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GOVERNOR 
Introduction: When the load on the engine increases, the engine speed gets decreases, then 
the governor supplies the extra fuel to maintain the constant speed of the engine. On the other 
hand, when the load on the engine decreases, its speed increases and thus less working fluid is 
required which is also controlled by the governor. Hence we can say that, the governor 
automatically controls the supply of working fluid to the engine with the varying load conditions and 
keep the mean speed with certain limits. 

 

Function: The function of a governor is to control the mean speed of the engine with specified 
limits whenever there is a variation of load.  

Types of Governor:  
The governor may be classified by two types: - 

1. Centrifugal governors and  

2. Inertia governors  

The centrifugal governors may be further classified as follows: 
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Working of Centrifugal Governor 
Centrifugal governor, which consists of two balls of equal masses (the balls are 
also known as governor balls) attached to the two arms. The upper ends of the 
arms are pivoted to a spindle, which is driven by the engine through bevel gears. 
The lower arms (or links) are connected to a sleeve which is keyed to the 
spindle. The sleeve revolves with the spindle, but can slide up and down. The 
two stops S1 and S2 on the spindle. The sleeve revolves with the spindle up and 
down. The two stops S1 and S2 on the spindle prevents the upwards and 
downwards motion of the sleeve. The sleeve is connected by a bell crank lever 
to a throttle valve, which controls the supply of the working fluid. When sleeve 
rises, the supply of working fluid decreases and when sleeve falls, the supply of 
the working fluid increases.   

              When the load on the engine decreases, the speed of the engine 
increases. As the spindle of the governor is driven by the engine, hence the 
speed of the spindle also increases. This will increase the centrifugal force on 
the governor balls and the balls will move outwards. Due to the movement of 
the balls outwards the sleeve will rise upwards. The upward movement of the 
sleeve will operate a throttle valve at the other end of the bell crank lever to 
reduce the supply of the working fluid by reducing the throttle valve opening. 

              Similarly, when the load on the engine increases, the speed of the 
engine decreases. Also the speed of the spindle of the governor decreases. 
Hence the centrifugal force on the governor balls will also decreases. The balls 
of the governor will move inwards and hence the sleeve will move downwards 
The downward movement of the sleeve will increase the supply of the working 
fluid by increasing the opening of the throttle valve and thus the engine speed is 
increased. 
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WATT GOVERNOR 

 

            Fig.4.2 shows the simplest form of centrifugal governor, which is known as    
         “Watt Governor”. It is   the original form of governor used by Watt on some of  
         his early steam engines. It consists of a pair of two balls which are attached to 
         the spindle with the help of links or arms. The upper links (or arms) are pinned  
         at point O whereas the lower links are  fixed to the sleeve which is free to move  
         on the vertical spindle. Spindle is driven by the engine.As the spindle rotates,  
         the balls take of a position dependimg upon the speed of the spindle. 

 Let    m = mass of each ball 
          w = weight of each ball = mg 
          T = Tension in the arm 
          ω = Agular veocity of the balls, arms & the sleeve 
           r = Radial distance of the ball centre from spindle – axis i.e. radius of the   
                 path of rotation of the ball 

        Fc= Centrifugla force acting on the ball = 
×

=  𝑚  = mω2r 

        h = height of the governor i.e. the vertical distance from the  
              centre of the ball to the point of intersection of the upper  
                 arms along the axis of the spindle.    



5 
 

With the increase of speed, th height of governor(i.e h) decreases, whereas with 
the decrease of the speed, the height h increses. 

Assuming the weight of the arm, the link and the sleeve to be negligibe as 
compared to the weight of balls, each ball will be in equilibrium under the 
action of following force:- 

(i) The centifugal force Fc acting on the ball where Fc= mω2r 
(ii) The weight of the ball w where w=mg 
(iii) The tension T in upper arm 

There will be no tension in the lower link if sleeve is assumed to be massless 
and also friction is neglected. 
Resolving the forces acting on the ball in horizontal direction, 

           T sinѳ = Fc = mω2r                    -----(1) 

Resolving the forces acting on the ball in vertical direction, 

            T cosѳ = w = mg                      -----(2) 

Dividing Equation (1) & (2) we get 

            
 ѳ

 ѳ
=  =  

            tanѳ =                                 ------(3) 

But from Fig4.2 we have 

            tanѳ =                                    -------(4) 

Equating the two values of tanѳ, given by equation 3 & 4 

            =  

               h =  =                          --------(5) 

If g is taken in m/s2 & ω in rad/s, then h will be in m. If N is the speed in r.p.m 

then ω =  

               h = 
.

