definite. Thus we see that in a four bar 
chain, the relative motion is completely constrained. Hence it may be called as a 
constrained kinematic chain, and it is the basis of all machines.



3. Consider an arrangement of five links, as shown in Fig. 5.8. In this case,

l = 5, p = 5, and j = 5 From equation (i), 

l = 2 p – 4    or 5 = 2 × 5 – 4 = 6

i.e. L.H.S. < R.H.S.

From equation (ii)

j=(3/2)l – 2     or 5 =3/2 × 5 − 2 = 5.5 
i.e. L.H.S. < R.H.S.

Since the arrangement of five links, as shown in Fig. 5.8 does not 
satisfy the equations and left hand side is less than right hand side, 
therefore it is not a kinematic chain. Such a type of chain is called 
unconstrained chain i.e. the relative motion is not completely 
constrained. This type of chain is of little practical importance.



4. Consider an arrangement of six links, as shown in Fig. 5.9. This chain is 
formed by adding two more links in such a way that these two links form a 
pair with the existing links as well as form themselves a pair.

In this case l = 6, p = 5, and   j = 7

From equation (i),l = 2 p – 4       or 6 = 2 × 5 – 4 = 6

i.e. L.H.S. = R.H.S. 

From equation (ii),
j =(3/2)l − 2    or   7 = (3/2)6 – 2 = 7       i.e. L.H.S. = R.H.S.

Since the arrangement of six links, as shown in Fig.5.9, satisfies the 
equations (i.e. left hand side is equal to right hand side), therefore it is a 
kinematic chain.

Note : A chain having more than four links is known as compound kinematic 
chain.











In general a







Inversions of Single Slider Crank Chain
We have seen in the previous article that a single slider crank chain is 
a four-link mechanism. We know that by fixing, in turn, different links 
in a kinematic chain, an inversion is obtained and we can obtain as 
many mechanisms as the links in a kinematic chain. It is thus obvious, 
that four inversions of a single slider crank chain are possible. These 
inversions are found in the following mechanisms.

1. Pendulum pump or Bull engine

2. Oscillating cylinder engine

3. Rotary internal combustion engine or Gnome engine

4. Crank and slotted lever quick return motion mechanism

5. Whitworth quick return motion mechanism.





Single  Slider  Crank  Chain

In  a four bar kinematic chain there are four 

revolute pairs. If one of this pairs is changed as 

prismatic/sliding pair that kinematic chain is called 

single slider crank chain.

Link 1 – Fixed Link             Link 3 – Connecting Rod

Link 2 – Crank                    Link 4 – Slider / Piston



http://upload.wikimedia.org/wikipedia/commons/8/83/Klyv.gif
http://upload.wikimedia.org/wikipedia/commons/8/83/Klyv.gif


Inversions  of Single Slider Crank  Chain

As there are four links, fixing each link in 

turn, four inversions can be obtained.

In the first inversion, where the link with 

one revolute pair and one prismatic pair is 

fixed.

Example: 1) I.C. Engine mechanism, in     

which the fourth link piston is the input and the 

crank is output.    2) In air compressor, in which 

the second link crank is the input and the 

piston is the output.





Second Inversion of Single Slider Crank Chain

Second link in the original chain, ie., crank with 

two revolute pairs is fixed, second inversion is 

obtained.

1

2
3

4

Link  2 is fixed



Examples for the Second Inversion:

1. Whitworth Quick Return Mechanism

2. Rotary Engine Mechanism







Third Inversion of Single Slider Crank Chain

Third link of the original chain, ie., Connecting 

Rod with two revolute pairs (length of this link is 

more than crank) is fixed to obtain third inversion.

Example: 1. Oscillating Cylinder Mechanism

2. Crank and slotted lever quick return

mechanism





Crank and Slotted Lever Quick Return Mechanism





Fourth Inversion of Single Slider Crank Chain

In the original chain, if the fourth link with revolute 

pair and prismatic pair is fixed, then the fourth 

inversion is obtained.

Example : Hand Pump





Double Slider Crank Chain

This Chain has two revolute pairs and two 

prismatic pairs. The first inversion is with a link 

with revolute pair and  prismatic pair is fixed. 

