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TURNING MOMENT DIAGRAM, GOVERNORS 

 
 

The turning moment diagram (also known as crank-effort diagram) is the graphical representation of 

the turning moment or crank-effort for various positions of the crank. It is plotted on cartesian co- 

ordinates, in which the turning moment is taken as the ordinate and crank angle as abscissa 

Turning Moment Diagram for a Single Cylinder Double Acting Steam Engine 

 
A turning moment diagram for a single cylinder double acting steam engine is shown in Fig. The vertical 

ordinate represents the turning moment and the horizontal ordinate represents the crank angle. 

 

From the above expression, we see that the turning moment (T ) is zero, when the crank angle (θ ) is 

zero. It is maximum when the crank angle is 90° and it is again zero when crank angle is 180°. This is 

shown by the curve abc in Fig. 16.1 and it represents the turning moment diagram for outstroke. The 

curve cde is the turning moment diagram for instroke and is somewhat similar to the curve abc. Since 

the work done is the product of the turning moment and the angle turned, therefore the area of the 

turning moment diagram represents the work done per revolution. In actual practice, the engine is 

assumed to work against the mean resisting torque, as shown by a horizontal line AF. The height of the 

ordinate a A represents the mean height of the turning moment diagram. Since it is assumed that 

the work done by the turning moment per revolution is equal to the work done against the mean 



resisting torque, therefore the area of the rectangle aAFe is proportional to the work done against the 

mean resisting torque. 

Turning Moment Diagram for 4s IC Engine 

 
A turning moment diagram for a four stroke cycle internal combustion engine is shown in Fig.2. We 

know that in a four stroke cycle internal combustion engine, there is one working stroke after the crank 

has turned through two revolutions, i.e. 720° (or 4 π radians). 

 

 
Fig. 2. Turning moment diagram for a four stroke cycle internal combustion engine. 

 

Since the pressure inside the engine cylinder is less than the atmospheric pressure during the suction 

stroke, therefore a negative loop is formed as shown in Fig. 16.2. During the compression stroke, the 

work is done on the gases, therefore a higher negative loop is obtained. During the 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 formed. It may be noted that the effect of the inertia forces on the piston is taken into account in 

Fig. 2. 

Turning Moment Diagram for a Multi-cylinder Engine 

 
A separate turning moment diagram for a compound steam engine having three cylinders and the 

resultant turning moment diagram is shown in Fig. 16.3. The resultant turning moment diagram is the 

sum of the turning moment diagrams for the three cylinders. It may be noted that the first cylinder is 

the high pressure cylinder, second cylinder is the intermediate cylinder and the third cylinder is the 



low pressure cylinder. The cranks, in case of three cylinders, are usually placed at 120° to each other. 

FLUCTUATION OF ENERGY 

The fluctuation of energy may be determined by the turning moment diagram for one complete cycle 
 

 
 

of operation. Consider the turning moment diagram for a single cylinder double acting steam engine as 

shown in Fig. 16.1. We see that the mean resisting torque line AF cuts the turning moment diagram at 

points B, C, D and E. When the crank moves from a to p, the work done by the engine is equal to the 

area aBp, whereas the energy required is represented by the area aABp. In other words, the engine has 

done less work (equal to the area a AB) than the requirement. This amount of energy is taken from the 

flywheel and hence the speed of the flywheel decreases. Now the crank moves from p to q, the work 

done by the engine is equal to the area pBbCq, whereas the requirement of energy is represented by the 

area pBCq. Therefore, the engine has done more work than the requirement. This excess work (equal to 

the area BbC) is stored in the flywheel and hence the speed of the flywheel increases while the crank 

moves from p to q. 

Similarly, when the crank moves from q to r, more work is taken from the engine than is developed. 