 = 
. ×

 

                h =                                 --------(6) 

From equation 6 it is clear that height of a Watt Governor is inversely 
proportional to the square of the speed. Therefore, at high speed the value of h 
is very small. 
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POTER GOVERNOR 

Fig4.3 shows the diagram of a Poter governor. In case of a Poter governor 
central heavy load is attached to the sleeve. The central load and sleeve moves 
up and down the spindle. 

Let M = Mass of the central load in kg,  
       W = Weight of the central = M×g 
       m = Mass of each ball  
       w = Weight of each ball = m×g 
        h = Height of governor  
        r = Radius of rotation  
      FC = Centrifugal force acting on the ball = mω2r   

       ω = Agular speed of the balls =  rad/s 

       N = Speed of the balls in rpm.  
      T1 = Force in the arm in N,  
      T2 = Force in the link in N,  
       α = Angle of inclination of the upper arm to the vertical 
       β = Angle of inclination of the lower link to the vertical 
      Ff = Fore of friction between sleeve and spindle 
The force of friction always acts in a direction opposite to that of the motion. 
When sleeve moves up, the force of friction acts in the downwards direction. 
Then the total force acting on the sleeve in the downward direction will be 
(W+Ff). Similarly when the sleeve moves down, the total force on the sleeve 
will be (W-Ff). In general, the total force acting on the sleeve will be (W±Ff) 
depending upon whether the sleeve move upwards or downwards 
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Hartnell Governor 
A Hartnell governor is a spring loaded governor as shown in Fig. 4.5 . It 
consists of two bell crank levers pivoted at the points O, O to the frame. The 
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 and a roller at the end of the 
horizontal arm OR. A helical spring in compression provides equal downward 
forces on the two rollers through a collar on the sleeve. The spring force may be 
adjusted by screwing a nut up or down on the sleeve. 

 
                                                          Fig.4.5 
Let m = mass of ball in kg 
M = Mass of sleeve in kg 
r1 = Minimum radius of rotation in m, 
r2 = Maximum radius of rotation in m, 
ω1 = Angular speed of governor at minimum radius in rad/s 
ω2 = Angular speed of governor at maximum radius in rad/s 
S1 = Spring force exerted on sleeve at ω1 in N, 
S2 = Spring force exerted on sleeve at ω2 in N, 
Fc1 = Centrifugal force at ω1 in N, 
Fc2 = Centrifugal force at ω2 in N, 
s = Stiffness of spring  
x = Length of ball arm of the lever 
y = Length of sleeve arm of the lever 
r = Distance of fulcrum O from the governor axis or radius of rotation when the 
governor is in middle position 
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Consider the forces acting at one bell crank lever. The minimum and maximum 
position is shown in Fig.(a) Let h be the compression of the spring when the 
radius of rotation changes from r1 to r2. 
 
For the minimum position i.e. when the radius of rotation changes from r to r1, 
as shown in Fig. 4.6 (a), the compression of the spring or the lift of sleeve h1 is 
given by 

 
                                                         Fig.4.6 

            =  =     --------------------(1)                                               
 
Similarly, for the maximum position i.e. when the radius of rotation changes 
from r to, r2 as shown in Fig. 4.6 (b), the compression of the spring or lift of 
sleeve h2 is given by 

             =  =     ---------------------(2)                  

 
 
Adding equation 1 and 2 
 

              =   

                    =                (∵h1+ h2=h)          

                    h =  ×y         
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PROELL GOVERNOR 
The Proell governor has the balls fixed at B and C to the extension of the links 
DF and EG, as shown in Fig. 18.12 (a). The arms FP and GQ are pivoted at P 
and Q respectively. Consider the equilibrium of the forces on one-half of the 
governor as shown in Fig. 18.12 (b). The instantaneous centre (I) lies on the 
intersection of the line PF produced and the line from D drawn perpendicular to 
the spindle axis. The perpendicular BM is drawn on ID. Fig. 18.12 
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Sensitiveness of Governors: Sensitiveness is defined as the ratio of difference 
between the maximum and minimum equilibrium speeds to the mean 
equilibrium speed.    
Let      N1 = Maximum equilibrium speed corresponding to Zero -load condition  
            N2 = Minimum equilibrium speed corresponding to Full -load condition  
 

            N = Mean equilibrium speed = 
 

 

             
             ∴ Sensitiveness of the governor  

                             =  
       

  
      

        =  
 

  = 
 

 = 
(  )
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Stability of Governors:   
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. 
 
