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Oil seals

MORGOIL seals
d1 167~1 593

MS..J    MS..NJ    H..J    H..JM    H..PJ

MORGOIL seals

Boundary dimensions, mm

167 219 41

203 264 43

236 295 49

275 346 51

323 402 54

369 459 60

423 531 72

798 84

834 84

907 95

786 939 95

977 95

1 018 95

901 1 054 95

677

713

754

825

866

d1 D b

Seal inner rings

Seal inner ring No.
D1 b1

MS 10 J 238 16 H 10 J

MS 12 J 283 17.5 H 12 J

MS 14 J 327 17.5 H 14 J

MS 16 J 372 21.5 H 16 J

MS 18 J 421 18 H 18 J

MS 21 J 490 19 H 21 J

MS 21 JBW

MS 24 J 467 27 H 24 J

MS 38 J 883 32 H 38 J

MS 38 JB

MS 38 NJBW

MS 40 J 940 36.5 H 40 J

MS 42 J 988 38 H 42 J

H 42 JM

MS 44 J 1 029 38 H 44 J

MS 44 JB H 44 JM

MS 44 NJBW H 44 PJ

MS 46 J 1 061 38 H 46 J

H 46 JM

MS 46 NJBW 1 061 45 H 46 NJM

MS 48 J 1 124 44.5 H 48 J

MS 48 JB H 48 JM

MS 48 JW

MS 48 NJBW

MS 50 J 1 162 44.5 H 50 J

MS 50 JB 1 162 44.5 H 50 J

H 50 JM

H 50 PJ

MS 50 NJ 1 150 43 HM 50 NJP

Seal No.
1)

Boundary dimensions, mm

d2

194

235

270

308

349

406

475

737

772

822

854

892

892

933

968

968

968

MORGOIL seals

Boundary dimensions, mm

962 1 109 92

972 1 124 95

1 029 1 181 95

1 061 1 204 91

1 245 92

1 338 95

1 438 108

1 486 108

1 712 108

1 782 108

1 099

1 185

1 253

1 300

1 542

1 593

d1 D b

Seal inner rings

Seal inner ring  No.
D1 b1

MS 54 NJBW 1 225 44.5 H 54 NJP

MS 54 J 1 238 44.5 H 54 J

MS 54 JB H 54 JM

H 54 PJ

1 252 72 H 54 SNJP

MS 56 SJ 1 289 38 H 56 J

MS 56 SJB H 56 JM

H 56 PJ

MS 56 NJ 1 287 44 H 56 NJP

MS 56 NJBW 1 287 44 H 56 NJM

H 56 NJP

MS 60 SNJB 1 334 72 H  60 SNJP

MS 60 NJBW 1 340 45 H 60 NJP

MS 64 J 1 453 41.5 H 64 J

MS 64 JB H 64 JP

MS 68 J 1 565 69 H 68 J

MS 70 J 1 645 75 H 70 J

MS 70 JB

MS 80 J 1 885 55 H 80 JMP

MS 82 J 1 955 82 H 82 JMP

Seal No.
1)

Boundary dimensions, mm

d2

1 038

1 038

1 052

1 098

1 098

1 098

1 127

1 175

1 251

1 335

1 390

1 630

1 680

Remark) All seals use nitrile rubber.

Note 1) Special type code B represents "with a steel band"
and W represents "with a wire."

MS..J MS..NJ

b b

��D��D ��d 1 ��d 1

� MORGOIL seals � Mounting example

Design 1 Design 2 Design 3 Design 4

b1

��D 1 ��d 2

� Seal inner rings

Design

1

1

1

1

1

1

1

1

1

1

2

1

2

3

1

2

2

1

2

1

1

2

3

3

Design

3

2

2

3

3

1

2

3

3

2

3

3

3

1

3

1

1

4

4

d1 167~901 d1 934~1 593

MS 50 NJB, NJBW

934 1 088 95 MS 52 JB 1 003 1 200 47 .6 H 52 J 1
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Oil seals

Scale seals
d  195~1 704

WR

Boundary dimensions, mm

195 250 26

200 250 26

240 300 26

255 315 23

280 340 25

290 348 23

349 35

455 42.5

380 30

320 373 20

385 30

400 35

390 22

340 410 26

435 30

410 25

414 35

450 25

425 27.5

455 35

450 24

485 32

480 26

482 22.5

430 490 26

435 489 25.4

510 26

540 26

560 26

310

318

325

330

335

350

365

380

383

405

420

424

440

458

490

d D b

Fixing holes

Scale seal No. D0

mm

5 WR 195 250 26 234 9.5

5 WR 200 250 26 234 9.5

5 WR 240 300 26 280 9.5

5 WR 255 315 23 295 9.5

5 WR 280 340 25 320 9.5

5 WR 290 348 23 330 9.5

5 WR 290 N1 330 9.5

11 WR 310 455 42.5 400 17.5

8 WR 318 380 30 355 9.5

3.7 WR 320 373 20 355 9.5

8 WR 325 385 30 J 360 9.5

5 WR 330 400 35 380 9.5

4.5 WR 335 N1 370 9.5

5 WR 340 410 26 390 9.5

5 WR 340 435 30 J 415 9

5 WR 350 410 25 390 9.5

5 WR 350 414 35 395 10

5 WR 350 450 25 426 11

5 WR 365 425 27.5 405 9.5

8 WR 380 455 35 430 12

5 WR 383 450 24 430 9.5

8 WR 405 485 32 460 9.5

5.5 WR 420 N1 462 10

5 WR 424 482 22.5 J 465 9.5

8 WR 430 490 26 472 10

7 WR 435 489 25.4 470 10

8 WR 440 510 26 490 9

6 WR 458 N2 458 11.5

6 WR 490 N1 535 9.5

d1

222

229

269

280

304

320

325

354

350

351

358

370

364

369

400

374

386

396

400

421

409

442

444

453

456

460

468

485

523

WR

b1

φ D φ D0

φ d0

φ d φ d1

b
Remarks
1) All seals use nitrile rubber.
2) Consult Koyo for drain-provided seals.

b1
d0

mm
Hole Q'ty

(equally spaced)

6

6

6

8

6

8

8

Special

6

6

6

Special

6

6

8

6

8

6

12

Special

12

8

8

12

12

434 510 32 10 482 WR 434 510 32 485 Special 8

8

490 22.5 5 459 WR 435 490 22.5 470 9.5 8

12

448 510 28.4 6 485 WR 448 510 28.4 490 12 Special

12

480 550 28 6 507 WR 480 550 28 525 9.5 6

8

495 595 44.4 8 539 WR 495 595 44.4 549.5 18 8

500 670 33.5 6 546 WR 500 670 33.5 615 26 10

WR

b1

φ D φ D0

φ d0

φ d φ d1

b

Boundary dimensions, mm

550 610 22

566 622 25

580 650 51

655 32

645 719 30

730 830 57

740 840 55

835 33

915 35

870 980 40

1 000 50

1 024 38

1 064 26

1 000 1 108 38

1 080 45

1 180 40

1 220 40

1 270 38

1 315 50

1 750 48

1 795 62

760

840

890

942

992

1 025

1 105

1 115

1 200

1 228

1 595

1 704

d D b

Fixing holes

Scale seal No. D0

mm

6 WR 550 610 22 590 9.5

4.7 WR 566 622 25 603 12

8 WR 580 650 51 626 12

10 WR 580 655 32 632 Special

4.5 WR 645 N1 690 12

7 WR 730 N1 790 13

9 WR 740 840 55 800 12

6 WR 760 N2 810 11

8 WR 840 915 35 890 12

8 WR 870 980 40 940 14

8 WR 890 1000 50 950 18

8 WR 942 1024 38 994 Special

6 WR 992 1064 26 1 040 12

8 WR 1000 1108 38 1 065 14

9 WR 1025 1080 45 1 060 9

6 WR 1105 1180 40 1 156 14

10 WR 1115 1220 40 1 180 14

8 WR 1200 1270 38 1 242 12

Special WR 1228 1315 50 J 1 290 14

7.6 WR 1595 1750 48 J 1 700 14

12 WR 1704 1795 62 1 770 10

d1

578

594

632

628

684

770

786

802

876

912

948

967

1 020

1 040

1 053

1 145

1 150

1 242

1 280

1 663

1 750

b1
d0

mm
Hole Q'ty

(equally spaced)

8

6

12

8

12

12

12

8

8

12

12

12

Special

12

12

16

12

16

12

20

18

Remarks
1) All seals use nitrile rubber.
2) Consult Koyo for drain-provided seals.

d 195~500 d 550~1 704
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Oil seals

Scale seals
d  280~1 340

WR...BJ

Boundary dimensions, mm

280 292 27

326 342.5 38

337 352 38

390 400 35

395 405 38

420 452 35

445 461 35

478 35

516 56.5

546 31.5

631 48

611.3 29

600 616 45

671 35

766 35

792 45

776 56.5

854 56.5

840 45

942 45

1 044 50

1 146 45

500

533

593

595.3

625

720

750

760

800

824

900

995

1 130

d d1 b
Scale seal No.

22.5 WR 280 288 27 BJ

23 WR 326 336 38 BJ

28 WR 337 347 38 BJ

25 WR 390 400 35 BJ

25 WR 395 405 38 BJ

25 WR 420 435 35 BJ

25 WR 445 461 35 BJ

25 WR 445 470 35 BJ

35 WR 500 516 56.5 BJ–1

22 WR 533 543 31.5 BJ–1

24 WR 593 610 48 BJ

22 WR 595.3 611.3 29 BJ

28 WR 600 616 45 BJ

22 WR 625 641 35 BJ

22 WR 720 736 35 BJ

25 WR 750 766 45 BJ

35 WR 760 776 56.5 BJ

35 WR 800 816 56.5 BJ

25 WR 824 840 45 BJ

25 WR 900 916 45 BJ

32 WR 995 1011 50 BJ

25 WR 1130 1146 45 BJ

D

288

336

347

400

405

435

461

470

516

543

610

611

616

641

736

766

776

816

840

916

1 011

1 146

Remarks
1) All seals use nitrile rubber.
2) Consult Koyo for drain-provided seals.

WR...BJ

b1

b

φ D φ d φ d1

b1

1 340 1 389 50 32 1 356 WR 1340 1356 50 BJ

d 280~1 340
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H...J

c1

φ D0φ D1

φ d0

c

WR...RJ
MH...J

b1

φ D0φ D

φ d0

b

φ d1 φ d2

Oil seals

Scale seals

83

Scale seal

Boundary dimensions, mm Boundary dimensions, mm d0

mmd2 D1 c c1

D0

mm
Hole Q'ty

(equally spaced)

210 300 16 4 MH 210 300 4J 218 300 18 2 H 210 300 18 J 275 10 Special

235 340 25 5 WR 235 340 25 RJ – – – – – 300 11.5 5

300 380 26 6 MH 300 380 6 J – – – – – 350 10 6

395 475 35 6 MH 395 475 6 J 409 475 33 5 H 395 475 33 J 455 10 Special

425 490 16.8 5 MH 425 490 5 J – – – – – 470 9.5 8

460 535 35 7 WR 460 535 35 RJ 475 535 45 5 H 460 535 45 J 515 12 Special

470 610 36.5 8.5 WR 470 610 35 RJ – – – – – 570 21 Special

510 580 25 5 WR 510 580 25 RJ 524 580 30 3.2 H 510 580 30 J 562 9.5 8

624 35 8 MH 550 624 8 J 556 624 40 5 H 550 624 40 J 605 10 Special

654 34 8 WR 580 654 34 RJ 589 654 40 5 H 580 654 40 J 635 10 12

584 685 25 5 WR 584 685 25 RJ – – – – – 635 9 8

705 32 8 MH 623 705 8 J 635 705 30 5 H 623 705 30 J 685 12 Special

770 35 8 MH 690 770 8 J 700 770 40 5 H 690 770 40 J 745 10 Special

695 770 55 5 H 690 770 55 J 745 10 Special

780 32 8 MH 696 780 8 J 705 780 30 5 H 696 780 30 J 750 14 8

780 37 8 WR 696 780 32 RJ – – – – – 750 10 Special

845 35 8 MH 760 845 8 J 770 845 33 5 H 760 845 33 J 820 10 12

885 35 8 MH 805 885 8 J 815 885 37 5 H 805 885 37 J 860 10 12

880 35 10 MH 815 880 8 J 828 880 27 5 H 815 880 27 J 865 9 12

925 35 8 MH 820 925 8 J 834 925 35 5 H 820 925 35 J 890 14 Special

925 30 8 MH 850 925 8 J 857 925 30 5 H 850 925 30 J 900 10 Special

995 35 8 WR 920 995 35 RJ – – – – – 970 10 12

1 090 50 10 WR 950 1090 50 RJ – – – – – 1 050 17 16

1 070 35 8 WR 970 1070 35 RJ – – – – – 1 040 12 12

990 1 090 40 8 WR 990 1090 40 RJ – – – – – 1 060 14 12

1 030 1 120 40 8 WR 1030 1120 40 RJ – – – – – 1 090 15 12

1 230 41.5 10 WR 1117 1230 40 RJ 1 137 1 230 45 5 H 1117 1230 45 J 1 200 14 18

1 220 35 10 MH 1120 1220 10 J 1 132 1 220 33 5 H 1120 1220 33 J 1 190 14 12

1 193 1 290 35 10 MH 1193 1290 10 J 1 206 1 290 33 5 H 1193 1290 33 J 1 260 13 12

1 300 35 10 MH 1203 1300 10 J 1 215 1 300 33 5 H 1203 1300 33 J 1 270 13 Special

Scale cover No.