This loss of work is represented by the area C c D. To supply this loss, the flywheel gives up some of 

its energy and thus the speed decreases while the crank moves from q to r. As the crank moves from r 

to s, excess energy is again developed given by the area D d E and the speed again increases. As the 

piston moves from s to e, again there is a loss of work and the speed decreases. The variations of energy 

above and below the mean resisting torque line are called fluctuations of energy. The areas BbC, CcD, 

DdE, etc. represent fluctuations of energy. 

A little consideration will show that the engine has a maximum speed either at q or at s. This is due to 

 

the fact that the flywheel absorbs energy while the crank moves from p to q and from r to s. On the 



other hand, the engine has a minimum speed either at p or at r. The reason is that the flywheel gives out 

some of its energy when the crank moves from a to p and q to r. The difference between the maximum 

and the minimum energies is known as maximum fluctuation of energy. 

Determination of Maximum Fluctuation of Energy 

 
A turning moment diagram for a multi-cylinder engine is shown by a wavy curve in Fig. 4. The 

horizontal line A G represents the mean torque line. Let a1, a3, a5 be the areas above the mean torque 

line and a2, a4 and a6 be the areas below the mean torque line. These areas represent some quantity of 

energy which is either added or subtracted from the energy of the moving parts of the engine 

Let the energy in the flywheel at A = E, then from Fig. 16.4, we have Energy at B = E + a1 
 

Energy at C = E + a1– a2 

 

Energy at D = E + a1 – a2 + a3 Energy at E = E + a1 – a2 + a3 – a4 

 
Energy at F = E + a1 – a2 + a3 – a4 + a5 Energy at G = E + a1 – a2 + a3 – a4 + a5 – a6 

 
= Energy at A (i.e. cycle repeats after G) 

 
Let us now suppose that the greatest of these energies is at B and least at E. Therefore, Maximum 

energy in flywheel 

= E + a1 Minimum energy in the flywheel 

 
= E + a1 – a2 + a3 – a4 

 
 
 

 

Fig. 4. Determination of maximum fluctuation of energy. 

 

 

 

FLYWHEEL 
 

A flywheel used in machines serves as a reservoir, which stores energy during the period when the 

supply of energy is more than the requirement, and releases it during the period when the requirement 

of energy is more than the supply. 



In case of steam engines, internal combustion engines, reciprocating compressors and pumps, the energy 

is developed during one stroke and the engine is to run for the whole cycle on the energy produced 

during this one stroke. For example, in internal combustion engines, the energy is developed only during 

expansion or power stroke which is much more than the engine load and no energy is being developed 

during suction, compression and exhaust strokes in case of four stroke engines and during compression 

in case of two stroke engines. The excess energy developed during power stroke is absorbed by the 

flywheel and releases it to the crankshaft during other strokes in which no energy is developed, thus 

rotating the crankshaft at a uniform speed. A little consideration will show that when the flywheel 

absorbs energy, its speed increases and when it releases energy, the speed decreases. Hence a flywheel 

does not maintain a constant speed, it simply reduces the fluctuation of speed. In other words, a flywheel 

controls the speed variations caused by the fluctuation of the engine turning moment during each cycle 

of operation. 

In machines where the operation is intermittent like *punching machines, shearing machines, rivetting 

machines, crushers, etc., the flywheel stores energy from the power source during the greater portion of 

the operating cycle and gives it up during a small period of the cycle. Thus, the energy from the power 

source to the machines is supplied practically at a constant rate throughout the operation. 

COEFFICIENT OF FLUCTUATION OF SPEED 

 
The difference between the maximum and minimum speeds during a cycle is called the maximum 

fluctuation of speed. The ratio of the maximum fluctuation of speed to the mean speed is called the 

coefficient of fluctuation of speed. 

Let N1 and N2 = Maximum and minimum speeds in r.p.m. during the cycle 
 

 
 

The coefficient of fluctuation of speed is a limiting factor in the design of flywheel. It varies 



depending upon the nature of service to which the flywheel is employed. 

