
1.1  Raceway and rolling element materials

1.1.1  High/mid carbon alloy steel

In general, stee l varieties which can be harden ed  n ot j u st  on  the surf ace b ut a lso de  ep harden ed by the so-call ed " t  h  r  ough  

hardening  m ethod"are u sed f  or t h e ra ceways a nd ro lling el ements o f b earings. Foremostamong th ese is h igh ca rbon hromium b earing  

steel, which is widely used. 

1.1.2  Mid-carbon chromium steel  

Mid-carbon chromium steel in corporating  silicone  and  m anganese, w hich g ives i t  h ardening  p roperties c omparable t o h igh carbon 

chromium steel.

1.1.3  Stainless steel

SUS 440 C

1.2  Cage materials

Bearing  cage  materials  must  have  the  strength  to  withstand  r otational v ibrations a nd s hock  l oads.These m  aterials m ust a lso have a  

low friction coefficient, be light  weight, and be able to withstand bearing operation temperatures.

1.2.1  Pressed cages

For  small and  medium  sized  bearings,  pressed  cages  of  cold  or  hot  rolled  steel  with  a  low  c arbon c ontent o f a  pprox.0 . 1% are u sed.  

However, depending on the application, austenitic stainless steel is also used.

1.2.2  Plastic cages

Injection molded plastic cages are now widely used : mos t ar e mad e from fibe r glas s reinforce d hea t resistan t polyamid e   resin. Plastic 

cages are light weight,  corrosion resistant and have excellent dampening  and  s liding  p roperties. H eat r esistant polyamide resins now 
。 。

enable the production  of cages that perform well in applications ranging between -40 C - 120 C. However, they are not recommended  
。

for use at temperatures exceeding 120 C.

External  seals  have  two  main functions: to prevent lubricating oil from leaking out,and,to prevent dust, water, and other 

contaminants  from entering the bearing. When selecting  a  seal,  the  f ollowing f actors n eed t o b e t aken i nto  c onsideration: the type  

of lubricant (oil or grease) , sea l pheripherica l speed , shaf t fitting  errors , space limitations , sea l friction and   resultant heat 

increase, and cost.

Sealing devices for rolling bearings fall into two main classifications: 

non-contact seals and contact seals.

       

2.1  Non-contact seals: 

Non-contact  seals  utilize  a  small   clearance   between   the   shaft  and   the  housing  cover.  Therefore  friction  is  negligible,  making 

them suitable for high speed applications. In  order to improve sealing capability, clearance spaces are often filled with lubricant.

2.2  Contact seals: 

Contact seals accomplish their sealing action through th e contac t pressur e o f  a resilien  t th e sea l (th e li p i s ofte n ad e  of synthetic 

rubber) the  sealing  surface. Contact  seals  are  generally  far  superior  to noncontact seals  in sealing    e  f f i c  iency, altho  ugh their  

friction torque a nd t emperature r ise c oefficients a re h igher . F urthermore, b ecause  t he p ortion of a contact s eal rotates w hile i n 

c ontact w ith t he s haft, t he a llowable s eal pheriphericalsp    eed va rie de pending on se al ty pe.  

         2. External bearing sealing devices      

         1. Bearing materials          
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class 2

Class 2

P2

ABEC-9

Vdp

class 
2

4

5

6

7

8

2.5

2.5

2.5

4.0

5.0

8

10

12

19

25

7

8

10

15

19

4

5

6

7

8

3

4

5

5

6

2.5

2.5

2.5

4.0

5.0

class 
0

class 
6

class 
   5

class 
4

class 
2

max.

maxdiameter  series 0.1

class 
   5

class 
4

class 
2

Kia

class 
   5

class 
4

class 
2

Face runout 
with bore

Sd

max. max.

4

4

5

5

6

2.5

3.0

4.0

4.0

5.0

1.5

2.5

2.5

2.5

2.5

7.0

8.0

8.0

8.0

9.0

3.0

4.0

4.0

5.0

5.0

1.5

1.5

1.5

1.5

2.5

Standard Tolerance class

JIS class 0 class 6 class 5 class 4 

ISO
Normal class 

Class 6X
Class 6 Class 5 Class 4

DIN P0 P6 P4P5

Japanese industrial 
Standard (JIS)

International Organization 
for Standardization (ISO)

Deutsches Institut 
fur Normung(ISO)

American National 
Standards Institute (ANSI) ABEC-3ABEC-1 ABEC-5 ABEC-7

Table 3.1  Comparison of tolerance classifications of national standards

ANSI/ABMA

3.1 Standard of tolerances

Ball bearing "tolerances"or dimensional accuracy and running accuracy, are  regulated by ISO and JIS  standards ( rolling bearing 

tolerances). For dimensional  accuracy,  these  standards  prescribe  the  tolerances  necessary  when  installing bearings on shafts 

or in housings.Running accuracy is defined as the allowable limits for bearing runout during operation.

