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Chapter 11 - Rolling Bearing   المتدحرجة المحامل

1- Rolling contact bearings 

The term ‘rolling contact bearings’ encompasses the wide variety of bearings that use spherical 

balls or some type of roller between the stationary and moving elements as illustrated in Figure. 1 

 
Fig (1) Contact Area for Ball Bearing 

 

The most common type of bearing supports a rotating shaft resisting a combination of radial and 

axial (or thrust) loads. Some bearings are designed to carry only radial or only thrust loads. See 

Fig(2) and Fig (3) 

 
Fig (2) Ball Bearing 
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Fig (3): Roller Bearing 

 

(a) straight roller;  

(b) spherical roller (thrust); 

(c) tapered roller (thrust); 

(d) needle 

(e) tapered roller; 

( f ) steep-angle tapered roller. 

 

Selection of the type of bearing to be used for a given application can be aided by the 

comparison charts, an example of which is given in Table (1) 

Table (1) Merits of different rolling contact bearings 

        
 

Several bearing manufacturers produce excellent catalogues (e.g. NSK/RHP, SKF, FAG, INA) 

including design guides. The reader is commended to gain access to this information, which is 

available in web sites. 
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 Rolling Bearingشكل يوضح تصنيف الركائز الدحروجية 
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 availability شكل يبين معلومات عن الأداء النسبي ، القياسات ، التوفر او المتاحية
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2- Bearing Mounting 
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3- Bearing life and selection 

The load on a rolling contact bearing is exerted on a very small area as illustrated in Figure 2. 

The resulting contact stresses are very high and of the order of 2000MPa. 

Despite very strong steels (e.g. BS 970 534 A99, AISI 52100) all bearings have a finite life and 

will eventually fail due to fatigue. 

For two groups of apparently identical bearings tested under loads F1 and F2, the respective lives 

L1 and L2 are related by: 

𝑳𝟏

𝑳𝟐
= (

𝑭𝟐

𝑭𝟏
)

𝟑

         𝐟𝐨𝐫 𝐛𝐚𝐥𝐥 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬 … … … … (𝟏𝒂) 

𝑳𝟏

𝑳𝟐
= (

𝑭𝟐

𝑭𝟏
)

𝟏𝟎/𝟑

        𝐟𝐨𝐫 𝐫𝐨𝐥𝐥𝐞𝐫 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬 … … … … (𝟏𝒃) 

The various commonly used definitions for rolling element bearing life specification are outlined and 

illustrated by the example below. 

 

The basic dynamic load rating, C, is the constant radial load which a bearing can endure for 1 × 106 

revolutions without evidence of the development of fatigue in any of the bearing components. 
 

The life of a ball bearing, L, is the number of revolutions (or hours at some constant speed), which 

the bearing runs before the development of fatigue in any of the bearing components. 

 

If in Eq. (1), P2 = C and the corresponding life 𝐿2 = 1 × 106, then the life of a bearing L, with 

basic dynamic load rating C with a load P is given by: 

𝑳 = (
𝑪

𝑷
)

𝟑

𝐦𝐢𝐥𝐥𝐢𝐨𝐧 𝐫𝐞𝐯𝐨𝐥𝐮𝐭𝐢𝐨𝐧𝐬           𝐟𝐨𝐫 𝐛𝐚𝐥𝐥 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬 … … … (𝟐𝒂) 

𝑳 = (
𝑪

𝑷
)

𝟏𝟎/𝟑

𝐦𝐢𝐥𝐥𝐢𝐨𝐧 𝐫𝐞𝐯𝐨𝐥𝐮𝐭𝐢𝐨𝐧𝐬     𝐟𝐨𝐫 𝐫𝐨𝐥𝐥𝐞𝐫 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬 … … (𝟐𝒃) 

where: 

L = life (millions of revolutions);  

C = basic dynamic load rating (N); 

P= load (N). 

