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Abstract— Reduction of friction in rotating parts of machine
component is very important. Ball bearings are very
commonly used in machine elements. They are employed to
permit rotary motion of, or about, shafts in simple
commercial devices such as bicycles, roller skates and
electric motors. They are also used in complex engineering
mechanisms such as aircraft gas turbines, rolling mills,
dental drills, gyroscopes and power transmissions. The
motion of the ball and inner race may look to be simple
rotation but, after a deep observation it is seen that there is a
relative motion between them. Statically and dynamically
loaded bearings are studied and the deformations of the ball
are discussed. It is very inevitable for engineers and
designers to understand these differences, time lag,
deformations of ball and the stresses thereafter. The effect
on the velocity and acceleration of the ball by varying
contact angle and speed of rotation of shaft is also tabulated.
The research may be further carried out to understand the
stresses for complete rotation of the ball.

Key words: inner race, time lag, static loading, dynamic
loading, ball deformation.

I INTRODUCTION

A bearing is a machine element that constrains relative
motion and reduces friction between moving parts to only
the desired motion. The main parts of a bearing are inner
race, outer race and balls. Either of the raceway is fixed and
other is made free to rotate. The shaft is generally the
rotating member and hence is inserted in the inner race of
the bearing and so, the outer race is made fixed. The ball
contacts each race across a very narrow area. However, a
load on an infinitely small point would cause infinitely high
contact pressure. In practice, the ball deforms (flattens)
slightly where it contacts each race much as a tire flattens
where it contacts the road. The race also yields slightly
where each ball presses against it. Thus, the contact between
ball and race is of finite size and has finite pressure. Note
also that the deformed ball and race do not roll entirely
smoothly because different parts of the ball are moving at
different speeds as it rolls. Thus, there are opposing forces
and sliding motions at each ball/race contact. Overall, these
cause bearing drag.
Il. BALL BEARING STATICS

It can be observed that in a radial ball bearing, only half the
balls carry any load and the remaining half the balls are
unloaded. The distribution of load on the balls can be as
shown in figure 1. The total radial load say p will be equal
to the sum of the vertical components of the loads carried by
the individual balls.
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Let the no. of balls are 10 as shown in figure 1. Then, the 5
balls below the horizontal line will share the load.

< P =pl+2p2cosp+2p3cos2P............. 1)

In general, the equation for number of balls would be
P=p1+2p2cosp+2p3cos2f+2pdcos3P+...+2pncos(np);
Where, pl, p2, p3 ,...pn are the load carried by individual
balls and B, 2B, 3B,..., np are the angle made by individual
balls at center.

Let us now assume that both the inner race and outer race
shape at the ball contact do not change, and then it is
obvious that the deformation will be in the ball. There will
be slight change in the contact zone. The contact zone will
become elliptical from its original circular contact zone.

If the deformation due to p1 is 61 of ball no. 1,

Deformation of ball no. 2, 3, ..., n would be 82= 51 cosp,
83=01 cos2B,andsoon. ............... (i)

We know that the deformation of a spherical body varies as
the two third power of load, i.e., & a p3/2

Therefore following proportions can be written as (82/
31)=(p2/p1)2/3 or (p2/p1)=(52/ 51)3/2

(p2/p1)=(82/ 81)3/2 = (cosP)3/2 & (p3/p1)=(d3/ 81)3/2 =
(cos2p)3/2

From these, substituting the values of p2 , p3 to equation (i),
we get,

P =pl+2pl (cosP)3/2+2p1 (cos2fB)3/2 =pl {1 + 2(cos B)5/2
+2(cos2 B)5/2 + ...} =qpl

where,q is the term which depends only on § and which in
turn depends on no. Of balls.

Let, z be the no. of balls in the bearing, then if z = 8,
q = 1+2(cos450)5/2+2(c0s900)5/2 = 1.8408

Or, z/q = 4.35. Similarly, for z = 10, q = 2.2834 and z/q =
4.38

It is seen that z/q values remains approx. same for all
practical values of z. Therefore, q can be taken as z/4.37.
Hence, load on the most heavily loaded ball is p1 = 4.37p/z.

The load bearing capacity of a ball bearing is considerably
much more in running condition than in static condition.
When the bearing is rotating, the bearing fails in fatigue
rather than from maximum compressive stress in the ball or
races. Two types of profile are seen in the bearing. One is
the contact zone of ball surface and the inner race surface
(convex-convex) and the other is the contact zone of ball
surface and the outer race surface (convex-concave).