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. 
We know that for Poter governor 

              N1 = 
 

( )

 ×                                     -----(i) 

              N2 = 
 

( )

 ×                                     ----(ii) 

 
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. 
Now consider the case of a Hartnell governor running at speeds N1 and N2 r.p.m. 
 
As discussed in above in case of Hartnell governor 

                     M.g + S1 = 2FC1 ×  = 2 × m( )2r1 ×                -----(iii) 

                     M.g + S2 = 2FC2 ×  = 2 × m( )2r2 ×                -----(iv) 

 
For isochronism, N2 = N1. Therefore, from equations (iii) and (iv), 

                      
.

.
 =  

 
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. 
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FLYWHEEL 
A flywheel used in machines serves as a reservoir, which stores energy 
during the period when the requirement of energy is more than the supply. A 
flywheel controls the speed variations caused by the fluctuation of the engine 
turning moment during each cycle of operation. 

Flywheel act as reservoir of energy during the period when supply of energy is 
more than the requirement and releases the energy during the period when the 
supply of energy is less than the requirement. When the flywheel absorbs the 
energy, the speed of flywheel increases whereas when the flywheel releases the 
energy, the speed of fly wheel decreases.  

           Let      N1 = Maximum speed of flywheel in r.p.m during the cycle 
                      N2 = Minimum speed during the cycle 
           ω1 and ω2 = Corresponding maximum and minimum angular speed 
                         I = Moment of Inertia of flywheel 
                        m = Mass of flywheel 
                         k = Radius of gyration of the flywheel 
                      ΔE = Maximum fluctuation of energy 
                        Ke= Co-efficient of fluctuation of energy 
                        Ks = Co-efficient of fluctuation of Speed 

                       N = Mean speed of flywheel during the cycle = 
 

 

                       ω = Mean angular speed of flywheel during the cycle = 
 

 

                        E = Kinetic energy of flywheel at mean speed 
We know that the kinetic energy of the flywheel corresponding to mean angular 
velocity is given by, 

                        E = ×I×ω2 

                           = ×mk2×ω2                                             [∵  I=mk2] 

The speed of flywheel changes from ω1 and ω2, hence maximum fluctuation of 
speed is given by, 
                      ΔE = Maximum K.E – Minimum K.E 

                            = ×I×ω1
2 - ×I×ω2

2 
                      = I(ω1

2- ω2
2) 

                      = I(ω1+ ω2) (ω1- ω2) 

                            = Iω(ω1- ω2)                        (∵   
 

= 𝜔) 

                            =Iω2( )                   …[Multiplying and dividing by ω] 
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But 
.  .  

 
 = 

 
 = Ks  

 
∴ The above equation becomes as, 
                      ΔE = I×ω2×Ks 

                            = I×ω2×2×Ks                  …[Multiplying and dividing by 2] 

                            = E×2×Ks                         …[∵  Iω2 = E]    

                            = 2E×Ks  
The equation can be written as  
                       ΔE = I×ω2× Ks = mk2×ω2×Ks 
 
If thickness of the rim of the flywheel is very small as compared to the diameter 
of flywheel, then radius of gyration may be taken equal to mean radius of the 
flywheel i.e. k=R. Hence substituting the value of k=R in the above equation, 
we get 
                       ΔE = m×R2×ω2×Ks 
                             = m×v2× Ks                                 … (∵      v=ω×R) 
 
                         

Coefficient of Fluctuation of Speed 
It is the ratio of maximum fluctuation of speed to the mean speed. The difference 
between the maximum and minimum speed during a cycle, is called maximum 
fluctuation of speed. 

Let, N = Mean speed in r.p.m = 
 

 

 Mathematically, 
              Coefficient of fluctuation of speed 

                                 Ks =   =  = 
(   )

 
 

In terms of angular speed 

                                    Ks =    = 
(  )

 
 

In terms of linear speed 

                                    Ks =    = 
(  )

 
 

The reciprocal of the coefficient of fluctuation of speed in known as coefficient 
of steadiness and denoted by ‘m’. 

