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LWLF14 to 42
LWLFG

LWLF10
LWLFC

(L1)

L3

(L1)

L3

L2

ød4

ød3

FE

L

H4
h

4-M1✕depth

2-M1✕depth

E

Basic Number

Dimensions of Track Rail
Track Rail
Fitting Bolt

Max. Length
of Track Rail

mm

 (nominal) ✕� mm

L

Basic Dynamic 
Load Rating

Basic Static 
Load Rating

C

N
C0

N

Static Moment Rating 1)

To Tx TY

N · m N · m N · m
H4 W5 W6 d3 d4 h E F

mm

LWLFC24

8 4.5 8 4.5 20 40
Hexagon socket
head cap screw

M4✕10

LWLFC30

9 4.5 8 4.5 20 40
Hexagon socket
head cap screw

M4✕12

LWLFC42

10 4.5 8 4.5 20 40
Hexagon socket
head cap screw

M4✕12

10.1
70.2

8.5
58.9

16.0
111

13.4
93.2

25.7
170

21.6
143

600

2 500 3 460 42.2

600

3 460 4 710 71.6

600

4 450 6 280 133

LWLFC10
300

643 1 220 6.3 2.7
15.4

2.3
13.0

LWLF  10 760 1 570 8.1 4.4
23.3

3.7
19.5

LWLF  24 3 780 6 430 78.4 31.8
174

26.7
146

LWLFG24 4 870 9 400 115 65.6
333

55.0
280

LWLF  30 5 230 8 750 133 50.5
269

42.4
226

LWLFG30 6 730 12 800 194 104
526

87.4
442

LWLF  42 6 150 10 200 216 63.6
346

53.3
290

LWLFG42 7 910 14 900 316 131
668

110
561

4 2.9 4.8 1.6 10 20
Cross-recessed
round head screw

M2.5✕7

LWLFC14

5.5 3.5 6 3.2 15 30
Hexagon socket
head cap screw

M3✕8
300

1 120 1 770 12.6 4.0
25.6

3.3
21.4

LWLF  14 1 580 2 940 21.0 10.4
56.7

8.7
47.6

LWLFG14 2 040 4 320 30.9 21.8
108

18.3
90.8

LWLFC18

7 3.5 6.5 4.5 15 30
Hexagon socket
head cap screw

M3✕8
600

1 360 2 200 20.1 5.8
37.2

4.8
31.3

LWLF  18 2 010 3 960 36.2 17.5
93.4

14.7
78.4

LWLFG18 2 500 5 500 50.3 33.0
165

27.7
139

–

–

–

–

–

–

–

–

–

–

23 9.5

Note: 1) The static moment ratings TO, TX, and TY are respectively the static moment in the direction specified below. Each of the upper
values in the TX and TY columns shows the moment for a single slide unit, and the lower value shows the moment for two slide
units in close contact.

To Tx TY
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9.3  Cross Roller Way Bearing Units for Use in Extreme Special Environments

The Cross Roller Way bearing unit is a linear motion
unit in which cylindrical rollers are mounted on a race-
way base. These rollers are housed in a retainer. The
raceway base consists of two v-shaped surfaces.
In this type of bearing unit, cylindrical rollers are
arranged alternately at right angles. This unit has a
smooth and extremely accurate linear motion even if
loaded from any direction.

• Cross roller way bearing units for use in
extreme special environments

9.3.1 Composition of Cross Roller Way Bearing Unit for Use in Extreme Special Environments

9.3.2 Composition of Nominal Number of Cross Roller Way Bearing Unit for Use in Extreme
Special Environments

Part Material Solid Lubricant

Raceway base

Cylindrical roller

Retainer

Special polymeric
fluoride coating
(Clean PRO) 

SUS440C

SUS440C

SUS304

PTFE or MoS2 coating

PTFE or MoS2 coating

4MPC20753 –CRWSE

Code of area to be coated

Code of solid lubricant

Quantity of cylindrical rollers built into a single unit

Length of raceway base

Diameter of cylindrical roller

Cross roller way

Code of specification for extra special environments

PTFE  : MP
M0S2 (inorganic binder)  : MSA

Clean PRO  : PR

EXSEV  : SE
Grease  : SV

Whole area  : No symbol
Raceway base  : 4
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The degree of parallelism of the raceway surface with
respect to the datum clamp face of the cross roller way
bearing unit is as shown in Fig. 9.3.

9.3.3  Accuracy of Cross Roller Way Bearing Units for Use in Extreme Special Environments

A

B

A// ∆/L

B// ∆/L
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Length of raceway base, mm

Fig. 9.3  Degree of Parallelism of Raceway Surface
of Cross Roller Way Bearing Unit 
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9.3.4  Dimensions Table for Cross Roller Way Bearing Units for Use in Extreme Special Environments

t

F

n✕F

L

E
t H

ød2

ød1

h

g

W

W

M

A –0.3

E

0

CRW Series
Roller diameter  1.5 to 3 mm

Basic Number

Mass (for reference)

Raceway
base 1)

Cylindrical roller
with retainer 2)

kg / m g

Boundary Dimensions Dimensions of Cylindrical Roller with Retainer
mm

A H L (n✕F) E R Z pDa e

mm

CRW1

0.12 0.38 8.5 4

20 ( 1✕10)

5 1.5

16.5 5

50 ( 4✕10) 37.5 12

80 ( 7✕10) 61.5 20

25.5 8
31.5 10

43.5 14
52.5 17

– 20
– 30
– 40
– 50
– 60
– 70
– 80

3 2.25

30 ( 2✕10)
40 ( 3✕10)

60 ( 5✕10)
70 ( 6✕10)

CRW2 – 30

0.24 0.98 12 6

30 ( 1✕15)

7.5 2

29.6 7

4 2.8

– 45 45 ( 2✕15) 41.6 10
– 60 60 ( 3✕15) 53.6 13
– 75 75 ( 4✕15) 65.6 16
– 90 90 ( 5✕15) 77.6 19
– 105 105 ( 6✕15) 89.6 22
– 120 120 ( 7✕15) 101.6 25
– 135 135 ( 8✕15) 113.6 28
– 150 150 ( 9✕15) 125.6 31
– 165 165 (10✕15) 137.6 34
– 180 180 (11✕15) 149.6 37

CRW3 – 50

0.50 2.96 18 8

50 ( 1✕25)

12.5 3

42 8

5 3.5

– 75 75 ( 2✕25) 62 12
– 100 100 ( 3✕25) 82 16
– 125 125 ( 4✕25) 102 20
– 150 150 ( 5✕25) 122 24
– 175 175 ( 6✕25) 142 28
– 200 200 ( 7✕25) 162 32
– 225 225 ( 8✕25) 182 36
– 250 250 ( 9✕25) 202 40
– 275 275 (10✕25) 222 44
– 300 300 (11✕25) 242 48

Note: 1) Mass per 1 m of raceway base
2) Mass of one cylindrical roller / retainer assembly consisting of 10 rollers
3) Load per one cylindrical roller
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R

Pe
Z(Quantity of rollers)

øDa

Basic Number

Fitting Dimensions
mm

Basic dynamic
load rating

Basic static
load rating

Cu 
3)

N

Fu 
3)

N

C0u 
3)

N

Allowable load

3.9 1.8 M2 1.65 3 1.4 1.7 131 119 39.4

5.5 2.5 M3 2.55 4.4 2 1.5 305 292 97.3

8.3 3.5 M4 3.3 6 3.1 2 664 606 202

CRW1 – 20
– 30
– 40
– 50
– 60
– 70
– 80

CRW2 – 30
– 45
– 60
– 75
– 90
– 105
– 120
– 135
– 150
– 165
– 180

CRW3 – 50
– 75
– 100
– 125
– 150
– 175
– 200
– 225
– 250
– 275

300–

W g M h td1 d2

Remark: The Cross Roller Way bearing units for use in extra special environments are classified into grease type (code: SV) 
and EXSEV type (code: SE). Their codes are placed in front of the basic numbers.

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071



9. A Series of Linear Motion Bearings for Use in Extreme Special Environments

92

(9.3.4  Dimensions Table for Cross Roller Way Bearing Units for Use in Extreme Special Environments)

CRW Series
Roller diameter  4 and 6 mm

Basic Number

Mass (for reference)

Raceway
base 1)

Cylindrical roller
with retainer 2)

kg / m g

Boundary Dimensions Dimensions of Cylindrical Roller with Retainer
mm

A H L (n✕F) E R Z pDa e

mm

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

( ✕ )

( ✕ )

( ✕ )

( ✕ )
( ✕ )

( ✕ )
( ✕ )

( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )
( ✕ )

CRW4 80

0.82 6.91 22 11

80 1 40

20 4

73 10

7

120 120 2 40 101 14
160 160 3 40 136 19
200 200 4 40 164 23
240 240 5 40 199 28
280 280 6 40 227 32
320 320 7 40 262 37
360 360 8 40 297 42
400 400 9 40 325 46
440 440 10 40 360 51
480 480 11 40 388 55

CRW6 100

1.57 20.3 31 15

100 1 50

25 6

84 9

9

5

6

150 150 2 50 129 14
200 200 3 50 165 18
250 250 4 50 210 23
300 300 5 50 246 27
350 350 6 50 282 31
400 400 7 50 327 36
450 450 8 50 363 40
500 500 9 50 408 45
550 550 10 50 444 49
600 600 11 50 489 54

Note: 1) Mass per 1 m of raceway base
2) Mass of one cylindrical roller / retainer assembly consisting of 10 rollers
3) Load per one cylindrical roller

t

F

n✕F

L

E
t H

ød2

ød1

h

g

W

W

M

A –0.3

E

0
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Basic Number

Fitting Dimensions
mm

Basic dynamic
load rating

Basic static
load rating

Cu 
3)

N

Fu 
3)

N

C0u 
3)

N

Allowable load

W g M h td1 d2

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

10 4.5 M5 4.3 7.5 4.1 2 1 290 1 170 389

14 6 M6 5.3 9.5 5.2 3 2 680 2 290 764

CRW4 80
120
160
200
240
280
320
360
400
440
480

CRW6 100
150
200
250
300
350
400
450
500
550
600

Remark: The Cross Roller Way bearing units for use in extra special environments are classified into grease type (code: SV) 
and EXSEV type (code: SE). Their codes are placed in front of the basic numbers.

R

Pe
Z(Quantity of rollers)

øDa
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10. Ball Screws for Use in Extreme Special Environments
The equipment and devices to be used in vacuum
equipment, semiconductor, optical, electronic, nuclear
power, and other industries are used in vacuum, corro-
sive, high-temperature, clean, or other environments.
Various types of ball screws have been developed for
various applications.

A series of ball screws have been standardized to meet
the exceptional requirements for extreme special envi-
ronments. (See Table 10.1.)

