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UNIT-III 

BALANCING 

INTRODUCTION 

In the system of rotating plenty, the rotating plenty have eccentricity as a result of restricted 

accuracy in producing, fitting tolerances, etc. A mass hooked up to a shaft can rotate with the 

shaft associated if the centre of gravity of the rotating mass doesn't lie on the axis of the shaft 

then the mass are effectively rotating regarding an axis at bound radius adequate the 

eccentricity. Since the mass needs to stay at that radius, the shaft are force within the direction 

of the mass by a force adequate the force as a result of inertia of the rotating mass. The 

rotating force provides harmonic excitation to system that thereby causes forced vibration of 

the machines. we'll discuss however such a force is balanced to get rid of the result of 

unbalance. The unbalance is expressed as product of mass and eccentricity.Objectives  

After studying this unit, you should be able to understand   

1. what is unbalanced force, and the effect of this,  

2. how is unbalanced force due to single rotating mass balanced, and  

3. how is unbalanced force due to several rotating masses in the same plane determined?  

FORCE ON SHAFT AND BEARING DUE TO SINGLE REVOLVING MASS 

Figure shows a revolving mass attached to a horizontal shaft, which is supported by two 

bearings. The mass M is at a radius r from the axis of the shaft. The mass is attached to the 

shaft at a distance a  from bearing on the left and at distance b from right hand bearing so that 

the span of the shaft between the bearings is a + b.  

The eccentricity is due to the tolerances assigned, the limited accuracy of the manufacturing 

machines and non-homogeneity of the material. The shaft is rotating with an angular velocity  

rad/s. A dynamic force F will pull the shaft towards the connected mass M. The magnitude of F 

is given by 

F = M2 r 
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The force F will be a bending force on the shaft and will cause bending moment. Additional 

bending stress will be induced and reactions at bearings A and B will occur. The reactions RA 

and RB can be calculated by considering the equilibrium. They are 

 

These reactions on bearings will rotate with the mass, hence will cause fatigue damage. The 

wear of bearing all over the circumference will also increase. The shaft will be subjected to 

bending moment whose maximum value will occur at the section where the mass M is 

connected to the shaft. The bending moment under the revolving mass will be 

 

When the reactions at the supports become more than the tolerable limits of bearings, the 

balancing is done. 

BALANCING OF A SINGLE REVOLVING MASS 

Balancing is a process of the redistribution of the mass in the system such that the reactions at 

the bearings are within the tolerable limits of the bearings. There are two methods of achieving 

this.  

System Method The effects of an off-axis or eccentric mass connected to a rotating shaft, as 

brought out above, has to be nullified. One simple way by which this is achieved is by attaching 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


another mass M1 at a radius r1, exactly opposite to M as shown in Figure The shaft is rotating 

at an angular speed of . 

 

The mass M1 and its radius are so chosen that it is equal to the centrifugal force due to M, i.e. 

 

which means that  M r = M1 r1 

If Eq. is satisfied then the resultant force on the shaft and hence on bearing will be zero. Thus 

additional reaction or overload on the bearings is zero and BM = 0, hence no additional stress in 

the shaft will be induced. The system is now called internally balanced. Internal balance is 

achieved by adding a balancing mass exactly opposite to revolving mass which causes 

unbalance. Thus the disturbing and balancing masses (M and M1, respectively) are in the same 

plane for internal balance and they satisfy the condition given by Eq. This method is used for 

balancing auto wheels, etc 

PROCEDURE FOR BALANCING 

A thin disc like regulator or a wheel could also be mounted on associate degree shaft or a shaft. 

It is revolved by hand. The facet that comes down is marked. it's revolved once more. If 

constant facet comes down, this is often significant facet and opposite to the present is light-

weight facet. If there's no force measuring instrument and rotating device, some mass is 

mounted whenever it's attainable on light-weight facet. The care ought to be taken that the 

mounting distance is as giant as attainable. If marked significant facet once more comes down, 
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additional mass is mounted on the sunshine facet. This method is perennial until any facet 

comes down. currently it's fairly balanced. If there's a machine like wheel reconciliation 

machine, it indicates the magnitude of mass and therefore the location wherever reconciliation 

mass ought to be mounted. These strategies area unit trial and error strategies and area unit 

time intense strategies. This can't be employed in industries wherever time on the market per 

piece is a smaller amount. The industries have reconciliation machines that have rotating device 

and transducers to provided magnitude of reconciliation mass and its location. In observe, we 

have a tendency to ne'er aim the right reconciliation. The machine or the element is balanced 

until reactions area unit inside a tolerable limit of the bearings. 

EXTERNAL BALANCING OF SINGLE REVOLVING MASS 

The single revolving mass W connected to the shaft at radius r causes the unbalance force and 

reactions at the support. However, if two masses W1 at radius r1 and W2 at radius r2 are 

attached to the shaft, respectively in the same axial plane then also balancing of force due to 

rotation of W can be achieved. The condition of balance in case as shown in Figure will be  

 

The bending moments due to the forces due to rotating masses will be balanced if 

 

The equations are written again by canceling out 2/g from both sides. 

