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5.2 ROLLING CONTACT BEARINGS 

5.2.1 Introduction 
In rolling contact bearings, the contact between the bearing surfaces is rolling instead of sliding as in 

sliding contact bearings. We have already discussed that the ordinary sliding bearing starts from rest with 

practically metal-to-metal contact and has a high coefficient of friction. It is an outstanding advantage of a 

rolling contact bearing over a sliding bearing that it has a low starting friction. Due to this low friction 

offered by rolling contact bearings, these are called antifriction bearings. 

 

5.2.2 Advantages and Disadvantages of Rolling Contact Bearings Over Sliding Contact 

Bearings 

The following are some advantages and disadvantages of rolling contact bearings over sliding 

contact bearings. 

Advantages 

1. Low starting and running friction except at very high speeds. 

2. Ability to withstand momentary shock loads. 

3. Accuracy of shaft alignment. 

4. Low cost of maintenance, as no lubrication is required while in service. 

5. Small overall dimensions. 

6. Reliability of service. 

7. Easy to mount and erect. 

8. Cleanliness. 

Disadvantages 

1. More noisy at very high speeds. 

2. Low resistance to shock loading. 

3. More initial cost. 

4. Design of bearing housing complicated. 

 

5.2.3 Types of Rolling Contact Bearings 

Following are the two types of rolling contact bearings: 

1. Ball bearings; and 2. Roller bearings. 

 

      Fig.5.6. Ball and roller bearings.             Fig.5.7.  Radial and thrust ball bearings.   

 



DESIGN OF MACHINE ELEMENTS 

 262 
 

The ball and roller bearings consist of an inner race which is mounted on the shaft or journal and an 

outer race which is carried by the housing or casing. In between the inner and outer race, there are balls or 

rollers as shown in Fig.5.6. A number of balls or rollers are used and these are held at proper distances by 

retainers so that they do not touch each other. The retainers are thin strips and is usually in two parts 

which are assembled after the balls have been properly spaced. The ball bearings are used for light loads 

and the roller bearings are used for heavier loads. 

 

The rolling contact bearings, depending upon the load to be carried, are classified as : 

(a) Radial bearings, and (b) Thrust bearings. 

The radial and thrust ball bearings are shown in Fig. 5.7 (a) and (b) respectively. When a ball 

bearing supports only a radial load (WR), the plane of rotation of the ball is normal to the centre 

line of the bearing, as shown in Fig. 5.7 (a). The action of thrust load (WA) is to shift the plane 

of rotation of the balls, as shown in Fig. 5.7 (b). The radial and thrust loads both may be carried 

simultaneously. 

 

5.2.4 Types of Radial Ball Bearings  

 
Following are the various types of radial ball bearings: 

1. Single row deep groove bearing. A single row deep groove bearing is shown in Fig. 5.8(a). 

 

Fig 5.8. Types of radial ball bearing 

During assembly of this bearing, the races are offset and the maximum number of balls are placed 

between the races. The races are then centred and the balls are symmetrically located by the use of a 

retainer or cage. The deep groove ball bearings are used due to their high load carrying capacity and 

suitability for high running speeds. The load carrying capacity of a ball bearing is related to the size and 

number of the balls. 

2. Filling notch bearing. A filling notch bearing is shown in Fig. 5.8 (b). These bearings have notches 

in the inner and outer races which permit more balls to be inserted than in a deep groove ball bearings. 

The notches do not extend to the bottom of the race way and therefore the balls inserted through the 

notches must be forced in position. Since this type of bearing contains larger number of balls than a 

corresponding unnotched one, therefore it has a larger bearing load capacity. 

 

3. Angular contact bearing. An angular contact bearing is shown in Fig. 5.8 (c). These bearings 

have one side of the outer race cut away to permit the insertion of more balls than in a deep groove 

bearing but without having a notch cut into both races. This permits the bearing to carry a relatively large 

axial load in one direction while also carrying a relatively large radial load. The angular contact bearings 

are usually used in pairs so that thrust loads may be carried in either direction. 
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4. Double row bearing. A double row bearing is shown in Fig. 5.8 (d). These bearings may be 

made with radial or angular contact between the balls and races. The double row bearing is appreciably 

narrower than two single row bearings. The load capacity of such bearings is slightly less than twice that 

of a single row bearing. 