3.2  Tolerances for radial bearings 

Table 3.2   Inner rings

Single plane mean bore diameter deviation

class 
0

class 
6

class 
   5

class 
4

10

18

30

50

80

18

30

50

80

120

0

0

0

0

0

class 0

high low high

class 6

low

class 5

high low high

class 4

low high

class 2

low

diameter series 9

max.

-8

-10

-12

-15

-20

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

-7

-8

-10

-12

-15

-5

-6

-8

-9

-10

-4

-5

-6

-7

-8

-2.5

-2.5

-2.5

-4.0

-5.0

10

13

15

19

25

9

10

13

15

19

5

6

8

9

10

Single radial plane  bore diameter variation

Vdp

10

18

30

50

80

18

30

50

80

120

6

8

9

11

15

5

6

8

9

11

4

5

6

7

8

3

4

5

5

6

2.5

2.5

2.5

4.0

5.0

class 
0

class 
6

class 
   5

class 
4

class 
2

max.

maxdiameter  series 2,3,4

Single radial plane 
 bore diameter variation

Mean single plane 
bore diameter variation

Vdmp

class 
0

class 
6

class 
   5

class 
4

class 
2

class 
0

class 
6

Inner ring radial runout

max.

6

8

9

11

15

5

6

8

9

11

3

3

4

5

5

2.0

2.5

3.0

3.5

4.0

1.5

1.5

1.5

2.0

2.5

10

13

15

20

25

7

8

10

10

13

1 1

d

mm

Nominal bore
diameter

over incl.

d

mm

Nominal bore
diameter

△dmp

over incl.

Table 3.3   Inner rings

         3. Ball bearing tolerances
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(Unit :     m)μ

(Unit :     m)μ



Inner ring axial 
runout (with side)

10

18

30

50

80

18

30

50

80

120

7

8

8

8

9

modified

3

4

4

5

5

class 
0

class 
6

class 
   5

class 
4

class 
2

max.

Inner ring width deviation

△Bs

class 0,6

high low

class 
   5

class 
4

class 
2

class 5,4 class 2

normal

class 0,6 class 5,4

Inner ring width varietion

VBs

1.5

2.5

2.5

2.5

2.5

0

0

0

0

0

-120

-120

-120

-150

-200

0

0

0

0

0

- 80

-120

-120

-150

-200

0

0

0

0

0

- 80

-120

-120

-150

-200

0

0

0

0

0

- 250

-250

-380

-380

-380

0

0

0

0

0

- 250

-250

-250

-250

-380

20

20

20

25

25

20

20

20

25

25

5

5

5

6

7

2.5

2.5

3.0

4.0

4.0

1.5

1.5

1.5

1.5

2.5

Sia 2

3

over incl.

d

mm

Nominal bore
diameter

high low high low high low high low

Note:      The  dimensional  difference △ds of  bore  diameter  to applied  for  class 4  and 2 is  the  same as the  tolerance 

               of dimentional differenc e △dmp of average b ore diame ter. How ever , the dimensi onal differ en ce is ap pl ied to

               diameter series 0, 1, 2, 3 and 4 against Class 4, and to all the diameter series against Class 2.  

               To be applied for deep groove ball bearing and angular contact ball bearings.

               To be applied for individual raceway rings manufactured for combined bearing use.

1

2

3

  

Table 3.5  Outer rings

 Table 3.4   Inner rings
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(Unit :     m)μ

△Dmp VDp

Single plane mean outside diameter deviation Single radial plane outside diameter variation

6

18

30

50

80

120

150

180

18

30

50

80

120

150

180

250

0

0

0

0

0

0

0

0

class 2

-8

-9

-11

-13

-15

-18

-25

-30

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

-7

-8

-9

-11

-13

-15

-18

-20

-5

-6

-7

-9

-10

-11

-13

-15

-4

-5

-6

-7

-8

-9

-10

-11

-2.5

-4.0

-4.0

-4.0

-5.0

-5.0

-7.0

-8.0

10

12

14

16

19

23

31

38

9

10

11

14

16

19

23

25

5

6

7

9

10

11

13

15

4

5

6

7

8

9

10

11

2.5

4.0

4.0

4.0

5.0

5.0

7.0

8.0

8

9

11

13

19

23

31

38

7

8

9

11

16

19

23

25

4

5

5

7

8

8

10

11

3

4

5

5

6

7

8

8

2.5

4.0

4.0

4.0

5.0

5.0

7.0

8.0

5 5

D

class 
0

class 
6

class 
   5

class 
4

class 
2class 0

high low

class 6

high low

class 5

high low

class 4

high low high low

diameter series 9 maxdiameter  series 0.1

max.

class 
0

class 
6

class 
   5

class 
4

class 
2

max.over incl.

mm

Nominal Outside
diameter

class 6
max.

capped bearings diameter series

Single radial plane outside 
diameter variation 

Mean single plane outside 
diameter variation

VDmp

class 
0

class 
6

class 
   5

class 
4

class 
2

max.