• Ball screws for use in extreme special environments

Table 10.1 Composition and Advantages of Ball Screws for Use in Extreme Special Environment

For a Vacuum Environment

Lubrication Filled with vacuum grease Ag ion plating

M
at

er
ia

l

Shaft 
and nut

Martensite 
stainless steel

Ball
Martensite stainless 
steel  
Ag ion plating

Circulator

Specification For High Temperatures

PTFE coating PTFE coating High-hardness carbon material

Martensite 
stainless steel

Martensite 
stainless steel
PTFE coating

Precipitation hardened 
stainless steel

Martensite 
stainless steel

Martensite 
stainless steel Ceramics

High-hardness carbon
material or ceramics

Austenitic stainless
steel

Austenitic stainless
steel

Austenitic stainless
steel

Austenitic stainless
steel
PTFE coating

Austenitic stainless
steel
PTFE coating

Ap
pl

ic
ab

le
 c

on
di

tio
ns Ambient 

temperature –40 to 200˚C

–

–

–

–

–

–

––

–100 to 300˚C –100 to 200˚C

Superior Superior

–100 to 200˚C max. 400˚C 

Degree of 
vacuum Low and medium vacuum Medium and high vacuum Fluctuation from atmospheric 

pressure to high vacuum
Atmospheric pressure 
to high vacuum

Corrosion 
resistance

Others Insulation properties

Semiconductor production facility and vacuum table feeder Material handling equipment
Heat treatment oven 
inspecting equipment

Corrosion Resistance and 
Non-magnetic Properties

Principal 
applications

10.1 Composition and Advantages of Ball Screws
for Use in Extreme Special Environments

� Relation between lubrication characteris-
tics of solid lubricant and torque life

(1) Lubrication characteristics of high-
hardness carbon material
Stress : 7.47 kN/mm

2

Rotation speed : 600 rpm
Temperature : 180˚C

(2) Torque life comparison
Nominal number : 1404.7TS3.5
Axial load : 49 N
Rotation speed : 315 rpm
Stroke : 100 mm
Pressure : 1 Pa

• Construction of test machine

NutSpring for loading

Stroke
Gauge

Shaft

Ceramic ball

High-hardness carbon
material ball

Alternative arrangement of
high-hardness carbon material
balls and ceramic balls

Number of Rotation, ✕ 105

15

10

5

0 9 18 27

Ceramic ball only

✕10–2 mg

W
ea

r 
of

 c
er

am
ic

 b
al

l

0

100

200

300

T
or

qu
e 

lif
e 

 h

Torque life comparison

34
72

253

325 and over

Heat
treatment

Ag coat-
ing ball

PTFE coat-
ing ball

All PTFE
coating compo.
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10.2  Accuracy of Lead for Ball Screws for Use in Extreme Special Environments

+

–

0

Effective length of screw

Cumulative nominal lead

Cumulative basic lead

Cumulative 
representative lead

Actual cumulative lead

Variation

C
u

m
u

la
ti

ve
 l

e
a

d
 e

rr
o

r

Target value of 
cumulative lead

Error of cumulative 
representative lead

q Basic lead: Lead to be referenced
This term has the same meaning as nominal lead in
general. For some purposes, the nominal lead is
corrected intentionally.

w Cumulative basic lead (Target value of cumulative lead)
A value obtained by subtracting the cumulative lead
of the effective length of the screw from the basic
lead (or cumulative nominal lead)
To correct the influence of elastic deformation of the
screw shaft caused by external loads or deforma-
tion of the same due to temperature fluctuations,
the basic lead is occasionally deviated toward the
positive side or negative side prior to the actual pro-
duction of the screw.

e Actual cumulative lead
A cumulative lead obtained after measurement on
an optional cross section containing the axis of the
screw shaft.

Technical terms on lead accuracy r Cumulative representative lead
A line representing the tendency of the cumulative
lead. To obtain this lead, the curve representing the
actual cumulative lead is processed, using the
method of least square or similar.

t Cumulative representative lead error
A value obtained by subtracting the cumulative basic
lead from the cumulative representative lead.

y Variation
The maximum value among the actual cumulative
leads existing between the two lines drawn in paral-
lel with the cumulative representative lead.

The cumulative lead error of ball screws for general
use, C7 and C10, is specified on the basis of the
allowable value only for a distance of 300 mm taken
optionally within the effective length of the screw.

Remark: Ball screws for general use, C7 and C10, are available from
KOYO. Please contact KOYO if you require these screws.

For reference

Grade Cumulative Lead Error, mm
C  7 0.05
C10 0.21

Table 10.2 Cumulative Representative Lead Error and Allowance for Variation

Effective Screw Length
mm

Over Up to

630
800

1 000

800
1 000
1 250

1 250
1 600

1 600
2 000

C5

± 35
± 40
± 46

25
27
30

± 54
± 65

35
40

–
100
200

100
200
315

± 18
± 20
± 23

18
18
18

315
400
500

400
500
630

± 25
± 27
± 30

20
20
23

Accuracy Grade

C0 C1 C2 C3

Cumulative 
representative 
lead error

Variation 
(max.)

Cumulative 
representative 
lead error

Variation 
(max.)

Cumulative 
representative 
lead error

Variation 
(max.)

Cumulative 
representative 
lead error

Variation 
(max.)

Cumulative 
representative 
lead error

Variation 
(max.)

± 3
± 3.5
± 4

3
3
3.5

± 3.5
± 4.5
± 6

5
5
5

± 5
± 7
± 8

7
7
7

± 8
± 10
± 12

8
8
8

± 5
± 6
± 6

3.5
4
4

± 7
± 8
± 9

5
5
6

± 9
± 10
± 11

7
7
8

± 13
± 15
± 16

10
10
12

± 7
± 8
± 9

5
6
6

± 10
± 11
± 13

7
8
9

± 13
± 15
± 18

9
10
11

± 18
± 21
± 24

13
15
16

± 11

–

7
–

± 15
± 18

10
11

± 21
± 25

13
15

± 29
± 35

18
21

Unit: µm

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071



10. Ball Screws for Use in Extreme Special Environments

96

10.3  Dimensions Table for Ball Screws for Use in Extreme Special Environments

L1

b

t

øD1 øD2 ød øD1

Z

øX

T
L1

L

øY

ød

øDp

Type TS Type TF

Table 10.3  Dimensions Table for Ball Screws for Use in Extreme Special Environments

1003 TS/TF 10

Unit: mm

Z

–

8.5

3605 TS/TF

3606 TS/TF

3608 TS/TF

3610 TS/TF

36

6.5

8.5

4005 TS/TF

4006 TS/TF

4008 TS/TF

4010 TS/TF

40
8.5

r D 2 T

3 2 2.5✕1 25 45 35 5 –

14

5

6

8

10

3.175

3.969

4.763

6.350

62

66

89

100

75

82

12 11

16
1470 104 86

75 120 98 18

5

6

8

10

3.175

3.969

4.763

6.350

67

70

74

82

101

104

108

124

83

86

90

102

16 14

18 17.5

Nut Dimensions

1)

Basic 
Dynamic 
Load 
Rating

1)

Screw 
Length 

d D w D 1 D p L L1 X Y b t

Ca

N
C0a

N

26 21 4.5 5 3 196 441 200

1203 TS/TF

1204 TS/TF
12

3

4
2 2.5✕1

2.5✕1

2.5✕1

2.5✕1

2.5✕2

2.5✕2

2.5✕2

2.5✕2

28 48 38 5
26

29

21

24
4.5 – 5 3 225 539 300

1403 TS/TF

1404 TS/TF
14

3

4
2 30 50 40 6

27

30

21

24
5.5 –

–

– 5 3 245 637 400

16
4

5

2

3.175
0 63 51 10

34

35

24

25
5.5 9.5 5.5 8 4

265

539

735

1 274
500

2005 TS/TF

2006 TS/TF
20

5

6

3.175

3.969

44

48

67

71

55

59
12

37

42

25

30
5.5 9.5 5.5 8 4

588

833

1 666

2 058
650

25
5

6

3.175

3.969

50

53

73

76

61

64
12

52

60

40

48
5.5 9.5 5.5 8 4

1 274

1 715

4 312

5 292
700

3205 TS/TF

3206 TS/TF

3208TS/TF

3210 TS/TF

32

5

6

8

10

3.175

3.969

4.763

6.350

58

62

66

74

85

89

100

108

71

75

82

90

12
52

60

76

91

40

48

60

75

6.6 11 6.5
8 4

1 372

1 862

2 401

3 528

5 586

6 860

8 134

10 780

1 000

9

52

64

76

93

40

48

60

75

6.6

8 4

1 470

2 009

2 700

3 773

6 272

7 938

9 800

12 250

1 500
9

56

64

76

93

40

48

60

75

9
8 4

1 519

2 107

2 646

3 969

7 056

8 722

10 290

13 720

2 000

11

16

1604 TS/TF

1605 TS/TF

11

2505 TS/TF

2506 TS/TF

Basic Number 
of Nut

Outside 
Dia. 
of Shaft

Lead Ball 
Diameter

Number 
of Circuits

Basic 
Static 
Load 
Rating

Turns ✕ rows (max.)

Note: 1) The basic dynamic load rating and basic static load rating are for ball screws ion-plated with Ag.
Remark: Ball screws other than those described in the above Table are also available at KOYO. Please contact KOYO for further details.
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11. Application Examples of Ceramic Bearings and EXSEV Bearings
In response to the rapid progress of technologies,
research and development has been carried out active-
ly in all industrial fields. The most recent activities are
usually conducted in extremely high vacuums,
extremely low temperatures, clean environment, or
other extreme special atmospheric conditions. The

equipment, devices, and parts to be used for these
activities must function satisfactorily under all applica-
ble conditions. Introduced in the following pages are
some examples of KOYO ceramic bearings and
EXSEV bearings in actual use in various fields.

CONTENTS

1. High-speed Rotation
1.1  Spindle for Machine Tools ·····························98
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1. High-speed Rotation

1.1  Spindle for Machine Tools Example of Application to High-speed Rotation

The bearings assembled into machine tool spindles
are driven at high speeds. Ceramic rolling elements
improve temperature characteristics, seizure resis-
tance, and other high-speed performances of the
bearings.

• Use conditions
Rotation speed : 5 000 to 20 000 rpm
Temperature : Room temperature to 60˚C

• Bearing specifications
Type : Angular ball bearing and cylindrical

roller bearing
Lubricant : Grease or oil/air
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics

1.2  Turbocharger Example of Application to High-speed Rotation

Bearings for use in turbochargers should have a
high-speed rotation performance (low torque, low
vibration, and low temperature rise), high accelera-
tion response, and high durability. Owing to the
higher heat resistance, higher abrasion resistance,
better seizure resistance, and light weight, of
ceramic materials, ceramic bearings exhibit better
performances than steel bearings.

• Use conditions
Rotation speed : 250 000 rpm
Temperature : Up to 350˚C

• Bearing specifications
Type : Angular ball bearing
Lubricant : Oil jet
Material : q Outer ring and inner ring: Heat resistant steel

w Ball: Ceramics
e Retainer: Polyimide resinp-99
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1.3  Automotive Wheel Example of Application to High-speed Rotation

In the Paris-Dakar Rally held in January, 1998, the
"PAJERO T2" model vehicles took the first three
places. The front and rear wheels of these vehicles
were fitted with ceramic ball bearings. Ceramic
bearings were at first considered to have a shorter
life in such severe environments as a desert. How-
ever, their higher durability and reliability were
demonstrated.

• Paris-Dakar Rally
Race distance : 6 388 km
Winning time : 65 h 25 min
Average vehicle speed : 97.7 km/h

1.4  HDD Spindle Motor Example of Application to High-speed Rotation

Lower noise and higher non-reproducible run-out
(NRRO) accuracy are required of HDD spindle
motors, when driven at high speeds. Ceramic bear-
ings meet such severe conditions.

• Use conditions
Rotation speed : 10 000 rpm and over
Temperature : Up to 80˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Grease
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics
e Retainer: Polyamide resin
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1.5  Polygon Scanner Motor Example of Application to High-speed Rotation

High-speed polygon scanner motors have ceramic
bearings that exhibit superior high-speed perfor-
mances.

• Use conditions
Rotation speed : 26 000 rpm and over

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Grease
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics
e Retainer: Polyamide resin

1.6  SR Motor Example of Application to High-speed Rotation

High-speed, high-efficiency SR (Switched Reluc-
tance) motors, for which no coil or permanent mag-
net is necessary, are fitted with ceramic bearings.

• Use conditions
Rotation speed : 30 000 rpm

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Grease
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics
e Retainer: Polyamide resin

(1. High-speed Rotation)
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1.7  Steel Wire Stranding Machine Example of Application to High-speed Rotation

The reinforcing in radial tires is made by stranding
steel wires to attain the required strength. The steel
wire stranding machines are driven at high speeds.
Ceramic bearings are used in the machines to
maintain an improved, reliable life span.