 

5. Self-aligning bearing. A self-aligning bearing is shown in Fig. 5.8 (e). These bearings 

permit shaft deflections within 2-3 degrees. It may be noted that normal clearance in a ball bearing are too 

small to accommodate any appreciable misalignment of the shaft relative to the housing. If the unit is 

assembled with shaft misalignment present, then the bearing will be subjected to a load that 

may be in excess of the design value and premature failure may occur. 

 
 Following are the two types of self-aligning bearings : 

 

(a) Externally self-aligning bearing, and (b) Internally self-aligning bearing. 

 

In an externally self-aligning bearing, the outside diameter of the outer race is ground to a spherical 

surface which fits in a mating spherical surface in a housing, as shown in Fig. 5.8 (e). In case of internally 

self-aligning bearing, the inner surface of the outer race is ground to a s surface. Consequently, the outer 

race may be displaced through a small angle without interfering with the normal operation of the bearing. 

The internally self-aligning ball bearing is interchangeable with other ball bearings. 

 

5.2.5 Standard Dimensions and Designations of Ball Bearings 

The dimensions that have been standardised on an international basis are shown in Fig. 5.9. These 

dimensions are a function of the bearing bore and the series of bearing. The standard dimensions are 

given in millimetres. There is no standard for the size and number of steel balls. The bearings are 

designated by a number. In general, the number consists of atleast three digits. Additional digits or letters 

are used to indicate special features e.g. deep groove, filling notch etc. The last three digits give the series 

and the bore of the bearing. The last two digits from 04 onwards, when multiplied by 5, give the bore 

diameter in millimetres. The third from the last digit designates the series of the bearing.    

The most common ball bearings are available in four series as follows : 

1. Extra light (100),  2. Light (200), 

3. Medium (300),  4. Heavy (400) 

 

Fig. 5.9. Standard designations of ball bearings. 
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5.2.6 Thrust Ball Bearings 
 
The thrust ball bearings are used for carrying thrust loads exclusively and at speeds below 2000 r.p.m. At 

high speeds, centrifugal force causes the balls to be forced out of the races. Therefore at high speeds, it is 

recommended that angular contact ball bearings should be used in place of thrust ball bearings. thrust ball 

bearing may be a single direction, flat face as shown in Fig.5.10 (a) or a double direction with flat face as 

shown in Fig. 5.10 (b). 
 

 

Fig. 5.10. Thrust ball bearing 

5.2.7  Types of Roller Bearings 
 
Following are the principal types of roller bearings : 
 

1. Cylindrical roller bearings. A cylindrical roller bearing is shown in Fig. 5.11 (a). These bearings 

have short rollers guided in a cage. These bearings are relatively rigid against radial motion and have the 

lowest coefficient of friction of any form of heavy duty rolling-contact bearings. Such type of bearings 

are used in high speed service. 

 

2. Spherical roller bearings. A spherical roller bearing is shown in Fig. 5.11 (b). These bearings are 

self-aligning bearings. The self-aligning feature is achieved by grinding one of the races in the form of 

sphere. 

 

Fig. 5.11. Types of roller bearings. 
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3. Needle roller bearings. A needle roller bearing is shown in Fig. 5.11. (c). These bearings are 

relatively slender and completely fill the space so that neither a cage nor a retainer is needed. These 

bearings are used when heavy loads are to be carried with an oscillatory motion, e.g. piston pin bearings 

in heavy duty diesel engines, where the reversal of motion tends to keep the rollers in correct alignment. 

 

4. Tapered roller bearings. A tapered roller bearing is shown in Fig. 5.11 (d). The rollers and race 

ways of these bearings are truncated cones whose elements intersect at a common point. Such type of 

bearings can carry both radial and thrust loads. These bearings are available in various combinations as 

double row bearings and with different cone angles for use with different relative magnitudes of radial 

and thrust loads. 