Example: Scotch Yoke Mechanism, which is 

also called as Sinusoidal Generator.



•





The Second inversion of the double slider 

crank chain is obtained when the link with two 

prismatic pairs is fixed.

Example : Elliptic Trammel
X =  BC cosθ

Y =  AC sinθ

(X / BC) = cosθ

(Y / AC) = sinθ

(X2 / BC2) = cos2θ

(Y2 / AC2) = sin2θ

(X2 / BC2)  + (Y2 / AC2) = cos2θ + sin2θ

(                                                                        = 1

Equation for Ellipse.



//upload.wikimedia.org/wikipedia/commons/f/fa/Trammel_of_Archimedes_Small_White.gif
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•



Third inversion of the double slider crank 

chain is obtained when the link two revolute 

pairs is fixed.

Example: Oldham coupling, which is used to 

connect two parallel misaligned  shafts.



CHAPTER 2

• POWER TRANSMISSION



The belts or ropes are used to transmit power from  

one shaft to another by means of pulleys which  

rotate at the same speed or at different speeds. The  

amount of power transmitted depends upon the  

following factors :

Velocity of the belt.

Tension under which the belt is placed on the  

pulleys.

Arc of contact between the belt and the smaller  

pulley.



Conditions under which the belt 

is used

The shafts should be properly in line to insure  

uniform tension across the belt section.

The pulleys should not be too close together, in  

order that the arc of contact on the smaller pulley  

may be as large as possible.

The pulleys should not be so far apart as to cause  

the belt to weigh heavily on the shafts, thus  

increasing the friction load on the bearings



A long belt tends to swing from side to side, causing  

the belt to run out of the pulleys, which in turn  

develops crooked spots in the belt.

The tight side of the belt should be at the bottom, so  

that whatever sag is present on the loose side will  

increase the arc of contact at the pulleys.

 In order to obtain good results with flat belts, the  

maximum distance between the shafts should not  

exceed 10 metres and the minimum should not be  

less than 3.5 times the diameter of the larger pulley.



Selection of a Belt

Driv

eSpeed of the driving and driven shafts,

Speed reduction ratio,

Power to be transmitted

Centre distance between the shafts,

Positive drive requirements

Shafts layout,

Space available

Service conditions.



Types of Belt

Drive

s
Light drives.- These are used to transmit small  

powers at belt speeds upto about 10 m/s, as in  
agricultural machines and small machine tools.

Medium drives.-These are used to transmit medium
power at belt speeds over 10 m/s but up to 22 m/s,
as in machine tools.

Heavy drives.- These are used to transmit large  
powers at belt speeds above 22 m/s, as in  
compressors and generators.

















Let d1, d2 = Diameter of the driver & follower

N1& N2 = Speed of the driver & follower in r.p.m• Length of the belt that passes over the 
driver, in one minute
• = π d1.N1

• Length of the belt that passes over the 
follower, in one minute
• = π d2 . N2

• Since the length of belt that passes 

over the driver in one  minute is equal 

to the length of belt that passes over 

the  follower in one minute, therefore

• π d1N1  =π d2 N2

• Velocity ratio



When the thickness of the belt (t) is considered, then  

velocity ratio

peripheral velocity of the belt on the driving pulley

peripheral velocity of the belt on the driven or  

follower pulley



Velocity Ratio of a Compound Belt Drive



Slip of

Belt
Sometimes, the frictional grip becomes insufficient.

This may cause some forward motion of the driver

without carrying the belt with it. This may also cause

some forward motion of the belt without carrying the

driven pulley with it. This is called slip of the belt

and is generally expressed as a percentage.







Chain

drives
Chain drives are used to transmit rotational motion and

torque from one shaft to another, smoothly, quietly, and

inexpensively.

Provide the flexibility of a belt drive with the positive  

engagement feature of a gear drive.

Suited for applications with large distances (8m) between  

the respective shafts, slow speed, and high torque.

More complex design than a belt drive



Types of Chains

Chains are made from a series of interconnected links.

Roller chain

•. A roller chain is the most common type of chain used for power  

transmission.
• Large roller chains are rated to 450 kW. The roller chain design provides

quiet and efficient operation but must be lubricated.