6

18

30

50

80

120

150

180

18

30

50

80

120

150

180

250

class 0

2,3,4 0,1,2,3,4

maxdiameter  series 2.3.4
class 

0
class 

6
class 
   5

class 
4

class 
2

max.

6

7

8

10

11

14

19

23

5

6

7

8

10

11

14

15

4

5

5

7

8

8

10

11

3

4

5

5

6

7

8

8

2.5

4.0

4.0

4.0

5.0

5.0

7.0

8.0

VDp

Single radial plane outside diameter variation

10

12

16

20

26

30

38

9

10

13

16

20

25

30

6

7

8

10

11

14

19

23

5

6

7

8

10

11

14

15

3

3

4

5

5

6

7

8

2.0

2.5

3.0

3.5

4.0

5.0

5.0

6.0

1.5

2.0

2.0

2.0

2.5

2.5

3.5

4.0

over incl.

D

mm

Nominal Outside
diameter

VDp 6

  

Table 3.6  Outer rings

(Unit :     m)μ

(Unit :     m)μ



For rolling bearings , inne r an d out er rin gs a re fix ed on the s haf t o r in  the hous ing so  that rela tive movem ent d oes  n  o  t  occur 

between fitted  surfaces during  operation or  under load. This relative movemen t (referred to a s "creep" ) between    the  fitted 

surfaces of the bearing and the  shaft o r housing  can  occu r i n a radi al directio n, a n ax i al directio n, or in t h  e   direction of 

rotation. To help prevent this creeping  movement, bearing rings and  the shaft or housing are  installed  with one of three 

interference f its, a "tight  fit"  (also  called  shrink  fit), "transition fit," or "loose fit" (also called clearance fit), and the degree of 

interference between their fitted surfaces varies.

The most effective way to fix the  fitted  s urfaces b etween a b earing's r aceway a  nd s haft o r h ousing i s t o a pply a "t ight fi t." The   

advantage of thi s tigh t fi t fo r thin walled  bearing s  is tha t  it provide s unifor m loa d suppo rt ov e r th  e enti re rin  g   circumference 

without any loss of load carrying  capacity . However , with a tigh t fit , eas e o  f installatio n and  disassembl y  is lost; And when 

using a non-separable bearing as the f loating-side b earing, a xial d isplacement i s n ot p ossible. F or t his reason, a tight fit cannot be 

recommended in all cases.

class 
   5

class 
4

class 
2

max.

6

18

30

50

80

120

150

180

18

30

50

80

120

150

180

250

class 
0

class 
6

class 
   5

class 
4

class 
2

max.

15

15

20

25

35

40

45

50

Kea

Outer ring radial runout

8

9

10

13

18

20

23

25

5

6

7

8

10

11

13

15

3

4

5

5

6

7

8

10

1.5

2.5

2.5

4.0

5.0

5.0

5.0

7.0

Outside surface
inclination

SD

class 
   5

class 
4

class 
2

max.

8

8

8

8

9

10

10

11

4

4

4

4

5

5

5

7

1.5

1.5

1.5

1.5

2.5

2.5

2.5

4.0

max.

class 
   5

class 
4

class 
2

Outside ring 
axial runout

Sea
7

8

8

8

10

11

13

14

15

5

5

5

5

6

7

8

10

1.5

2.5

2.5

4.0

5.0

5.0

5.0

7.0

Outer ring 
width deviation

△cs

all type

Identical to

of  inner

ring of same
bearing

△Bs 

Outer ring width
variation

class 
  0,6

Identical to

and 

of  inner
ring of same

bearing

△Bs Vbs 

Vcs

5

5

5

6

8

8

8

10

2.5

2.5

2.5

3.0

4.0

5.0

5.0

7.0

1.5

1.5

1.5

1.5

2.5

2.5

2.5

4.0

over incl.

D

mm

Nominal Outside
diameter

5

6

7

Note:      The dimensional  difference △Ds of outer diameter to be  applied for classes 4 and 2 is the  same as the  tolerance 

                of dimensional differenc e △Dm p o f avera ge ou ter diame ter. Howe ver , the dimensi onal differ en ce is ap pli ed to

                diameter series 0,1.2.3 and 4 against Class 4, and also to all the diameter series against Cfass 2.

                To be applied in case snap rings are not installed on the bearings.

                To be applied for Deep Groove Ball Bearings and Angular Contact Ball Bearings.

 Table 3.7   Outer rings

         4. Bearing fits

4

(Unit :     m)μ

4.1 Interference

In some cases,improper fit may lead to damage and shorten bearing life, therefore it is necessary to make a careful analysis in 

selecting a proper fit. Some of the negative conditions caused by improper fit are listed below.