• Use conditions
Rotation speed : 6 000 rpm and over

• Bearing specifications
Type : Angular ball bearing and deep groove

ball bearing
Lubricant : Grease
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics
e Retainer: Polyamide resin

Bearing

Spindle section

Wire stranding section

Spindle section

Bearing

1.8  High-speed Jet Electrostatic Coating Machine Example of Application to High-speed Rotation

In an electrostatic coating machine, the air motor
ejects the grease from the spray nozzle section.
This grease affects the quality of the paint to be
coated. To resolve this problem, ceramic bearings
are used, as no liquid lubricants are required.

• Use conditions
Rotation speed : 20 000 rpm

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Special polymeric fluoride
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics

Electrostatic
coating spray

Bell-shaped construction
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1.9  Inline Skates (sports and leisure equipment) Example of Application to High-speed Rotation

Inline skating has become very popular, and there
are an increasing number of skaters. Because of
their high durability and low running torque charac-
teristics, ceramic bearings are assembled into the
speed skates. These skates have achieved satis-
factory results.

• Required performance
Durability
Quick acceleration (low running torque)

• Use conditions
Speed : 80 km/h
Rotation speed : 10 000 rpm

• Bearing specifications
Type : Sealed type deep groove ball bearing
Lubricant : Oil or grease
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics
e Retainer: Reinforced polyamide resin

(1. High-speed Rotation)
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2. Clean Environment

2.1  Transfer Robot for Semiconductor and
Liquid Crystal Production Facilities Example of Application in a Clean Environment

Bearings having low dust generation and long life
characteristics are required for the transfer robots
used in semiconductor and liquid crystal production
facilities. In some cases, these bearings are deliv-
ered after being assembled into robot arms or other
units to enable easier assembly and higher main-
tainability.

• Use conditions
Temperature : Room temperature to 350˚C
Vacuum : 10

–3
Pa

• Bearing specifications
Type : Super thin section ball bearing, K-series

(full complement ball type)
Lubricant : Low dust generation, vacuum grease or

special polymeric fluoride coating
Material : q Outer ring and inner ring: Martensite

stainless steel
w Ball: Ceramics

Bearing unit for application to transfer robot

2.2  Conveyor for Spattering Machine Example of Application in a Clean Environment

"Clean PRO" linear motion ball bearings are used
for the conveyors used in spattering machines.

• Use conditions
Stroke : 20 mm
Travel speed : 10 mm/s
Temperature : 200˚C
Vacuum : Atmospheric pressure to 10

–5
Pa

• Bearing specifications
Type : Linear motion ball bearing
Lubricant : Special polymeric fluoride coating
Material : q External cylinder and ball: Martensite

stainless steel
w Retainer: Austenitic stainless steel

Linear motion
ball bearing

WaferDeep groove
ball bearing
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2.3  CVD Machine Example of Application in a Clean Environment

Ceramic bearings and "Clean PRO" linear motion
bearings are used for the doors of CVD machines.

• Use conditions
Rotation speed : 10 to 200 rpm
Temperature : 300˚C
Vacuum : Atmospheric pressure to 10

–4
Pa

• Bearing specifications
Type : Deep groove ball bearing and linear

motion ball bearing
Lubricant : Special polymeric fluoride coating
Material : q Outer ring and inner ring: Martensite

stainless steel
w Ball: Ceramics

Motor

Linear motion
ball bearing (4 pieces)

Deep groove
ball bearing
(1 piece)

Deep groove ball bearing (4 pieces)

Door

2.4  CVD Machine Example of Application in a Clean Environment

"Clean PRO Cross Roller Way" linear motion bear-
ing units are also used in CVD machines, due to
their low gas and dust generation characteristics.

• Use conditions
Stroke : 100 mm 
Temperature : 200˚C
Vacuum : Atmospheric pressure to 10

–3
Pa

• Bearing specifications
Type : Cross Roller Way linear motion ball bearing
Lubricant : Special polymeric fluoride coating
Material : q Race way base and roller: Martensite

stainless steel
w Retainer: Austenitic stainless steel

(2. Clean Environment)
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2.5  Etching Machine Example of Application in a Clean Environment

Bearings for use in etching machines must be resis-
tant to halogen, hydrofluoric acid, and other corro-
sive gases. In addition, they should not generate
dust. To meet these requirements, ceramic ball
bearings coated with PTFE are used.

• Use conditions
Load : 10 N
Temperature : Normal temperature to 60˚C
Vacuum : Atmospheric pressure to 10

–2
Pa

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : PTFE coating
Material : q Outer ring and inner ring: Martensite

stainless steel + PTFE coating
w Ball: Ceramics
e Retainer: Austenitic stainless steel +

PTFE coating

Bearing
Preparatory chamber

Reaction
chamber

Arm

Door

2.6  CMP Machine Example of Application in a Clean Environment

A CMP machine is used for flattening the surfaces
of the wafers in a semiconductor multi-layer forming
process. Ceramic bearings are assembled into the
cleaner attached to the CMP machine.

• Use conditions
Rotation speed : 100 rpm
Temperature : Normal temperature
Other : Corrosive solvents are splashed.

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Special polymeric fluoride
Material : Outer ring, inner ring, and ball: Ceramics
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2.7  Liquid Crystal Panel Sealing Machine Example of Application in a Clean Environment

Substrate bonding press jigs for use in furnaces
must not generate dust and they should maintain a
long service life under high temperature conditions.
The "Clean PRO" ceramic linear motion ball bear-
ings are used for these jigs.

• Use conditions
Travel speed : 5 mm/s
Temperature : 200˚C
Vacuum : Atmospheric pressure

• Bearing specifications
Type : Linear motion ball bearing
Lubricant : Special polymeric fluoride coating
Material : q External cylinder: Martensite stainless steel

w Ball: Ceramics
e Retainer: Austenitic stainless steel

Liquid crystal panel press jig

Liquid crystal panel Linear motion
ball bearing

2.8  Wafer Transfer Device Example of Application in a Clean Environment

Not only low dust generation performance but also
corrosion resistance to splashed cleaning agents
are required for the wafer transfer devices. For such
devices, "Clean PRO Linear Way" bearings and
deep groove ball bearings are used.

• Use conditions
Travel speed : 350 mm/s 
Temperature : Room temperature
Vacuum : Atmospheric pressure

(with splashes of cleaning agent)

• Bearing specifications
Type : Linear Way and deep groove ball bearings
Lubricant : Special polymeric fluoride coating
Material : q Casing and track rail: Martensite stainless steel

w Ball: Ceramics

Idler

Drive pulley
Belt

Rail

Drive pulley
Bracket

Linear Way bearing

(2. Clean Environment)
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2.9  Linear Motion Unit Example of Application in a Clean Environment

The dollies and positioner transfer mechanisms for
use in liquid crystal production facilities require var-
ious units consisting of ball screws, ball splines,
support bearings, etc. Linear motion mechanisms
are designed for such units.

• Components and their specifications
q Ball screw : Whole surface of nut, screw,

and tube is coated with PTFE.
w Ball spline : Whole surface of outer ring

and shaft is coated with
PTFE.

e Support bearing : Outer ring, inner ring, and
retainer are coated with spe-
cial polymeric fluoride.

r Housing : Stainless steel

• Performance
High vacuum : 10

–5
Pa

High temperature : 200˚C
Corrosion resistance : Whole surfaces coated with

PTFE
Low dust generation : PTFE coating and special

polymeric fluoride coating

Ball spline

Ball screw  Housing Support bearing

Inside of 
vacuum chamber Atmosphere side
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3. Vacuum Environment

3.1  Vacuum Evaporation Equipment Example of Application in a Vacuum Environment

High durability under high-temperatures and large
loads (moment) is required of bearings for use in
the planetary section of vacuum evaporation equip-
ment. To improve the bearing life under high tem-
perature conditions, composite bearings consisting
of ceramic balls and high-speed tool steel rings are
used.

• Use conditions
Rotation speed : 1 to 30 rpm
Temperature : 200 to 400˚C
Vacuum : 10

–6
to 10

–8
Pa

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Molybdenum disulfide or silver coating
Material : q Outer ring and inner ring: High speed tool steel

w Ball: Ceramics and martensite stainless steel
e Retainer: Austenitic stainless steel

Vibration plate mounting jig

3.2  Turbo Molecular Pump Example of Application in a Vacuum Environment

Magnetic bearings are used in turbo molecular
pumps driven at extremely high speeds. To protect
the blades from fracture during power cuts or mag-
netic failure, touchdown bearing units are used.
Touchdown bearing units are comprised of ceramic
bearings to elongate life span under severe condi-
tions.

• Use conditions
Rotation speed : 20 000 to 60 000 rpm
Vacuum : 1 Pa

• Bearing specifications
Type : Full complement type deep groove ball

bearing and angular ball bearing
Lubricant : Molybdenum disulfide or silver coating
Material : q Outer ring and inner ring: Martensite

stainless steel
w Ball: Ceramics and martensite stainless steel
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3.3  X-ray Tube Example of Application in a Vacuum Environment

Integral bearing units are used in rotation anode X-
ray tubes. Comprised of an inner ring shaft with a
flange, each of these bearing units is resistant to
high vacuum, high-speed rotation, heat, and high
loads.

• Use conditions
Rotation speed : 3 000 to 10 000 rpm
Temperature : 250 to 500˚C
Vacuum : 10

–5
Pa

• Bearing specifications
Type : Full complement ball type bearing unit
Lubricant : lead or silver coating
Material : Outer ring, shaft and ball: High speed tool steel

Bearing

 Hard glass bulb

Electron gunTarget
Rotor
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4. Corrosion Resistance

4.1  Aluminum Foil Electrolytic Capacitor Production Facility Example of Application in Corrosive Environments

In an aluminum foil electrolytic capacitor production
facility, a strong acid solution is used to treat the
aluminum foils. Highly corrosion-resistant ceramic
bearings are used in such high corrosive environ-
ments.

• Use conditions
Rotation speed : 50 rpm
Temperature : 90˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Solution for foil treatment
Material : q Outer ring, inner ring, and ball: High

corrosion resistant ceramics
w Retainer: Special polymeric fluoride
e Spacer: Austenitic stainless steel

  Roll
 (Gaseous phase: 2 bearings/roll)

Aluminum foil

  Acid solution 
(Hydrochloric acid, 
sulfulic acid)

  Roll 
(Liquid phase: 2 bearings/roll)

4.2  Liquid Crystal Polarizing Film Production Facility Example of Application in Corrosive Environments

Acid solution, alkali solution, dying solution, distilled
water, and other solutions are used in liquid crystal
polarizing film production facilities. In such corro-
sive environments, bearings of ceramic compo-
nents and other components made of corrosion
resistant materials are used.

• Use conditions
Rotation speed : 80 rpm
Temperature : Normal temperature to 80˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Solvent for foil treatment
Material : q Outer ring and inner ring: High corro-

sion resistant stainless steel
w Ball: High corrosion resistant ceramics
e Retainer: Special polymeric fluoride or

no retainer (full complement ball type)

Coiled film
Ceramic bearing

Rewound film 

Corrosive solution

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071



CERAMIC BEARINGS AND BEARINGS
R

111

4.3  Synthetic Fiber Production Facility Example of Application in Corrosive Environments

Acid solution, alkali solution, water, and other liq-
uids are used in synthetic fiber yarn reinforcing
processes. Highly corrosion resistant ceramic bear-
ings are used in such corrosive ambient conditions.

• Use conditions
Rotation speed : 20 to 100 rpm
Temperature : Normal temperature to 90˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Solution for foil treatment
Material : q Outer ring and inner ring: High corro-

sion resistant stainless steel
w Ball: High corrosion resistant ceramics
e Retainer: Special type of polymeric fluoride

or no retainer (full complement ball type)Yarn

 Chemical
 solution

Roll

4.4  Centrifugal Separator for Blood Purification Example of Application in Corrosive Environments

Corrosion resistance is required of bearings to be
used in the centrifugal separator used in blood
purification, because of splashes of physiological
saline. Ceramic bearings with bearing rings coated
with a corrosion resistant film are used in such cor-
rosive environments.