 Multiple-strand chains used to increase the amount of  

power transmitted by the chain drive.

 A multi-strand factor has been experimentally  

determined.

 Power per chain =

total power transmitted/multi-strand factor

Multiple-strand roller chain



Construction of bush-roller chain

Standard sizes: p = (6.35 – 76.0) mm,

d = (7.772 – 47.625)mm, l = (6.35 – 47.625)mm,  

t = 0.762 – 9.525)mm,

Tensile strength F = 4.114 – 578.24 kN



Silent chain

An inverted tooth, silent chain is the expensive chain to

manufacture.

It efficiently used in applications that require high-speed,  

smooth, and quiet power transmission (machine tools).

Lubrication is required to keep these in reliable operation. .



Construction of a silent chain



Chain Pitch

Chains are classified by a pitch, p, which is the

distance between the pins that connect the

adjacent links.

Roller chains have a size designation according

to the power transmission requirements.

Sprockets

Sprockets are the toothed wheels that connect to the shaft and  

mate with the chain. The teeth on the sprocket are designed with  

geometry to conform to the chain pin and link.



CHAIN DRIVE GEOMETRY



The number of teeth, N, in the sprocket is a  

commonly referenced property.

Sprockets should have at least 17 teeth, unless they  

operate at very low speeds, under 100 rpm.

The larger sprocket should normally have no more  

than 120 teeth.

It is preferable to have an odd number of teeth on  

the driving sprocket (17, 19.... ) and an even  

number of pitches (links) in the chain to avoid a  

special link.



The pitch diameter, D, of the sprocket is measured to  

the point on the teeth where the center of the chain  

rides.

The pitch diameter of a sprocket with N teeth for a  

chain with a pitch of p is determined by

D  p /sin(180 0 / N)

•The chain length, L, is the total length of the chain expressed in number of links, or  

pitches, computed as

4 2Cp

2C
L  2 1


N 2  N1 p(N  N )

2

2



The center distance for a given chain length computed  
as

4 4 2

8(N  N )2

2 1 ] (L 2 1 )2

2

p N  N N  N
[L 2 1

2
C 

The angle of contact, θ, is a measure of the angular  

engagement of the chain on each sprocket.

p(N2  N1 )  

2C2C

p(N2  N1 ) ,  2sin 1
2 1800

1  1800  2sin 1

Θ ≥ 1200 – recommendation of manufacturers.

In operation, chain drives should be designed so that  

the slack side is on the bottom or lower side.
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CHAPTER 3



Flywhee

l
A rotating mechanical device that is used to store rotational

energy.

A flywheel is used in machines , serves as a reservoir which

stores energy during the period where the supply of energy is

more than the requirement.

Conversely, a flywheel releases stored energy by applying

torque to a mechanical load, thereby decreasing the flywheel's

rotational speed.



Flywhee

l
duringIn other words it can be defined as “it stores energy   

power stroke and delivers during idle strokes”.

A little considerations will show that when the flywheel  

absorbs energy, its speed increases and when it releases, the  

speed decreases. Hence a flywheel does not maintain a constant  

speed, it simply reduces the fluctuation of speed.

The flywheel’s position is between the engine and clutch patch  

to the starter.



Flywheel

positio

n



A Flywheel is used to maintain constant angular

velocity  of the crankshaft in a reciprocating engine. 

In this case,  the flywheel—which is mounted on 

the crankshaft— stores energy when torque is 

exerted on it by a

firing piston and it releases energy to its mechanical 

loads  when no piston is exerting torque on it.



Energy stored in a

flywheel
Rotational Kinetic Energy, E = ½ Iω2

where,

I - moment of inertia of the flywheel (ability of an  
object to resist changes in its rotational velocity)

ω - rotational velocity (Rad / sec)

The moment of inertia, I = kMr 2

where,

M - mass of the flywheel

r - radius of flywheel

k - inertial constant.



k depends on the shape of the 

rotating object. Shape-factor K 

for  different planar stress

geometries

So for a solid disk ; I = Mr 2 /2



Co efficient of fluctuation of speed ( 

Cs )

The difference between the max and min speeds during a cycle is  
called the max fluctuation of speed.