                                    ∴     m =  = 
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Chapter-5            BALANCING 

 

INTRODUCTION 
The high speed running engines and several machine and machine parts are very 
common in our environment now a days. And as we know from previous 
chapter the engines and machine contains several rotating and reciprocating 
parts. So for the complete running of engines without vibration and unpleasant 
sound the rotating and reciprocating ports should be balanced. If these parts are 
not properly balanced, the dynamic forces are set up. These forces increases the 
load on 
bearings and stresses in the various members, and it can also cause even 
dangerous vibration.  

In a revolving rotor, if the centre of the mass of the rotor lies on the axis of the 
shaft, the centrifugal force remains balanced. But when the centre of mass does 
not lie on the axis of the shaft or there is an eccentricity, an unbalanced force is 
produced. This type of unbalancing force is very common. 
 

Static Balancing 
A system of rotating masses is said to be in static balance if the combined mass 
centre of the system lies on the axis of rotation. 
For static balancing the vector sum of all the forces acting on the rotor (rotating 
body) is zero. 
i.e., m1. r1. ω2 + m2. r2. ω2+ m3. r3. ω2+……. =0 
where ,      m = mass in kg 
                   r = radius of rotation in m 
                  ω = angular velocity in rad/sec 
Dynamic Balancing 
When several masses rotate in different planes, the centrifugal forces, in 
addition to being out of balance, also form couples. System of rotating masses is 
in dynamic balance when there does not exist any resultant centrifugal force as 
well as resultant couple. 
(i) The net dynamic force acting on the shaft is equal to zero. This requires that 
the line of action of three centrifugal force must be the same. 
(ii) The net couple due to the dynamic forces acting on the shaft is equal to zero. 
The conditions (i) and (ii) together give dynamic balancing. 
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Balancing of a Single Rotating Mass by a Single Mass Rotating in the Same 
Plane 
Consider a disturbing mass m1 attached to a shaft rotating at ω rad/s as shown in 
Fig.6.1 
Let r1= radius of rotating mass m1 (i.e. distance between the axis of rotation of    
            shaft and centre of gravity of mass m1) 
Centrifugal force exerted by the mass m1 on the shaft,  
                                       Fc1 = m1. ω2. r1                                          -----------(i) 
This centrifugal force acts radially outwards and thus produces bending moment 
on the shaft. In order to counteract the effect of this force, a balancing mass 
(m2) may be attached in the same plane of rotation as that of disturbing mass 
(m1) such that the centrifugal forces due to the two masses are equal and 
opposite. 

 
       Fig. 5.1. Balancing of a single rotating mass by a single mass rotating in the same 
plane 
Let r2 = Radius of rotation of the balancing mass m2 (i.e. distance between the 
axis of rotation of the shaft and the centre of gravity of mass m2).   

                      ∴ Centrifugal force due to mass m2, 

                                            Fc2 = m2. ω2. r2                                          -----------
(ii) 
Equating equation (i) and (ii) we get 
                                  m1. ω2. r1= m2. ω2. r2         or           m1. r1= m2. r2 
 
Notes: 
 1. The product m2. r2 may be split up in any convenient way. But the radius    
      of rotation of the balancing mass (m2) is generally made large in order to  
      reduce the balancing mass m2. 
 2. The centrifugal forces are proportional to the product of the mass and  
      radius of rotation of respective masses, because ω2 is same for each  
       mass. 
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Balancing of a Single Rotating Mass By Two Masses Rotating in Different 
Planes 
In previous section as we discussed about balancing of a single rotating mass by 
a single mass rotating in the same plane as balanced by another force equal in 
magnitude and opposite in direction hence, centrifugal forces are balanced. But 
this type of arrangement for balancing gives rise to a couple which tends to rock 
the shaft in its bearings.  

Therefore in order to put the system in complete balance, two balancing masses 
are placed in two different planes, parallel to the plane of rotation of the 
disturbing mass, in such a way that they satisfy  the following two conditions of 
equilibrium. 
 

1. The net dynamic force acting on the shaft is equal to zero. This requires that 
the line of action of three centrifugal forces must be the same or the centre of 
the masses of the system must lie on the axis of rotation. This is the condition 
for static balancing. 
2. The net couple due to the dynamic forces acting on the shaft is equal to zero. 
In other words, the algebraic sum of the moments about any point in the plane 
must be zero. The conditions (1) and (2) together give dynamic balancing. 