   Raceway cracking, early peeling and displacement of raceway

   Raceway and shaft or housing abrasion caused by creeping and fretting corrosion

   Seizing caused by loss of internal clearances

   Increased noise and lowered rotational accuracy due to raceway groove deformation

4.2 The necessity of a proper fit 



Selection of a proper fi t i s dependen t upo n thoroug h analys is o f bearin g operatin g condition s, includin g consideratio n of:

   Shaft and housing material, wall thickness, finished surface accuracy, etc.

   Machinery operating conditions (nature and magnitude of load, rotational speed, temperature, etc.)

 

 

Table 4.1  Radial load and bearing 

Illustration Bearing rotation Ring load Fit

Static

load

Unbalanced

load

Static

load

Unbalanced

load

Inner ring:

Rotating

Outer ring:
 

Stationary

Inner ring:

Rotating

Outer ring:
 

Inner ring:

Rotating

Outer ring:
 

Stationary

Rotating inner

ring load

Static outer

ring load

Static inner

ring load

Rotating outer

ring load

Inner ring:

Tight fit

Outer ring:

Loose fit

Inner ring:

Loose fit

Outer ring:

Tight fit

Stationary

Inner ring:

Rotating

Outer ring:
 

Stationary

5

4.3 Fit selection

For  raceways  under  r otating  l oads, a t ight f it i s n ecessary. ( Refer t o T able 4 .1)"Raceways u nder r otating l oads" r efers t o raceways  

receiving  loads  rotating  r elative t o t heir r adial d irection. F or  r aceways u nder s tatic l oads, o n t he o ther h and, a loose fit is sufficient .

(Example) Rotating  inne r ring  load th e directio n  of th  e radi  al loa d  on t he inn er ri ng is rotati n   g    r elatively.

For non-separable  bearings, such as Deep Groove Ball Bearings,  it is generally recommended  that either the inner ring 

or outer ring be given a loose fit. 

4.3.1 "Tight fit," "transition fit," or "loose fit"



Ball bearing interna l clearance (initia l clearance ) i s the amoun t o f interna l clearance a bearing ha s before being installed  o n a 

shaft or in a housing. The internal clearance values for KSM ball bearing classes are shown in tables 5.1 to 5.5

Table 5.1  Radial internal clearance of Deep Groove Ball Bearings

         5. Ball bearing internal clearance

6

(Unit :     m)μ

(Unit :     m)μTable 5.2  Radial internal clearance for  Self-aligning Ball Bearings (for bearing with cylindrical bore)

Nominal bore diameter

d (mm)                   

incl.

C2  

min. max.over

6

10

14

18

24

30

40

50

65

10

14

18

24

30

40

50

65

80

2

2

3

4

5

6

6

7

8

6

6

8

10

11

13

14

16

18

12

13

15

17

19

23

25

30

35

9

10

12

14

16

18

19

21

24

17

19

21

23

24

29

31

36

40

25

26

28

30

35

40

44

50

60

19

21

23

25

29

34

37

45

54

33

35

37

39

46

53

57

69

83

Normal  

min. max.

C3  

min. max.

C4  

min. max.

Bearing with cylindrical bore

Nominal bore diameter

d (mm)                   
CN  C3  C4  C5

incl.

C2  

min. max.over

6

10

18

24

30

40

50

65

80

100

10

18

24

30

40

50

65

80

100

120

0

0

0

1

1

1

1

1

1

2

2

3

5

5

6

6

8

10

12

15

8

11

13

13

15

18

23

25

30

36

min. max. min. max. min. max. min. max.

7

9

10

11

11

11

15

15

18

20

13

18

20

20

20

23

28

30

36

41

23

25

28

28

33

36

43

51

58

66

14

18

20

23

28

30

38

46

53

61

29

33

36

41

46

51

61

71

84

97

20

25

28

30

40

45

55

65

75

90

37

45

48

53

64

73

90

105

120

140



Table 5.3  Radial internal clearance for  Self-aligning Ball Bearings (for bearing with tapered bore)

7

(Unit :     m)μ

(Unit :     m)μ

(Unit :     m)μ

Nominal bore diameter

d (mm)                   

incl.

C2  

min. max.over

6

10

14

18

24

30

40

50

65

10

14

18

24

30

40

50

65

80

7

9

12

14

18

23

13

15

19

22

27

35

20

23

29

33

41

50

17

20

24

27

32

39

26

28

35

39

47

57

33

39

46

52

61

75

28

33

40

45

56

69

42

50

59

65

80

98

Normal  

min. max.

C3  

min. max.

C4  

min. max.

Bearing with tapered bore

Table 5.5  Radial internal clearance of bearings for electric motor

Deep groove ball bearings

min. max.

10 (incl.)

18

24

30

40

50

65

18

24

30

40

50

65

80

4

5

5

9

9

12

12

11

12

12

17

17

22

22

Radial internal clearance CMNominal bore diameter

d (mm)                   

incl.over

Table 5.4  Radial internal clearance of double row Angular Contact Ball Bearings

min. max.

