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UNIT-I 

FLYWHEEL 

INTRODUCTION 

In observation, there ar 2 following kinds of cases wherever internal-combustion engine 

mechanism is employed: (a) an enclosed combustion engine or a external-combustion engine 

that is used as a major mover to drive generators, centrifugal pumps, etc. (b) A punching 

machine that is driven by a main mover like motor. 

In each these cases either a variable torsion is provided wherever demand may be a constant 

torsion or demand is variable torsion whereas constant torsion is provided. In each these cases 

there's mate between the availability and demand. This leads to speed variation. just in case of 

generators, speed variation leads to amendment in frequency and variation in voltage. On the 

opposite hand, punching machine needs energy at little interval only if punching is finished. to 

provide such massive energy at the time of punching, motor of high power shall be needed. At 

constant time, there'll be massive variation in speed. To smoothen these variations in torsion, 

regulator is employed that works as a energy storage. This leads to usage of low power motor 

in punching machine 

Objectives After studying this unit, you should be able to  

1. explain the method of drawing turning moment diagram for a prime mover,  

2. determine the fluctuation of energy in a cycle,  

3. determine the power of prime power, and  

4. determine mass moment of inertia of a flywheel and design it. 

Turning Moment Diagram of a Single Cylinder 4-stroke IC Engine 

If the effect of correction couple is ignored, the approximate turning moment    

M = (Gas force + Inertia force) O2 D  

The diag a  hi h is plotted fo  M  agai st a k a gle Ɵ  is alled tu i g o e t diag a . 

This diagram can be plotted progressively as explained below :  

(a) There are two forces, i.e. gas force and inertia force.  

Gas force = p×Piston area  
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where p is the gas pressure. 

 

The variation in the gas force will be due to the change in pressure. The gas force and inertia 

force have been plotted in Figure. for all the four strokes.  

(b) The net force is the resultant of gas force and inertia force. It can be plotted in reference to 

Ɵ as shown in Figure. 

 

 

(c) The value of O2D is given by  

 

O2 D = r(sinƟ + osƟ. ta ɸ )   

 

Fo  a ious alues of Ɵ, O D a  e dete i ed a d the  plotted.  

 

The plot of this is shown in Figure 
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(d) The app o i ate tu i g o e t M  = Net fo e  O D. The plot of M  Vs Ɵ is sho  i  

Figure  

 

The turning moment within the suction stroke and exhaust stroke is extremely tiny. just in case 

of compression stroke and enlargement stroke turning moment is higher. In compression 

stroke, energy is to be provided and in enlargement stroke, great deal of energy is accessible. 

By mensuration the turning moment diagram, it's discovered that the energy is provided in 3 

strokes and energy is accessible solely in one stroke. Therefore, 3 strokes, i.e. suction stroke, 

compression, and exhaust stroke the engine is starving of energy and in enlargement stroke it's 

gather energy. At constant time it's discovered that there's giant variation of turning moment 

throughout the cycle. The variation within the turning moment ends up in corresponding 

variation in speed of the crank. 
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Turning Moment Diagram of a Multi-cylinder 4-stroke IC Engine  

In case of multi cylinder engine there will be more expansion strokes. For example, in the case 

of three cylinder engine, there will be three expansion strokes in each cycle. In case of 4 

cylinder 4-strokes engine there will be four expansion strokes. Therefore, in multi cylinder 

engine there will be lesser variation in turning moment as compared to single cylinder engine 

and consequently there is expected to be less variation in speed. The turning moment diagram 

for a multi cylinder engine is expected to be as shown in Figure. Therefore the variation in the 

turning moment reduces with the increase in the number of cylinders. 

 

Turning Moment Diagram of a Single Cylinder Double Acting Steam Engine  

The cylinder and piston arrangement of the steam engine is shown in Figure.(a) and turning 

moment diagram is shown in Figure.(b) 
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For outstroke,  force = steam pressure x area of the piston.  

For instroke, force = steam pressure x (area of piston – area of piston rod).  

During out stroke the area over which steam pressure acts is more as compared to in stroke 

where some of the area is occupied by the piston rod. Because of the difference in the available 

areas there is difference in the maximum turning moments in the two strokes. Steam pressure 

is nearly constant and variation in the turning moment is due to the value of O2D and inertia 

force of the reciprocating masses. As compared to the single cylinder 4-stroke engine, the 

variation in turning moment is less in case of double acting steam engine 

FLYWHEEL DESIGN 

It has been discussed in the preceding section that fluctuation of energy results in fluctuation of 

the crank shaft speed which then results in fluctuation of the kinetic energy of the rotating 

parts. But the maximum permissible fluctuation in speed of the crank shaft is determined by 

the purpose for which the engine is to be used. Therefore, to keep the maximum fluctuation of 

speed within a specific limit for a given maximum fluctuation of energy, a flywheel is mounted 

on the crank shaft.  