 

ENERGY STORED IN A FLYWHEEL 
 

 

Let m = Mass of the flywheel in kg, 

 
k = Radius of gyration of the flywheel in metres, 

 
The turning moment diagram for a multi-cylinder engine has been drawn to a scale of 1 mm to 500 N- 

m torque and 1 mm to 6° of crank displacement. The intercepted areas between output torque curve and 

mean resistance line taken in order from one end, in sq. mm are – 30, + 410, – 280, + 320, – 330, 

+ 250, – 360, + 280, – 260 sq. mm, when the engine is running at 800 r.p.m.The engine has a stroke of 

300 mm and the fluctuation of speed is not to exceed ± 2% of the mean speed. Determine a suitable 

diameter and cross-section of the flywheel rim for a limiting value of the safe centrifugal stress of 7 

MPa. The material density may be assumed as 7200 kg/m3. The width of the rim is to be 5 times the 

thickness. 

 

 
 

Solution. Given : N = 800 r.p.m. or ω = 2π × 800 / 60 = 83.8 rad/s; *Stroke = 300 mm ; 

σ = 7 MPa = 7 × 10 6 N/m2 ; ρ = 7200 kg/m3 

Since the fluctuation of speed is ± 2% of mean speed, therefore total fluctuation of 



ke = 85 × 10  –5 m2; Exhaust stroke = 8  × 10  –5  m2.All the areas  excepting expression  ke 

are negative. Each m2 of area represents 14 MN-m  of work.  Assuming the  resisting ue to 

be constant, determine the moment of inertia of the flywheel  to keep the speed  ween 98 

r.p.m. and 102 r.p.m. Also find the size of a rim-type flywheel based on the 

imum material criterion, given that density of flywheel material is 8150 kg/m3 ; the 

allowable tensile stress of the flywheel material is 7.5 MPa. The rim cross-section is 

rectangular, one side being four times the length of the other. 

Solution. Given: a1 = 5 × 10 –5 m2; a2 = 21 × 10 –5 m2; a3 = 85 × 10 –5 m2; a4 = 8 × 10 –5 m2; N2 = 

 

98 r.p.m.; N1 = 102 r.p.m.; ρ = 8150 kg/m3; σ = 7.5 MPa = 7.5 × 10 6 N/m2 

 
 

ω 1 – ω 2 = 4% ω = 0.04 ω 

 

The turning moment diagram of a four stroke engine may be assumed for the sake of 
 

simplicity to be represented by four triangles in each stroke. The areas of these triangles are as 

follows: Suction stroke = 5 × 10 –5 m2; Compression stroke = 21 × 10 –5 m2; Expansion  stro 
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INTRODUCTION TO GOVERNOR: 

 
A centrifugal governor is a  specific  type  of governor that  controls  the speed 

of an engine by regulating the amount of fuel (or working fluid) admitted, so as to maintain 

a near constant speed whatever the load or fuel supply conditions. It uses the principle of 

proportional control. 

It is most obviously seen on steam engines where it regulates the admission of steam into 

the cylinder(s). It is also found on internal combustion engines and variously fuelled 

turbines, and in  some modern striking clocks. 

PRINCIPLE OF WORKING: 

 

Power is supplied to the governor from the engine's output shaft by (in this instance) a 

belt or chain (not shown) connected to the lower belt wheel. The governor is connected to 

a throttle valve that regulates the flow of working fluid (steam) supplying the prime mover 

(prime mover not shown). As the speed of the prime mover increases, the central spindle 

of the governor rotates at a faster rate and the kinetic energy of the balls increases. This 

allows the two masses on lever arms to move outwards and upwards against gravity. If 

the motion goes far enough, this motion causes the lever arms to pull down on a thrust 

bearing, which moves a beam linkage, which reduces the aperture of a throttle valve. The 

rate of working-fluid entering the cylinder is thus reduced and the speed of the prime 

mover is controlled, preventing over speeding. 

Mechanical stops may be used to limit the range of throttle motion, as seen  

near the masses in the image at right. 

The   direction    of  the lever arm   holding the mass will be along the 

vector sum of the reactive centrifugal force vector and the gravitational force. 

 