-

10

18

30

10

18

30

50

6

6

6

8

8

8

10

14

15

15

20

25

12

12

12

14

15

15

20

25

22

24

32

40

22

30

40

55

30

40

55

75

min. max. min. max.

C2  Normal  C3  C4  

min. max.

Nominal bore diameter

d (mm)                   

incl.over

         6. Lubrication

The purpose of  bearing l ubrication i s t o p revent d irect m etallic c ontact b etween t he v arious r olling a nd s liding e lements. This is  

accomplished  through the formation o f a thin oi l (or grease ) film on the  contac t surfaces . However , fo r rolling   bearings,

lubrication has the following advantages:

6.1  Lubrication of rolling bearings



(1) Friction and wear reduction

(2) Friction heat dissipation

(3) Prolonged bearing life

(4) Prevention of rust

(5) Protection against harmful elements

In order to achieve the above effects, the most effective lubrication method for the operating conditions must be selected. Also a 

good q uality, reliabl e lubrican  t mus t  b e selecte d.  In additio n, an effectiv  ely desig n ed sea ling sys  tem   t h  a  t  prevents the 

intrusion  of dam aging  elements (dust , water , etc. ) into the  bearing interior , removes other impurities  from   the lubricant,  and 

prevents lubricant from leaking to the outside, is also a requirement.

Almost all rolling bearings use either  grease or  oil   lubrication  methods,  but  in  some  special  a pplicatic  s olid l ubricant s uch as 

molybdenum disulfide or graphite may be used.

Table 6.1  Grease varieties and characteristics

Grease name Lithium grease
Sodium grease

(Fiber grease)

Calcium compound

base grease

Thickener Li soap Na soap
Ca+Na soap
 Ca+Li soap

Mineral oil

150 ~ 180

-20 ~ +130

Excellent ~ Good

Good

Good ~ poor

Mineral oil

150 ~ 180

-20 ~ +120

Excellent ~ Good

Excellent ~ Good

Good ~ poor

Excellent pressure
resistance and
mechanical stability.

Suitable for
bearings receiving
shock loads.

Some emulsification
when water is 
introduced.

Excellent 
characteristics at
relatively high
temperatures.

Silicone oil

200 ~ 250

-50 ~ +160

Good

poor

Good

Suitable for high
and low 
temperatures.

Unsuitable for heavy
load applications
due to low oil film
strength.

Diester oil

170 ~ 190

-50 ~ +130

Good

Good

Good

Excellent low
temperature and
wear characteristics.

Suitable for small
sized and miniature
bearings.

Mineral oil

170 ~ 190

-30 ~ +130

Excellent

Good

Good

Widest range of
applications.

Grease used in all
types of rolling
bearings.

Base oil
。

Dropping poin C 

Operating 
。

temperature range C

Mechanical stability

Pressure resistance

Water resistance

Applications
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Lubricating grease are composed of either a minera l base o r a syntheti c oi l base . To thi s base a thick s othe r additive s  are added.

The properties of al l grease s ar e mainly determine d b y th e kin d o f bas e o il us e th e combinatio n o f thickenin g   agent and various 

additives.

Standard greases and  their characteristics are Table 6.2 . A s performanc e characteristic s o f eve n sam e typ e  of greas  e   will vary

widely from brand, it is best to check the manufacturers' data when selecting a grease.

Grease type lubricants are relatively easy  to  handle  require o nly t he s implest s ealing d evices f or t hese r easons, g rease  i s the most 

widely used lubricant rolling bearings.

6.2  Grease lubrication

6.2.1  Types and characteristics of grease



Grease name
Non-soap base grease

Thickener

Thickener
Bentone, silica gel, urea, carbon black,
fluorine compounds, etc.

-50 ~ +200

Good

Good

Mineral oil

250 or above

-10 ~ +130

Good

Good

Good

Can be used in a wide range of low to
high temperatures. Shows excellent heat
resistance, cold resistance, chemical
resistance, and other characteristics
when matched with a suitable base oil
and thickener.

Grease used in all types of roiling bearings.

Mineral oil

70 ~ 90

-10 ~ +80

Good ~ poor

Good

Good

Excellent viscosity
characteristics.

Suitable for 
bearings subjected
to vibrations.

Base oil
。

Dropping poin C 

Operating 
。

temperature range C

Mechanical stability

Pressure resistance

Water resistance

Applications

Aluminum grease

Al soap

Synthetic oil

250 or above

Good

Even in bearings  operating  under  normal  conditions, t he s urfaces o f t he r aceway a nd r olling e lements a re c onstantly b eing subjected 

to repeated compressiv e stresses wh ich cau ses flak in g of th  ese surfa  ce s to oc cur. T  his flak in  g is  du e   t  o   material  fatigue and 

will eventually cause the bearings to fail. The effective life of a bearing is usually defined in terms of  the total number  of revolutions 

a bearing  can  u ndergo b efore f  laking o f e ither th e  ra ceway s urface o r t he ro lling e  lement surfaces occurs.