The ratio of the max fluctuation of speed to the mean speed is  
called coefficient of fluctuation of speed.

Cs = (N1- N2 )/N

= 2( N1-N2 ) / N1 +N2

where N1 = max speed in r.p.m.  

N2 = min speed in r.p.m.  

N = mean speed in r.p.m.

= (N1 + N2) / 2



Permissible values for

CSS.NO Types of machines Coefficient offluctuation  

of speed (CS )

1 Engines with belt transmission 0.030

2 Gear wheel transmission 0.020

3 Crushing machines 0.200

4 Electrical machines 0.003

5 Hammering machines 0.200

6 Pumping machines 0.03-0.05

7 Machine tools 0.030



Construction of

Flywheel
Flywheels are typically made of steel and rotate on

• conventional bearings; these are

generally limited to a  

revolution rate of a few thousand RPM

• The flywheel of smaller size( upto 600 mm

dia )are casted in one piece. The rim and

the hub are joined together by means of

web.





Constructio

n

If flywheel is of larger size (upto 2-5 meters diameter ), then it

is made of arms.

The number of arms depends upon the size of the flywheel and

its speed of rotation. But the flywheels above 2-5 meters are

usually casted in two pieces. Such a flywheel is known as “

split flywheel “.

A split flywheel has the advantage of relieving the shrinkage

stresses in the arms due to unequal rates of cooling of casting.



Application

s
Providing continuous energy when the energy source is  
discontinuous. For example, flywheels are used in  
reciprocating engines because the energy source, torque from  
the engine, is intermittent.

Delivering energy at rates beyond the ability of a continuous  
energy source. This is achieved by collecting energy in the  
flywheel over time and then releasing the energy quickly, at  
rates that exceed the abilities of the energy source.

Dynamic balancing of rotating elements.

Energy storage in small scale electricity generator sets



Other

Applications



Turning moment diagram of  a 

steam engine
Max.fluctuation 

of energy



Max.fluctuation of 

energy

=9  rad /sec

Turning moment diagram 

of  a 4-stroke engine



Turning moment diagram

of  a mechanical press



Turning moment diagram



Flywheel



















Q- The vertical scale of the turning – moment diagram 

for a multi-cylinder engine is 1 cm = 7000 Nm of torque 

and the horizontal scale is 1 cm = 30 o of crank rotation. 

The areas (in cm 2) of the turning moment diagram 

above and below the mean torque line taken in order are           

-0.5, +1.2, -0.95, + 1.55, -0.85, +0.61, -1.06.

The engine speed is 700 rpm and it is desired that the 

fluctuation from minimum to maximum speed should not 

to be more than 2 % of the average speed. Determine 

the moment of inertia of the flywheel. .(2007) (Ans. 60 

kg. m2)



Flywheels as energy reservoir :

F

L

Y

W

H

E

E

L

Crank shaft

Main brgs

Crank pin brg



Example : (  flywheel calculation )

The  torque exerted on the crank of a two stroke

engine Is given as 

T ( ) 

= [15,000+2,000sin 2() – 1,800cos 2()]  N.m

If the load torque on the engine is constant,

Determine the following :

1.Power of the engine if the mean speed is 150 rpm.

2.M.I of the flywheel if Ks =0.01

3.Angular  acceleration of the flywheel  for   =30 o



T,
N

m

T
T r=Ta =15,000N.m

2 = 111o1= 21o 

T-  diagram of the example problem

E max

13,200

0



Solution :

T av = 1 /2 ∫
0

2
M d

= 1 /2 ∫0 

2
(15000+2000sin 2() - 1800cos 2()) d

= 15,000 N.m  = T r  ( resisting torque)

Work output /cycle = (15,000 X 2 ) N.m 

Work output /second   = 15,000 X 2 ( 150 /60 ) W

Power of the engine    = 235.5  k W



The value of   at which T- diagram 

intersect with T r are given by

[15000+2000sin 2() - 1800cos 2()] = 15,000 N.m

or

[2000sin 2() - 1800cos 2()] = 0,  

 tan2 =0.9

2()1   = 42o   &        2()2 = (180+ 42)o

()1  = 21o    &          ()2 =  111o

E max = ∫
()1

() 2

( 2000sin 2() - 1800cos 2()) d

= 2690.2 N.m

Contd….