When selecting a particular bearing from a manufacturer’s catalogue, it is useful to know the 

required basic dynamic load rating C for a given load P and life L, which is given by: 

𝑪 = 𝑷𝑳𝟏/𝟑      𝐟𝐨𝐫 𝐛𝐚𝐥𝐥 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬 … … … … … … … … (𝟑𝐚) 

𝑪 = 𝑷𝑳𝟎.𝟑     𝐟𝐨𝐫 𝐫𝐨𝐥𝐥𝐞𝐫 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬 … … … … … … …  (𝟑𝐛) 

Many bearing manufacturers publish ratings for bearings corresponding to particular number of 

hours at aspecified rotational speed  

The designer's task is to determine which value of catalogue rating to use given a set of particular 

values of Pd, Ld, nd 
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𝑪𝒄𝒂𝒕 = 𝑷𝒅 (
𝑳𝒅𝒏𝒅

𝑳𝒄𝒂𝒕𝒏𝒄𝒂𝒕
)

𝟏/𝒌

… … … … … … … … … (𝟒) 

Where 

𝒌 = {
𝟑   … … … … … … … …    𝐟𝐨𝐫 𝐛𝐚𝐥𝐥 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬

𝟏𝟎/𝟑   … … … …   𝐟𝐨𝐫 𝐜𝐲𝐥𝐢𝐧𝐝𝐫𝐢𝐜𝐚𝐥 𝐫𝐨𝐥𝐥𝐞𝐫 𝐛𝐞𝐚𝐫𝐢𝐧𝐠𝐬.
 

Ccat = catalogue radial rating (N) 

Pd = required radial design load (N) 

Ld = required design life (revolutions or hours) 

Lcat = rated catalogue life (revolutions or hours) 

nd = required design speed (rpm) 

ncat = catalogue rated speed (rpm) 

The life in hours may be found from the life in revolutions as: 

𝑳𝒉 =
𝑳𝒅 × 𝟏𝟎𝟔

𝒏𝒅 × 𝟔𝟎
… … … … … … … … … (𝟓) 

 

Example 1 

A straight cylindrical roller bearing operates 

with a load of 7.5 kN. The required life is 8760 

hours at 1000 rpm. What load rating should be 

used for selection from the catalogue? 

Solution: 

From eq. 5 

𝐿𝑑 =
𝐿ℎ × 𝑛𝑑 × 60

106
=

8760 × 1000 × 60

106

= 525.6 million revolutions 

Using Eq. 3, 

𝐶 = 𝑃𝑑 × 𝐿𝑑
1/𝑘 = 7500(525.6)0.3 = 49.1 kN 

Example 2 

A catalogue lists the basic dynamic load 

rating for a ball bearing to be 33800 N for a 

rated life of 1 million revolutions. 

a- What would be the expected L10 life of the 

bearing if it were subjected to 15000 N 

b- Determine the life in hours that this 

corresponds to if the speed of rotation is 

2000 rpm. Comment on the value obtained 

and its suitability for a machine. 

Solution: 

 

Ccat=33800 N, 

Pd=15000 N, 

Lcat=106 (L10 life at load C), 

K=3 (ball). 

Using Eq. (2), the life is given by: 

𝐿 = (
33800

15000
)

3

= 11.44 million revolutions

= life at 15000 N 

If the rotational speed is 2000 rpm, 

From eq. 5 

𝐿ℎ =
𝐿𝑑 × 106

𝑛𝑑 × 60
 

𝐿ℎ = 11.44 ×
106

2000 × 60
= 95 hours operation 

This is not very long and illustrates the need 

to use a bearing with a high basic dynamic load 

rating. 
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The basic static load rating, 𝐶𝑜, is the load the bearing can withstand without any permanent 

deformation of any component. If this load is exceeded it is likely the bearing races will be indented 

by the rolling elements (called Brinelling). 

The equivalent load, P, is defined as the constant radial load which if applied to a bearing would 

give the same life as that which the bearing would attain under the actual conditions of load and 

rotation. 

When both radial and thrust loads are exerted on a bearing the equivalent load is the constant 

radial load that would produce the same rated life for the bearing as the combined loading. 