Other causes of bearing  f ailure a re o ften  a ttributed t o p  roblems s uch a s s eizing, a brasions, c racking, c hipping, g nawing, rust, etc. 

However,  t hese  s o  c alled " causes" o f b earing f ailure a re u sually t h emselves c a used b y i m proper in stallation, insufficient o r  

improper lubrication, faulty sealing or inaccurate bearing  selection. Since the above mentioned "causes" of bearing  failure  can  be  

a voided b  y t aking t he p roper p  recautions, a nd ar e no t si mply ca used by m  aterial fa tigue, th ey a re considered separately from 

the flaking aspect.

         7. Load rating and life
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7.1 Bearing life

A group of seemingly identical  bearings when subjected  to identical  load and  operating conditions will exhibit a wide diversity 

in their durability.

This " life " disparity can be  accounted  fo r by th e differenc e i n th e fatigu e o f th e bearin g materia l itsel f. Th is disparit y  i s  

considered statistically when calculating bearing life, and the basic rating life is defined as follows.

The basic rating life  is based on a  90% s tatistical m odel w hich i s e xpressed a s t he t otal n umber o f r evolutions 9 0% o f t he bearings 

in an identical group of bearings subjected to identical operating conditions will attain or surpass  before flaking d ue to material   
fatigue occurs . Fo r bearing s operating  a t fixed constan t speeds , th e basi c rating lif e (90% reliability ) i s   expressed in the total 

number of hours of operation.

7.2 Basic rating life and basic dynamic load rating



P ..............L  = (      ) (7.1)10

where,
.................P = 3  For ball bearings

       L  : Basic rating life 106 revolutions10
          C : Basic dynamic rating load, n

                (Cr: radial bearings)

          P : Equivalent dynamic load, n

               (Pr: radial bearings)

C
P

The  basic  dynamic  load  rating  is an  expression of the load capacity of a bearing based on a c onstant  l oad w hich  t he bearing  

can sustain for one million revolution s (th e basi c lif e rating) . Fo r radia l bearing s th is ratin g appli es to pu r  e   radial loads, and 

for thrust bearings it refers to pure axial loads. The basic dynamic load ratings given  in  the  bearing  tables of this catalogue are

for bearings constructed of KS M standa  rd beari n g materia  ls, usi ng standa rd manufacturi n   g  techniques. Please consult KSM

e ngineering for basic load  ratings of  bearings constructed of special materials or using  special manufacturing techniques.

The relationship  between  the  basic  rating  life,  the  basic  dynamic  load  rating  and  the  bearing load is given in formula (7.1).    

C
P

33.3

n

The basic rating life can also be expressed in terms of hours of operation

(revolution), and is calculated as shown in formula (7.2).

pL  = 500f ..............(7.2)10h h

f    =  f       ................(7.3)h n

1/p
f    =  (        ) ...........(7.4)n

where,

L  : Basic rating life, h10

f   : Life factorh
f : Speed factorn  
n    : Rotational speed, r/min

Ball bearings

n 

r/min

fn fhL10h

n

60000

60000

30000

20000

15000

10000
8000

6000

4000

3000

2000

1500

1000
800

600

400

300

200

150

100

80

60

40

30

20

15

10 1.49

1.4

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.35

0.30

0.28

0.26

0.24

0.22

0.20

0.18

0.16

0.14

0.12

0.10

0.09

0.082
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900
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700

600
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0.75
0.80
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Fig.7.1  Bearing life rating scale

Formula (7.2) can also be expressed as shown in formula (7.5).

P..............L  =         (    ) (7.5)10h

The relationship between rotational speed n and speed factor fn as well as the relation  between the basic rating life L10h   and the 

life  factor  fn  is  shown  in  Fig.  7.1.  When  several  bearings  are  incorporated  in  machines  or  equipment  as  complete units, all the 

bearings in the uni t ar e considere d  as a who le wh en computi ng beari ng  life ( see form ula 7. 6 ). T he to  t  a l   bearing life of th e

unit i s a l ife r ating b ased o n t he v iable l ifetime o f t he u nit b efore e ven o ne o  f t he b earings f ails d ue t o r o  l ling con tact fat igue.

..............                                      L =                                         (7.6)

        

C
P

610
60n

1

1
eL1

1/e(        +         +...         )
1

eL2

1
eLn

10



where,

φj : Frequency of individual load conditions

 L j  : Life under individual conditions

Reliability % Ln Reliability factor a1  

90

95

96

97

98

99

L10

L5

L4

L3

L2

L1

1.00

0.62

0.53

0.44

0.33

0.21

where,

e  = 10/9.......................For ball bearings

L = Total basic rating life or entire unit, h

L , L ...L  : Basic rating life or individual bearings, 1, 2,...n, h1 2 n

When the load conditions vary at regular intervals, the life can be given by formula (7.7).
-1L  = (∑φ  / L  ) ...............................(7.7)m j j
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The basic bearing life rating (90% reliabilit y facto r) ca n b e calculate d throug h th e formula s mentione  d earli er  in Sectio  n   7.2. 