550

580

623

690

696

760

805

815

820

850

920

950

970

1 117

1 120

1 203

Scale cover Fixing holes

Remarks
1) All seals use nitrile rubber.
2) Consult Koyo for drain-provided seals.

d1 210~1 203

Scale seal No.
d1 D b b1

WR...RJ    MH...J    H...J

d1 210~1 203
� Scale seal � Scale cover
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Oil seals

Water seals XMH    XM    XMHE

Boundary dimensions, mm

219.2 240 6

230 260 15

245 275 12

265 295 15

274 304 13

296 324 15

345 375 15

350 380 20

390 20

400 20

365 405 12

405 18

440 20

470 20

440 480 20

505 25

525 25

530 20

560 20

600 25

624 25

660 25

660 25

680 25

720 25

720 770 25

740 780 30

810 45

800 25

820 38

360

400

420

465

485

490

520

560

580

610

620

640

680

750

760

d1 D b XM XMHE

Seal type

XMH

XMH

b
φ d1

XM
XMHE

b
φ d1φ Dφ D

Remarks
1) For seals marked , Koyo owns moulding

dies for production.
2) Seal number is constructed by

combination of type code and dimensional
numbers (bore diameter, outside diameter
and width). Example: XMHE77081029
(770✕810✕29 mm)

3) All seals use nitrile rubber.

Remarks
1) For seals marked , Koyo owns moulding

dies for production.
2) Seal number is constructed by

combination of type code and dimensional
numbers (bore diameter, outside diameter
and width). Example: XMHE77081029
(770✕810✕29 mm)

3) All seals use nitrile rubber.

Boundary dimensions, mm

770 810 29

800 840 20

830 915 40

834 884 25

850 900 30

880 930 25

905 955 25

940 990 25

1 030 25

1 090 30

1 040 1 090 25

1 110 25

1 130 25

1 150 25

1 110 1 160 25

1 250 30

1 510 25

980

1 030

1 060

1 080

1 090

1 200

1 460

d1 D b XM XMHE

Seal type

XMH

XMH

b
φ d1

XM
XMHE

b
φ d1φ Dφ D

d1 219.2~760 d1 770~1 460

d1 219.2~1 460
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Oil seals

V-rings MV...A

V-ring No.

MV 40 A 38 ~   43 36

MV 90 A 88 ~   93 81

MV 100 A 98 ~ 105 90

MV 120 A 115 ~ 125 108

MV 130 A 125 ~ 135 117

MV 140 A 135 ~ 145 126

MV 150 A 145 ~ 155 135

MV 170 A 165 ~ 175 153

195 ~ 210 180

235 ~ 265 225

MV 275 A 265 ~ 290 247

310 ~ 335 292

335 ~ 365 315

365 ~ 390 337

MV 400 A 390 ~ 430 360

430 ~ 480 405

480 ~ 530 450

530 ~ 580 495

580 ~ 630 540

745 ~ 785 705

785 ~ 830 745

830 ~ 875 785

MV 199 A

MV 250 A

MV 325 A

MV 350 A

MV 375 A

MV 450 A

MV 500 A

MV 550 A

MV 600 A

MV 750 A

MV 800 A

MV 850 A

d, mm
(from~to)

d1

Mounted dimensions, mm

b1
d2

(max.)

5 5.5 d + 3 d + 15

6 6.8

d + 4

d + 18

7 7.9 d + 21

8 9 d + 5 d + 24

15 14.3 d + 10 d + 45

Boundary dimensions, mm

b

9

11

12.8

14.5

25

Remark) All seals use nitrile rubber.
b

b1

A

φ d1 b2φ d2 φ d φ d3

MV...A

Shaft diameter

A
d3

(min.)
b2

7.0 ± 1.0

9.0 ± 1.2

10.5 ± 1.5

12.0 ± 1.8

20.0 ± 4.0

MV 60 A 58 ~   63 54

d 38~875

d  38~875

MV 650 A 630 ~ 665 600
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2 O-Rings
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2.1  O-ring classification and application guide

(1) O-ring classification and application guide

O-rings are used in a various machines as a compact
sealing component. O-rings can generally be classified
into dynamic applications ("packing") and static appli-

2.1  O-ring classification and application guide
cations ("gaskets").
Other classification is according to their properties,

such as oil resistance.  O-rings are specified in the
industrial standards listed in Table 2.1.1.

Application General industrial machines Automobiles Aircraft

Applicable

standards
JIS B 2401 ISO 3601 JASO F 404

AS  568
AN  6227
AN  6230

Classification Class Remarks Remarks Class Remarks Remarks

Material

Class 1-A
Class 1-B
Class 2
Class 3

Class 4-C

Class 4-D

For mineral oil (A70)
❇

For mineral oil (A90)
❇

For gasoline
For animal oil and
vegetable oil
For high temperature
applications
For high temperature
applications

For mineral-base fluids
Class: JIS Class 1-A 

(A 70)
❇

Class 1-A
Class 2
Class 3
Class 4-C

Class 4-D

Class 4-E

Class 5

For general mineral oil
For gasoline
For brake fluid
For high temperature
applications
For high temperature
applications
For high temperature
applications
For coolant

For mineral-base fluids
Class: JIS Class 1-A 

(A 70)
❇

JIS Class 1-B
(A 90)

❇

JIS Class 4-D

Remarks

P: For dynamic / static sealing
G: For static sealing
V: For vacuum flanges
S: For static sealing

(not standardized in the JIS)

For general industrial use For dynamic / static sealing AS 568   : For static
sealing

AN 6227 : For dynamic /
static sealing

AN 6230 : For static sealing

Table 2.1.1  O-ring classification and application guide

❇: Hardness measured by durometer type A

(2) Backup ring types and material

Backup rings are used with O-rings to prevent O-ring
protrusion from the groove.
Backup rings are used for dynamic sealing and for

static sealing of cylindrical surface.
Table 2.1.2 shows backup ring types and material.

Backup ringsO-ring

Fig. 2.1.1  O-ring installation with backup rings

Applicable standard

Type T1: Spiral ring T2: Bias-cut ring T3: Endless ring

Applications For dynamic sealing / static sealing of cylindrical surface

Table 2.1.2  Backup ring types and material

Shape

JIS B 2407

Material Tetrafluoroethylene (resin)
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2.2  Designation numbers

(1) O-ring designation numbers

O-ring designation number consists of material code, application code, and dimensional code.

1) Material codes

Code Basic standard Remarks

None

1B

2

3

4C

4D

4E

5

JIS B 2401 Class 1-A

JIS B 2401 Class 1-B

JIS B 2401 Class 2

JIS B 2401 Class 3

JIS B 2401 Class 4-C

JIS B 2401 Class 4-D

JASO F 404 Class 4-E

JASO F 404 Class 5

Nitrile rubber (A70)
❇

Nitrile rubber (A90)
❇

Nitrile rubber (gasoline-resistant)

Styrene-butadiene rubber

Silicone rubber

Fluorocarbon rubber

Acrylic rubber

Ethylene propylene rubber

Code Basic standard Remarks

P

G

V

JIS B 2401 P

JIS B 2401 G

JIS B 2401 V

For dynamic sealing / static seal-
ing of cylindrical or flat surface

For static sealing of cylindrical
or flat surface

For vacuum flange

S Slim series
For static sealing of cylindrical
or flat surface

JASO JASO F 404
For dynamic sealing / static seal-
ing of cylindrical or flat surface

AS AS 568

AN 6227

AN 6230

For static sealing of cylindrical
or flat surface 

For dynamic sealing / static seal-
ing of cylindrical surface 

For static sealing of cylindrical
surface

A
B
C
D
E

ISO 3601 For general industrial machines

2)  Application codes

(2) Backup ring designation numbers

Backup ring number consists of type code and the O-
ring number for which the backup ring is applied.

Table 2.2.2  Backup ring numbering system

� Type codes

Code Backup ring shape

T1

T2

T3

Spiral

Bias-cut

Endless

Example

T1 P5

O-ring number
Type code

Table 2.2.1  O-ring numbering system

Example

P 26 .......................................................................     JIS product 1)

 1B G 80  ........................................................................     JIS product
 2 JASO 1013 .................................................................. JASO product 2)

 4C AS 325  .....................................................................     AS product 3)

 B 0212G ..............................................................   ISO product 4)

Notes 1) JIS: Japanese Industrial Standards
2) JASO: Japanese Automobile Standard

Organization
3) AS: Aeronautical Standard
4) ISO: International Organization for Standardization

Dimensional code
Application code

Material code

Remark) Backup ring types and shapes are listed in Table 2.1.2.

❇ : Hardness measured by durometer type A
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2.3  Selection of O-ring

2.3  Selection of O-ring

(1) O-ring materials

Materials conforming to JIS B 2401 or JASO F 404
standards are mainly used.  Major rubber materials
and their physical properties are listed in Table 2.3.1.

Consult Koyo for special materials to suit a wide
variety of applications.

Table 2.3.1  O-ring rubber materials and their physical properties

Applicable standards
JIS B 2401 – –

JASO F 404 – JASO F 404

Class 1-A Class 1-B Class 2 Class 4-C Class 4-D Class 4-E Class 5

Rubber materials

Test items Applications

Nitrile rubber

(NBR)

Nitrile rubber

(NBR)

Nitrile rubber

(NBR)

Silicone rubber

(VMQ)

Fluorocarbon rubber

(FKM)

Acrylic rubber 

(ACM)

Ethylene-propylene

rubber    (EPDM)

For mineral oil For gasoline For high temperature applications For coolant

Hardness by durometer type A A70/S ± 5 A90/S ± 5 A70/S ± 5 A70/S ± 5 A70/S ± 5 A70/S ± 5 A70/S ± 5

Tensile strength (MPa), min. 9.8 14 9.8 3.4 9.8 5.9 9.8

Normal 
properties

Elongation (%), min. 250 100 200 60 200 100 150

Tensile stress (MPa), min.
(at 100 % elongation)

2.7 – 2.7 – 1.9 – 2.7

Temperature and duration 120 ˚C, 70 hours 100 ˚C, 70 hours 230 ˚C, 24 hours 150 ˚C, 70 hours 120 ˚C, 70 hours

Change in hardness, max. + 10 + 10 + 10 + 10 + 5 + 10 + 10

Aging tests

Change in tensile strength (%),
max.

– 15 – 25 – 15 – 10 – 10 – 30 – 20

Change in elongation (%), max. – 45 – 55 – 40 – 25 – 25 – 40 – 40

Compression
set test

Temperature and duration 120 ˚C, 70 hours 100 ˚C, 70 hours 175 ˚C, 22 hours 120 ˚C, 70 hours

Compression set (%), max. 40 40 25 30 40 60 40

Temperature, duration, and 
testing oil

120 ˚C, 70 hours, ASTM No.1 oil
23 ˚C, 70 hours,
fuel oil No.1

175 ˚C, 70 hours, ASTM No.1 oil
100 ˚C, 70 hours,
coolant

Change in hardness – 5 ~ + 8 – 5 ~ + 8 – 8 ~ 0 – 10 ~ + 5 – 10 ~ + 5 – 7 ~ + 10 – 5 ~ + 5

Change in tensile strength (%),
max.