Normally, 

𝑷 = 𝑽𝑿𝑭𝒓 + 𝒀𝑭𝒂     … … … … (𝟓) 

where 

P = the equivalent load (N); 

V = 1.2 if mounting rotates is recommended, 

V = 1.0 if shaft rotates; 

𝑋 = radial factor (given in bearing catalogues, see Table 2 for example data); 

𝐹𝑟 = applied radial load (N);  

Y = thrust factor (given in bearing catalogues, see Table 2 for example data);  

𝐹𝑎 = applied thrust load (N). 

Tables 3 to 5 give an overview of the information typically available in bearing manufacturers’ 

catalogues and the example given below illustrates their basic use. 

Example 3 

A bearing is required to carry a radial load of 2.8 kN and provide axial location for a shaft of 30 

mm diameter rotating at 1500 rpm. An L10 life of 10000 hours is required. Select and specify an 

appropriate bearing. 

 

Solution 

Axial shaft location is required, so a deep 

groove ball bearing, which provides axial 

location capability in both directions,would be 

suitable. 

The total number of revolutions in life is 

10000 × 1500 × 60 = 900 million 

so L=900. The load is purely radial, so 

𝑃 = 2800 N 

The required dynamic loading is given b 

𝐶 = 𝑃𝐿1/3 = 2800 × 9001/3 = 27034 N 

 

Reference to the deep groove bearing chart 

(Table 3) shows a suitable bearing could be: 

• ISO designation 6306 

• bore diameter 30 mm, outer diameter 72 mm 

• width 19 mm 

𝐶 = 28200 N 

𝐶0 = 16000 N 

• speed limit (using grease) 9000 rpm 

• speed limit (using oil) 11000 rpm. 
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4- Variable Loads: 

a. If the loads are constant for peiods of time then the mean effective load is given by  

 

𝑭𝒎 = (
𝑭𝟏

𝟑𝑵𝟏 + 𝑭𝟐
𝟑𝑵𝟐 + 𝑭𝟑

𝟑𝑵𝟑 + ⋯

𝑳𝒏
)

𝟏/𝟑

     … … … (𝟔) 

 

𝐹𝑚: is the mean cubic load 

𝐹𝑖: is the force acting for 𝑁𝑖 revolutions 

𝐿𝑛 : is the total number of revolutions 

b. If the speed of rotation is constant but the load varies with time, then 

𝑭𝒎 = (
𝑭𝟏

𝟑𝒕𝟏 + 𝑭𝟐
𝟑𝒕𝟐 + 𝑭𝟑

𝟑𝒕𝟑 + ⋯

𝑻
)

𝟏/𝟑

     … … … (𝟕) 

 

𝐹𝑖: is the force at an instant of time 𝑡𝑖 and T is the time for one cycle of the load variaton. 

 

Example 4  

A radial load 𝐹1 = 3.2 kN acts for 2 hours of a rolling bearing and then reduced to 𝐹2 = 2.9 kN 

for 1 hour. The cycle repeats itself. The shaft rotates at 430 rpm. Calculate the mean cubic load 

which shoud be used in rating the bearing for 9000 hours life. 

 

Solution: using Eq. 7 

𝐹𝑚 = (
𝐹1

3𝑡1 + 𝐹2
3𝑡2

𝑇
)

1
3

= (
32003(2) + 29003(1)

3
)

1
3

= 3106 N 

 

 

5- Bearing Reliability 

 

A knowledge of the reliability of a bearing or bearing combination is critical to the design of a 

product . An idea of the impact of using bearings with a reliability only a few points less than 100 

per cent can be gained by considering the example of a double reduction gear box with six bearings 

. If the reliability of each bearing is 90 per cent and if the probability of failure of any one bearing is 

independent , the overall reliability of the bearing combination is (0.9)6 = 0.5314 or 53 per cent. 

This is a very poor level of reliability and indicates the need to use bearings with a high reliability. 