  

The following two possibilities may arise while attaching the two balancing 
masses : 
1.When the plane of the disturbing mass lies in between the planes of the 
two balancing masses 
Consider a disturbing mass m lying in a plane A to be balanced by two rotating 
masses m1and m2 lying in two different planes L and M as shown in Fig. 5.2. 
Let r, r1 and r2 be the radii of rotation of the masses in planes A, L and M 
respectively. 

 

Let                   l1 = Distance between the planes A and L 

                        l2 = Distance between the planes A and M 

                        l = Distance between the planes L and M 
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Fig. 5.2. Balancing of a single rotating mass by two rotating masses in different 
planes when the plane of single rotating mass lies in between the planes of two 
balancing masses. 

 

Centrifugal force exerted by the mass m in the plane A, 
                      FC = m.ω2.r 
Centrifugal force exerted by the mass m1 in the plane L, 
                     FC1 = m1. ω2. r1 
Centrifugal force exerted by the mass m2 in the plane M, 
                    FC2 = m2. ω2. r2 
Since the net force acting on the shaft must be equal to zero, therefore the 
centrifugal force on the disturbing mass must be equal to the sum of the 
centrifugal forces on the balancing masses, therefore 
                  FC = FC1 + FC2             or        m.ω2.r = m1. ω2. r1 + m2. ω2. r2 
     ∴     m.r = m1. r1 + m2. r2                                                                              -----(i) 
 
Now in order to find the magnitude of balancing force in the plane L (or the 
dynamic force at the bearing Q of a shaft), take moments about P which is the 
point of intersection of the plane M and the axis of rotation. Therefore 
                  FC1 × l = FC × l2             or        m1. ω2. r1× l1 = m. ω2. r2× l2 

     ∴          m1. r1. l = m. r. l2             or        m1. r1= m. r×                           -----(ii) 

 
Similarly, in order to find the balancing force in plane M (or the dynamic force 
at the bearing P of a shaft), take moments about Q which is the point of 
intersection of the plane L and the axis of rotation. Therefore 
                  FC2 × l = FC × l1             or        m2. ω2. r2× l = m. ω2. r× l1 

     ∴          m2. r2. l = m. r. l1             or        m2. r2= m. r×                           -----(iii) 

It may be noted that equation (i) represents the condition for static balance, but 
in order to achieve dynamic balance, equations (ii) or (iii) must also be satisfied. 
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2. When the plane of the disturbing mass lies on one end of the planes of 
the balancing masses 

 
Fig. 5.3. Balancing of a single rotating mass by two rotating masses in different 
planes, when the plane of single rotating mass lies at one end of the planes of 
balancing masses. 
In this case, the mass m lies in the plane A and the balancing masses lie in the 
planes L and M, as shown in Fig. 21.3. As discussed above, the following 
conditions must be satisfied in order to balance the system, i.e. 
                  FC+ FC2 = FC1             or        m.ω2.r + m2. ω2. r2 = m1. ω2. r1 

∴             m.r + m2. r2= m1. r1                                                                                                               -----(iv) 

 Now, to find the balancing force in the plane L (or the dynamic force at the 
bearing Q of a shaft), take moments about P which is the point of intersection of 
the plane M and the axis of rotation. Therefore 
                  FC1 × l = FC × l2             or        m1. ω2. r1× l = m. ω2. r× l2 

     ∴          m1. r1. l = m. r. l2             or        m1. r1= m. r×                           -----(v) 

Similarly, in order to find the balancing force in plane M (or the dynamic force 
at the bearing P of a shaft), take moments about Q which is the point of 
intersection of the plane L and the axis of rotation. Therefore 

                  FC2 × l = FC × l1             or        m2. ω2. r2× l = m. ω2. r× l1 

                 m2. r2. l = m. r. l1             or        m2. r2= m. r×                           -----(vi) 

Balancing of Several Masses Rotating in the Same Plane 
Consider any number of masses (say four) of magnitude m1, m2, m3 and m4 at 
distances of r1, r2, r3 and r4 from the axis of the rotating shaft. Let θ1 θ2 θ3 θ4, and 
be the angles of these masses with the horizontal line OX, as shown in Fig. 21.4 
(a). Let these masses rotate about an axis through O and perpendicular to the 
plane of paper, with a constant angular velocity of ω rad/s. 
The magnitude and position of the balancing mass may be found out 
analytically or 
graphically as discussed below: 
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                 Fig.5.4. Balancing of several masses rotating in the same plane. 
 