• Use conditions
Rotation speed : 20 000 rpm
Temperature : –10 to 10˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Grease
Material : q Outer ring and inner ring: Stainless

steel + Corrosion resistant film
w Ball: Ceramics

Mechanical seal

Sample inlet

Ball bearing + 
Spherical plain bearing

Rotor

Shaft

High frequency motor Purified blood 
outlet

Rotor

Ceramic bearing

Spherical plain bearing

Mechanical seal

Detail of the section into which bearing is assembled
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4.5  Cleaner (Spin Dryer) Example of Application in Corrosive Environments

In semiconductor wafer cleaning processes, the
wafers are cleaned in a chemical solution, cleaning
agent, distilled water, and other liquids and then
dried. Because of their high corrosion resistance,
ceramic bearings are used.

• Use conditions
Rotation speed : 2 000 to 3 000 rpm
Temperature : Room temperature (clean room)

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Low dust generation grease
Material : q Outer ring and inner ring: Corrosion

resistant stainless steel
w Ball: Ceramics
e Retainer: Special polymeric fluoride

HEPA filter
Flywheel

ContainerBearing

Container

Flywheel

Exhaust

Exhaust

(4. Corrosion Resistance)
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5. High Temperature

5.1  Conveyors Installed inside Kilns Example of Application in High-temperature Environments

Conveyors are installed inside kilns that bake Teflon
resin onto the heat rollers of copying machines.
The bearings for use in such conveyors must not
generate dust under high temperatures. Since this
type of conveyor is constructed with lower assem-
bling accuracies, ceramic bearings consisting of an
outer aligning ring are used.

• Use conditions
Rotation speed : 3 to 10 rpm
Temperature : 400 to 500˚C

• Bearing specifications
Type : Deep groove ball bearing (with outer aligning ring)
Lubricant : Graphite
Material : q Outer ring and inner ring: High speed tool steel

w Ball: Ceramics

5.2  Guide Roll for Tube Annealing Furnaces Example of Application in High-temperature Environments

The guide roll bearings installed inside tube anneal-
ing furnaces are driven in high temperature condi-
tions without lubricants. Ceramic bearings are used
in such applications.

• Use conditions
Rotation speed : 300 rpm
Temperature : 300˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Molybdenum disulfide coating
Material : q Outer ring and inner ring: Martensite

stainless steel
w Ball: Ceramics
e Retainer: Austenitic stainless steel

Roller (ceramics)

Bearing
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(5. High Temperature)

5.3  Dollies in Furnaces Example of Application in High-temperature Environments

The dollies, conveyors, and other material handling
equipment used in furnaces are exposed to high
temperatures. Because of their high heat resis-
tance, ceramic bearings are used in such applica-
tions.

• Use conditions
Rotation speed : 10 to 500 rpm
Temperature : 500˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Graphite
Material : q Outer ring and inner ring: High speed tool steel

w Ball: Ceramics
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6. Non-magnetism

6.1  EB Exposing Machine Examples of Non-magnetic usage

EB exposing machines used in semiconductor pro-
duction facilities are exposed to a strong magnetic
field. Because of their non-magnetic characteris-
tics, ceramic bearings are used in such machines.

• Use conditions
Rotation speed : 100 rpm
Temperature : Normal temperature
Vacuum : 10

–5
Pa

• Bearing specifications
Type : Deep groove ball bearing
Material : q Outer ring, inner ring, and ball: Ceramics

w Retainer: Polyamide resin
e Shaft: Non-magnetic stainless steel

or beryllium copper

6.2  Ultrasonic Motor Examples of Non-magnetic usage

The motors installed in magnetic resonance instru-
ments (MRI) use magnetism-insensitive ceramic
bearings.

• Use conditions
Rotation speed : 500 rpm
Temperature : Room temperature
Others : For use in strong magnetic fields

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Special purpose grease
Material : q Outer ring, inner ring, and ball: Ceramics

w Retainer: Special polymeric fluoride
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7. Insulation

7.1  Motor Example of Applications for Insulation Purposes

Electric pitting often causes bearing failure in vari-
ous types of motors. Owing to their insulation char-
acteristics, ceramic bearings are used to eliminate
such failures.

• Use conditions
Rotation speed : 5 000 rpm
Temperature : –10 to 120˚C

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Grease
Material : q Outer ring and inner ring: Bearing steel

w Ball: Ceramics
e Retainer: Stainless steel sheet

7.2  Photographic Film Production Facilities Example of Applications for Insulation Purposes

A high voltage current is applied to film surfaces
when treated in a photographic film production facil-
ity. Because of their high insulation characteristics,
ceramic bearings are used in such environmental
conditions.

• Use conditions
Rotation speed : 200 rpm
Temperature : Normal temperature

• Bearing specifications
Type : Deep groove ball bearing
Lubricant : Grease
Material : q Outer ring: Bearing steel

w Inner ring and ball: Ceramics
e Housing: Cast iron

High voltage
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12. Introduction to KOYO Products

¡Ceramic bearings, EXSEV bearing series

¡Ceramic bearings for machine tool application ¡Insulation bearings for motors
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¡Super thin section ball bearings, K-series, for
use in extreme special environments

¡Ceramic balls

¡Bearing units for X-ray tubes

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071

www.bergab.ru Берг АБ bergab@ya.ru Тел. (495)-228-06-21, факс (495) 223-3071



CERAMIC BEARINGS AND BEARINGS
R

119

CERAMIC BEARINGS AND BEARINGS

¡Linear motion bearings for use in extreme special environments

¡Ball screws for use in extreme special environments ¡X-Y table unit for use in a vacuum environment
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Nominal shaft
diameter
(mm)

Deviation classes of shaft diameter

over up to d6 e6 f6 g5 g6 h5 h6 h7 h8 h9 h10 js5 js6 js7 j5 j6
–30 –20 –10 –4 –4 0 0 0 0 0 0 ± 2.5 ± 4 ± 6 +3 +6

3 6 –38 –28 –18 –9 –12 –5 –8 –12 –18 –30 –48 –2 –2
–40 –25 –13 –5 –5 0 0 0 0 0 0 ± 3 ± 4.5 ± 7 +4 +7

6 10 –49 –34 –22 – 11 –14 –6 –9 –15 –22 –36 –58 –2 –2
–50 –32 –16 –6 –6 0 0 0 0 0 0 ± 4 ± 5.5 ± 9 +5 +8

10 18 –61 –43 –27 –14 –17 –8 –11 –18 –27 –43 –70 –3 –3

18 30
–65 –40 –20 –7 –7 0 0 0 0 0 0 ± 4.5 ± 6.5 ±10 +5 +9
–78 –53 –33 –16 –20 –9 –13 –21 –33 –52 –84 –4 –4

30 50
–80 –25 –9 –9 0 0 0 0 0 0 ± 5.5 ± 8 ±12 +6 +11
–96 –66

–50
–41 –20 –25 –11 –16 –25 –39 –62 –100 –5 –5

50 80 ± 6.5 ± 9.5 ±15–100 –60 –30 –10 –10 0 0 0 0 0 0 +6 +12
–119 –79 –49 –23 –29 –13 –19 –30 –46 –74 –120 –7 –7

80 120 ± 7.5 ±11 ±17–120 –72 –36 –12 –12 0 0 0 0 0 0 +6 +13
–142 –94 –58 –27 –34 –15 –22 –35 –54 –87 –140 –9 – 9

120 180 ± 9 ±12.5 ±20–145 –85 –43 –14 –14 0 0 0 0 0 0 +7 +14
–170 –110 –68 –32 –39 –18 –25 –40 –63 –100 –160 –11 –11

180 250 ±10 ±14.5 ±23–170 –100 –50 –15 –15 0 0 0 0 0 0 +7 +16
–199 –129 –79 –35 –44 –20 –29 –46 –72 –115 –185 –13 –13

250 315 ±11.5 ±16 ±26 ±16–190 –110 –56 –17 –17 0 0 0 0 0 0 +7
–222 –142 –88 –40 –49 –23 –32 –52 –81 –130 –210 –16

315 400 ±12.5 ±18 ±28 ±18–210 –125 –62 –18 –18 0 0 0 0 0 0 +7
–246 –161 –98 –43 –54 –25 –36 –57 –89 –140 –230 –18

400 500 ±13.5 ±20 ±31 ±20–230 –135 –68 –20 –20 0 0 0 0 0 0 +7
–270 –175 –108 –47 –60 –27 –40 –63 –97 –155 –250 –20

500 630 – – – ±22 ±35 – ––260 –145 –76 –22 0 0 0 0 0
–304 –189 –120 –66 –44 –70 –110 –175 –280

630 800 – – – ±25 ±40 – ––290 –160 –80 –24 0 0 0 0 0
–340 –210 –130 –74 –50 –80 –125 –200 –320

800 1 000 – – – ±28 ±45 – ––320 –170 –86 –26 0 0 0 0 0
–376 –226 –142 –82 –56 –90 –140 –230 –360

Supplementary table 1  Shaft tolerances (deviation from nominal dimensions)

Note 1) ∆ dmp : single plane mean bore diameter deviation
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k5 k6 k7 m5 m6 m7 n5 n6 p6 r6 r7
+6 +9 +13 +9 +12 +16 +13 +16 +20 +23 +27
+1 +1 +1 +4 +4 +4 +8 +8 +12 +15 +15
+7 +10 +16 +12 +15 +21 +16 +19 +24 +28 +34
+1 +1 +1 +6 +6 +6 +10 +10 +15 +19 +19
+9 +12 +19 +15 +18 +25 +20 +23 +29 +34 +41
+1 +1 +1 +7 +7 +7 +12 +12 +18 +23 +23
+11 +15 +23 +17 +21 +29 +24 +28 +35 +41 +49
+2 +2 +2 +8 +8 +8 +15 +15 +22 +28 +28
+13 +18 +27 +20 +25 +34 +28 +33 +42 +50 +59
+2 +2 +2 +9 +9 +9 +17 +17 +26 +34 +34

+60 +71
+15 +21 +32 +24 +30 +41 +33 +39 +51 +41 +41
+2 +2 +2 +11 +11 +11 +20 +20 +32 +62 +73

+43 +43
+73 +86

+18 +25 +38 +28 +35 +48 +38 +45 +59 +51 +51
+3 +3 +3 +13 +13 +13 +23 +23 +37 +76 +89

+54 +54
+88 +103

+21 +28 +43 +33 +40 +55 +45 +52
+63

+105
+3 +3 +3 +15 +15 +15 +27 +27 +43

+90
+63

+68
+65 +65
+93 +108
+68 + 68

+106 +123

+24 +33 +50 +37 +46 +60
+77 +77

+4 +4 +4 +17 +17 +17 +31 +31 +50
+109 +126+63 +51 +79
+80 +80
+113 +130
+84 +84
+126 +146

+27 +36 +56 +43 +52 +72 +57 +66 +88 +94 +94
+4 +4 +4 +20 +20 +20 +34 +34 +56 +130 +150

+98 +98
+144 +165

+29 +40 +61 +46 +57 +78 +62 +73 +98 +108 +108
+4 +4 +4 +21 +21 +21 +37 +37 +62 +150 +171

+114 +114
+166 +189

+32 +45 +68 +50 +63 +86 +67 +80 +108 +126 +126
+5 +5 +5 +23 +23 +23 +40 +40 +68 +172 +195

+132 +132

– – –

+194 +220
+44 +70 +70 +88 +122 +150 +150

0 0 +26 +44 +78 +199 +225
+155 +155

– – –

+225 +255
+50 +80 +80 +100 +138 +175 +175

0 0 +30 +50 +88 +235 +265
+185 +185

– – –

+266 +300
+56 +90 +90 +112 +156 +210 +210

0 0 +34 +56 +100 +276 +310
+220 +220

Nominal shaft
diameter
(mm)