The distribution of bearing failures at constant load can be approximated by the Weibull distribution 

which for bearings can be approximated by (Mischke, 1990) 

 

𝑹 = 𝐞𝐱𝐩 [− ( 
𝑳/𝑳𝟏𝟎  − 𝟎. 𝟎𝟐

𝟒. 𝟒𝟑𝟗
)

𝟏.𝟒𝟖𝟑

] … … … … (𝟖) 

 

Rearranging equation 8 in terms of the desired life L and the desired reliability R gives 

 

𝑳𝟏𝟎 =
𝑳

𝟎. 𝟎𝟐 + 𝟒. 𝟒𝟑𝟗[𝐥𝐧(𝟏/𝑹)]𝟏/𝟏.𝟒𝟖𝟑 
… … … … (𝟗)   
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Example 5 

A small fan application requires a bearing to last for 2100 hours with a reliability of 95 %. What 

should the rated life of the bearing be? 

𝐿10 =
𝐿

0.02 + 4.439[ln(1/𝑅)]1/1.483 
 

 

𝐿10 =
2100

0.02 + 4.439[ln(1/0.95)]1/1.483 
= 3392 hours 

 

Table (2) Values for the radial and thrust factors for determining the equivalent load for deep 

groove ball single bearings and bearing pairs arranged in tandem 

 

Table (3) Selected example single row deep groove ball bearing ratings 
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Table (4) Selected example angular contact ball bearing ratings 

 

Table (5) Selected example cylindrical roller bearing ratings 
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PROBLEMS: 

1- A bearing is required to support a radial load of 3200 N for a shaft of 50 mm nominal diameter 

spinning at 700 rpm. The desired life is 10000 hours. Select and specify an appropriate bearing. 

Ans. [NU210E, d = 50 mm, D = 90 mm, B = 20 mm, Grease limit 6300 rpm] 

 

2- A straight cylindrical roller bearing operates with a load of 14.2kN.The required life is 3800 

hours at 925 rpm. What load rating should be used for selection from a bearing manufacturer’s 

catalogue. 

 Ans.[70.7 kN] 

 

3- A bearing is required for the floating end of a heavy-duty lathe to carry a radial load of up to 

9kN.The shaft diameter is 50 mm and rotates at 3000 rpm.A life of 7500 hours for the bearings 

is desired. Select and specify an appropriate bearing. 

[C = 78.2 kN. No unique solution] 

 

4- A bearing is required to support a radial load of 2800 N for a shaft of 30 mm nominal diameter 

spinning at 750 rpm. The desired life is 10 000 hours. From the limited range available in 

Tables 3 to 5, select and specify an appropriate bearing, justifying the choice. 

[NU206E, d = 30 mm, D = 62 mm, B = 16 mm, C = 38 100 N. Grease limit 9500 rpm.] 

 

5- A bearing is required to provide axial location and support a radial load of 940 N for a shaft of 

17 mm nominal diameter spinning at 570 rpm. The desired life is 10 years continuous 

operation. From the limited range available in Tables 3 to 5, select and specify an appropriate 

bearing, justifying the choice.  

[6403, d = 17 mm, D = 62 mm, B = 17 mm, C = 23000 N. Grease limit 12000 rpm.] 

 

6- A bearing is required to support an equivalent radial load of 1290N. The nominal diameter of 

the shaft is 25 mm and its design speed is 730 rpm. The desired life is 2 years continuous 

operation. If the bearing should support the load and provide axial location, then from the 

limited range available in Tables 3 to 5, select and specify an appropriate bearing, justifying the 

choice. 

[6205, d = 25 mm, D = 52 mm, B = 15 mm, C = 14050 N. Grease limit 12000 rpm.] 

 

7- A bearing is required to support an equivalent radial load of 1130N. The nominal diameter of 

the shaft is 20 mm and its design speed is 7000 rpm. The desired life is 1 year continuous 

operation. If the bearing should support the load and provide axial location, then from the 

limited range available in Tables 3 to 5, select and specify, detailing the bore, width and outer 

diameter an appropriate bearing, justifying the choice. 

[6404, d = 20 mm, D = 72 mm, B = 19 mm] 

 

1- The bearing for a power transmission arrangement is required to carry an equivalent radial load 

of 2.4 kN at 3000 rpm.The nominal shaft diameter at the bearing is 30mm. A life of 8760 hours 

is required. Select and specify an appropriate bearing from the limited range available in Tables 

3 to 5. 

[6306, d = 30 mm, D = 72 mm, B = 19 mm. Grease limit 9000 rpm]. 