 

5.2.8 Life of a Bearing 

 

 

 

The life of an individual ball (or roller) bearing may be defined as the number of revolutions (or hours at 

some given constant speed) which the bearing runs before the first evidence of fatigue develops in the 

material of one of the rings or any of the rolling elements. The rating life of a group of apparently 

identical ball or roller bearings is defined as the number of revolutions (or hours at some given constant 

speed) that 90 per cent of a group of bearings will complete or exceed before the first evidence of fatigue 

develops (i.e. only 10 per cent of a group of bearings fail due to fatigue). 

 

 

 

 

 

The term minimum life is also used to denote the rating life. It has been found that the life which 50 per 

cent of a group of bearings will complete or exceed is approximately 5 times the life which 90 per cent of 

the bearings will complete or exceed. In other words, we may say that the average life of a bearing is 5 

times the rating life (or minimum life). It may be noted that the longest life of a single bearing is seldom 

longer than the 4 times the average life and the maximum life of a single bearing is about 30 to 50 times 

the minimum life. 

 

The life of bearings for various types of machines is given in the following table. 
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Table 5.3. Life of bearings for various types of machines. 

 

5.2.9 Dynamic Equivalent Load for Rolling Contact Bearings 
 

The dynamic equivalent load may be defined as the constant stationary radial load (in case of radial ball 

or roller bearings) or axial load (in case of thrust ball or roller bearings) which, if applied to a bearing 

with rotating inner ring and stationary outer ring, would give the same life as that which  the bearing will 

attain under the actual conditions of load and rotation. The dynamic equivalent radial load (W ) for radial 

and angular contact bearings, except the filling slot types, under combined constant radial load (WR) and 

constant axial or thrust load (WA) is given by 

  

W = X . V. WR + Y . WA 

where V = A rotation factor, 

= 1, for all types of bearings when the inner race is rotating, 

= 1, for self-aligning bearings when inner race is stationary, 

= 1.2, for all types of bearings except self-aligning, when inner race is stationary. 
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The values of radial load factor (X ) and axial or thrust load factor (Y ) for the dynamically loaded 

bearings may be taken from the following table: 

 

Table 5.4. Values of X and Y for dynamically loaded bearings. 
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5.2.10 Reliability of a Bearing. 
The reliability (R) is defined as the ratio of the number of bearings which have successfully completed 

L million revolutions to the total number of bearings under test. Sometimes, it becomes necessary to 

select a bearing having a reliability of more than 90%. According to Wiebull, the relation between the 

bearing life and the reliability is given as 

 

 
 

where L is the life of the bearing corresponding to the desired reliability R and a and b are constants 

whose values are 
a = 6.84, and b = 1.17 

 

If L90 is the life of a bearing corresponding to a reliability of 90% (i.e. R90), then 
 

 
 

Example 5.3. A shaft rotating at constant speed is subjected to variable load. The bearings supporting 

the shaft are subjected to stationary equivalent radial load of 3 kN for 10 per cent of time, 2 kN for 20 

percent of time, 1 kN for 30 per cent of time and no load for remaining time of cycle. If the total life 

expected for the bearing is 20 × 106 revolutions at 95 per cent reliability, calculate dynamic load rating 

of the ball bearing. 
 

Given Data : W1 = 3 kN  

 n1 = 0.1 n  

 W2 = 2 kN  

n2 = 0.2 n  

W3 = 1 kN  

 n3 = 0.3 n  

W4 = 0  

 n4 = (1 – 0.1 – 0.2 – 0.3) n = 0.4 n  

L95 = 20 × 106 rev 
 
Solution 

 

Let 

L90 = Life of the bearing corresponding to reliability of 90 per cent, 

 L95 = Life of the bearing corresponding to reliability of 95 per cent 

= 20 × 106 revolutions          …….(Given) 
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We know that 

 

 
 

5.2.11 Selection of Radial Ball Bearings 
In order to select a most suitable ball bearing, first of all, the basic dynamic radial load is calculated. It is 

then multiplied by the service factor (KS) to get the design basic dynamic radial load capacity. The 

service factor for the ball bearings is shown in the following table 

. 
Table 5.5. Values of service factor (KS). 
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Table 5.6. Basic static and dynamic capacities of various types of radial ball bearings. 
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Example 5.4. Select a single row deep groove ball bearing for a radial load of 4000 N and an axial load 

of 5000 N, operating at a speed of 1600 r.p.m. for an average life of 5 years at 10 hours per day. Assume 

uniform and steady load. 