∆ dmp 1) of
bearing
(class 0)over up to

3 6
0

– 8

6 10
0

– 8

10 18
0

– 8

18 30
0

– 10

30 50
0

– 12

50 65 0
– 15

80 100 0
– 20

120 140

0
– 25

180 200

0
– 30

250 280 0
– 35

315 355 0
– 40

400 450 0
– 45

500 560 0
– 50

630 710 0
– 75

800 900 0
– 100

65 80

100 120

140 160

160 180

200 225

225 250

280 315

355 400

450 500

+96
+26

560 630

+110
+30

710 800

+124
+34

900 1 000

Unit   µm (Refer.)
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Nominal bore
diameter
(mm)

Deviation classes of housing bore diameter

over up to E6 F6 F7 G6 G7 H6 H7 H8 H9 H10 J6 J7 JS5 JS6 JS7
+43 +27 +34 +17 +24 +11 +18 +27 +43 +70 + 6 +10 ± 4 ± 5.5 ± 910 18 +32 +16 +16 +6 +6 0 0 0 0 0
+53 +33 +41 +20 +28 +13 +21 +33 +52 +84 + 8 +12 ± 4.5 ± 6.5 ±1018 30 +40 +20 +20 +7 +7 0 0 0 0 0
+66 +41 +50 +25 +34 +16 +25 +39 +62 +100 +10 +14 ± 5.5 ± 8 ±1230 50 +50 +25 +25 +9 +9 0 0 0 0 0

50 80 ± 6.5 ± 9.5 ±15+79 +49 +60 +29 +40 +19 +30 +46 +74 +120
+60 +30 +30 +10 +10 0 0 0 0 0 –6 –12

80 120 ± 7.5 ±11 ±17+94 +58 +71 +34 +47 +22 +35 +54 +87 +140
+72 +36 +36 +12 +12 0 0 0 0 0

120 180 ± 9 ±12.5 ±20+110 +68 +83 +39 +54 +25 +40 +63 +100 +160
+85 +43 +43 +14 +14 0 0 0 0 0

±14.5 ±23+129 +79 +96 +44 +61 +29 +46 +72 +115 +185
+100 +50 +50 +15 +15 0 0 0 0 0180 250 ±10

±16 ±26+142 +88 +108 +49 +69 +32 +52 +81 +130 +210
+110 +56 +56 +17 +17 0 0 0 0 0

315 400 ±12.5 ±18 ±28+161 +98 +119 +54 +75 +36 +57 +89 +140 +230
+125 +62 +62 +18 +18 0 0 0 0 0

400 500 ±13.5 ±20 ±31+175 +108 +131 +60 +83 +40 +63 +97 +155 +250
+135 +68 +68 +20 +20 0 0 0 0 0

500 630 – – – ±22 ±35+189 +120 +146 +66 +92 +44 +70 +110 +175 +280
+145 +76 +76 +22 +22 0 0 0 0 0

630 800 – – – ±25 ±40+210 +130 +160 +104 +80 +125 +200 +320
+160 +80 +80 +24 0 0 0 0

800 1 000 – – – ±28 ±45+226 +142 +176 +116 +90 +140 +230 +360
+170 +86 +86 +26 0 0 0 0

1000 1 250 – – – ±33 ±52+261 +164 +203 +133 +105 +165 +260 +420
+195 +98 +98 +28 0 0 0 0

– 5 –8

– 5 –9

–6 –11

+13 +18

+16 +22
–6 –13

+18 +26
–7 –14

+22 +30
–7 –16

250 315 ±11.5+25 +36
–7 –16

+29 +39
–7 –18

+33 +43
–7 –20

+74 +50
+24 0

+82 +56
+26 0

+94 +66
+28 0

Supplementary table 2  Housing bore tolerances (deviation from nominal dimensions)

Note 1) ∆ Dmp : single plane mean outside diameter deviation
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K5 K6 K7 M5 M6 M7 N5 N6 N7 P6 R7
+2 +2 +6 –4 –4 0 –9 –9 –5 –15 –16
–6 –9 –12 –12 –15 –18 –17 –20 –23 –26 –34
+1 +2 +6 –5 –4 0 –12 –11 –7 –18 –20
–8 –11 –15 –14 –17 –21 –21 –24 –28 –31 –41
+2 +3 +7 –5 –4 0 –13 –12 –8 –21 –25
–9 –13 –18 –16 –20 –25 –24 –28 –33 –37 –50

–30
+3 +4 +9 –6 –5 0 –15 –14 –9 –26 –60
–10 –15 –21 –19 –24 –30 –28 –33 –39 –45 –32

–62
–38

+2 +4 +10 –8 –6 0 –18 –16 –10 –30 –73
–13 –18 –25 –23 –28 –35 –33 –38 –45 –52 –41

–76
–48
–88

+3 +4 +12 –9 –8 0 –21 –20 –12 –36 –50
–15 –21 –28 –27 –33 –40 –39 –45 –52 –61 –90

–53

–60
–93

–106
+2 +5 +13 –11 –8 0 –25 –22 –14 –41 –63
–18 –24 –33 –31 –37 –46 –45 –51 –60 –70 –109

–67
–113

+3 +5 +16 –13 –9 0 –27 –25 –14
–74

–47 –126
–20 –27 –36 –36 –41 –52 –50 –57 –66 –79 –78

–130
–87

+3 +7 +17 –14 –10 0 –30 –26 –16 –51 –144
–22 –29 –40 –39 –46 –57 –55 –62 –73 –87 –93

–150
–103

+2 +8 +18 –16 –10 0 –33 –27 –17 –55 –166
–25 –32 –45 –43 –50 –63 –60 –67 –80 –95 –109

–172

– – –

–150
0 0 –26 –26 –44 –44 –78 –220

–44 –70 –70 –96 –88 –114 –122 –155
–225

– – –

–175
0 0 –30 –50 –50 –88 –255

–50 –80 –80 –100 –130 –138 –185
–265

– – –

–210
0 0 –34 –56 –56 –100 –300

–56 –90 –90 –112 –146 –156 –220
–310

– – –

–250
0 0 –40 –66 –66 –120 –355

–66 –105 –106 –132 –171 –186 –260
–365

Nominal bore
diameter
(mm)

∆ Dmp 1)

of
bearing
(class 0)over up to

10 18
0

–  8

18 30
0

–  9

30 50
0

– 11

50 65 0

65 80
– 13

80 100 0
– 15

120 140
(up to150 )

0
– 18

(over 150)

160 180
0

– 25

0
– 30

225 250

0
– 35

315 355 0
– 40

400 450 0
– 45

500 560 0
– 50

630 710 0
– 75

800 900 0
–100

1 000 1 120 0
–125

100 120

140 160

180 200

200 225

250 280

280 315

355 400

450 500

560 630

710 800

900 1 000

1 120 1 250

P7
–11
–29
–14
–35
–17
–42

–21
–51

–24
–59

–28
–68

–33
–79

–36
–88

–41
–98

–45
–108

–78
–148

–30 –88
–110 –168

–34 –100
–124 –190

–40 –120
–145 –225

Unit   µm (Refer.)
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Basic
size

(mm)

Standard tolerance grades (IT)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1) 15 1) 16 1) 17 1) 18 1)

over up to Tolerances (µm) Tolerances (mm)

– 3 0.8 1.2 2 3 4 6 10 14 25 40 60 0.10 0.14 0.26 0.40 0.60 1.00 1.40

3 6 1 1.5 2.5 4 5 8 12 18 30 48 75 0.12 0.18 0.30 0.48 0.75 1.20 1.80

6 10 1 1.5 2.5 4 6 9 15 22 36 58 90 0.15 0.22 0.36 0.58 0.90 1.50 2.20

10 18 1.2 2 3 5 8 11 18 27 43 70 110 0.18 0.27 0.43 0.70 1.10 1.80 2.70

18 30 1.5 2.5 4 6 9 13 21 33 52 84 130 0.21 0.33 0.52 0.84 1.30 2.10 3.30

30 50 1.5 2.5 4 7 11 16 25 39 62 100 160 0.25 0.39 0.62 1.00 1.60 2.50 3.90

50 80 2 3 5 8 13 19 30 46 74 120 190 0.30 0.46 0.74 1.20 1.90 3.00 4.60

80 120 2.5 4 6 10 15 22 35 54 87 140 220 0.35 0.54 0.87 1.40 2.20 3.50 5.40

120 180 3.5 5 8 12 18 25 40 63 100 160 250 0.40 0.63 1.00 1.60 2.50 4.00 6.30

180 250 4.5 7 10 14 20 29 46 72 115 185 290 0.46 0.72 1.15 1.85 2.90 4.60 7.20

250 315 6 8 12 16 23 32 52 81 130 210 320 0.52 0.81 1.30 2.10 3.20 5.20 8.10

315 400 7 9 13 18 25 36 57 89 140 230 360 0.57 0.89 1.40 2.30 3.60 5.70 8.90

400 500 8 10 15 20 27 40 63 97 155 250 400 0.63 0.97 1.55 2.50 4.00 6.30 9.70

500 630 – – – – – 44 70 110 175 280 440 0.70 1.10 1.75 2.80 4.40 7.00 11.00

630 800 – – – – – 50 80 125 200 320 500 0.80 1.25 2.00 3.20 5.00 8.00 12.50

800 1 000 – – – – – 56 90 140 230 360 560 0.90 1.40 2.30 3.60 5.60 9.00 14.00

1 000 1 250 – – – – – 66 105 165 260 420 660 1.05 1.65 2.60 4.20 6.60 10.50 16.50

1 250 1 600 – – – – – 78 125 195 310 500 780 1.25 1.95 3.10 5.00 7.80 12.50 19.50

1 600 2 000 – – – – – 92 150 230 370 600 920 1.50 2.30 3.70 6.00 9.20 15.00 23.00

2 000 2 500 – – – – – 110 175 280 440 700 1 100 1.75 2.80 4.40 7.00 11.00 17.50 28.00

2 500 3 150 – – – – – 135 210 330 540 860 1 350 2.10 3.30 5.40 8.60 13.50 21.00 33.00

Supplementary table 3  Numerical values for standard tolerance grades IT

Note 1) Standard tolerance grades IT 14 to IT 18 (incl.) shall not be used for basic sizes less than or equal to 1 mm.
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Inch

Inches

0 1 2 3 4 5 6 7 8 9

mm

15/16 0.9375 23.8125 49.2125 74.6125 100.0125 125.4125 150.8125 176.2125 201.6125 227.0125 252.4125
61/64 0.953125 24.2094 49.6094 75.0094 100.4094 125.8094 151.2094 176.6094 202.0094 227.4094 252.8094
31/32 0.96875 24.6062 50.0062 75.4062 100.8062 126.2062 151.6062 177.0062 202.4062 227.8062 253.2062
63/64 0.984375 25.0031 50.4031 75.8031 101.2031 126.6031 152.0031 177.4031 202.8031 228.2031 253.6031

10

277.8125
278.2094
278.6062
279.0031

0 0 0 25.4000 50.8000 76.2000 101.6000 127.0000 152.4000 177.8000 203.2000 228.6000 254.0000
1/64 0.015625 0.3969 25.7969 51.1969 76.5969 101.9969 127.3969 152.7969 178.1969 203.5969 228.9969 254.3969
1/32 0.03125 0.7938 26.1938 51.5938 76.9938 102.3938 127.7938 153.1938 178.5938 203.9938 229.3938 254.7938
3/64 0.046875 1.1906 26.5906 51.9906 77.3906 102.7906 128.1906 153.5906 178.9906 204.3906 229.7906 255.1906

1/16 0.0625 1.5875 26.9875 52.3875 77.7875 103.1875 128.5875 153.9875 179.3875 204.7875 230.1875 255.5875
5/64 0.078125 1.9844 27.3844 52.7844 78.1844 103.5844 128.9844 154.3844 179.7844 205.1844 230.5844 255.9844
3/32 0.09375 2.3812 27.7812 53.1812 78.5812 103.9812 129.3812 154.7812 180.1812 205.5812 230.9812 256.3812
7/64 0.109375 2.7781 28.1781 53.5781 78.9781 104.3781 129.7781 155.1781 180.5781 205.9781 231.3781 256.7781