 

 Thus the disturbing force or unbalanced force on the shaft is removed. There is no excess 

reaction at any of bearings A and B. This is known as external balancing. 
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Figure: External Balancing of Single Revolving Mass 

The external balancing with two rotating masses (Figure 6.4) is resorted to when it is not 

possible to introduce the balancing mass exactly opposite to disturbing mass in the same radial 

plane. It may be worthwhile to note that a single mass placed in the same axial plane but in a 

different radial plane may satisfy the condition that  

 

but W and W1 will together cause a couple to act upon the shaft. This moment of the couple 

will tend to rock the shaft in the bearings. The balancing masses in the same axial plane but in 

two different radial planes can satisfy the conditions of zero force transverse to beam and zero 

moment. The  Eqs. are such conditions. If we define three radial planes for three masses W, W1 

and W as A, L and M, respectively and call distance between A and L as l and that between A 

and M as m then from Figure it is seen that a = a1 + l and b = b2 + m. Then replacing a by (a1 + l) 

and b by (b2 +  i  E s., respectively following are obtained.   and M as m then from Figure it 

is seen that a = a1 + l and b = b2 + m. Then replacing a by (a1 + l) and b by (b2 +  i  E s 

respectively following are obtained.    
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Note that same results may be obtained if we take moments about sections L and M of the 

shaft. Also note that Eq. implies that reactions at supports are zero. Eqs. are more convenient 

to use along with Eq. for solving a problem on external balancing. Again note that (l + m) is the 

distance between two radial planes in which balancing masses are placed. We understand that 

the Eqs. are applicable to a situation as shown in Figure but if both L and M are on one side of 

plane A then also these equations are true but one of W1 and W2 will be on the same side of the 

shaft as W . (l + m) can be denoted by d, so that  

 

STATIC AND DYNAMIC BALANCING 

If the centre of gravity of all rotating lots is formed to coincide with the axis of rotation, a state 

is achieved once bearings can carry no extra reaction. However, the lots should cause some 

web bending moment on the shaft. Such bending moment can keep ever-changing its plane and 

so cause shaft to vibrate. Connecting the lots in such the way that bending moment is formed 

to fade can end in state of affairs once shaft won't vibrate.  

The equalisation once solely centers of gravity of connected mass system lie on axis of rotation 

is understood as static equalisation. The equalisation with centers of connected mass system 

created to coincide with axis of rotation and no web bending moment engaged on shaft is 

termed dynamic equalisation. In dynamic equalisation forces and moments each ar to be 

balanced.  

SEVERAL MASSES REVOLVING IN SAME PLANE 

A number of lots consideration W1, W2, etc. could also be connected to the shaft specified 

their individual centres of gravity ar at distances of r1, r2, etc. every of those lots could also be 

placed at its own position within the crosswise or radial planes as represented in Figure (a). 

every can exert force which can be proportional to the merchandise of mass and radius (i.e. W 
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r). If we tend to would like to establish if cyberspace result are going to be AN unbalanced 

force, then we tend to draw a polygonal shape of forces. If the force polygonal shape doesn't 

shut then the resultant unbalance is adequate to the closing aspect of the polygonal shape. 

during this case the closing aspect is five, O. so a force reminiscent of five, O within the 

direction five to O can shut the polygonal shape. thus equalisation mass could also be 

connected parallel to line connexion five and O and also the length of this aspect are going to 

be the merchandise of mass and radius. 

 

Figure: Several Masses Revolving in same Transverse Plane 

BALANCING OF SEVERAL MASSES IN DIFFERENT TRANSVERSE PLANES 

To begin with we will name the planes in which masses revolve as A, B, C and D. The masses 

rotating in these planes are respectively Wa, Wb, Wc and Wd. The radii at which centers of 

gravity lie from axis of rotation in these planes are respectively ra, rb, rc and rd.  

The angular separation between masses starting from A and B are  and  The balancing 

masses will be placed in two planes L and M which are between A and B and between C and D, 

respectively. The Figure depicts the system. Distance between planes L and any of planes A, B, C 

and D is denoted by l with appropriate suffix. The same distances for plane M is denoted by m. 
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Figure: Balancing of Several Masses in Different Transverse Plane 

The method apparently is same as used in Section in which balance masses in two planes L and 

M were found. So we need to repeat the procedure for mass in plane A and balancing mass in 

planes L and M. Thus we proceed in steps of planes A, B, C and D. A table of the kind shown 

below as Table will be helpful. Rows will be dedicated to planes in which masses revolve which 

could be known or unknown.  

For a mass of weight W, revolving at radius r, the force is proportional to W r as 2/g is 

constant. Two planes L and M are chosen which are respectively at distances of l and m from 

the plane of revolving mass and balancing masses are placed in planes L and M as given by Eqs. 

So the columns of the table will describe plane (A, B, C, etc.) weight W; radius r; force W r; 

distances l and m; balancing forces in L and M 

Table: Calculation of Balancing Masses in Two Planes 
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The sign of the forces in last two columns will be decided by observation. Yet as a rule if a force 

is in the same direction as the disturbing force, then it will be positive and if in the opposite 

direction it will be negative. After the balancing forces have been calculated in planes L and M 

which will be parallel to forces in planes A and B, etc. they are combined to give a single 

resultant. Their inclination to force in plane A can be determined. 

SUMMARY 

The lots that area unit connected to shaft and whose centers of gravity don't lie on axis of the 

rotation, center the axis at constant radius. getting circular path they're subjected to force 

which can cause bending stress within the shaft and rotating reactions within the bearing. To 

nullify their effects, revolving lots will be provided within the plane of worrying mass or in 

another parallel plane. If equalization lots area unit placed within the plane of unbalance for 

single mass, only 1 equalization plane is needed otherwise 2 equalization planes shall be 

needed. The equalizationmethod needs that each the bending forces and moments on the shaft 

be created to fade. 
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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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