 

 

 

Given Data :  

WR = 4000 N  

 WA = 5000 N ; 

N = 1600 r.p.m. 

Solution 

Since the average life of the bearing is 5 years at 10 hours per day, therefore life of the bearing in hours, 

 

LH = 5 × 300 × 10 = 15 000 hours   .. (Assuming 300 working days per year) 

and life of the bearing in revolutions, 

L = 60 N × LH = 60 × 1600 × 15 000 = 1440 × 106 rev 

We know that the basic dynamic equivalent radial load, 

W = X.V.WR + Y.WA ...(i) 

In order to determine the radial load factor (X) and axial load factor (Y), we require WA/ WR and WA / 

C0. Since the value of basic static load capacity (C0) is not known, therefore let us take WA / C0 = 0.5. 

Now from Table 5.4, we find that the values of X and Y corresponding to WA / C0 

 

= 0.5 and WA/WR = 5000 / 4000 = 1.25 (which is greater than e = 0.44) are 

X = 0.56 and Y = 1 

Since the rotational factor (V) for most of the bearings is 1, therefore basic dynamic equivalent radial 

load, 

 

W = 0.56 × 1 × 4000 + 1 × 5000 = 7240 N 

 

From Table 5.5, we find that for uniform and steady load, the service factor (KS) for ball bearings is 1. 

Therefore the bearing should be selected for W = 7240 N. 

 

We know that basic dynamic load rating, 

 

= 81.76 kN ... ( k = 3, for ball bearings) 

From Table 5.6, let us select the bearing No. 315 which has the following basic capacities, 

   C0 = 72 kN = 72 000 N and C = 90 kN = 90 000 N 

Now WA / C0 = 5000 / 72 000 = 0.07 

 

From Table 5.4, the values of X and Y are 

X = 0.56 and Y = 1.6 

Substituting these values in equation (i), we have dynamic equivalent load, 

W = 0.56 × 1 × 4000 + 1.6 × 5000 = 10 240 N 

Basic dynamic load rating, 
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      = 115 635 N = 115.635 kN 

From Table 5.6, the bearing number 319 having C = 120 kN, may be selected. Ans. 

 

Example 5.5. Design a self-aligning ball bearing for a radial load of 7000 N and a thrust load of 2100 N. 

The desired life of the bearing is 160 millions of revolutions at 300 r.p.m. Assume uniform and steady 

load, 

 

Given Data:  

WR = 7000 N 

WA = 2100 N  

L = 160 × 106 rev  

N = 300 r.p.m. 

 

Solution. 

 

From Table 5.4, 

 we find that for a self-aligning ball bearing, the values of radial factor (X )  

And thrust factor (Y) for WA / WR = 2100 / 7000 = 0.3, are as follows : 

 X = 0.65 and Y = 3.5 

Since the rotational factor (V ) for most of the bearings is 1, therefore dynamic equivalent load, 

W = X.V.WR + Y.WA = 0.65 × 1 × 7000 + 3.5 × 2100 = 11 900 N 

From Table 5.5, we find that for uniform and steady load, the service factor KS for ball bearingsis 1.  

Therefore the bearing should be selected for W = 11 900 N. 

We know that the basic dynamic load rating, 

C =      W (
𝐿

106)
1/𝐾

  = 11900 (
160 𝑋 10

106

6
)

1/3

 

     = 64 600 N = 64.6 kN   ... ( k = 3, for ball 

bearings) 

 

From Table 5.6, let us select bearing number 219 having C = 65.5 kN Ans. 

Example 5.6. Select a single row deep groove ball bearing with the operating cycle listed below, which 

will have a life of 15 000 hours. 

 

Fraction of Type of load Radial Thrust Speed Service factor 

cycle  (N) (N) (R.P.M.)  

      

1/10 Heavy shocks 2000 1200 400 3.0 

1/10 Light shocks 1500 1000 500 1.5 

1/5 Moderate shocks 1000 1500 600 2.0 
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3/5 No shock 1200 2000 800 1.0 

      

 

 Assume radial and axial load factors to be 1.0 and 1.5 respectively and inner race rotates. 