1/8 0.125 3.1750 28.5750 53.9750 79.3750 104.7750 130.1750 155.5750 180.9750 206.3750 231.7750 257.1750
9/64 0.140625 3.5719 28.9719 54.3719 79.7719 105.1719 130.5719 155.9719 181.3719 206.7719 232.1719 257.5719
5/32 0.15625 3.9688 29.3688 54.7688 80.1688 105.5688 130.9688 156.3688 181.7688 207.1688 232.5688 257.9688

11/64 0.171875 4.3656 29.7656 55.1656 80.5656 105.9656 131.3656 156.7656 182.1656 207.5656 232.9656 258.3656

3/16 0.1875 4.7625 30.1625 55.5625 80.9625 106.3625 131.7625 157.1625 182.5625 207.9625 233.3625 258.7625
13/64 0.203125 5.1594 30.5594 55.9594 81.3594 106.7594 132.1594 157.5594 182.9594 208.3594 233.7594 259.1594

7/32 0.21875 5.5562 30.9562 56.3562 81.7562 107.1562 132.5562 157.9562 183.3562 208.7562 234.1562 259.5562
15/64 0.234375 5.9531 31.3531 56.7531 82.1531 107.5531 132.9531 158.3531 183.7531 209.1531 234.5531 259.9531

1/4 0.25 6.3500 31.7500 57.1500 82.5500 107.9500 133.3500 158.7500 184.1500 209.5500 234.9500 260.3500
17/64 0.265625 6.7469 32.1469 57.5469 82.9469 108.3469 133.7469 159.1469 184.5469 209.9469 235.3469 260.7469

9/32 0.28125 7.1438 32.5438 57.9438 83.3438 108.7438 134.1438 159.5438 184.9438 210.3438 235.7438 261.1438
19/64 0.296875 7.5406 32.9406 58.3406 83.7406 109.1406 134.5406 159.9406 185.3406 210.7406 236.1406 261.5406

5/16 0.3125 7.9375 33.3375 58.7375 84.1375 109.5375 134.9375 160.3375 185.7375 211.1375 236.5375 261.9375
21/64 0.328125 8.3344 33.7344 59.1344 84.5344 109.9344 135.3344 160.7344 186.1344 211.5344 236.9344 262.3344
11/32 0.34375 8.7312 34.1312 59.5312 84.9312 110.3312 135.7312 161.1312 186.5312 211.9312 237.3312 262.7312
23/64 0.359375 9.1281 34.5281 59.9281 85.3281 110.7281 136.1281 161.5281 186.9281 212.3281 237.7281 263.1281

3/8 0.375 9.5250 34.9250 60.3250 85.7250 111.1250 136.5250 161.9250 187.3250 212.7250 238.1250 263.5250
25/64 0.390625 9.9219 35.3219 60.7219 86.1219 111.5219 136.9219 162.3219 187.7219 213.1219 238.5219 263.9219
13/32 0.40625 10.3188 35.7188 61.1188 86.5188 111.9188 137.3188 162.7188 188.1188 213.5188 238.9188 264.3188
27/64 0.421875 10.7156 36.1156 61.5156 86.9156 112.3156 137.7156 163.1156 188.5156 213.9156 239.3156 264.7156

7/16 0.4375 11.1125 36.5125 61.9125 87.3125 112.7125 138.1125 163.5125 188.9125 214.3125 239.7125 265.1125
29/64 0.453125 11.5094 36.9094 62.3094 87.7094 113.1094 138.5094 163.9094 189.3094 214.7094 240.1094 265.5094
15/32 0.46875 11.9062 37.3062 62.7062 88.1062 113.5062 138.9062 164.3062 189.7062 215.1062 240.5062 265.9062
31/64 0.484375 12.3031 37.7031 63.1031 88.5031 113.9031 139.3031 164.7031 190.1031 215.5031 240.9031 266.3031

1/2 0.5 12.7000 38.1000 63.5000 88.9000 114.3000 139.7000 165.1000 190.5000 215.9000 241.3000 266.7000
33/64 0.515625 13.0969 38.4969 63.8969 89.2969 114.6969 140.0969 165.4969 190.8969 216.2969 241.6969 267.0969
17/32 0.53125 13.4938 38.8938 64.2938 89.6938 115.0938 140.4938 165.8938 191.2938 216.6938 242.0938 267.4938
35/64 0.546875 13.8906 39.2906 64.6906 90.0906 115.4906 140.8906 166.2906 191.6906 217.0906 242.4906 267.8906

9/16 0.5625 14.2875 39.6875 65.0875 90.4875 115.8875 141.2875 166.6875 192.0875 217.4875 242.8875 268.2875
37/64 0.578125 14.6844 40.0844 65.4844 90.8844 116.2844 141.6844 167.0844 192.4844 217.8844 243.2844 268.6844
19/32 0.59375 15.0812 40.4812 65.8812 91.2812 116.6812 142.0812 167.4812 192.8812 218.2812 243.6812 269.0812
39/64 0.609375 15.4781 40.8781 66.2781 91.6781 117.0781 142.4781 167.8781 193.2781 218.6781 244.0781 269.4781

5/8 0.625 15.8750 41.2750 66.6750 92.0750 117.4750 142.8750 168.2750 193.6750 219.0750 244.4750 269.8750
41/64 0.640625 16.2719 41.6719 67.0719 92.4719 117.8719 143.2719 168.6719 194.0719 219.4719 244.8719 270.2719
21/32 0.65625 16.6688 42.0688 67.4688 92.8688 118.2688 143.6688 169.0688 194.4688 219.8688 245.2688 270.6688
43/64 0.671875 17.0656 42.4656 67.8656 93.2656 118.6656 144.0656 169.4656 194.8656 220.2656 245.6656 271.0656

11/16 0.6875 17.4625 42.8625 68.2625 93.6625 119.0625 144.4625 169.8625 195.2625 220.6625 246.0625 271.4625
45/64 0.703125 17.8594 43.2594 68.6594 94.0594 119.4594 144.8594 170.2594 195.6594 221.0594 246.4594 271.8594
23/32 0.71875 18.2562 43.6562 69.0562 94.4562 119.8562 145.2562 170.6562 196.0562 221.4562 246.8562 272.2562
47/64 0.734375 18.6531 44.0531 69.4531 94.8531 120.2531 145.6531 171.0531 196.4531 221.8531 247.2531 272.6531

3/4 0.75 19.0500 44.4500 69.8500 95.2500 120.6500 146.0500 171.4500 196.8500 222.2500 247.6500 273.0500
49/64 0.765625 19.4469 44.8469 70.2469 95.6469 121.0469 146.4469 171.8469 197.2469 222.6469 248.0469 273.4469
25/32 0.78125 19.8438 45.2438 70.6438 96.0438 121.4438 146.8438 172.2438 197.6438 223.0438 248.4438 273.8438
51/64 0.796875 20.2406 45.6406 71.0406 96.4406 121.8406 147.2406 172.6406 198.0406 223.4406 248.8406 274.2406

13/16 0.8125 20.6375 46.0375 71.4375 96.8375 122.2375 147.6375 173.0375 198.4375 223.8375 249.2375 274.6375
53/64 0.828125 21.0344 46.4344 71.8344 97.2344 122.6344 148.0344 173.4344 198.8344 224.2344 249.6344 275.0344
27/32 0.84375 21.4312 46.8312 72.2312 97.6312 123.0312 148.4312 173.8312 199.2312 224.6312 250.0312 275.4312
55/64 0.859375 21.8281 47.2281 72.6281 98.0281 123.4281 148.8281 174.2281 199.6281 225.0281 250.4281 275.8281

7/8 0.875 22.2250 47.6250 73.0250 98.4250 123.8250 149.2250 174.6250 200.0250 225.4250 250.8250 276.2250
57/64 0.890625 22.6219 48.0219 73.4219 98.8219 124.2219 149.6219 175.0219 200.4219 225.8219 251.2219 276.6219
29/32 0.90625 23.0188 48.4188 73.8188 99.2188 124.6188 150.0188 175.4188 200.8188 226.2188 251.6188 277.0188
59/64 0.921875 23.4156 48.8156 74.2156 99.6156 125.0156 150.4156 175.8156 201.2156 226.6156 252.0156 277.4156

Supplementary table 4  Inch/millimeter conversion
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Mass SI units Other Units
1) Conversion into SI units Conversion from SI units

Angle rad ˚ [degree(s)] ❈ 1˚ = π/180 rad 1 rad = 57.295 78˚
[radian(s)] '  [minute(s)] ❈ 1' = π/10 800 rad

"  [second(s)] ❈ 1" = π/648 000 rad

Length m Å
µ

[Angstrom unit] ❈❈ 1Å = 10
–10

m = 0.1 nm = 100 pm 1 m = 10
10Å

[meter(s)] [micron(s)] 1µ = 1µm
in [inch(es)] 1 in = 25.4 mm 1 m = 39.37 in
ft [foot(feet)] 1 ft = 12 in = 0.304 8 m 1 m = 3.280 8 ft
yd [yard(s)] 1 yd = 3 ft = 0.914 4 m 1 m = 1.093 6 yd
mile [mile(s)] 1 mile = 5 280 ft = 1 609.344 m 1km = 0.621 4 mile

Area m
2 a [are(s)] 1 a = 100 m

2

[square ha [hectare(s)] 1 ha = 10
4

m
2

meter(s)] acre [acre(s)] 1 acre = 4 840 yd
2

= 4 046.86 m
2

1 km
2

= 247.1 acre

Volume m
3

r, L [liter(s)] 1r = 1 dm
3

= 10
–3

m
3

1 m
3

= 10
3
r

[cubic cc [cubic centimeters] 1 cc = 1 cm
3

= 10
–6

m
3

1 m
3

= 10
6

cc
meter(s)] gal (US) [gallon(s)] 1 gal (US) = 231 in

3
= 3.785 41 dm

3
1 m

3
= 264.17 gal

floz (US) [fluid ounce(s)] 1 floz (US) = 29.573 5 cm
3

1 m
3

= 33 814 floz
barrel (US) [barrels(US)] 1 barrel (US) = 158.987 dm

3
1 m

3
= 6.289 8 barrel

Time s min [minute(s)] ❈

[second(s)] h [hour(s)] ❈

d [day(s)] ❈

Angular rad/s
velocity

Angular rad/s
2

acceleration

m/s kn [knot(s)] ❈❈ 1 kn = 1 852 m/h 1km/h = 0.539 96 kn

Acceleration m/s
2 G 1 G = 9.806 65 m/s

2
1 m/s

2
= 0.101 97 G

Frequency Hz c/s [cycle(s)/second] 1 c/s = 1 s
–1

= 1 Hz
[hertz]

Rotation s 
–1 rpm 1 rpm =  60 s

–1
1 s

–1
= 1/60 rpm

speed [revolutions per minute]

Mass kg t [ton(s)] 1 t = 10
3

kg 
[kilogram(s)] lb [pound(s)] 1 lb = 0.453 592 37 kg 1kg = 2.204 6 lb

gr [grain(s)] 1 gr = 64.798 91mg 1 g = 15.432 4 gr
oz [ounce(s)] 1 oz = 1/16lb = 28.349 5 g 1kg = 35.274 0 oz
ton (UK) [ton(s) (UK)] 1 ton (UK) = 1 016.05 kg 1 t = 0.984 2 ton (UK)
ton (US) [ton(s) (US)] 1 ton (US) = 907.185kg 1 t = 1.102 3 ton (US)
car [carat(s)] 1 car = 200mg 1 g = 5 car

Velocity,
speed

Supplementary table 5 (1)  SI units and conversion factors

Note 1) ❈ : Unit can be used as an SI unit.
❈❈ : Unit can be used as an SI unit for the time being.