– 15 – 20 – 15 – 20 – 20 – 30 – 30

Change in elongation (%), max. – 40 – 40 – 25 – 20 – 20 – 40 – 30

Change in volume (%) – 8 ~ + 5 – 8 ~ + 5 – 3 ~ + 5 0 ~ + 10 – 5 ~ + 5 – 5 ~ + 5 – 5 ~ + 10

Temperature, duration, and
testing oil

120 ˚C, 70 hours, IRM903 oil
23 ˚C, 70 hours,
fuel oil No.2

–

175 ˚C, 70 hours,
IRM903 oil

150 ˚C, 70 hours,
IRM903 oil

–

Change in hardness – 15 ~ 0 – 10 ~ + 5 – 20 ~ 0 – 10 ~ + 5 – 20 ~ 0

Change in tensile strength (%),
max.

– 25 – 35 – 45 – 20 – 40

Change in elongation (%), max. – 35 – 35 – 45 – 20 – 40

Change in volume (%) 0 ~ + 20 0 ~ + 20 0 ~ + 30 – 5 ~ + 5 0 ~ + 30

Low 
temperature
bending test

Temperature and duration – 30 ˚C ~ – 35 ˚C, 5 hours

Appearance
Test two pieces firstly for checking any crack.  If one does have a crack, test
again on another two pieces from the same lot  and re-check and confirm that
there is no crack.

Corrosion test
and stickiness
test

Temperature and duration 70 ± 1 ˚C, 24 hours

Appearance
The rubber should not corrode the metal with which it is in contact nor should it become
sticky.  However, metal surface decoloration should not be jedged as corrosion.

Immersion test

Class 3

Styrene-butadiene

rubber  (SBR)

For animal oil and
vegetable oil

A70/S ± 5

9.8

150

2.7

+ 10

– 15

– 45

25

100 ˚C, 70 hours,
brake fluid

– 15 ~ 0

– 40

– 40

0 ~ + 12

–

Class

Low 
temperature
brittleness test

Non-destructive temperature (˚C) – 13 – – 10 – 40 – 50 – 15 – 1 – 40

150 ˚C, 70 hours,
ASTM No.1 oil

150 ˚C, 70 hours
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2.3  Selection of O-ring

(2) Selection of O-ring material

O-rings have contact with substances to be sealed.
Therefore, material should be chemically stable to

such substances.

Table 2.3.2 below lists the substances with which
each rubber material can remain stable.  Consult Koyo
for further details.

Table 2.3.2  O-ring rubber materials and their stability to fluids

JIS B 2401 –
JASO F 404 – JASO F 404

Class 1-A Class 1-B Class 2 Class 4-D Class 4-E Class 5
Nitrile rubber

(NBR)
Nitrile rubber

(NBR)
Nitrile rubber

(NBR)
Fluorocarbon rubber

(FKM)
Acrylic rubber

(ACM)
Ethylene-propylene
rubber    (EPDM)

– 30 ~ 100 – 25 ~ 100 – 25 ~ 80 – 15 ~ 200 – 15 ~ 130 – 45 ~ 130

Ozone resistance

Gasoline

Class 3
Styrene-butadiene
rubber  (SBR)

– 50 ~ 80

–

Gear oil

Turbine oil

Trichloroethylene

• The most com-
mon material

• High resistance
to oil, abrasion
and heat

• Hardness: A70

• Harder and high-
er pressure-
resistance than
Class 1-A rubber

• Same properties
as Class 1-A
rubber in other
respects

• Hardness: A90

• High resistance
to fuel oils, such
as gasoline,
light oil and
kerosene

• High resistance
to animal oil and
vegetable oil,
such as brake
fluid

• Highest 
resistance to
oils, chemicals,
and heat

• Useful over a
wide tempera-
ture range

• Superior to
nitrile rubber in
terms of heat
resistance and
oil resistance

• Especially 
resistant to high
temperature oil

• Superior in
ozone resis-
tance, heat
resistance and
electrical insula-
tion resistance

Applicable standard

Class

Rubber material

Operating temperature range 
(˚C)   (Guidance)

W
ea

th
er

ab
ili

ty

Flame resistance
Radiation resistance
Coal gas
Liquefied petroleum gas

R
es

is
ta

nc
e

to
lu

br
ic

at
io

n
oi

ls

Engine oil
Machine oil
Spindle oil
Lithium grease
Silicone grease
Cup grease
Refrigeration oil(mineral oil)

R
es

is
ta

nc
e

to
hy

dr
au

lic
flu

id
s Torque-converter oil

Brake fluid
Silicone oil
Phosphoric ester
Water + glycol
Oil + water emulsion

R
es

is
ta

nc
e

to
fu

el
oi

ls
an

d
w

at
er

Light oil and kerosene
Heavy oil
Cold water and warm water
Steam and hot water
Water including antifreeze fluid
Water-based cutting oil

C
he

m
ic

al
re

si
st

an
ce Alcohol

Benzene
Ethylene glycol
Acetone
Hydrochloric acid 20 %
Sulfuric-acid 30 %
Nitric-acid 10 %
Caustic soda 30 %

Features

Class 4-C
Silicone rubber

(VMQ)

– 50 ~ 200

• High resistance
to high and low
temperature

• Excellent self-
restoration after
compression,
under a wide
temperature
range

(3) Selection of O-ring cross section diameter 

The groove into which an O-ring is installed is
designed to compress (squeeze) the cross section
diameter.  Determine this compression carefully,
because O-rings may become permanently deformed if
squeezed excessively, thus deteriorating sealing per-
formance.

Generally, the compression of an O-ring should be
between 8 % and 30 % in ring cross section diameter
(the lower limit of 8 % for sufficient sealing perfor-
mance and the upper limit of 30 % for limited 
compression set.).
Fig. 2.3.1 shows the relation between O-ring cross

section diameter and compression set.

20

40

60

4 6 8 10 1220

O-ring cross section diameter (mm)

C
om

pr
es

si
on

 s
et

(%)

Compression: 25 %
(tested in air at 100 : for 70 hours)

Larger cross section diameter offers more stable seal-
ing performance.  As shown in Fig. 2.3.1, when the O-
ring compression rate is constant (25 % in the figure),
the larger cross section diameter shows the smaller
the compression set.  Larger cross section diameter is
advantageous in that it can accommodate errors in
installation dimensions as well.

In dynamic-sealing applications, larger cross section
diameter is less likely to twist during service or during
installation.  The largest cross section diameter possi-
ble should be selected providing it can fit in the avail-
able space.

: Resistant to the substance
: Resistant to the substance except under 
extreme conditions

: Not resistant to the substance except under 
specific favorable conditions

: Not resistant to the substance

Fig. 2.3.1 Relation between O-ring cross section
diameter and compression set
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2.4  O-ring technical principles

Fig. 2.4.1 shows how O-ring can be deformed under
pressure.

O-ring installed in a groove with compression of 8 %
to 30 % provides a self-seal by its elasticity when the
pressure is low.
When operation pressure is higher, the O-ring is

pressed against one side of the groove, providing better
sealing.  However, under extremely high pressure, the O-
ring partially is pressed out from groove into the gap and
may be damaged, and deteriorated sealing performance.
For such high-pressure applications, one or two backup

rings should be applied to prevent extrusion into gap.

(2) Backup ring

Backup rings are used for dynamic sealing and for
static sealing of cylindrical surface.
Two backup rings should be installed when high pres-

sure is put on the O-ring in two directions.  One backup
ring is installed when high pressure is applied in one
direction.
Even when extrusion into gap does not occur under

low pressure, backup rings are recommended because
they can extend O-ring service life by preventing O-
ring tearing or damage, which are the most common
causes of O-ring failures.
One each backup ring is installed on both sides of O-ring

normally (total is two backup rings).  However, if space
does not allow this, one backup ring should be installed
on the lower-pressure side.
The O-ring extrusion varies depending on applied pres-

sure, O-ring hardness and gap amount on the cylindrical
surface.  Refer to Fig. 2.5.1, "O-ring extrusion limit val-
ues," when using backup rings.

Backup rings of endless design (T3) are the most
advantageous in the prevention of extrusion into the
gap.  However, those of spiral design (T1) and bias-cut
design (T2) can be more easily installed.
All Koyo backup rings are made from tetrafluoroethylene

(PTFE) resin, which is chemically stable to all media under
a wide range of temperatures and is resistant to corrosion.

(3) O-rings for dynamic sealing (Reciprocal
movement)

When fitting groove is provided on the piston, use two
O-rings to ensure improved service life and sealing 
performance (Fig. 2.4.2).  Pack grease between the two
O-rings in a non-lubrication application.  Recommended
grease is lithium soap base with NLGI No. 2.

When fitting groove is provided on the cylinder, use a
dust seal as well and pack grease between the O-ring
and dust seal.

For the installation of O-rings on cast cylinders or for
low-friction dynamic-sealing applications, consult Koyo.

(4) O-rings for static sealing of cylindrical 
surface

When O-ring is used under low pressure with the
compression close to the minimal of 8 %, the fitting
groove accuracy affects sealing performance so much,
so that the groove accuracy should be controlled at the
same level as the fitting groove of dynamic sealing.
Even when an O-ring is selected in accordance with

the dimensional table values and groove dimensions,
the O-ring may become slack due to dimensional 
deviation and installation method, which may be
caused by the reason why the O-ring is unduly caught
between the groove and housing (Fig. 2.4.3).

Extrusion into gap

O-ring Backup ring

Fig. 2.4.1  O-ring deformation under pressure

Min.
2d2

Pack grease for non-lubrication applications

d2: O-ring cross section diameter

Dust seal

Min.
2d2

Pack grease

Fig. 2.4.2  Typical installation of O-ring
for dynamic sealing

Groove on piston

Groove on cylinder

2.4  O-ring technical principles

(1) Sealing mechanism

Low
pressure

Medium
pressure

High
pressure
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Especially large size O-rings must be installed with
care to avoid ring slack.
To prevent ring slack for the ring size of 150 mm or

more, a slightly smaller size O-ring may be used rather
than one that exactly fits the groove dimensions after
determining the O-ring compression amount carefully.
Consult Koyo for this method.

(5) O-rings for static sealing of flat surface

Determine the O-ring compression amount to be slightly
larger than in other applications.
If the O-ring is exposed to internal pressure, the O-ring out-

side diameter should be determined, according to groove
diameter d7.  When the O-ring is exposed to external pres-
sure, O-ring bore diameter should be determined according
to groove diameter d8 (see Fig. 2.4.4 (a) and (b)).
If the O-ring is exposed to pressure in one direction,

the groove side face on the high-pressure side can be
eliminated for easy machining (Fig. 2.4.4 (c)).
In this case, dimension B should be greater than the

minimum of the groove width b used in flat surface sta-
tic-sealing application.

In the case of internal-pressure applications and O-
ring size is small (30 mm or less), the d7 dimension
should be 0.2 to 0.3 mm larger to ensure correct O-ring
installation.
In the case of thin O-ring (cross section diameter 3

mm or less) of large size (150 mm or more), it may be
installed on the groove incorrectly and partially protrud-
ing from the groove, which results in cutting off of O-
ring.  Such a situation must be avoided. Use thicker O-
ring to prevent such a protrusion (Fig. 2.4.5).

(6) O-rings for vacuum flanges

In vacuum applications, O-rings are used to seal in
gases.  Therefore, fitting groove surfaces should be
carefully machined and finished.
To select a suitable rubber material to meet vacuum

grade, consult Koyo.

(7) Installation in triangular groove

When O-ring is installed on the interior angle on a
shaft or flange, the A dimension of the triangular
groove should be 1.3 to 1.4 times of the O-ring cross
section diameter (Fig. 2.4.6).

Clogging 

Fig. 2.4.4  Fitting groove for static sealing of
flat surface

(a) For internal pressure

(b) For external pressure

(c) For internal pressure
B

φ d7
b

bφ d8

d7: Groove O.D

b: Groove width

d8: Groove I.D
b: Groove width

B: Seat width

φ d7

d7: Groove O.D

For internal pressure

d8: Groove I.D

For external pressure

This portion may 
be cut off

φ d8

This portion may 
be cut off

Fig. 2.4.5  O-ring protrusion

A =(1.3~1.4) ✕ d2

d2: O-ring cross section 
      diameter

45˚

Fig. 2.4.6  Triangular-groove dimensions

Fig. 2.4.3  O-ring slack and clogging
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2.5  Fitting groove design for O-ring

2.5  Fitting groove design for O-ring

(1) Compression amount

Table 2.5.1 lists the JIS-standard of  O-ring compres-
sion amount.