 

Given Data : 

 LH = 15 000 hours  

 WR1 = 2000 N ; WA1 = 1200 N ; N1 = 400 r.p.m. ; KS1 = 3  

WR2 = 1500 N ; WA2 = 1000 N ; N2 = 500 r.p.m. ; KS2 = 1.5  

 WR3 = 1000 N ; WA3 = 1500 N ; N3 = 600 r.p.m. ; KS3 = 2  

WR4 = 1200 N ; WA4 = 2000 N ; N4 = 800 r.p.m. ; KS4 = 1  

 X = 1 ; Y = 1.5 

 

Solution 

 We know that basic dynamic equivalent radial load considering service factor is 

W = [X.V.WR + Y.WA] KS ...(i) 

It is given that radial load factor (X ) = 1 and axial load factor (Y ) = 1.5. Since the rotational factor (V) for 

most of the bearings is 1, therefore equation (i) may be written as 

W = (WR + 1.5 WA) KS 

Now, substituting the values of WR, WA and KS for different operating cycle, we have 

W1 = (WR1 + 1.5 WA1) KS1 = (2000 + 1.5 × 1200) 3 = 11 400 N 

W2 = (WR2 + 1.5 WA2) KS2 = (1500 + 1.5 × 1000) 1.5 = 4500 N 

W3 = (WR3 + 1.5 WA3) KS3 = (1000 + 1.5 × 1500) 2 = 6500 N 

        and W4 = (WR4 + 1.5 WA4) KS4 = (1200 + 1.5 × 2000) 1 = 4200 N 
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From Table 5.6, the single row deep groove ball bearing number 215 having C = 52 kN may be selected. 

Ans. 

EXERCISES 
 

1. The main bearing of a steam engine is 100 mm in diameter and 175 mm long. The bearing supports a 

load of 28 kN at 250 r.p.m. If the ratio of the diametral clearance to the diameter is 0.001 and the absolute 

viscosity of the lubricating oil is 0.015 kg/m-s, find : 1. The coefficient of friction ; and 2. The heat 

generated at the bearing due to friction. [Ans. 0.002 77 ; 101.5 J/s] 

 

2. A journal bearing is proposed for a steam engine. The load on the journal is 3 kN, diameter 50 mm, 

length 75 mm, speed 1600 r.p.m., diametral clearance 0.001 mm, ambient temperature 15.5°C. Oil 

SAE 10 is used and the film temperature is 60°C. Determine the heat generated and heat dissipated. 

Take absolute viscosity of SAE10 at 60°C = 0.014 kg/m-s. [Ans. 141.3 J/s ; 25 J/s] 

 

3. A 100 mm long and 60 mm diameter journal bearing supports a load of 2500 N at 600 r.p.m. If the 

room temperature is 20°C, what should be the viscosity of oil to limit the bearing surface temperature 

to 60°C? The diametral clearance is 0.06 mm and the energy dissipation coefficient based on projected 

area of bearing is 210 W/m2/°C. [Ans. 0.0183 kg/m-s] 

 

4. A tentative design of a journal bearing results in a diameter of 75 mm and a length of 125 mm for 

supporting a load of 20 kN. The shaft runs at 1000 r.p.m. The bearing surface temperature is not to 

exceed 75°C in a room temperature of 35°C. The oil used has an absolute viscosity of 0.01 kg/m-s at 

the operating temperature. Determine the amount of artificial cooling required in watts. Assume d/c = 

1000. [Ans. 146 W] 

 

5. A ball bearing subjected to a radial load of 5 kN is expected to have a life of 8000 hours at 1450 r.p.m. 

with a reliability of 99%. Calculate the dynamic load capacity of the bearing so that it can be selected 

from the manufacturer's catalogue based on a reliability of 90%. [Ans. 86.5 kN] 

 

6. A ball bearing subjected to a radial load of 4000 N is expected to have a satisfactory life of 12 000 

hours at 720 r.p.m. with a reliability of 95%. Calculate the dynamic load carrying capacity of the 

bearing, so that it can be selected from manufacturer's catalogue based on 90% reliability. If there are 

four such bearings each with a reliability of 95% in a system, what is the reliability of the complete 

system? [Ans. 39.5 kN ; 81.45%] 