Analytical method 
The magnitude and direction of the balancing mass may be obtained, 
analytically, as discussed below : 
1. First of all, find out the centrifugal force (or the product of the mass and its 
radius of rotation) exerted by each mass on the rotating shaft. 

2. Resolve the centrifugal forces horizontally and vertically and find their sums, 
i.e. ΣH and ΣV. We know that 
Sum of horizontal components of the centrifugal forces, 
                           ΣH= m1. r1cosθ + m2. r2cosθ  

and sum of vertical components of the centrifugal forces, 
                           ΣV= m1. r1sinθ + m2. r2sinθ +………  
3. Magnitude of the resultant centrifugal force, 

                   FC= (ΣH) + (ΣV)  
4. If θ is the angle, which the resultant force makes with the horizontal, then 

5. The balancing force is then equal to the resultant force, but in opposite 
direction. 
6. Now find out the magnitude of the balancing mass, such that 
                                                 FC= m.r 
where                                       m = Balancing mass 
                                                  r = Radius of rotation 
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Balancing of Reciprocating Masses: 
There are various forces acting on the reciprocating parts of an engine. The 
resultant of all the forces acting on the body of the engine due to inertia forces 
only is known as unbalanced force or shaking force. Thus if the resultant of all 
the forces due to inertia effects is zero, then there will be no unbalanced force, 
but even then an unbalanced couple or shaking couple will be present. 
 
Let us Consider a horizontal reciprocating engine mechanism as shown in 
Fig.5.6 

 
Fig. 5.6. Reciprocating engine mechanism. 

Let FR = Force required to accelerate the reciprocating parts, 
      FI = Inertia force due to reciprocating parts, 
      FN = Force on the sides of the cylinder walls or normal force acting on the    
               cross-head guides 
      FB= Force acting on the crankshaft bearing or main bearing. 
 

Since FR and FI are equal in magnitude but opposite in direction, therefore they 
balance each other. The horizontal component of FB (i.e. FBH) acting along the 
line of reciprocation is also equal and opposite to FI. This force FBH = FU is an 
unbalanced force or shaking force and required to be properly balanced. 
The force on the sides of the cylinder walls (FN) and the vertical component of 
FB 
(i.e. FBV) are equal and opposite and thus form a shaking couple of magnitude 
FN × x or FBV × x. 
                    Thus the purpose of balancing the reciprocating masses is to 
eliminate the shaking force and a shaking couple. In most of the mechanisms, 
we can reduce the shaking force and a shaking couple by adding appropriate 
balancing mass, but it is usually not practical to eliminate them completely. In 
other words, the reciprocating masses are only partially balanced. 
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Primary and Secondary Unbalanced Forces of Reciprocating Masses 
Consider a reciprocating engine mechanism as shown in Fig. 5.6. 
      Let        m = Mass of the reciprocating parts, 
                   l = Length of the connecting rod PC, 
                  r = Radius of the crank OC, 
                  θ = Angle of inclination of the crank with the line of stroke PO, 
                  ω = Angular speed of the crank, 
                  n = Ratio of length of the connecting rod to the crank radius = l / r. 
Acceleration of the reciprocating parts is approximately given by the 
expression, 

                                      ɑR = ω2.r[cos𝜃+ ] 

∴ Inertia force due to reciprocating parts or force required to accelerate the 
reciprocating parts, 

                                    FI = FR = Mass×acceleration= m.ω2.r[cos𝜃+ ] 

We have discussed in the previous article that the horizontal component of the 
force exerted on the crank shaft bearing (i.e. FBH) is equal and opposite to inertia 
force (FI). This force is an unbalanced one and is denoted by FU. 
∴                 Unbalanced force,  

                    FU = m.ω2.r[cos𝜃+ ] = m.ω2.rcosθ+m.ω2.r×  = FP + Fs 

The expression m.ω2.rcosθ is known as primary unbalanced force and 

m.ω2.r×       is called secondary unbalanced force. 