See dimension table for each groove dimensions cor-
responding to O-ring number.

Table 2.5.1  O-ring compression amount

O-ring
number

O-ring dimensions, mm

Compression amount 
For dynamic sealing /static
sealing of cylindrical surface

For static sealing of
flat surface

mm % mm %
Cross section
diameter  d2

Bore diameter  d1 Max. Min. Max. Min. Max. Min. Max. Min.

P3 ~ P10 1.9 ±0.08 2.8 ~ 9.8

T
ol

er
an

ce
s

of
O

-r
in

g
bo

re
di

am
et

er
d

1
ar

e
gi

ve
n

in
th

e
di

m
en

si
on

al
ta

bl
e

of
th

e
O

-r
in

gs
.

0.48 0.27 24.2 14.8 0.63 0.37 31.8 20.3

P10A ~ P18
2.4 ±0.09

9.8 ~ 17.8

0.49 0.25 19.7 10.8 0.74 0.46 29.7 19.9

P20 ~ P22 19.8 ~ 21.8

P22A ~ P40
3.5 ±0.1

21.7 ~ 39.7

0.60 0.32 16.7 9.4 0.95 0.65 26.4 19.1

P41 ~ P50 40.7 ~ 49.7

P48A ~ P70

5.7 ±0.13

47.6 ~ 69.6

0.83 0.47 14.2 8.4 1.28 0.92 22.0 16.5P71 ~ P125 70.6 ~ 124.6

P130 ~ P150 129.6 ~ 149.6

P150A~ P180

8.4 ±0.15

149.5 ~ 179.5

1.05 0.65 12.3 7.9 1.70 1.30 19.9 15.8P185 ~ P300 184.5 ~ 299.5

P315 ~ P400 314.5 ~ 399.5

G25 ~ G40

3.1 ±0.1

24.4 ~ 39.4

0.70 0.40 21.85 13.3 0.85 0.55 26.6 18.3

G45 ~ G70 44.4 ~ 69.4

G75 ~ G125 74.4 ~ 124.4

G130 ~ G145 129.4 ~ 144.4

G150 ~ G180
5.7 ±0.13

149.3 ~ 179.3

0.83 0.47 14.2 8.4 1.28 0.92 22.0 16.5

G185 ~ G300 184.3 ~ 299.3
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(2) Extrusion into gap from fitting groove

O-ring extrusion into gap from fitting groove on cylin-
drical surface is related to the gap amount of the cylin-
drical surface.  Pressure of fluid to be sealed or O-ring
hardness also influence.
Fig. 2.5.1 shows the relation between these factors.

1. Without backup ring
2. Cylinder expansion due to pressure is not included.
3. These results were obtained after 100 thousand cycles at 2.5 Hz

between zero pressure to the pressure specified in the diagram.

The values in the above diagram do not include cylin-
der expansion.  If cylinder expansion should be consid-
ered due to high pressure, the gap should be 75 % of
the values shown in the diagram.
If the gap is larger than the values shown in the dia-

gram, use backup rings.

(3) Fitting groove surface roughness

Fitting groove surface should be finished as specified
in Table 2.5.2 below for the O-ring to have sufficient
sealing performance and long service life, and to mini-
mize frictional resistance.

(4) Chamfer of installation location

Provide chamfers on all edges of the cylinder and pis-
ton rod to prevent O-ring damage during installation,
as shown in Table 2.5.3.

When O-ring is used on piston seal, do not provide a
pressure hole on the area on which the O-ring slides.
If O-ring does pass on pressure hole when it is

installed, chamfer around the hole edge and remove
burrs (Fig. 2.5.2).
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Maximum diametrical gap (mm)

Extrusion occurs

Rubber
hardness

Extrusion does 
not occur 

A80 A90A70

0.7

1.4

2.1

2.8

4.2

5.6

7.0

10.5

14.0

21.0

28.0

35.0
42.0

56.0
70.0

(MPa)

F
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 p
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ss
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e

Fig. 2.5.1  O-ring extrusion limit values

Location Purpose Type of pressure
Surface roughness
µm Ra µm Rz

Groove side
and bottom

Static 
sealing

Constant
Flat surface 3.2 12.5
Cylindrical surface

1.6 6.3
Pulsating

Dynamic
sealing

With backup rings

Without backup ring 0.8 3.2

O-ring sealed 
contact 
surface

Static 
sealing

Constant 1.6 6.3
Pulsating 0.8 3.2

Dynamic
sealing 0.4 1.6

Chamfer area 3.2 12.5

Z

X

O-ring in a free 
condition

15˚ to 20˚

Remove burrs

O-ring cross section
diameter

X (min.) Z
1)

At 15˚ At 20˚
–– Up to 2.4 0.9 3.4 2.5

Over 2.4   up to 3.5 1.1 4.1 3
Over 3.5   up to 5.7 1.3 4.9 3.6
Over 5.7   up to 8.4 1.5 5.6 4.1

Note 1) Dimension Z is shown when dimension X is minimum.

Installation 
direction

Installation 
direction

Pressure hole

Pressure hole

The protruding 
part is cut off

Chamfered

Table 2.5.3  Chamfer of O-ring installed area

Fig. 2.5.2  Chamfer of pressure-hole edges

When the pressure hole is not chamfered:

When the pressure hole is chamfered:

Table 2.5.2  O-ring fitting groove surface roughness

unit  mm

–
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(5) Material and surface finishing of fitting
groove parts

Cylinder material for dynamic-sealing application
should be steel.  The most suitable rod material is
hardened steel.
Soft materials such as aluminum, brass, bronze,

Monel metal and soft stainless steel are not suitable as
a sliding surface material because of inferior in abra-
sion resistance.

For static-sealing applications, materials should have
sufficient strength to normal operation pressure and
should also be resistant to pulsating pressure.

Surface finishing methods to minimize friction are
honing, varnishing (roller varnishing), and polishing
after hard nickel plating.
Hard-nickel plating is preferable for the application

which requires heat resistance, abrasion resistance
and low-friction.

Table 2.5.4 shows materials for fitting groove parts
and their compatibility

2.6  O-ring handling 

(1) Storage

The following practices are advisable to keep O-ring
quality for a long time.
1) Do not store where exposed to direct sunlight.
2) Store enclosed indoors where temperature is less

than 30 ˚C and humidity is less than 65 %.
3) Keep O-rings away from heat or ozone sources.
4) O-rings should be sealed completely in packages

when stored.
5) Do not hang or suspend O-rings on hooks, wires,

or strings.

(2) Handling

1) Avoid reuse of used O-rings.
2) When installing an O-ring, apply sealing fluid (lubri-

cant) to the O-ring and contact surface.
3) Install an O-ring in the groove without twisting it.
4) Take care when O-ring equipped machine should

be cleaned with cleaning oil or gasoline and protect
O-ring from cleaning oil because the rubber may
be swelled.

5) If an O-ring passes along a threaded surface or
sharp edges during installation, take care not to
damage the O-ring by using the following protec-
tion cap on the thread area as shown in Fig. 2.6.1.

98

2.6  O-ring handling

Table 2.5.4  Groove materials and compatibility

O-ring protection cap

Fig. 2.6.1  O-ring installation jig

Metal

C
or

ro
si
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re

si
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an
ce

A
br
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n
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si
st

an
ce

C
on

ta
m

in
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n

re
si

st
an

ce

M
et

al
pr

ot
ec

tio
n

O-ring

Cadmium

Chrome

Copper

Gold

Iron

Lead

Nickel

Rhodium

Silver

Tin

Zinc

Remarks
: Compatible

: Not compatible

D
yn

am
ic

se
al

in
g

S
ta

tic
se

al
in

g

: Excellent : Acceptable

: Good : No good
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When leakage is observed, investigate the causes
and implement proper countermeasures.

2.7  Typical O-ring failures, causes and countermeasures

To identify the causes, it is critical to observe the O-
ring closely and evaluate the failure in all respects,
such as cylinder, piston, and fluid to be sealed.

Table 2.7.1  O-ring failures, causes and countermeasures

Appearance
Major causes Countermeasures

Phenomenon Condition

Twist

D Twisted and
deformed

• Excessive speed 
• Eccentric movements
• Poor surface finish on

sliding face 
• Twisted installation

• Replace with V-packing
• Improve accuracy of equipment
• Improve sliding surface finish
• Install with care(Coat grease.)

Chipping

D Partially chipped • Chipped by the bore
edge, threads, or sharp
corner at installation

• Round all sharp edges
• Use an installation jig

and

Permanent
set

SD Deformed into the
groove's shape

• Exposure to repeated dras-
tic temperature changes

• Improper adjustment of
temperature, compres-
sion, and fluid

• Study alternative rubber
materials

• Study groove dimensions

Abrasion
around the
circumference

D Worn all round the
circumference

• Poor sliding surface finish
• Poor lubrication
• Entry of dust or other 

foreign materials

• Improve sliding surface finish
• Supply sufficient lubrication
• Clean thoroughly and use 

filter etc

and

Partial
abrasion

SD Sliding surface is
partially worn

• There are damages on
sliding surface

• Remove damages on sliding
surface and improve surface
finish

Hardening

S Hardened and
cracked when bent

• Operating temperature is
higher than the rubber's
heat resistance limit

• Study alternative rubber
materials

Swelling

S Softened and
swollen

• Improper rubber material
• Cleaned with fuel oil or

other incompatible
cleanser

• Study alternative rubber
materials

• Clean with kerosene

Scratch

S Scratch marks are
observed

• Scratched by a thread or
sharp edge at installation

• Use an installation jig

Protrusion

S The outside or inside
of the ring is cut off
partially or around
the entire circumfer-
ence

• Inappropriate determina-
tion of pressure, gap and
hardness

• Due to swelling

• Restudy pressure, gap and
hardness

• Apply backup rings
• Study alternative rubber

materials

Tearing

S The squeezed 
portion is cut off or
chipped

• Poor chamfer
• Groove depth is not 

sufficient

• Improve chamfer
• Restudy groove depth

Crack by
ozone

S Cracks are observed
on all over the ring

• Left in the air in a
stretched condition

• Do not stretch the ring
• Coat grease or oil to the O-

ring to avoid contact with air
• Study alternative rubber

materials

Remark)  Dotted line shows original O-ring shape or size.

: Dynamic sealing  : Static sealingSD
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Code O-ring dimensions (Unit mm) Page

JIS

P 102

S 112

114

118

124

132

136

General
industrial
machines

Dynamic/static
sealing

General
industrial
machines

Static sealing

Application

JIS

G 110

ISO

A, B
C, D
E

JASO

AS

BACKUP
RING

JIS

V

8.4

5.7

149.649.721.8

9.8

2.8 399.5

3.5

2.4
1.9

C
ro

ss
 s

ec
tio

n 
di

a.
d

2

Bore dia.
d1

5.7

3.1

24.4 144.4 149.3 299.3

C
ro

ss
 s

ec
tio

n 
di

a.
d

2

Bore dia. d1

149.521.52.5

1.5
2.0

21.9

d
2

Bore dia. d1

200 400 67017.0

14.0

18.0

40.0

109

1.80 38.7

5.30

3.55

2.65
1.80

7.00

C
ro

ss
 s

ec
tio

n 
di

a.
d

2

d1

149.62.8 35.2 70.6

9.8
22.1

3.5

1.9
2.4

d
2

Bore dia. d1

10.46
5.33

1.24 133.07 247.32 456.06 658.88

1.78 1.78

4.34
37.46 59.362.62

3.00
3.53

6.98
113.66

C
ro

ss
 s

ec
tio

n 
di

a.
d

2

d1

2.75

1.25
1.9

(150) (300) 400

150

(145)50

48

(25)3

for P

(for G) (for G)

T
hi

ck
ne

ss
T

Bore dia.
d

10

6

4

173.014.5 222.5 425.5 475.6 1 044.0C
ro

ss
 s

ec
tio

n 
di

a.
d

2

d1

General industrial
machines

Static sealing

General
industrial
machines

Automobiles

Dynamic/static
sealing

Aircraft

Static sealing
and
Dynamic/static
sealing

For dynamic /
static sealing
of cylindrical
surface

General
industrial
machines

For Vacuum
flanges

2.8  O-ring dimensional tables (Contents)
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102 103

JIS B 2401 P (for Dynamic and Static Sealing)P 3~35

φ d1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2
Static sealing on flat surface

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

φ d4

φ d3

b

For static sealing on cylindrical surface
φ d6

φ d5

φ d4 φ d3 φ d5

b

For dynamic sealing

b

φ d6

� Fitting groove design (unit  mm)

