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UNIT-II 

Engine Force Analysis and Turning Moment Diagram 

 Forces acting on the engine are weight of reciprocating masses & CR, gas forces, Friction & inertia 

forces (due to acceleration & retardation of engine elements). 

i) Piston effort (effective driving force) 

-Net or effective force applied on the piston. 

In reciprocating engine: 

The reciprocating parts (masses) accelerate during the first half of the stroke and the 
inertia forces tend to resist the same. Thus, the net force on the piston is reduced. During the 
later half of the stroke, the reciprocating masses decelerate and the inertia forces oppose this 
deceleration or acts in the direction of applied gas pressure and thus effective force on piston is 
increased. 

In vertical engine, the weights of the reciprocating masses assist the piston during out 
stroke (down) this increasing the piston effort by an amount equal to the weight of the piston. 
During the in stroke (up) piston effect is decreased by the same amount. 

Force on the piston due to gas pressure; FP =P1A1– P2A2 

P1=Pressure on the cover end, 
P2= Pressure on the rod 
A1=area of cover end, 
A2= area of rod end, 
m=mass of the reciprocating parts. 

 

ii) Force (Thrust on the CR) 
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Difference between Governor and Flywheel: 

A governor controls the speed of the output shaft within close limits, but its action 

depends upon controlling the amount of working fluid to the engine as required by the load on 

the engine. The flywheel, on the other hand, serves only to smooth out the energy transfer in 

each energy cycle. For example, if an engine is operating at quarter load, with the governor in a 

particular position controlling the amount of working media to the engine; the flywheel would 

take care of redistributing the energy throughout a cycle. If the load was increased to full load 

the governor action would permit more working fluid to the engine maintaining the speed of the 

engine, but when balance of working fluid to the engine and load on the engine was reached, the 

flywheel would continue its action of redistributing the energy throughout a cycle. Changes of 

seed in an engine will cause the governor to respond and attempt to do the flywheels job. 

Usually, the effect of the governor is disregarded in the design of the flywheel. The flywheel 

analysis is limited to engines receiving power at a variable rate and delivering it to a shaft at an 

approximately constant rate. 

Crank effort diagrams or Turing Moment diagrams: 

It is the graphical representation of turning moment or crank effort for the various positions of the 

crank. The TM is plotted on ‘y’ axis and crank angle on ‘x’ axis. 

Use of turning moment 

Diagram: The area under the turning moment diagram represents work done per cycle. The area 

multiplied by number of cycles per second gives the power developed by the engine. 

 1) By dividing the area of the turning moment diagram with the length of the base we get the 

mean turning moment. This enables us to find the fluctuation of energy. 

2) The max. ordinate of the turning moment diagram gives the maximum torque to which the 

crank shaft is subjected. This enables us to find diameter of the crank shaft.TMD for a  four 

strokeI.C. Engine 

 
We know that four stroke cycle internal combustion engine there is one working stroke 

after the crank has turned through two revolutions (4p or 720°). Since the pressure inside the 

engine cylinder is less than the atmospheric pressure during suction stroke therefore a negative 

loop is formed as shown in figure. During compression stroke the work done on engine the gases 

therefore a higher negative loop is obtained. During expansion or working stroke the fuel burns 

and the gases expand, therefore a large positive loop is obtained. In this stroke, the work is done 

by the gases. During exhaust stroke, the work is done on the gases; therefore a negative loop is 

firmed. 
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