We have  Ks = 0.01 &   =  (150 X 2)/ 60

=15.7 rad /s

Using the relation , E max = I 2 Ks

M.I of the flywheel   , I =    2690.2 / (15.7 2 X 0.01)

= 1090 kg.m2

when  = 30o , T =  15,000+ 1732 -900 = 15,832 N.m

Hence  ang. acceleration of the flywheel at  = 30o

 30 = (15,832 -15,000) /  1090  

= 0.764 rad /s2



Flywheels of punching presses:

Prime mover shaft torque Load torque

Reciprocating        varying torque           constant

Engine

Electrical                 constant                varying torque

Motors for

Press operation  



IDC

1



t

tool

job

2

1 2


Motor torque

Peak torque

Assuming uniform velocity of the tool,

(2- 1) / 2  = t / 2 s  = t  / 4 r

r

T- diagram of press

machine 

torque



Example :

Operation :3.8 cm dia hole in 3.2 cm plate

Work done in punching  : 600 N.m  / cm2 

of sheared area

Stroke of the punch  : 10.2 cm

No. of holes punched  : 6 holes /min

Max speed of the flywheel at its rg = 27.5 m /s

Min speed of the flywheel at  its rg = 24.5 m /s

To find :

Power of the motor of the machine  ?

Mass of the required flywheel          ?



Solution :

Sheared area /hole  =  d t =  X 3.8 X 3.2 = 38.2 cm2

 work done in shearing /hole  = 38.2  X 600 

= 22,920 N.m

 work done / minute = (22,920 X 6)  N.m

Power of the motor = (22,920 X 6) / 60 

= 2.292 k W

We have,   t /2s = 3.2 / (2 X 10.2) 

=3.2 / 20.4= (2- 1) / 2 

Energy required  by the machine / cycle = 22,920 N.m

Energy delivered by the motor during actual Punching

i.e ( when crank rotates from 1 to 2 )

= 22,920 X ( t /2s )

= 22,920 X (3.2 /20.4) 

= 3,595 N.m

Contd  …



 Max .fluctuation of energy,

E max = 22,920- 3595 =19,325 N.m

= I ( 1
2 - 2

2 ) / 2

= m rg
2 ( 1

2 - 2
2 ) / 2

But rg
2 1

2  =  27.5 m/s     & rg
2 2

2 = 24.5 m/s

 m (  27.5 2 -24.5 2) / 2   = 19,325

m  =  244  k g



CHAPTER 4

GOVERNOR



INTRODUCTION
The function of governor is to regulate the speed of an

engine when there are variation in the load

Eg. When the load on an engine increases, its speed decreases,

therefore it is necessary to increase the supply of working fluid & vice-

versa. Thus, Governor automatically controls the speed under varying

load.

Types of Governors:

The governors may broadly be classified as

1)Centrifugal governors

2)Inertia governors



The centrifugal governors may further be classified as follows:

Centrifugal governor

Pendulum type Loaded  type

Watt governor
Dead weight 

governor

Spring controlled 

governor

Porter governor Proell governor

Pickering 

governor

Hartung  

governor

Wilson - Hartnel 

governor

Hartnell 

governor



CENTRIFUGAL GOVERNORS

The centrifugal governors are based on the balancing

of centrifugal force on the rotating balls for an equal and

opposite radial force, known as the controlling force. It

consist of two balls of equal mass, which are attached to the

arms as shown in fig. These balls are known as governor

balls or fly balls.



when the load on the engine increases, the engine and

the governor speed decreases. This results in the

decrease of centrifugal force on the balls. Hence the

ball moves inward & sleeve moves downwards. The

downward movement of sleeve operates a throttle valve

at the other end of the bell rank lever to increase the

supply of working fluid and thus the speed of engine is

increased. In this case the extra power output is

provided to balance the increased load.





When the load on the engine decreases, the engine and

governor speed increased, which results in the increase of

centrifugal force on the balls. Thus the ball move outwards

and sleeve rises upwards. This upward movement of sleeve

reduces the supply of the working fluid and hence the speed

is decreased. In this case power output is reduced.