� Backup rings
(For dynamic sealing and static sealing on cylindrical surface)

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.3

90˚ +5˚
0

b

C 0.1~0.3

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
unit  mm

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1 

1)
Cross section dia.

d2

d8
2)





for external 
pressure





d7
2)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

25.7 ± 0.26 P 26 26 32

23.7 ± 0.24 P 24 24 30
24.7 ± 0.25 P 25 25 31
25.2 ± 0.25 P 25.5 25.5 31.5

27.7 ± 0.28 P 28 28 34
28.7 ± 0.29 P 29 29 35
29.2 ± 0.29 P 29.5 29.5 35.5
29.7 ± 0.29 P 30 30 36
30.7 ± 0.30 P 31 31 37
31.2 ± 0.31 P 31.5 31.5 37.5
31.7 ± 0.31 P 32 32 38
33.7 ± 0.33 P 34 34 40
34.7 ± 0.34 P 35 35 41

10.8 ± 0.18 P 11 11 15
11.0 ± 0.18 P 11.2 11.2 15.2
11.8 ± 0.19 P 12 12 16
12.3 ± 0.19 P 12.5 12.5 16.5
13.8 ± 0.19 P 14 14 18
14.8 ± 0.20 P 15 15 19
15.8 ± 0.20 P 16 16 20
17.8 ± 0.21 P 18 18 22
19.8 ± 0.22 P 20 20 24
20.8 ± 0.23 P 21 21 25
21.8 ± 0.24 P 22 22 26
21.7 ± 0.24

3.5 ± 0.10

P 22A 22 28

4.7 2.7 0.8

22.1 ± 0.24 P 22.4 22.4 28.4

2.8 ± 0.14

1.9 ± 0.08

P 3 3 6.2

2.5 1.4 0.4

3.8 ± 0.14 P 4 4 7.2
4.8 ± 0.15 P 5 5 8.2
5.8 ± 0.15 P 6 6 9.2
6.8 ± 0.16 P 7 7 10.2
7.8 ± 0.16 P 8 8 11.2
8.8 ± 0.17 P 9 9 12.2
9.8 ± 0.17 P 10 10 13.2
9.8 ± 0.17

2.4 ± 0.09

P 10A 10 14

3.2 1.8 0.4

Notes 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A, 1-B, 2 and 3 products.  
For class 4-C products, the tolerance is 1.5 times these values, and for class 4-D products, 1.2 times.

2) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

O-ring No.

Groove dimensions for dynamic sealing and static sealing on cylindrical surface

d3, d5

Reference fitting codes
corresponding to 
d3 and d5 tolerances

d4, d6

3)

Fitting
code

b
+0.25
0

E
4)

max.

r1

max.

P 3 3

0
– 0.05

h9 f8

e9

6

+ 0.05
0

H10

2.5 3.9 5.4 0.05 0.4

P 4 4 7

H9

P 5 5 8
P 6 6 9
P 7 7

e8

10
P 8 8 11
P 9 9 12
P 10 10 13
P 10A 10

0
– 0.06

14

+ 0.06
0 3.2 4.4 6.0 0.05 0.4

P 11 11 15
P 11.2 11.2 15.2
P 12 12 16
P 12.5 12.5 16.5
P 14 14 18
P 15 15 19
P 16 16 20
P 18 18 22
P 20 20

e7
24

P 21 21 25
P 22 22 26
P 22A 22

0
– 0.08

e8

28

+ 0.08
0 4.7 6.0 7.8 0.08 0.8

P 22.4 22.4 28.4
P 24 24 30
P 25 25 31
P 25.5 25.5 31.5
P 26 26 32
P 28 28 34
P 29 29 35
P 29.5 29.5 35.5
P 30 30 36
P 31 31

e7

37
P 31.5 31.5 37.5
P 32 32 38
P 34 34 40
P 35 35 41

Without
backup
ring

With one
backup
ring

With two
backup
rings

3) The fitting code is corresponding to the d4 and d6 tolerances. 
4) Eccentricity E means the difference between the maximum value and minimum value of dimension K.

The eccentricity can also be defined as double the coaxiality measurement.

P 3~35

b1
+0.25
0 b2

+0.25
0
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104 105

JIS B 2401 P (for Dynamic and Static Sealing)P 35.5~105

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1 

1)
Cross section dia.

d2

d8
2)





for external 
pressure





d7
2)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

69.6 ± 0.61 P 70 70 80

62.6 ± 0.56 P 63 63 73
64.6 ± 0.57 P 65 65 75
66.6 ± 0.59 P 67 67 77

70.6 ± 0.62 P 71 71 81
74.6 ± 0.65 P 75 75 85
79.6 ± 0.69 P 80 80 90
84.6 ± 0.73 P 85 85 95
89.6 ± 0.77 P 90 90 100
94.6 ± 0.81 P 95 95 105
99.6 ± 0.84 P 100 100 110

101.6 ± 0.85 P 102 102 112
104.6 ± 0.87 P 105 105 115

45.7 ± 0.42 P 46 46 52
47.7 ± 0.44 P 48 48 54
48.7 ± 0.45 P 49 49 55
49.7 ± 0.45 P 50 50 56
47.6 ± 0.44 P 48A 48 58
49.6 ± 0.45 P 50A 50 60
51.6 ± 0.47 P 52 52 62
52.6 ± 0.48 P 53 53 63
54.6 ± 0.49 P 55 55 65
55.6 ± 0.50 P 56 56 66
57.6 ± 0.52 P 58 58 68
59.6 ± 0.53 P 60 60 70
61.6 ± 0.55 P 62 62 72

35.2 ± 0.34

3.5 ± 0.1

P 35.5 35.5 41.5

4.7 2.7 0.8

35.7 ± 0.34 P 36 36 42
37.7 ± 0.37 P 38 38 44
38.7 ± 0.37 P 39 39 45
39.7 ± 0.37 P 40 40 46
40.7 ± 0.38 P 41 41 47
41.7 ± 0.39 P 42 42 48
43.7 ± 0.41 P 44 44 50
44.7 ± 0.41 P 45 45 51

Notes 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A, 1-B, 2 and 3 products.
For class 4-C products, the tolerance is 1.5 times these values, and for class 4-D products, 1.2 times.

2) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

O-ring No.

Groove dimensions for dynamic sealing and static sealing on cylindrical surface

d3, d5

Reference fitting codes
corresponding to 
d3 and d5 tolerances

d4, d6

3)

Fitting
code

b
+0.25
0

E
4)

max.

r1

max.

P 35.5 35.5

0
– 0.08

h9 f8

e7

41.5

+ 0.08
0

H9

4.7 6.0 7.8 0.08 0.8

P 36 36 42
P 38 38 44
P 39 39 45
P 40 40 46
P 41 41 47
P 42 42 48
P 44 44 50
P 45 45 51
P 46 46 52
P 48 48 54
P 49 49 55
P 50 50 56
P 48A 48 58
P 50A 50 60
P 52 52 62
P 53 53 63
P 55 55 65
P 56 56 66
P 58 58 68
P 60 60 70
P 62 62 72
P 63 63 73
P 65 65 75
P 67 67 77
P 70 70 80
P 71 71 81
P 75 75 85
P 80 80 90
P 85 85 95
P 90 90 100
P 95 95 105
P 100 100 110
P 102 102 112
P 105 105 115

Without
backup
ring

With one
backup
ring

With two
backup
rings

3) The fitting code is corresponding to the d4 and d6 tolerances. 
4) Eccentricity E means the difference between the maximum value and minimum value of dimension K.

The eccentricity can also be defined as double the coaxiality measurement.

5.7 ± 0.13 7.5 4.6 0.8 0
– 0.10

e8

+ 0.10
0 7.5 9.0 11.5 0.10 0.8

e7

e6

unit  mmP 35.5~105

b1
+0.25
0 b2

+0.25
0

φ d1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2
Static sealing on flat surface

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

φ d4

φ d3

b

For static sealing on cylindrical surface
φ d6

φ d5

φ d4 φ d3 φ d5

b

For dynamic sealing

b

φ d6

� Fitting groove design (unit  mm)

� Backup rings
(For dynamic sealing and static sealing on cylindrical surface)

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.3

90˚ +5˚
0

b

C 0.1~0.3

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
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106 107

JIS B 2401 P (for Dynamic and Static Sealing)P 110~260

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1

1)
Cross section dia.

d2

d8
2)





for external 
pressure





d7
2)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

214.5 ± 1.65 P 215 215 230

204.5 ± 1.58 P 205 205 220
208.5 ± 1.61 P 209 209 224
209.5 ± 1.62 P 210 210 225

219.5 ± 1.68 P 220 220 235
224.5 ± 1.71 P 225 225 240
229.5 ± 1.75 P 230 230 245
234.5 ± 1.78 P 235 235 250
239.5 ± 1.81 P 240 240 255
244.5 ± 1.84 P 245 245 260
249.5 ± 1.88 P 250 250 265
254.5 ± 1.91 P 255 255 270
259.5 ± 1.94 P 260 260 275

144.6 ± 1.16 P 145 145 155
149.6 ± 1.19 P 150 150 160
149.5 ± 1.19 P 150A 150 165
154.5 ± 1.23 P 155 155 170
159.5 ± 1.26 P 160 160 175
164.5 ± 1.30 P 165 165 180
169.5 ± 1.33 P 170 170 185
174.5 ± 1.37 P 175 175 190
179.5 ± 1.40 P 180 180 195
184.5 ± 1.44 P 185 185 200
189.5 ± 1.48 P 190 190 205
194.5 ± 1.51 P 195 195 210
199.5 ± 1.55 P 200 200 215

109.6 ± 0.91

5.7 ± 0.13

P 110 110 120

7.5 4.6 0.8

111.6 ± 0.92 P 112 112 122
114.6 ± 0.94 P 115 115 125
119.6 ± 0.98 P 120 120 130
124.6 ± 1.01 P 125 125 135
129.6 ± 1.05 P 130 130 140
131.6 ± 1.06 P 132 132 142
134.6 ± 1.09 P 135 135 145
139.6 ± 1.12 P 140 140 150

Notes 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A, 1-B, 2 and 3 products.
For class 4-C products, the tolerance is 1.5 times these values, and for class 4-D products, 1.2 times.

2) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

O-ring No.

Groove dimensions for dynamic sealing and static sealing on cylindrical surface

d3, d5

Reference fitting codes
corresponding to 
d3 and d5 tolerances

d4, d6

3)

Fitting
code

b
+0.25
0

E
4)

max.

r1

max.

P 110 110

0
– 0.10

h9

f8 e6

120

+ 0.10
0

H9

7.5 9.0 11.5 0.10 0.8

P 112 112 122
P 115 115 125
P 120 120 130
P 125 125 135
P 130 130 140
P 132 132 142
P 135 135 145
P 140 140 150
P 145 145 155
P 150 150 160
P 150A 150 165
P 155 155 170
P 160 160 175
P 165 165 180
P 170 170 185
P 175 175 190
P 180 180 195
P 185 185 200
P 190 190 205
P 195 195 210
P 200 200 215
P 205 205 220
P 209 209 224
P 210 210 225
P 215 215 230
P 220 220 235
P 225 225 240
P 230 230 245
P 235 235 250
P 240 240 255
P 245 245 260
P 250 250 265
P 255 255 270
P 260 260 275

Without
backup
ring

With one
backup
ring

With two
backup
rings

3) The fitting code is corresponding to the d4 and d6 tolerances. 
4) Eccentricity E means the difference between the maximum value and minimum value of dimension K.

The eccentricity can also be defined as double the coaxiality measurement.