No asterisk : Unit cannot be used.
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Mass SI units Other Units
1) Conversion into SI units Conversion from SI units

Density kg/m
3

kg/m

Momentum kg · m/s

Moment of
momentum,

kg · m
2
/s

angular 
momentum

Moment of kg · m
2

inertia

Force N dyn [dyne(s)] 1 dyn = 10
–5

N 1 N = 10
5

dyn
[newton(s)] kgf [kilogram-force] 1 kgf = 9.806 65 N 1 N = 0.101 97 kgf

gf [gram-force] 1 gf = 9.806 65✕10
–3

N 1 N = 0.224 809 lbf
tf [ton-force] 1 tf = 9.806 65✕10

3
N

lbf [pound-force] 1 lbf = 4.448 22 N

Moment of N · m gf · cm 1 gf · cm = 9.806 65✕10
–5

N · m 1 N · m = 0.101 97 kgf · m

force, [Newton kgf · cm 1 kgf · cm= 9.806 65✕10
–2

N · m 1 N · m = 0.737 56 ft · 1bf

meter(s)] kgf · m 1 kgf · m = 9.806 65 N · m

torque tf · m 1 tf · m = 9.806 65✕10
3

N · m
tf · lbf 1 ft · 1bf = 1.355 82 N · m

Pressure, Pa gf/cm
2 1 gf/ cm

2
= 9.806 65✕10 Pa 1 Pa = 0.101 97 kgf/m

2

stress [Pascal(s)] kgf/mm
2 1 kgf/mm

2
= 9.806 65✕10

6
Pa 1 MPa = 0.101 97 kgf/mm 

2

kgf/m
2

1 kgf/m
2

= 9.806 65 Pa
or N/m

2
lbf/in

2
1 lbf/in

2
= 6 894.76 Pa 1 Pa = 0.145✕10

–3
lbf/in

2

{1 Pa = 1 N/m
2
} bar [bar(s)] 1 bar = 10

5
Pa 1 Pa = 10

–2
mbar

at [engineering air pressure] 1 at = 1kgf/cm
2

= 9.806 65✕10
4

Pa
mH2O, mAq [meter water column] 1 mH2O = 9.806 65✕10

3
Pa

atm [atmosphere] 1 atm = 101 325 Pa
mHg [meter mercury column]

Torr [torr]
1 mHg = 

101 325 Pa

1 Torr = 1mmHg = 133.322 Pa 1 Pa = 7.500 6✕10
–3

Torr

Viscosity P [poise] 10
–2

P = 1 cP = 1 mPa · s 1 Pa · s = 0.101 97 kgf · s/m
2

[pascal second] kgf · s/m 
2

1 kgf · s/m
2

= 9.806 65 Pa · s

Kinematic m
2
/s St [stokes] 10

–2
St = 1 cSt = 1 mm

2
/s

Surface N/m
tension

0.76

viscosity

Linear
density

Pa · s







❈❈

❈❈

Supplementary table 5 (2)  SI units and conversion factors

Note 1) ❈ : Unit can be used as an SI unit.
❈❈ : Unit can be used as an SI unit for the time being.

No asterisk : Unit cannot be used.
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Mass SI units Other Units
1) Conversion into SI units Conversion from SI units

Work, J eV [electron volt(s)] ❈ 1 eV = (1.6021892 ± 0.0000046)✕10
–19

J 1 J = 10
7

erg
energy [joule(s)] erg [erg(s)] 1 erg = 10

–7
J 1 J = 0.101 97 kgf · m

W · s kgf · m 1 kgf · m = 9.806 65 J 1 J = 0.737 56 ft · lbf

[watt(s) second] ft · lbf 1 ft · lbf = 1.355 82 J

1 J = 1 N · m

1 W· s = 1 J

Power W erg/s [ergs per second] 1 erg/s = 10
–7

W 1 W = 0.101 97 kgf · m/s

[watt(s)] kgf · m/s 1 kgf · m/s = 9.806 65 W 1 W = 0.001 36 PS

{1 W = 1 J/s} ps [French horse-power] 1 PS = 75 kgf · m/s = 735.5 W 1 W = 0.001 34 HP

HP [horse-power (British)] 1 HP = 550 ft · lbf/s = 745.7 W

ft · lbf/s 1 ft · lbf/s = 1.355 82 W

Temperature K ˚C[degree(s) Celsius] ❈ t˚C = (t+273.15) K t K = (t - 273.15)˚C

[kelvin(s)] ˚F [degree(s) Fahrenheit]
t˚F =         ( t - 32)˚C t˚C = (        t+32)˚F

K ˚C[degree(s) Celsius] ❈ 1˚C = 1 K 1 K = 1 ˚C

[kelvin(s)]

Linear K 
–1

˚C
–1

[per degree] ❈

expansion [per kelvin]

coefficient

Heat J erg [erg(s)] 1 erg = 10
–7

J 1 J = 10
7

erg
[joule(s)] kgf · m 1 J = 0.238 89 cal

W· s cal [calories] 1 cal = 4.186 05 J 1 kW · h = 0.86✕10
6

cal

[watt(s) second] (when temperature is not specified)

{1 J = 1 W · s} cal 15 [15 degree calories] 1 cal 15 = 4.185 5 J

cal IT [I. T. calories] 1 cal IT = 4.186 J

1 Mcal IT = 1.163 kW · h

Thermal W/ (m · K) ❈ 1 W/ (m · ˚C)= 1 W/ (m · K)

conductivity cal/ (s · m ·˚C)  1 cal/ (s · m · ˚C) =4.186 05 W/ (m · K)

Coeffcient of W/ (m
2
· K) W/ (m

2

2

 · ˚C)

W/ (m  · ˚C)

❈ 1 W/ (m · ˚C)
2

= 1 W/ (m · K)
2

heat transfer cal/ (s · m  · ˚C)  1 cal/ (s · m · ˚C) 
2

= 4.186 05 W/ (m · K)
2

Heat J/K J/ ˚C ❈ 1 J/ ˚C= 1 J/K

capacity

Specific heat J/ (kg · K) J/ (kg · ̊ C) ❈

capacity

5
9 5

9

Temperature
difference









Supplementary table 5 (3)  SI units and conversion factors

Note 1) ❈ : Unit can be used as an SI unit.
❈❈ : Unit can be used as an SI unit for the time being.

No asterisk : Unit cannot be used.
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Mass SI units Other Units
1) Conversion into SI units Conversion from SI units

Electric A

current [ampere(s)]

Electric C A · h ❈ 1 A · h = 3.6 kC

charge, [coulomb(s)]

quantity of { 1 C = 1 A ·  s}

electricity

Tension, V

[volt(s)]

electric { 1 V = 1 W/A}

potential

Capacitance F

[farad(s)]

{ 1 F = 1 C/V}

Magnetic field A/m Oe [oersted(s)]
1 Oe =          A/m

1 A/m = 4π✕10
–3

Oe
strength

Magnetic flux T Gs [gauss(es)] 1 Gs = 10
–4

T 1 T = 10
4

Gs
density [tesla(s)] γ [gamma(s)] 1γ = 10

–9
T 1 T = 10

9γ
1 T =1N/(A · m)  

=1Wb/m2

=1V · s/m2 

Magnetic flux Wb Mx [maxwell(s)] 1 Mx = 10
–8

Wb 1 Wb = 10
8

Mx
[weber(s)]

{ 1 Wb = 1 V· s}

Self H

inductance [henry (– ries)]

{ 1 H = 1 Wb/A}

Resistance Ω
[ohm(s)]

{ 1Ω = 1 V/A}

Conductance S

[siemens]

{ 1 S = 1 A/V}

Power W

1 W = 1 J/s

= 1 A ·V

10
3

4π





















Supplementary table 5 (4)  SI units and conversion factors

Note 1) ❈ : Unit can be used as an SI unit.
❈❈ : Unit can be used as an SI unit for the time being.

No asterisk : Unit cannot be used.
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Rockwell

Vicker's

Brinell Rockwell

ShoreC-scale
1471.0 N {150 kgf}

Standard ball Tungsten 
carbide ball

A-scale
588.4 N {60 kgf}

B-scale
980.7 N {100 kgf}

68 940 85.6 97
67 900 85.0 95
66 865 84.5 92

65 832 739 83.9 91
64 800 722 83.4 88
63 772 705 82.8 87
62 746 688 82.3 85
61 720 670 81.8 83

60 697 654 81.2 81
59 674 634 80.7 80
58 653 615 80.1 78
57 633 595 79.6 76
56 613 577 79.0 75

55 595 – 560 78.5 74
54 577 – 543 78.0 72
53 560 – 525 77.4 71
52 544 500 512 76.8 69
51 528 487 496 76.3 68

50 513 475 481 75.9 67
49 498 464 469 75.2 66
48 484 451 455 74.7 64
47 471 442 443 74.1 63
46 458 432 432 73.6 62

45 446 421 73.1 60
44 434 409 72.5 58
43 423 400 72.0 57
42 412 390 71.5 56
41 402 381 70.9 55

40 392 371 70.4 – 54
39 382 362 69.9 – 52
38 372 353 69.4 – 51
37 363 344 68.9 – 50
36 354 336 68.4 (109.0) 49

35 345 327 67.9 (108.5) 48
34 336 319 67.4 (108.0) 47
33 327 311 66.8 (107.5) 46
32 318 301 66.3 (107.0) 44
31 310 294 65.8 (106.0) 43

30 302 286 65.3 (105.5) 42
29 294 279 64.7 (104.5) 41
28 286 271 64.3 (104.0) 41
27 279 264 63.8 (103.0) 40
26 272 258 63.3 (102.5) 38

25 266 253 62.8 (101.5) 38
24 260 247 62.4 (101.0) 37
23 254 243 62.0 100.0 36
22 248 237 61.5 99.0 35
21 243 231 61.0 98.5 35

20 238 226 60.5 97.8 34
(18) 230 219 – 96.7 33
(16) 222 212 – 95.5 32
(14) 213 203 – 93.9 31
(12) 204 194 – 92.3 29

(10) 196 187 90.7 28
(  8) 188 179 89.5 27
(  6) 180 171 87.1 26
(  4) 173 165 85.5 25
(  2) 166 158 83.5 24
(  0) 160 152 81.7 24

Supplementaty table 6  Steel hardness conversion
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Kinematic
viscosity

mm
2
/s

Saybolt
SUS (second)

Redwood
R (second) Engler

E (degree)

100 ˚F 210 ˚F 50 ˚C 100 ˚C

2 32.6 32.8 30.8 31.2 1.14

3 36.0 36.3 33.3 33.7 1.22

4 39.1 39.4 35.9 36.5 1.31

5 42.3 42.6 38.5 39.1 1.40

6 45.5 45.8 41.1 41.7 1.48

7 48.7 49.0 43.7 44.3 1.56

8 52.0 52.4 46.3 47.0 1.65

9 55.4 55.8 49.1 50.0 1.75

10 58.8 59.2 52.1 52.9 1.84

11 62.3 62.7 55.1 56.0 1.93

12 65.9 66.4 58.2 59.1 2.02

13 69.6 70.1 61.4 62.3 2.12

14 73.4 73.9 64.7 65.6 2.22

15 77.2 77.7 68.0 69.1 2.32

16 81.1 81.7 71.5 72.6 2.43

17 85.1 85.7 75.0 76.1 2.54

18 89.2 89.8 78.6 79.7 2.64

19 93.3 94.0 82.1 83.6 2.76

20 97.5 98.2 85.8 87.4 2.87

21 102 102 89.5 91.3 2.98

22 106 107 93.3 95.1 3.10

23 110 111 97.1 98.9 3.22

24 115 115 101 103 3.34

25 119 120 105 107 3.46

26 123 124 109 111 3.58

27 128 129 112 115 3.70

28 132 133 116 119 3.82

29 137 138 120 123 3.95

30 141 142 124 127 4.07

31 145 146 128 131 4.20

32 150 150 132 135 4.32

33 154 155 136 139 4.45

34 159 160 140 143 4.57

Kinematic
viscosity

mm
2
/s

Saybolt
SUS (second)

Redwood
R (second) Engler

E (degree)

100 ˚F 210 ˚F 50 ˚C 100 ˚C

35 163 164 144 147 4.70

36 168 170 148 151 4.83

37 172 173 153 155 4.96

38 177 178 156 159 5.08

39 181 183 160 164 5.21

40 186 187 164 168 5.34

41 190 192 168 172 5.47

42 195 196 172 176 5.59

43 199 201 176 180 5.72

44 204 205 180 185 5.85

45 208 210 184 189 5.98

46 213 215 188 193 6.11

47 218 219 193 197 6.24

48 222 224 197 202 6.37

49 227 228 201 206 6.50

50 231 233 205 210 6.63

55 254 256 225 231 7.24

60 277 279 245 252 7.90

65 300 302 266 273 8.55

70 323 326 286 294 9.21

75 346 349 306 315 9.89

80 371 373 326 336 10.5

85 394 397 347 357 11.2

90 417 420 367 378 11.8

95 440 443 387 399 12.5

100 464 467 408 420 13.2

120 556 560 490 504 15.8

140 649 653 571 588 18.4

160 742 747 653 672 21.1

180 834 840 734 757 23.7

200 927 933 816 841 26.3

250 1 159 1 167 1 020 1 051 32.9

300 1 391 1 400 1 224 1 241 39.5

Supplementary table 7  Viscosity conversion

Remark: 1 mm
2
/s=1 cSt (centi stokes)
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R

Company name Division, department, and section
Name of staff
member in charge

Note: For the selection of the most suitable bearing this sheet must be completed in as much detail as possible.