However,  in  s ome a pplications a b earing life f actor o f o ver  9 0% r eliability  m ay b e  r equired. T o m eet t hese r equirements,  

bearing life can be lengthened by th e us e o f specially improved bearing material s o r specia l construction techniq  u es.  Moreover, 

according to elastohydrodynamic lubrication theory ,  it is cle ar that  the bear ing opera ting condit i o  n   s   ( lubrication, t emperature,  

speed, etc.) al l exer t an effec t o n bearin g lif e. A ll the se adjustme nt facto rs a re take n in t o cons i  d  e ration w hen c alculating b earing  

life, the adjusted bearing life can be determined.

P. . .L  = a1 a2 a3  (C/P) ...........(7.8)na

where,
6Lna : Adjusted  life  rating in millions of revolutions (10 )(adjusted for reliability, material and  operating conditions) 

a1  : Reliability adjustment factor

a2  : Material adjustment factor

a3  : Operating condition adjustment factor

When  selecting a bearing, it is essential that the requisite life  of the bearing be established in relation to the operati ng conditions. 

The requisite life of the bearing is usually determined by the type o f machine in which the bearing wil l be   used, and  duration 

of service and  operationa l reliability requirements . When determining bearing size , the fatigue life   o f t he b earing i s a n i mportant  

factor; however, besides bearing life, the strength and rigidity of the shaft and housing must also be taken into consideration.

7.3 Machine applications and requisite life

7.4 Adjusted life rating factor

7.4.1 Life adjustment factor for reliability a1

The  values for  the reliability adjustment factor ai (for a reliability factor higher than 90%) can be found in Table 7.1

Table 7.1  Reliability adjustment factor values a   1
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Fig. 7.2  Life adjustment value for 

              operating temperature

 

The life of a bearing is affected by  the material type and  quality as well as the manufacturing process. In this regard, the life is 
adjusted by the use of an a factor.2  

The  basic  dynamic  l oad r  atings l i sted in th e catalogue a re b ased o n K SM 's s tandard m  aterial a nd p rocess, th erefore, th e adjustment  

factor a  =1. When special  materials or processes  are used the adjustment factor can be larger than 1.2

。
KSM bearings can generally be used up to 120 C. If  bearings  are  operated  at  a  higher  temperature,  the  bearing  must  be specially  

heat treated (s tabilized) s o t h at in admissible d i mensional ch ange do es no t oc cur d u e to ch  anges in th e m icrostructure. Th is sp ecial  

heat treatment might cause the reduction of bearing life because of a hardness change.

12

The  operating  conditions  l ife adjustment  f actor  a i s u sed  t o a djust  f or s uch c onditions a s l ubrication, o perating temperature, 3  
and other operation factors which have an  effect  on bearing life.

Generally  speaking,  when  lubricating  conditions  are  satisfactory,  the  a  factor  has  a  value   of  one;  and  w hen l ubricating conditions 3
are exceptionally f avorable, a nd a  ll o ther o perating c onditions a re n ormal, as ca n ha ve a  va lue gr eater th an on e.

However, when  lubricating  conditions are particularly unfavorable and the oi l film formation on  the  contac t surface s of  t he 

raceway and rolling elements is insufficient, the value of a  becomes less than one. This Insufficient oil film formation  can  be 3
2caused, for example, by the lubricating oi l viscosity being to o low fo r th e operating temperatur e (below1 3 mm / s   for ball bearing s

or by exceptionally low rotation al spe ed (nr/m in x dpm m le ss th an 10,00 0). F or bearin gs us ed und  e  r  s  p ecial o  perating co nditions,   

please consult KSM engineering.

As the operating  temperature of the bearing increases,  the hardness of the bearing material decreases. Thus ,  the  bearing  life 

correspondingly decreases. The operating temperature adjustment values are shown in Fig.7.2.

7.4.2  Life adjustment factor for material a2

7.4.3  Life adjustment factor a  for operating conditions3

When stationary rolling bearings are subjected to static loads,  they suffer from partial  permanent deformation  of the contact 

surfaces  at  the contact point between the rolling elements and the raceway. The a mount  o f d eformity  increases as the load 

increases, and if this increase in load exceeds certain limits ,the subsequent   

smooth  operation of the bearings is impaired.

It  has  been  found  through  experience  that a permanent  deformity of 

0.0001 times  the diameter of the  rolling  element, occurring at the most 

heavily  stressed  contact    point  between  the  raceway  and  the  rolling 

elements, can be tolerated without any impairment in running efficiency.