8.4 ± 0.15 11.0 6.9 1.2

f7

11.0 13.0 17.0 0.12 1.2

H8

h8

f6

unit  mmP 110~260

b1
+0.25
0 b2

+0.25
0

φ d1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2
Static sealing on flat surface

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

φ d4

φ d3

b

For static sealing on cylindrical surface
φ d6

φ d5

φ d4 φ d3 φ d5

b

For dynamic sealing

b

φ d6

� Fitting groove design (unit  mm)

� Backup rings
(For dynamic sealing and static sealing on cylindrical surface)

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.3

90˚ +5˚
0

b

C 0.1~0.3

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
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108 109

JIS B 2401 P (for Dynamic and Static Sealing)P 265~400

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1 

1)
Cross section dia.

d2

d8
2)





for external 
pressure





d7
2)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

319.5 ± 2.33 P 320 320 335
334.5 ± 2.42 P 335 335 350
339.5 ± 2.45 P 340 340 355
354.5 ± 2.54 P 355 355 370
359.5 ± 2.57 P 360 360 375
374.5 ± 2.67 P 375 375 390
384.5 ± 2.73 P 385 385 400
399.5 ± 2.82 P 400 400 415

264.5 ± 1.97

8.4 ± 0.15

P 265 265 280

11.0 6.9 1.2

269.5 ± 2.01 P 270 270 285
274.5 ± 2.04 P 275 275 290
279.5 ± 2.07 P 280 280 295
284.5 ± 2.10 P 285 285 300
289.5 ± 2.14 P 290 290 305
294.5 ± 2.17 P 295 295 310
299.5 ± 2.20 P 300 300 315
314.5 ± 2.30 P 315 315 330

Notes 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A, 1-B, 2 and 3 products.
For class 4-C products, the tolerance is 1.5 times these values, and for class 4-D products, 1.2 times.

2) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

O-ring No.

Groove dimensions for dynamic sealing and static sealing on cylindrical surface

d3, d5

Reference fitting codes
corresponding to 
d3 and d5 tolerances

d4, d6

3)

Fitting
code

b
+0.25
0

E
4)

max.

r1

max.

P 265 265

0
– 0.10 h8 f6

280

+ 0.10
0 H8 11.0 13.0 17.0 0.12 1.2

P 270 270 285
P 275 275 290
P 280 280 295
P 285 285 300
P 290 290 305
P 295 295 310
P 300 300 315
P 315 315 330
P 320 320 335
P 335 335 350
P 340 340 355
P 355 355 370
P 360 360 375
P 375 375 390
P 385 385 400
P 400 400 415

Without
backup
ring

With one
backup
ring

With two
backup
rings

3) The fitting code is corresponding to the d4 and d6 tolerances. 
4) Eccentricity E means the difference between the maximum value and minimum value of dimension K.

The eccentricity can also be defined as double the coaxiality measurement.

unit  mmP 265~400

b1
+0.25
0 b2

+0.25
0

φ d1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2
Static sealing on flat surface

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

φ d4

φ d3

b

For static sealing on cylindrical surface
φ d6

φ d5

φ d4 φ d3 φ d5

b

For dynamic sealing

b

φ d6

� Fitting groove design (unit  mm)

� Backup rings
(For dynamic sealing and static sealing on cylindrical surface)

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.3

90˚ +5˚
0

b

C 0.1~0.3

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
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JIS B 2401 G (for Static Sealing)G 25~300

φ d1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

Static sealing on flat surface
φ d4

φ d3

b

φ d6

φ d5

For static sealing on cylindrical surface

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.3

90˚ +5˚
0

b

C 0.1~0.3

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
unit  mm

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1 

1)
Cross section dia.

d2

d8
2)





for external 
pressure





d7
2)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

149.3 ± 1.19 G 150 150 160

134.4 ± 1.08 G 135 135 140
139.4 ± 1.12 G 140 140 145
144.4 ± 1.16 G 145 145 150

154.3 ± 1.23 G 155 155 165
159.3 ± 1.26 G 160 160 170
164.3 ± 1.30 G 165 165 175
169.3 ± 1.33 G 170 170 180
174.3 ± 1.37 G 175 175 185
179.3 ± 1.40 G 180 180 190
184.3 ± 1.44 G 185 185 195
189.3 ± 1.47 G 190 190 200
194.3 ± 1.51 G 195 195 205

69.4 ± 0.61 G 70 70 75
74.4 ± 0.65 G 75 75 80
79.4 ± 0.69 G 80 80 85
84.4 ± 0.73 G 85 85 90
89.4 ± 0.77 G 90 90 95
94.4 ± 0.81 G 95 95 100
99.4 ± 0.85 G 100 100 105

104.4 ± 0.87 G 105 105 110
109.4 ± 0.91 G 110 110 115
114.4 ± 0.94 G 115 115 120
119.4 ± 0.98 G 120 120 125
124.4 ± 1.01 G 125 125 130
129.4 ± 1.05 G 130 130 135

24.4 ± 0.25

3.1 ± 0.10

G 25 25 30

4.1 2.4 0.7

29.4 ± 0.29 G 30 30 35
34.4 ± 0.33 G 35 35 40
39.4 ± 0.37 G 40 40 45
44.4 ± 0.41 G 45 45 50
49.4 ± 0.45 G 50 50 55
54.4 ± 0.49 G 55 55 60
59.4 ± 0.53 G 60 60 65
64.4 ± 0.57 G 65 65 70

O-ring No.

Groove dimensions for static sealing on cylindrical surface

d3, d5

Reference fitting codes
corresponding to 
d3 and d5 tolerances

d4, d6

3)

Fitting
code

b
+0.25
0

E
4)

max.

r1

max.

G 25 25

0
– 0.10

h9

f8

e9
30

+ 0.10
0

H10

4.1 5.6 7.3 0.08 0.7

G 30 30
G 35 35
G 40 40
G 45 45
G 50 50
G 55 55
G 60 60
G 65 65
G 70 70
G 75 75
G 80 80
G 85 85
G 90 90
G 95 95
G 100 100
G 105 105
G 110 110
G 115 115
G 120 120
G 125 125
G 130 130
G 135 135
G 140 140
G 145 145
G 150 150
G 155 155
G 160 160
G 165 165
G 170 170
G 175 175
G 180 180
G 185 185
G 190 190
G 195 195

Without
backup
ring

With one
backup
ring

With two
backup
rings

5.7 ± 0.13 7.5 4.6 0.8199.3 ± 1.55 G 200 200 210
209.3 ± 1.61 G 210 210 220
219.3 ± 1.68 G 220 220 230

239.3 ± 1.81 G 240 240 250
249.3 ± 1.88 G 250 250 260
259.3 ± 1.94 G 260 260 270
269.3 ± 2.01 G 270 270 280
279.3 ± 2.07 G 280 280 290
289.3 ± 2.14 G 290 290 300
299.3 ± 2.20 G 300 300 310

e8

H9

e7

e6

f7

7.5 9.0 11.5 0.10 0.8

H8
h8

G 200 200
G 210 210
G 220 220
G 230 230
G 240 240
G 250 250
G 260 260

f6
G 270 270
G 280 280

G 300 300

35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125
130
135
140
145
150
160
165
170
175
180
185
190
195
200
205
210
220
230
240
250
260
270
280
290

310

229.3 ± 1.73 G 230 230 240

G 290 290 300

G 25~300

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions
� Fitting groove design (unit  mm)

� Backup rings
(For static sealing on cylindrical surface)

b1
+0.25
0 b2

+0.25
0

Notes 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A, 1-B, 2 and 3 products.
For class 4-C products, the tolerance is 1.5 times these values, and for class 4-D products, 1.2 times.

2) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

3) The fitting code is corresponding to the d4 and d6 tolerances. 
4) Eccentricity E means the difference between the maximum value and minimum value of dimension K.

The eccentricity can also be defined as double the coaxiality measurement.
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S 3~150
Slim Series (for Static Sealing)

φ d1

A

A

d2

0.
10

 m
ax

.

0.15 max.
Cross section A-A.

d2
φ d7 

2)

b

h

For internal
pressure

φ d8 
2)

b

h

For external
pressure

Static sealing on flat surface
φ d4

φ d3

b

φ d6

φ d5

For static sealing on cylindrical surface

� Fitting groove design (unit  mm)

90˚ +5˚0 90˚
+5˚

0

b

C 0.1~0.2

90˚ +5˚
0

b

C 0.1~0.2

A single component Matching two components

R0.5 R0.5

unit  mmunit  mm

O-ring dimensions
O-ring No.

Groove dimensions

Bore dia.
d1 

1)
Cross section dia.

d2
d3, d5, ds

0
– 0.05

d4, d6
+ 0.05

0 d7
2)

b
+ 0.25

0
h

0
– 0.1

119.5 S 120 120 123

109.5 S 110 110 113
111.5 S 112 112 115
114.5 S 115 115 118

124.5 S 125 125 128
129.5 S 130 130 133
131.5 S 132 132 135
134.5 S 135 135 138
139.5 S 140 140 143
144.5 S 145 145 148
149.5 S 150 150 153

59.5 S 60 60 63
62.5 S 63 63 66
64.5 S 65 65 68
66.5 S 67 67 70
69.5 S 70 70 73
70.5 S 71 71 74
74.5 S 75 75 78
79.5 S 80 80 83
84.5 S 85 85 88
89.5 S 90 90 93
94.5 S 95 95 98
99.5 S 100 100 103 103

104.5 S 105 105 108

41.5

± 0.25

2.0 ± 0.1

S 42 42 45 45.5

2.7 1.5

43.5 S 44 44 47
44.5 S 45 45 48
45.5 S 46 46 49
47.5 S 48 48 51
49.5 S 50 50 53
52.5 S 53 53 56
54.5 S 55 55 58
55.5 S 56 56 59 59

47.5
48.5
49.5
51
53
56
58

63
66
68
70
73
74
78
83
88
93
98

108
113
115
118
123
128
133
135
138
143
148
153

± 0.4

± 0.6

O-ring dimensions
O-ring No.

Groove dimensions

Bore dia.
d1 

1)
Cross section dia.

d2
d3, d5, d8

0
– 0.05

d4, d6
+ 0.05

0 d7
2)

b
+ 0.25

0
h

0
– 0.1

31.5 S 32 32 35

28.5 S 29 29 32
29.5 S 30 30 33
31.0 S 31.5 31.5 34.5

33.5 S 34 34 37
34.5 S 35 35 38
35.0 S 35.5 35.5 38.5
35.5 S 36 36 39
37.5 S 38 38 41
38.5 S 39 39 42
39.5 S 40 40 43

11.5 S 12 12 14
12.0 S 12.5 12.5 14.5
13.5 S 14 14 16
14.5 S 15 15 17
15.5 S 16 16 18
17.5 S 18 18 20
19.5 S 20 20 22
21.5 S 22 22 24
21.9 S 22.4 22.4 25.4
23.5 S 24 24 27
24.5 S 25 25 28
25.5 S 26 26 29 29.5
27.5 S 28 28 31

2.5

± 0.15

1.5 ± 0.1

S 3 3 5 5.3

2.5 1.0

3.5 S 4 4 6
4.5 S 5 5 7
5.5 S 6 6 8
6.5 S 7 7 9
7.5 S 8 8 10
8.5 S 9 9 11
9.5 S 10 10 12

10.7 S 11.2 11.2 13.2 13.5

6.3
7.3
8.3
9.3

10.3
11.3
12.3

14.3
14.8
16.3
17.3
18.3
20.3
22.3
24.3
25.9
27.5
28.5

31.5
32.5
33.5
35
35.5
37.5
38.5
39
39.5
41.5
42.5
43.5

2.0 ± 0.1 2.7 1.5

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

S 3~40 S 42~150

Notes 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A, 1-B, 2 and 3 products.
For class 4-C products, the tolerance is 1.5 times these values, and for class 4-D products, 1.2 times.

2) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.
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ISO 3601 (for General Industrial Applications)A,B,C,D
1.8~75ISO

Cross section dia.   d2 2.65 ± 0.09 3.55 ± 0.10

Dike width and height   f Up to 0.1 Up to 0.14 Up to 0.16 Up to 0.18

9.00

8.00
8.50
8.75

9.50
10.0
10.6
11.2
11.8
12.5
13.2

4.00
4.50
4.87
5.00
5.15
5.30
5.60
6.00
6.30
6.70
6.90
7.10
7.50

Bore dia.   d1 Tolerance O-ring No.
1.80
2.00
2.24
2.50
2.80
3.15
3.55
3.75

A0063G

1.80 ± 0.08 5.30 ± 0.13 7.00 ± 0.15

Up to 0.12

A0018G
A0020G
A0022G
A0025G

± 0.14

A0028G
A0031G
A0035G
A0037G
A0040G
A0045G

± 0.15

A0048G
A0050G
A0051G
A0053G
A0056G
A0060G

± 0.16

A0067G
A0069G
A0071G
A0075G
A0080G
A0085G

± 0.17

A0087G
A0090G
A0095G
A0100G

± 0.18
A0106G
A0112G

± 0.19

A0118G
A0125G
A0132G

14.0 A0140G B0140G
15.0

± 0.20
A0150G B0150G

16.0 A0160G B0160G

19.0
± 0.22

B0190G

± 0.13

Cross section dia.   d2 2.65 ± 0.09 3.55 ± 0.10

Dike width and height   f Up to 0.1 Up to 0.14 Up to 0.16 Up to 0.18

43.7

40.0
41.2
42.5

45.0
46.2
47.5
48.7
50.0
51.5
53.0

26.5
28.0
30.0
31.5
32.5
33.5
34.5
35.5
36.5
37.5
38.7

Bore dia.   d1 Tolerance O-ring No.
21.2
22.4
23.6
25.0
25.8

1.80 ± 0.08 5.30 ± 0.13 7.00 ± 0.15

Up to 0.12

± 0.24

± 0.29

± 0.40

± 0.44

± 0.46

54.5
56.0 ± 0.51

69.0
71.0 ± 0.63

± 0.23 B0212G C0212G
B0224G C0224G
B0236G C0236G

± 0.25 B0250G C0250G

± 0.26
B0258G C0258G
B0265G C0265G

± 0.28 B0280G C0280G
B0300G C0300G

± 0.31 B0315G C0315G
± 0.32 B0325G C0325G
± 0.32 B0335G C0335G
± 0.33 B0345G C0345G
± 0.34 B0355G C0355G
± 0.35 B0365G C0365G
± 0.36 B0375G C0375G
± 0.37 B0387G C0387G
± 0.38 C0400G
± 0.39 C0412G D0412G

C0425G D0425G
± 0.41 C0437G D0437G
± 0.42 C0450G D0450G
± 0.43 C0462G D0462G

C0475G D0475G
± 0.45 C0487G D0487G

C0500G D0500G
± 0.47 C0515G D0515G
± 0.48 C0530G D0530G
± 0.50 C0545G D0545G

C0560G D0560G

± 0.61 C0690G D0690G
C0710G D0710G

17.0
± 0.21

A0170G B0170G
18.0 B0180G C0180G

C0190G

58.0 ± 0.52 C0580G D0580G
60.0 ± 0.54 C0600G D0600G
61.5 ± 0.55 C0615G D0615G
63.0 ± 0.56 C0630G D0630G
65.0 ± 0.58 C0650G D0650G
67.0 ± 0.59 C0670G D0670G

1) Groove depth
Determine dimension h to obtain O-ring compression amount
between 8 % and 30 %.

Compression amount = ✕ 100 (%) = 8 % ~ 30 %

Determine the radial gap by the consideration that the double
radial gap (gap in diameter) should be less than the value
shown in Fig. 2.5.1.
Therefore: K = h – gap in radial
d2: O-ring cross section diameter

2) Groove width (b)
Determine groove width by the consideration that O-ring
should not occupy more than 90 % of the groove space.

Occupancy percentage = ✕100 (%) < 90 %π ✕ (d2/2)
2

b ✕ h

d2 – h

d2

20.0 B0200G C0200G
73.0 ± 0.64 C0730G D0730G
75.0 ± 0.66 C0750G D0750G

D0400G

φ d
1

A

A

d2

f

f

Cross section A-A

d2

r1 r1

90˚ +5˚0 90˚
+5˚

0

b

C 0.1~0.2

h

Radial gap

K

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions  (unit  mm)

unit  mmunit  mm1.8~20 21.2~75

Cross section dia.
d2

Corner radius
r1

1.80
2.65
3.55

0.3 ± 0.1
0.3 ± 0.1
0.6 ± 0.2

5.30
7.00

0.6 ± 0.2
1.0 ± 0.2
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ISO 3601 (for General Industrial Applications)C,D,E
77.5~670ISO

unit  mm unit  mm

Cross section dia.   d2 2.65 ± 0.09 3.55 ± 0.10

Dike width and height   f Up to 0.1 Up to 0.14 Up to 0.16 Up to 0.18

155

140
145
150

160
165
170
175
180
185
190

97.5
100
103
106
109
112
115
118
122
125
128
132
136

Bore dia.   d1 Tolerance O-ring No.
77.5 C0775G D0775G
80.0
82.5
85.0
87.5
90.0
92.5
95.0

1.80 ± 0.08 5.30 ± 0.13 7.00 ± 0.15

Up to 0.12

± 0.75

± 0.87

± 1.03

± 1.20

± 1.34

± 1.41

195
200 ± 1.55
206

224 ± 1.71

± 0.67

Cross section dia.   d2 2.65 ± 0.09 3.55 ± 0.10

Dike width and height   f Up to 0.1 Up to 0.14 Up to 0.16 Up to 0.18

412

375
387
400

425
437
450
462
475
487
500

272
280
290
300
307
315
325
335
345
355
365

Bore dia.   d1 Tolerance O-ring No.
236
243
250
258
265

1.80 ± 0.08 5.30 ± 0.13 7.00 ± 0.15

Up to 0.12

± 1.83

± 2.14

± 2.84

± 3.15

± 3.30

515
530 ± 3.63

650
670 ± 4.46

± 1.79

± 1.93
± 1.98

± 2.08

± 2.21
± 2.25
± 2.30
± 2.37
± 2.43
± 2.49
± 2.56
± 2.62
± 2.68

D2360G

± 2.76 D3870G
D4000G

± 2.91
± 2.99
± 3.07

± 3.22

± 3.37
± 3.45
± 3.54

± 4.34212 ± 1.63
218

545 ± 3.72
560 ± 3.81
580 ± 3.93
600 ± 4.05
615 ± 4.13
630 ± 4.22

230

E2360G

D3750G

± 0.69 C0800G D0800G
± 0.71 C0825G D0825G
± 0.73 C0850G D0850G

C0875G D0875G
± 0.77 C0900G D0900G
± 0.79 C0925G D0925G
± 0.81 C0950G D0950G
± 0.83 C0975G D0975G
± 0.84 C1000G D1000G

C1030G D1030G
± 0.89 C1060G D1060G
± 0.91 C1090G D1090G E1090G
± 0.93 C1120G D1120G E1120G
± 0.95 C1150G D1150G E1150G
± 0.97 C1180G D1180G E1180G
± 1.00 C1220G D1220G E1220G

C1250G D1250G E1250G
± 1.05 C1280G D1280G E1280G
± 1.08 C1320G D1320G E1320G
± 1.10 C1360G D1360G E1360G
± 1.13 C1400G D1400G E1400G
± 1.17 C1450G D1450G E1450G

C1500G D1500G E1500G
± 1.24 C1550G D1550G E1550G
± 1.27 C1600G D1600G E1600G
± 1.31 C1650G D1650G E1650G

C1700G D1700G E1700G
± 1.38 C1750G D1750G E1750G

C1800G D1800G E1800G
± 1.44 C1850G D1850G E1850G
± 1.48 C1900G D1900G E1900G
± 1.51 C1950G D1950G E1950G

C2000G D2000G E2000G
± 1.59 D2060G E2060G

D2120G E2120G
± 1.67 D2180G E2180G

D2240G E2240G
± 1.75 D2300G E2300G

D2430G E2430G
± 1.88 D2500G E2500G

D2580G E2580G
D2650G E2650G

± 2.02 D2720G E2720G
D2800G E2800G
D2900G E2900G
D3000G E3000G
D3070G E3070G
D3150G E3150G
D3250G E3250G
D3350G E3350G
D3450G E3450G
D3550G E3550G
D3650G E3650G

E3750G
E3870G
E4000G
E4120G
E4250G
E4370G
E4500G
E4620G
E4750G
E4870G
E5000G
E5150G
E5300G
E5450G
E5600G
E5800G
E6000G
E6150G
E6300G
E6500G
E6700G

φ d
1

A

A

d2

f

f

Cross section A-A

d2

� O-ring shape and dimensions (unit  mm)

77.5~230 236~670

1) Groove depth
Determine dimension h to obtain O-ring compression amount
between 8 % and 30 %.

Compression amount = ✕ 100 (%) = 8 % ~ 30 %

Determine the radial gap by the consideration that the double
radial gap (gap in diameter) should be less than the value
shown in Fig. 2.5.1.
Therefore: K = h – gap in radial
d2: O-ring cross section diameter

2) Groove width (b)
Determine groove width by the consideration that O-ring
should not occupy more than 90 % of the groove space.

Occupancy percentage = ✕100 (%) < 90 %π ✕ (d2/2)
2

b ✕ h

d2 – h

d2
r1 r1

90˚ +5˚0 90˚
+5˚

0

b

C 0.1~0.2

h

Radial gap

K

� Fitting groove dimensions  (unit  mm)

Cross section dia.
d2

Corner radius
r1

1.80
2.65
3.55

0.3 ± 0.1
0.3 ± 0.1
0.6 ± 0.2

5.30
7.00

0.6 ± 0.2
1.0 ± 0.2
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JASO F404 (for Dynamic and Static Sealing)JASO d2 1.9

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1

Cross section dia.
d2

d8
1)





for external 
pressure





d7
1)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

24.7 JASO 1025 25 28.1
26.2 JASO 1026 26.5 29.6
27.7 JASO 1028 28 31.1
29.7 JASO 1030 30 33.1
31.2 JASO 1031 31.5 34.6

35.2 JASO 1035 35.5 38.6

12.3 JASO 1012 12.5 15.7
13.0 JASO 1013 13.2 16.4
13.8 JASO 1014 14 17.2
14.8 JASO 1015 15 18.2
15.8 JASO 1016 16 19.2
16.8 JASO 1017 17 20.2
17.8 JASO 1018 18 21.2
18.8

Classes 1-A
and 2 ±0.15

Classes 3
and 4-D ±0.30

Classes 4-C,
4-E and 5

±0.45

JASO 1019 19 22.2
19.8 JASO 1020 20 23.2
21.0 JASO 1021 21.2 24.4
22.1 JASO 1022 22.4 25.5
23.3 JASO 1023 23.6 26.7

2.8

Classes 1-A
and 2 ±0.12

Classes 3
and 4-D ±0.24

Classes 4-C,
4-E and 5 

±0.36

1.9 ± 0.07

JASO 1003 3 6.3

2.5 1.4 0.4

3.8 JASO 1004 4 7.3
4.8 JASO 1005 5 8.3
5.8 JASO 1006 6 9.3
6.8 JASO 1007 7 10.3
7.8 JASO 1008 8 11.3
8.8 JASO 1009 9 12.3
9.8 JASO 1010 10 13.3

11.0 JASO 1011 11.2 14.4

Notes 1) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

2) Eccentricity E means the difference between the maximum value and minimum value of dimension K.
The eccentricity can also be defined as double the coaxiality measurement.

O-ring No.
d4

Tolerances
of 

d4 and d6

b
+0.25
0

E
2)

max.

r1

max.

JASO 1003 3.1

0
– 0.05

6 5.9

+ 0.05
0

2.5 3.9 5.4 0.05 0.4

JASO 1004 7
JASO 1005 8
JASO 1006 9
JASO 1007 10
JASO 1008 11
JASO 1009 12
JASO 1010 13
JASO 1011 14.2 14.1
JASO 1012 15.5
JASO 1013 16.2
JASO 1014 17
JASO 1015 18
JASO 1016 19
JASO 1017 20
JASO 1018 21
JASO 1019 22
JASO 1020 23
JASO 1021 24.2
JASO 1022 25.4
JASO 1023 26.6
JASO 1025 28
JASO 1026 29.5
JASO 1028 31
JASO 1030 33

JASO 1033 36.5
JASO 1035 38.5

Without
backup
ring

With one
backup
ring

With two
backup
rings

33.2 JASO 1033 33.5 36.6

4.1 6.9
5.1 7.9
6.1 8.9
7.1 9.9
8.1 10.9
9.1 11.9

10.1 12.9
11.3

0
– 0.06

+ 0.06
0

12.6 15.4
13.3 16.1
14.1 16.9
15.1 17.9
16.1 18.9
17.1 19.2
18.1 20.9
19.1 21.9
20.1 22.9
21.3 24.1
22.5

0
– 0.08

25.3

+ 0.08
0

23.7 26.5
25.1 27.9
26.6 29.4
28.1 30.9
30.1 32.9

33.6 36.4
35.6 38.4

JASO 1031 31.6 34.5 34.4

d3

Tolerances
of

d3 and d5

d6d5

3
4
5
6
7
8
9

10
11.2
12.5
13.2
14
15
16
17
18
19
20
21.2
22.4
23.6
25
26.5
28
30
31.5
33.5
35.5

Groove dimensions for dynamic sealing and static sealing on cylindrical surface
b1