Note : When the balls rotate at uniform speed, controlling force is equal to the centrifugal force and they  balance each other.

Fig. 18.1. Centrifugal governor.



Terms Used in Governors

The following terms used in governors are important from the

subject point of view ;

1. Height of a governor. It is the vertical distance from the centre of

the ball to a point where the axes of the arms (or arms produced)

intersect on the spindle axis. It is usually denoted by h.

2. Equilibrium speed. It is the speed at which the governor balls,

arms etc., are in complete equilibrium and the sleeve does not tend to

move upwards or downwards.

3. Mean equilibrium speed. It is the speed at the mean position of

the balls or the sleeve.

4. Maximum and minimum equilibrium speeds. The speeds at the

maximum and minimum radius of rotation of the balls, without

tending to move either way are known as maximum and mini- mum

equilibrium speeds respectively.

Note : There can be many equilibrium speeds between the mean and

the maximum and the mean and the mini- mum equilibrium speeds.

5. Sleeve lift. It is the vertical distance which the sleeve travels due



Watt Governor





It is the simplest form of centrifugal governor. It is

basically a conical pendulum with links attached to a sleeve

of negligible mass. The arms of governors may be

connected to the spindle in following three ways;

1. The pivot P, may be on the spindle axis

2. The pivot P, may be offset from spindle axis & the arms

when produced intersect at O.

3. The pivot P, may be offset, at the arms crosses the axis at

O.



Let,

m = Mass of the Ball in Kg

w = Weight of the ball in Newton (= m.g)

T = Tension in the arm in N

 = Angular velocity of arm and ball about the spindle axis in 

rad/sec.

r = Radius of path of rotation of ball in mtrs.

Fc = Centrifugal force acting on the balls in Newtons (m 2r)

h = Height of governor in mtrs.



Fc x h = W x r

mr 2 x  h   =   m.g.r

h  =   g / 2

When g is in m/s2 and  is in rad/sec, then h is in mtrs.  If N is the 

speed in r.p.m. then

 =   2N / 60

H   =   9.81 / (2N / 60)

=    895 / N2 mtrs.

Final Equations:



Porter governor





The porter governor is a modification of a Watt’s

governor, with central load attached to the sleeve. The

load moves up and down the central spindle. This

additional downward force increases the speed of

revolution required to enable the balls to rise to any

predetermined level.



Let,

m = mass of each ball

w = Wt. of each ball

M = mass of central load 

W = Wt. of central load

r = Radius o rotation 

h = Height of governor 

N = Speed o ball in r.p.m.

 = Angular speed o balls

Fc = centrifugal force 

Let,

T1 = Force on the arm

T2 = Force in the links

 = Angle of inclination of 

arm to vertical

 = Angle of inclination of 

link to vertical



Final Equations:

mg + ( M.g ± F)/2

m.g
2) N2 = x

895

h

(1+q) x With 

Friction

3) h =
(m + M)

m

x
g

2

1) N2 
=

(m + M)

m
x

895

h

Without Friction



Hartnell Governor





It is a spring loaded governor, consists of two bell crank

levers pivoted at the pts. O, O to the frame. Frame is attached to

the governor spindle and therefore rotates with it. Each lever

carries a ball at the end of the vertical arm OB & a roller at the end

of horizontal arm OR. A helical spring in compression provides

equal downward forces on two rollers through collar on the sleeve.

The spring force may be adjusted by screwing a nut up or down

on the sleeve.



Let,

m = mass of each ball

M = Mass of sleeve in kg.

r1 = Minimum radius of rotation 

r2 = maximum radius of rotation

r = Distance of fulcrum O from gov. axis. 

1 = Angular speed of governor at r1

2 = Angular speed of governor at r2

S1 = Spring force exerted on the sleeve at 1

S2 = Spring force exerted on the sleeve at 2

Fc1 = centrifugal force at 1 

Fc2 = centrifugal force at 2

S =  Stiffness of the spring 

X =  Length of vertical or ball arm

Y = length of horizontal or sleeve 

arm



Final Equations:

S =
S2 – S1

h
= 2

Fc2 – Fc1

r2 – r1

x

y

2

Fc = Fc1 +  (Fc2 – Fc1) r – r1

r2 – r1
= Fc2 -- (Fc2 – Fc1)

r2– r

r2 – r1



Sensitiveness of Governors

Consider two governors A and B running at the same speed. When this

speed increases or decreases by a certain amount, the lift of the sleeve of

governor A is greater than the lift of the sleeve of governor B. It is then said

that the governor A is more sensitive than the governor B.