Bearing size
and bearing
number

Application
a. For new design b. For repair

Required
performance a. Life b. High speed c. Low dust generation d. Vacuum e. Corrosion resistance f. High temperature g. Non-magnetism h. Insulation i. Others (        )

Operating
condition

Operation a. Dual-directional b. Continuous c. Intermittent · 24 h/day

·      h/day

· Other (          )Rotation speed,

rpm

a. Inner ring rotating b. Outer ring rotating

min. :

max. :

Normal :

Load

N

Radial:

Axial:

Moment:

Material Tolerance Surface roughness

Shaft

Housing

Environment

Temperature: Normal            , max. Cleanness:

Pressure:             Pa a. Atmospheric b. Atmospheric {| vacuum c. Vacuum d. Other (          )

Corrosive gas:

Corrosive liquid:

Present
condition

Bearing material:

Lubrication:

Bearing life:

Failure condition:
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¡By this sheet, the ceramic and/or EXSEV bearings most suitable to operating conditions can be created.

Date

Humidity:

Lubricant:

Phone FAX

Extreme Special Environments
Specifications Sheet for Ceramic Bearings and/or EXSEV Bearings
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a

Linear
motion speed, 

mm/sec

min.:

max.:

Normal:

Start-up time:

Stroke, mm

Bearing loaded:

Moment:

Other:

Drive system

Company name Division, department, and section
Name of staff
member in charge Phone FAX

Extreme Special Environments
Specifications Sheet for Linear Motion Bearings

Note: For the selection of the most suitable bearing this sheet must be completed in as much detail as possible. Date

Bearing size
and bearing
number

Application

Required
performance

Operating
condition

Present
condition
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a. For new design b. For repair

a. Life b. High speed c. Low dust generation d. Vacuum e. Corrosion resistance f. High temperature g. Non-magnetism h. Insulation i. Others (        )

· 24 h/day

·      h/day

· Other (          )

R
un

ni
ng

 ti
m

e

Load

N

Environment

Temperature: Normal            , max. Cleanness:

Pressure:             Pa a. Atmospheric b. Atmospheric {| vacuum c. Vacuum d. Other (          )

Corrosive gas:

Corrosive liquid:

Humidity:

Bearing material:

Lubrication:

Bearing life:

Failure condition:

Lubricant:

¡By this sheet, the linear motion bearings most suitable to operating conditions can be created.
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INTERNATIONAL NETWORK

KOYO SEIKO CO., LTD. HEAD OFFICE
No.5-8, Minamisemba 3-chome, Chuo-ku, Osaka 542-8502, JAPAN
TEL : 81-6-6245-6087
FAX : 81-6-6244-0814
TLX : 63040 (KOYO OSJ) 

KOYO CANADA INC.
5324 South Service Road, Burlington, Ontario L7L 5H5, CANADA
TEL : 1-905-681-1121
FAX : 1-905-681-1392

❈❈ KOYO CORPORATION OF U.S.A.
29570 Clemens Road, Westlake, OH 44145, U.S.A.
TEL : 1-440-835-1000
FAX : 1-440-835-9347
TLX : 0985461 (AMKOY RKVR)

❈❈ KOYO CORPORATION OF U.S.A
(AUTO SALES & TECHNICAL CENTER)

47771 Halyard Drive, Plymouth, MI 48170, U.S.A.
TEL : 1-734-454-1500
FAX : 1-734-454-4076

KOYO DE MÉXICO, S.A.
Av. Primero de Mayo No.153, 53500 Naucalpan
Edo. de México, MEXICO
TEL : 52-5-358-0214, 0077
FAX : 52-5-576-8827, 8871

KOYO LATIN AMERICA, S.A.
P.O. Box 6-1797, El Dorado, Panama, PANAMA
TEL : 507-264-0921, 0977
FAX : 507-264-2782/507-269-7578

KOYO ROLAMENTOS DO BRASIL LTDA.
Av. Paulista, 1439, 7 And. Conj. 71, CEP 01311-926,
Sao Paulo-SP, BRASIL
TEL : 55-11-287-4644, 4506, 4397
FAX : 55-11-288-3237

THAI KOYO CO., LTD.
193/53 Lake Rajada Office Complex, 14th Floor Unit B,
Rachadapisek Road, Klongtoey, Bangkok 10110, THAILAND
TEL : 66-2-264-0395, 66-2-661-9603~5
FAX : 66-2-661-9606

KOYO SINGAPORE BEARING (PTE.) LTD.
38 Tuas West Road, Singapore 638385, SINGAPORE
TEL : 65-274-2200
FAX : 65-862-1623

PHILIPPINE KOYO BEARING CORPORATION
Rm. 504, Comfoods Bldg., Cor. Gil Puyat Ave. and
Pasong Tamo, Makati City, PHILIPPINES
TEL : 63-2-817-8901/8881
FAX : 63-2-867-3148

KOYO SEIKO CO., LTD. SEOUL BRANCH
Inwoo Building 6F, 539-11, Shinsa-Dong,
Kangnam-Ku, Seoul, KOREA
TEL : 82-2-549-7922
FAX : 82-2-549-7923

KOYO SEIKO CO., LTD. BEIJING LIAISON OFFICE
Peace Hotel Room 2804
No.3 JinYu HuTong Beijing, CHINA
TEL : 86-10-6512-5673/9401
FAX : 86-10-6512-5674

KOYO AUSTRALIA PTY. LTD.
P.O. Box 442, Rydalmere, 2116 N.S.W., AUSTRALIA
TEL : 61-2-9638-2355
FAX : 61-2-9638-3368

KOYO SEIKO CO., LTD. EUROPEAN CENTRAL OFFICE
Markerkant 13-01, 1314 AL Almere, THE NETHERLANDS
TEL : 31-36-5383333
FAX : 31-36-5347212

KOYO KULLAGER SCANDINAVIA A.B.
Kanalvägen 1B, 194 61 Upplands-Väsby, SWEDEN
TEL : 46-8-590-341-85
FAX : 46-8-590-309-69

❈ KOYO (U.K.) LTD.
Whitehall Avenue, Kingston, Milton Keynes, MK10
OAX, UNITED KINGDOM
TEL : 44-1908-289300
FAX : 44-1908-289333

EUROPA-KOYO B.V.
P.O. Box 1-2965 ZG, Nieuwpoort, THE NETHERLANDS
TEL : 31-184-606800
FAX : 31-184-602572/606857

KOYO ROMANIA REPRESENTATIVE OFFICE
Str. Frederic Jolliot-Curie Nr. 3, Etaj 1, Ap. 2,
Sector 5. Bucharest, RUMANIA
TEL : 40-1-410-4170/4182/0984
FAX : 40-1-410-1178

KOYO DEUTSCHLAND GMBH.
P.O. Box 73 06 60, D-22126 Hamburg, GERMANY
TEL : 49-40-67-9090-0
FAX : 49-40-67-9203-0
TLX : 213138 (KOYO D)

KOYO FRANCE S.A.
8 Rue Guy Moquet, B.P. 189 Z.I., 95105 Argenteuil
Cedex, FRANCE
TEL : 33-1-3998-4222
FAX : 33-1-3998-4244/4249

KOYO ESPAÑOLA, S.A.
Calle Aramayona S/N, Naves 1 y 2, Polígono Industrial
"Las Mercedes", 28022 Madrid, SPAIN
TEL : 34-91-329-0818
FAX : 34-91-747-1194

OFFICES
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KOYO ITALIA S.R.L.
Via Bronzino 9, 20133 Milano, ITALY
TEL : 39-02-2951-0844
FAX : 39-02-2951-0954

BEARING PLANTS
❈❈❈KOYO CORPORATION OF U.S.A.

(MANUFACTURING DIVISION)
– Orangeburg Plant –

P.O. Drawer 967, Highway 601 North, Orangeburg,
SC 29115, U.S.A.
TEL : 1-803-536-6200
FAX : 1-803-534-0599
– Richland Plant –
1006 Northpoint Blvd. Blythewood, SC 29016, U.S.A.
TEL : 1-803-691-4624
FAX : 1-803-691-4655

❈ KOYO MANUFACTURING (THAILAND) CO., LTD.
172 Moo 12, Tambol Bangwua Amphur Bangpakong,
Chachoengsao 24130, THAILAND
TEL : 66-38-531-988/993
FAX : 66-38-531-996

❈ KOYO BEARINGS (EUROPE) LTD.
P.O. Box 101, Elmhirst Lane, Dodworth, Barnsley,
South Yorkshire, S75 3TA, UNITED KINGDOM
TEL : 44-1226-733200
FAX : 44-1226-204029

❈❈❈KOYO NIDEC (DALIAN) PRECISION BEARINGS 
CO., LTD.

No. 30 Industrial District Daikei Dalian Economic &
Technical Development Zone, Dalian, CHINA
TEL : 86-411-731-0972, 0974
FAX : 86-411-731-0973

❈❈❈WUXI KOYO BEARING CO., LTD.
3-6 Li Yuan Economic Development District,
Wuxi, Jiangsu, CHINA
TEL : 86-510-5111901
FAX : 86-510-5111143

❈❈❈DALIAN KOYO WAZHOU AUTOMOBILE BEARING CO., LTD.
No.1 Gongji North Street Wafangdian
City, Liaoning Province, CHINA
TEL : 86-411-5508114
FAX : 86-411-5508049

KOYO ROMANIA S.A.
1, Tr. Magurele Street, 0700 Alexandria, ROMANIA
TEL : 40-4-731-2605
FAX : 40-4-731-5892

❈❈ KOYO CORPORATION OF U.S.A.
TECHNICAL CENTER

47771 Halyard Drive, Plymouth, MI 48170, U.S.A.
TEL : 1-734-454-1500
FAX : 1-734-454-4076

KOYO SEIKO CO., LTD.
EUROPEAN TECHNICAL CENTRE

Markerkant 13-02, 1314 AL Almere, THE NETHERLANDS
TEL : 31-36-5383350
FAX : 31-36-5302656

KOYO SEIKO CO., LTD. (Japan) is certified to ISO9001 and QS-9000.
❈ : QS-9000 certified. ❈❈ : ISO9001 certified. ❈❈❈ : ISO9002 certified.

TECHNICAL CENTERS
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CERAMIC BEARINGS AND
EXSEV BEARINGS

BEARINGS FOR USE IN EXTREME SPECIAL ENVIRONMENT

¡VALUE  &  TECHNOLOGY
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