The width of the contact zone a, and the maximum
compressive stress p, can thus be obtained by the equations:

=2 p_l(%+Eilz) and = pl (€1+Rlz)
T (ﬁ*’ﬁ) T (E1+E2)

with Poisson’s ratio as:

or it can be written
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We can write the above equations by considering p=0.3,

When ball surface and the inner race surface are in contact
(convex-convex)

3 1 1\2 / E1E2 \?
ro—0a16 o () (222 ea-
0.8803 % & § =

N Ri+Rz
3 1 1\2 /1 1
0.775\/132 (=+2) (5+5)

When ball surface and the outer race surface are in
contact(convex-concave)

3 1 1\2 / E1E2 \?
po=oete (- 2) (22 5a-
1 1
0.8803/% &8 = 0.7753\/P2 (Z+ i)z (-2
R1-R2 E1 E2 R1 R2

Where, a is half width of contact zone, R is radius of the
ball, P is the load on ball and  is normal approach towards
each other of contacting surfaces.

1. BALL BEARING KINEMATICS

In bearings, the motion of ball is initiated by the rotation of
either of the races. If inner race is made fixed then the
rotation of outer race is the input for the motion of ball. If
the outer race is fixed then the rotation of inner race is the
input for the ball motion. Let us consider a case where the
outer race is fixed and the shaft is fitted in the inner race.
Primarily the shaft rotates (may be by motor or power
received from other parts) and hence the inner race. The
speed of the shaft is the speed of the inner race and so is the
angular velocity. To understand the kinematics of the ball,
let us consider the simple rolling motion of the ball
(neglecting sliding). Referring figure 2 and considering a
particular case of ball bearing 6210, where, d,=70mm,
D=12.7mm, d;=57.3mm and d,= 82.7mm.

=
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Let us take three cases as:

Case I: when Ng=N;=1440rpm i.e., w=48mn rad/s

Case Il: when Ng=N;=960rpm i.e., @;=32x rad/s

Case I11: when Ng=N;=480rpm i.e., w=167 rad/s

We can tabulate the values corresponding to varying contact
angle in each case and hence obtain graphs. Following are
the terms used in tabulating the values:

Contact angle, o is in degree; y=(' D cos a)/ d) is constant.
Vm = %2 wn,dy is the mean velocityof the ball; N, = % N; (1-
7)) & N, = Y% (dn/D) N; (1- y°);are the mean speed of ball

during its revolution and rotation respectively.
Corrosponding angular velocity is also calculated. Finally
the time period and the acceleration are found.

Case I: Ns=N;=1440rpm i.e., w;=48x rad/s

Contact Ontet Mean | Ball

agea " Constant | Iver roe | Mean | ean o, | Ball rotation | Anuler | rotatonel vl ot ]

in ™M eV eV | e | el | Avglar i
Radan i

Degree om | eloity, or
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IV. CONCLUSION
Based on the present works the following are some
prominent conclusions have been drawn which are given
below.
1) There is a difference between the time required by ball

2)

3)

4)

and inner race to travel a particular angular distance.
This is being termed here as the “time lag”. The lesser
the time lag the better is the bearing, because the faster
will be the movement of the ball relative to the inner
race.

To minimize the magnitude of the resultant force on
the ball, it should be ensured that the ball is at proper
contact angle with inner & outer race. At different
contact angles, the magnitude of the force varies at a
constant speed of the bearing. This is well shown with
the calculations and graphs.

The bearing will have a long and smooth life only if
there is minimum stress in the ball. To achieve this,
there should be either less resultant force on the ball or
the contact area should be greater. If the load on the
bearing is fixed for a time of run of the bearing, then
selecting a bearing with proper number of balls and
diameter of the ball helps.

In cases where, there is variation of load on the bearing
while working, it is always desired to have as low
stress as possible on the ball. This can only be
achieved when the load is low at smaller speed and at
high speed the load high. And also, at this time, the
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5)

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

contact should be greater with minimum resultant

force.

The bearing must be designed considering all the
contacts of the ball with inner and outer races.
Generally, in most of the bearing designs, the contacts
considered are two, but in actual it is four sometime
and three at most of the time of run.
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