Mass Moment of Inertia of Flywheel for an IC Engine  

The function of the flywheel is to store excess energy during period of harvestation and it 

supplies energy during period of starvation. Thereby, it reduces fluctuation in the speed within 

the cycle. Let 1 be the maximum angular speed and 2 be the minimum angular speed. Let I 

be the mass moment of inertia of the flywheel. Neglecting mass moment of inertia of the other 

rotating parts which is negligible in comparison to mass moment of inertia of the flywheel. 

Maximum kinetic energy of flywheel  

    (K.E.)max. =   

Minimum kinetic energy of flywheel  

   (K.E.)min. =  
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Change in K.E., i.e.  

Δ K.E =    

=  
K.E. = fluctuation in energy, i.e.  E 

=  
=  
=  
as, 
= x (

��) 

= x (
� ) 

s x 2 

Mass Moment of Inertia of Flywheel for a Punching Press 

In this case torque supplied is constant because these machines are driven by the electric 

motor but the demand torque, i.e. resisting torque varies during cycle. The example of them 

are punching press, shearing machine, etc.  
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The schematic diagram of punching press is shown in Figure. In place of slider in slider crank 

mechanism, punching tool is used. Since motor is used to drive this press, the torque supplied 

shall be constant. On the other hand, high resisting torque will act when punching operation is 

done, i.e. from to. After this operation the resisting torque will be almost zero. Unless 

a flywheel is used, the speed of the crank shaft will be very high when resisting torque is very 

small and substantial decrease in speed shall take place when punching operation is done. If 

flywheel is provided, the excess energy shall be absorbed in the flywheel and it will be available 

when punching operation is being done where energy is deficient. It will result in reduction of 

the power of motor required if a suitable flywheel is used.    

Let E be the energy required for punching one hole. For a stable operation, the energy supplied 

to the crank for one revolution should also be equal to E.  

The flu tuatio  of e e g  E  = E e g  e ui ed fo  o e pu h – Energy supplied                 

during punching Energy E = Work done in punching hole  

=   Maximum force, P  Thickness of plate  

Here,  P = Sheared area  Shear strength 

Energy supplied during punching  � × Ɵ − Ɵ�  

E = E - 
� × Ɵ −Ɵ�  

E = E [1 - 
Ɵ −Ɵ� ] 

Angles 1 and 2 should be in radians. Let t be the thickness of the plate in which holes are to 

be punched.   

s be the length of the stroke.   
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r be the length of the crank.  

l be the length of the connecting rod.  

1 and 2 can be determined geometrically  

If: r, l and t are known. The rough estimate can also be made as follows: Ɵ − Ɵ� =  = 4  

E = E [1 - 
�4�] s x 2 

The mass moment of inertia of the flywheel for a given value of coefficient of fluctuation of 

speed can be determined. In order to reduce the size of flywheel it will be better to mount the 

fl heel o  a shaft ha i g highe  alue of  .   

SUMMARY 

It has been determined that the usage of internal-combustion engine mechanism leads to 

fluctuation of energy. In such cases use of regulator is important so as to cut back fluctuation in 

speed throughout the cycle. a main mover of lower power will serve the aim if a regulator is 

employed. For planning a regulator, the rod is replaced by a dynamically equivalent link in order 

that the reciprocatory mass will be determined additional accurately.  

Flywheel absorbs excess energy within the type of K.E. throughout amount of harvestation and 

provides it whenever the energy provided is a smaller amount throughout the amount of 

starvation. just in case of single cylinder four stroke IC engine, regulator provides energy 

throughout suction, compression and exhaust strokes and stores excess energy provided 

throughout growth stroke. Therefore, regulator facilitates running of the engine and reduces 

fluctuations within the speed.  

In case of punching machine, energy is provided by the motor that torsion is constant however 

energy needed is incredibly high once punching operation is finished. The regulator provides 

energy throughout punching and stores energy throughout idle time once no punching is 
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finished. This leads to necessities of lower power motor and having lower fluctuation within the 

speed.KEY WORDS  

Dynamically Equivalent Link: It is link which has point masses at two points such that 

 (a) Total mass is same, (b) centre of gravity is at the same position, and (c) mass moment of 

inertia about an axis through CG remains same. 

Turning Moment: It is the moment of the force at crank pin with respect to the crank centre  

Turning Moment Diagram: It is the diagram plotted with turning moment on the Y-axis and 

angle of rotation of crank for one cycle on the X-axis.  

Fluctuation of the Energy : It is the difference between the maximum energy at a point on the 

mean torque line and minimum energy at another point on the mean torque line.  

Coefficient of the Fluctuation of Energy: It is the ratio of fluctuation of energy to the energy 

Fluctuation Energy of the cycle.  

Fluctuation of Speed: It is the difference in maximum angular speed and minimum angular 

speed.  

Coefficient of Fluctuation of speed: It is the ratio of fluctuation of speed to the average angular 

speed. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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