In general, the greater the lift of the sleeve corresponding to a given

fractional change in speed, the greater is the sensitiveness of the governor.

It may also be stated in another way that for a given lift of the sleeve, the

sensitiveness of the governor increases as the speed range decreases. This

definition of sensitiveness may be quite satisfactory when the governor is

considered as an independent mechanism. But when the governor is fitted to

an engine, the practical requirement is simply that the change of equilibrium

speed from the full load to the no load position of the sleeve should be as

small a fraction as possible of the mean equilibrium speed. The actual

displacement of the sleeve is immaterial, provided that it is sufficient to

change the energy supplied to the engine by the required amount. For this

reason, the sensitiveness is defined as the ratio of the difference between

the maximum and minimum equilibrium speeds to the mean equilibrium

speed.



Let

N1 = Minimum equilibriumspeed,

N2 = Maximum equilibrium speed, and

N = Mean equilibrium speed 
N1  N2 .

2

 Sensitiveness of the governor


N2  N1 

2(N2 – N1)  N

N1  N2

STABILITY OF A GOVERNOR

A governor is said to be stable when for every speed

within the working range there is a definite configuration i.e.

there is only one radius of rotation of the governor balls at

which the governor is in equilibrium. For a stable governor,

if the equilibrium speed increases, the radius of governor

balls must also increase.

Note : A governor is said to be unstable, if the radius of

rotation decreases as the speed increases.



Isochronous Governors

A governor is said to be isochronous when the equilibrium speed is constant

(i.e. range of speed is zero) for all radii of rotation of the balls within the working

range, neglecting friction. The isochronism is the stage of infinite sensitivity.

Let us consider the case of a Porter governor running at speeds N1 and N2

r.p.m.

For isochronism, range of speed should be zero i.e. N2 – N1 = 0 or N2 = N1. Therefore

from equations (i) and (ii), h1 = h2, which is impossible in case of a Porter governor. Hence

a Porter governor cannot be isochronous.

mg + ( M.g ± F)/2

m.g
ii) N22 = x

895

h2
(1+q) x With 

Friction

mg + ( M.g ± F)/2

m.g
i) N12 = x

895

h1
(1+q) x With 

Friction

Note : The isochronous governor is not of practical use because the sleeve will move to one of its extreme

positions immediately the speed deviates from the isochronous speed.



Hunting

A governor is said to be hunt if the speed of the engine fluctuates

continuously above and below the mean speed. This is caused by a

too sensitive governor which changes the fuel supply by a large

amount when a small change in the speed of rotation takes place. For

example, when the load on the engine increases, the engine speed

decreases and, if the governor is very sensitive, the governor sleeve

immediately falls to its lowest position. This will result in the

opening of the

control valve wide which will supply the fuel to the engine in excess of its

requirement so that the engine speed rapidly increases again and the

governor sleeve rises to its highest position. Due to this movement of the

sleeve, the control valve will cut off the fuel supply to the engine and thus

the engine speed begins to fall once again. This cycle is repeated

indefinitely.

Such a governor may admit either the maximum or the minimum

amount of fuel. The effect of this will be to cause wide fluctuations in the

engine speed or in other words, the engine will hunt.



Effort and Power of a Governor

The effort of a governor is the mean force exerted at the sleeve

for a given percentage change of speed* (or lift of the sleeve). It

may be noted that when the governor is running steadily, there is no

force at the sleeve. But, when the speed changes, there is a resistance

at the sleeve which opposes its motion. It is assumed that this

resistance which is equal to the effort, varies uniformly from a

maximum value to zero while the governor moves into its new

position of equilibrium.

The power of a governor is the work done at the sleeve for a

given percentage change of speed. It is the product of the mean

value of the effort and the distance through which the sleeve moves.

Mathematically,

Power = Mean effort × lift of sleeve