∴ Primary unbalanced force, FP = m.ω2.rcosθ 

  Secondary unbalanced force, FS = m.ω2.r×  

Notes:   
1.The primary unbalanced force is maximum, when θ = 0° or 180°. Thus, the 
   primary force is maximum twice in one revolution of the crank. The 
maximum  
   primary unbalanced force is given by 
                                           FP(max) = m.ω2.r 

2. The secondary unbalanced force is maximum, when θ = 0°, 90°,180° and 
360°. 
    Thus, the secondary force is maximum four times in one revolution of the  
    crank. The maximum secondary unbalanced force is given by 

                                          FS = m.ω2.  
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3. From above we see that secondary unbalanced force is 1/n times the  
    maximum primary unbalanced force. 
4. In case of moderate speeds, the secondary unbalanced force is so small that it  
    may be neglected as compared to primary unbalanced force.  
5. The unbalanced force due to reciprocating masses varies in magnitude but 
     constant in direction while due to the revolving masses, the unbalanced force   
     is constant in magnitude but varies in direction. 
 

Causes of Unbalance: 
1. Faulty design or manufacture of shafts or rotors(bent shafts.. etc.). 
2. Non homogeneity of materials. 
3. Faulty mounting of parts causes eccentricity. 
4. Misalignment of bearings.  
5. Plastic deformation of certain parts. 
6. Weak foundation weak fittings etc. 
7. Thermal gradient, cavitation hammering etc. also causes unbalance in 

rotating parts. 
8. Non symmetry of the parts. 
9. Unbalanced centrifugal force in the system. 
10. External excitation applied on the system.  

 
 
Effects of Unbalance: 

1. Vibrations in rotating machinery is the main effect of unbalance. 
2. Uneven wear and tear of rotating parts. 
3. Quick damage of bearing. 
4. Uneven thermal expansion and temperature gradient in the static 

(bearing) and rotating parts (rotor/shafts) of rotating machinery. 
5. Premature failure of the rotating parts. 
6. Abnormal sounds (noise), high friction etc. in the rotating parts. 
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Difference between static and dynamic balancing   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Static Balancing        Dynamic Balancing   
1.Balance of forces due to action of 
gravity. 

1.Balance due to action of inertia 
forces. 

2.Body is said to static balance when 
its centre of gravity is in the axis of 
rotation. 

2.Body is said to be in dynamic 
balance when the resultant moments 
or couples, which involved in the 
acceleration of different moving parts 
is equal to zero. 

3.Balancing in a single plane. 3.Blancing more than one plane 
4.Rotation of flywheels, grinding 
wheels, car wheels are examples of 
static balancing. 

4.Rotation of shaft of turbo generator 
is the example of dynamic balancing. 
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Chapter-6  VIBRATION OF MACHINE PARTS 
When elastic bodies such as a spring, a beam and a shaft are displaced from the 
equilibrium position by the application of external forces, and then released, 
they execute a vibratory motion. 

Some Definitions in Vibrations 
 

i. Period - It is the time taken by a motion to repeat itself, and measured in 
seconds. 

ii. Cycle - It is the motion completed during one-time period. 
iii. Frequency - It is the number of cycle of motion completed in one 

second. It is expressed in hertz (Hz) and is equal to one cycle per second. 
iv. Resonance - When the frequency of the external force is the same as that 

of the natural frequency of the system, a state of resonance is said to have 
been reached. Resonance results in large amplitudes of vibrations and 
thus may be dangerous. 

Types of Vibratory Motion 
 
The following types of vibratory motion are important from the subject point of 
view: 
 

1. Free or natural vibrations: When no external force acts on the body, 
after giving it an initial displacement, then the body is said to be under 
free or natural vibrations. The frequency of the free vibrations is called 
free or natural frequency. 

2. Forced vibrations: When the body vibrates under the influence of 
external force, then the body is said to be under forced vibrations. The 
external force applied to the body is a periodic disturbing force created 
by unbalance. The vibrations have the same frequency as the applied 
force. 

3. Damped vibrations: When there is a reduction in amplitude over every 
cycle of vibration, the motion is said to be damped vibration. This is due 
to the fact that a certain amount of energy possessed by the vibrating 
system is always dissipated in overcoming frictional resistances to the 
motion. 
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Types of Free Vibration 

There are three types of vibration are important from the subject point of view: 

a. Longitudinal Vibration: When the particle or disc of the shaft moves 
parallel to the axis of the shaft, then the vibrations are known as 
longitudinal vibrations. 

b. Transverse Vibration: When the particle or disc move approximately 
perpendicular to the axis of the shaft, then the vibrations are known as 
transverse vibrations. 

c. Torsional Vibrations: When the shaft is twisted and untwisted alternately 
and torsional shear stresses are induced, the vibrations are known as 
torsional vibrations. The particles of the body move in a circle about the 
axis of the shaft. 

 

 

Fig. 6.1Types of free vibrations. 
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