The  basic rating static load refers to a fixed static load limit at which a

specified amount of permanent  deformation occurs. It  applies to pure 

radial  loads  for radial  bearings and to pure axial loads for thrust bearings. 

The m aximum a pplied l oad v alues f or c ontact s tress o ccurring at the rolling 

element and raceway contact points are given below.

7.5 Basic static load rating



Table 7.3  Minimum safety factor values So

Operating conditions Ball Bearings

High rotational accuracy demand

Normal rotating accuracy demand
(Universal application)

Slight rotational accuracy deterioration permitted
(Low speed, heavy loading, etc.)

2

1

0.5

Bearing storage

Most rolling bearings ar e coated wit h a ru st preventativ e befo re bein g packe d an d shipped, an d the y shoul d b e store d  a  t  room 

temperature with a relative humidity of less than 60%.

As  bearing speed increases , th e temperatu re  of  t he beari  ng a  lso increa  ses d u e to fric tion h  eat genera te d in   t h   e   bearing 

interior. If  the  temperature  continues  to ris e an d exceed s certa in limi ts, t he efficien cy of t he lubrica nt sta rt  t o   fail  down  

drastically,  and the bearing can no longer continue to operate in a stable manner. Therefore,t he m aximum s peed a t which i t i s possible 

for the bearing to continuously operate without the generation of excessive heat beyond specified limits, is called the allowable  

speed ( r/min ).The allowable speed o f a bearin g depend s o n th e typ e o f bearing, bearin g   d  imensions, t ype o f c age, lo ad, l ubricating   

conditions, and cooling conditions.

The allowable speeds listed in  the  bearing  tables for grease and  oil  lubrication  are for standard  KSM bearings  under normal 

operating conditions, correctly installed,  using  the  suitable  lubricants  with  adequate  supply a nd p roper m aintenance. Moreover, 

these values are based on normal load conditions (P≤0.09C, Fa /Fr≤0.3). For ball bearings with contact seals  (LLU type), the 

allowable speed is determined by the peripheral lip speed of the seal.

For bearings to be used unde r heavi er th a n norm al lo ad conditio ns,   the allowa ble sp eed va lues lis te d in the bear  i n  g    tables 

must be multiplied by an adjustment factor.  The a djustment factors  f   and f  are given in Figs. 9.1 and 9.2.cL

For ball bearings                                         4,200 Mpa

(except Self-aligning Ball Bearings)

For Self-aligning Ball Bearings                 4,600 Mpa

         8. Bearing handling

         9. Allowable speed
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Generally the static equivalen t load whic h ca n b e permitte d i s limite d b y th e basi c stati c loa d ratin g Howeve r, dependin g   on 

requirements regarding friction and smooth operation, these limits may be greater or lesser than the basic static rating load in the 

following formula (3.9) an d Tabl e 7. 3 th e safet y facto r S o ca n b e determine d considerin g th  e maximum    s tatic  equivalent l oad.

So = Co/Po ......... (3.9)

where,

So  : Safety factor

Co :  Basic static rating load, N (radial bearings: Cor)

Po max : Maximum static equivalent load, N (radial: Por max) 

7.6 Allowable static equivalent load 



Fig.9.1  Value of adjustment factor FL depends

              on bearing load
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Fig.9.2  Value of adjustment factor Fc depends

             on combined load

Angular contact ball bearings

Deep groove ball bearings

Cylindrical roller bearings

Tapered roller bearings (Fa/Fr≤2e)
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0.5
0            0 . 5           1 . 0           1 . 5           2 . 0

Table 9.1  Adjustment factor, f , for allowable number of revolutionsB

Type of bearing Adjustment factor f  B

Deep groove ball bearings

Angular contact ball bearings

3.0

2.0

Also,  when  r adial  b earings  a re m ounted o n v ertical s hafts, l  ubricant r e tentions a n d c a ge gu idance ar  e no  t fav  orable compared  

to horizontal shaft mounting.

Therefore, the allowable speed should be reduced to approximately 80% of the listed speed.

It is possible to operate precision  bearings with high speed  specification cages at speeds higher than those listed in  the bearing 

tables , if special precaution s ar e taken . Thes e precaution s shou ld includ e t he u se of forc ed  oil circulati o  n    m ethods s uch a s o il  

jet or oil mist lubrication.

Under such high spee d operatin g condition  s , whe n speci al ca re is tak en ,t he standard allowa ble spe eds gi ven  in   t h   e  bearing 

tables  can  be  adjusted  upward. The  maximum  speed  adjustmen t  values , /B , b y whic h th e bearin g tabl e   s peeds  c an b  e

m ultiplied, a re s hown i n T able 9 .1.H owever, f or a  ny ap plication re quiring sp eeds in ex cess of th e st andard allowable s  peed, p lease  

consult KSM Engineering.
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