+0.25
0 b2

+0.25
0

φ d
1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

Static sealing on flat surface

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

φ d4

φ d3

b

φ d6

φ d5

φ d4 φ d3 φ d5

b b

φ d6

For static sealing on cylindrical surface

For dynamic sealing

� Fitting groove design (unit  mm)

� Backup rings
(For dynamic sealing and static sealing on cylindrical surface)

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.2

90˚ +5˚
0

b

C 0.1~0.2

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
unit  mmd2 1.9
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JASO F404 (for Dynamic and Static Sealing)JASO d2 2.4

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1

Cross section dia.
d2

d8
1)





for external 
pressure





d7
1)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

37.2 JASO 2037 37.5 41.5
39.7 JASO 2040 40 44
42.2 JASO 2042 42.5 46.5
44.7 JASO 2045 45 49
47.2 JASO 2047 47.5 51.5

70.6 JASO 2071 71 75

18.8 JASO 2019 19 23.1
19.8 JASO 2020 20 24.1
20.8 JASO 2021 21 25.1
22.1 JASO 2022 22.4 26.4
23.3 JASO 2023 23.6 27.6
24.7 JASO 2025 25 29
26.2 JASO 2026 26.5 30.5
27.7 JASO 2028 28 32
29.7 JASO 2030 30 34
31.2 JASO 2031 31.5 35.5
33.2 JASO 2033 33.5 37.5
35.2 JASO 2035 35.5 39.5

9.8 Classes 1-A
and 2 ±0.12

Classes 3
and 4-D ±0.24

Classes 4-C,
4-E and 5

±0.36

2.4 ± 0.07

JASO 2010 10 14.1

3.2 1.8 0.4

11.0 JASO 2011 11.2 15.3
12.3 JASO 2012 12.5 16.6
13.0 JASO 2013 13.2 17.3
13.8 JASO 2014 14 18.1
14.8 JASO 2015 15 19.1
15.8 JASO 2016 16 20.1
16.8 JASO 2017 17 21.1
17.8 JASO 2018 18 22.1

O-ring No.
d4

Tolerances
of 

d4 and d6

b
+0.25
0

E
2)

max.

r1

max.

JASO 2010 10.2

0
– 0.06

14 13.8

+ 0.06
0

3.2 4.4 6.0 0.05 0.4

JASO 2011 15.2
JASO 2012 16.5
JASO 2013 17.2
JASO 2014 18
JASO 2015 19
JASO 2016 20
JASO 2017 21
JASO 2018 22 21.8
JASO 2019 23
JASO 2020 24
JASO 2021 25
JASO 2022 26.4
JASO 2023 27.6
JASO 2025 29
JASO 2026 30.5
JASO 2028 32
JASO 2030 34
JASO 2031 35.5
JASO 2033 37.5
JASO 2035 39.5
JASO 2037 41.5
JASO 2040 44
JASO 2042 46.5
JASO 2045 49

JASO 2067 71
JASO 2071 75

Without
backup
ring

With one
backup
ring

With two
backup
rings

66.6 JASO 2067 67 71

11.4 15
12.7 16.3
13.4 17
14.2 17.8
15.2 18.8
16.2 19.8
17.2 20.8
18.2
19.2 22.8
20.2 23.8
21.2 24.8
22.6 26.2
23.8 27.4
25.2 28.8
26.7 30.3
28.2 31.8
30.2 33.8
31.7 35.3
33.7 37.3
35.7 39.3
37.7 41.3
40.2 43.8
42.7 46.3
45.2 48.8

67.2 70.8
71.2 74.8

JASO 2063 63.2 67 66.8

d3

Tolerances
of

d3 and d5

d6d5

10
11.2
12.5
13.2
14
15
16
17
18
19
20
21
22.4
23.6
25
26.5
28
30
31.5
33.5
35.5
37.5
40
42.5
45

63
67
71

Groove dimensions for dynamic sealing and static sealing on cylindrical surface

Classes 1-A
and 2 ±0.15

Classes 3
and 4-D ±0.30

Classes 4-C,
4-E and 5

±0.45

Classes 1-A
and 2 ±0.25

Classes 3
and 4-D ±0.50

Classes 4-C,
4-E and 5

±0.75
Classes 1-A
and 2 ±0.40
Classes 3
and 4-D ±0.80
Classes 4-C,
4-E and 5 ±1.20

49.7 JASO 2050 50 54
52.6 JASO 2053 53 57
55.6 JASO 2056 56 60
59.6 JASO 2060 60 64
62.6 JASO 2063 63 67

0
– 0.08

+ 0.08
0

JASO 2047 47.7 47.5 51.5 51.3
JASO 2050 50.2 50 54 53.8
JASO 2053 53.2 53

0
– 0.10

57 56.8

+ 0.10
0

JASO 2056 56.2 56 60 59.8
JASO 2060 60.2 60 64 63.8

b1
+0.25
0 b2

+0.25
0

φ d
1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

Static sealing on flat surface

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

φ d4

φ d3

b

φ d6

φ d5

φ d4 φ d3 φ d5

b b

φ d6

For static sealing on cylindrical surface

For dynamic sealing

� Fitting groove design (unit  mm)

� Backup rings
(For dynamic sealing and static sealing on cylindrical surface)

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.2

90˚ +5˚
0

b

C 0.1~0.2

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
unit  mmd2 2.4

Notes 1) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external 
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

2) Eccentricity E means the difference between the maximum value and minimum value of dimension K.
The eccentricity can also be defined as double the coaxiality measurement.
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JASO F404 (for Dynamic and Static Sealing)JASO d2 3.5

O-ring dimensions

O-ring No.

Groove dimensions for static sealing on flat surface

Bore dia.
d1

Cross section dia.
d2

d8
1)





for external 
pressure





d7
1)





for internal
pressure





b
+ 0.25

0
h ± 0.05

r1

max.

66.6 JASO 3067 67 73
70.6 JASO 3071 71 77
74.6 JASO 3075 75 81
79.6 JASO 3080 80 86
84.6 JASO 3085 85 91

124.6 JASO 3125 125 131

37.7 JASO 3038 38 44
38.7 JASO 3039 39 45
39.7 JASO 3040 40 46
41.7 JASO 3042 42 48
43.7 JASO 3044 44 50
44.7 JASO 3045 45 51
47.7 JASO 3048 48 54
49.7 JASO 3050 50 56
52.6 JASO 3053 53 59
55.6 JASO 3056 56 62
59.6 JASO 3060 60 66
62.6 JASO 3063 63 69

22.1

Classes 1-A
and 2 ±0.15

Classes 3
and 4-D ±0.30

Classes 4-C,
4-E and 5

±0.45

3.5 ± 0.10

JASO 3022 22.4 28.4

4.7

23.7 JASO 3024 24 30
24.7 JASO 3025 25 31
25.7 JASO 3026 26 32
27.7 JASO 3028 28 34
29.7 JASO 3030 30 36
31.2 JASO 3031 31.5 37.5
33.7 JASO 3034 34 40
35.2 JASO 3035 35.5 41.5

O-ring No.
d4

Tolerances
of 

d4 and d6

b
+0.25
0

E
2)

max.

r1

max.

JASO 3022 22.7

0
– 0.08

28.4 28.1

+ 0.08
0

4.7 6.0 7.8 0.08 0.7

JASO 3024 30
JASO 3025 31
JASO 3026 32
JASO 3028 34
JASO 3030 36
JASO 3031 37.5
JASO 3034 40
JASO 3035 41.5 41.2
JASO 3038 44
JASO 3039 45
JASO 3040 46
JASO 3042 48
JASO 3044 50
JASO 3045 51
JASO 3048 54
JASO 3050 56
JASO 3053 59
JASO 3056 62
JASO 3060 66
JASO 3063 69
JASO 3067 73
JASO 3071 77
JASO 3075 81
JASO 3080 86

JASO 3118 124
JASO 3125 131

Without
backup
ring

With one
backup
ring

With two
backup
rings

117.6 JASO 3118 118 124

24.3 29.7
25.3 30.7
26.3 31.7
28.3 33.7
30.3 35.7
31.8 37.2
34.3 39.7
35.8
38.3 43.7
39.3 44.7
40.3 45.7
42.3 47.7
44.3 49.7
45.3 50.7
48.3 53.7
50.3 55.7
53.3 58.7
56.3 61.7
60.3 65.7
63.3 68.7
67.3 72.7
71.3 76.7
75.3 80.7
80.3 85.7

118.3 123.7
125.3 130.7

JASO 3112 112.3 118 117.7

d3

Tolerances
of

d3 and d5

d6d5

22.4
24
25
26
28
30
31.5
34
35.5
38
39
40
42
44
45
48
50
53
56
60
63
67
71
75
80

112
118
125

Groove dimensions for dynamic sealing and static sealing on cylindrical surface

89.6 JASO 3090 90 96
94.6 JASO 3095 95 101
99.6 JASO 3100 100 106

105.6 JASO 3106 106 112
111.6 JASO 3112 112 118

JASO 3085 85.3 85 91 90.7
JASO 3090 90.3 90 96 95.7
JASO 3095 95.3 95 101 100.7
JASO 3100 100.3 100 106 105.7
JASO 3106 106.3 106 112 111.7

Classes 1-A
and 2 ±0.25

Classes 3
and 4-D ±0.50

Classes 4-C,
4-E and 5

±0.75

Classes 1-A
and 2 ±0.40

Classes 3
and 4-D ±0.80

Classes 4-C,
4-E and 5

±1.20

131.6 Classes 1-A
and 2 ±0.60
Classes 3
and 4-D ±1.20
Classes 4-C,
4-E and 5 ±1.80

JASO 3132 132 138
139.6 JASO 3140 140 146
149.6 JASO 3150 150 156

2.7 0.7

0
– 0.10

+ 0.10
0

JASO 3132 132.3 132 138 137.7
JASO 3140 140.3 140 146 145.7
JASO 3150 150.3 150 156 155.7

b1
+0.25
0 b2

+0.25
0

φ d
1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2

φ d7
b

h

For internal
pressure

φ d8 b

h

For external
pressure

Static sealing on flat surface

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

φ d4

φ d3

b

φ d6

φ d5

φ d4 φ d3 φ d5

b b

φ d6

For static sealing on cylindrical surface

For dynamic sealing

� Fitting groove design (unit  mm)

� Backup rings
(For dynamic sealing and static sealing on cylindrical surface)

r1 r1 r1

90˚ +5˚0 90˚
+5˚

0

K K

b

C 0.1~0.2

90˚ +5˚
0

b

C 0.1~0.2

Eccentricity E

A single component Matching two components

b1 b2

One backup ring Two backup rings
unit  mmd2 3.5

Notes 1) For a static sealing application on a flat surface, design the groove according to dimension d8 for use under external
pressure, or according to dimension d7 for use under internal pressure.  An O-ring for use under external pressure can thus
have its bore surface in close contact with the inner wall of the groove during use.  Likewise an O-ring for use under internal
pressure can thus have its circumferential surface in close contact with the outer wall of the groove.

2) Eccentricity E means the difference between the maximum value and minimum value of dimension K.
The eccentricity can also be defined as double the coaxiality measurement.
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for Aircraft Hydraulic Applications 
(Dynamic Sealing and Static Sealing)AS 568ASd2 1.02~(2.62)

unit  mm

unit  mm

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 023

AS 020
AS 021
AS 022

AS 024
AS 025
AS 026
AS 027
AS 028
AS 029
AS 030

AS 007 2
AS 008 3
AS 009 4
AS 010 5
AS 011
AS 012
AS 013
AS 014
AS 015
AS 016
AS 017
AS 018
AS 019

1.02 ± 0.07 0.74 AS 001
AS 002
AS 901

1.52 ± 0.07 AS 003
AS 902
AS 903
AS 004
AS 005
AS 006 1

1.42

15.60

31.47

AS 031
AS 032
AS 033
AS 034
AS 035

60.05 AS 036
AS 037

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 109

AS 106
AS 107
AS 108

AS 110
AS 111
AS 112
AS 113
AS 114
AS 115
AS 116

AS 049
AS 050
AS 904
AS 905
AS 906
AS 907
AS 908
AS 909
AS 910
AS 102
AS 103
AS 104
AS 105

1.78 ± 0.07 66.40 AS 038

AS 041
AS 042
AS 043
AS 044
AS 045
AS 046
AS 047
AS 048

AS 117
AS 118
AS 119
AS 120
AS 121
AS 122
AS 123
AS 124

107.67

120.37

5.23

23.47

AS 125
AS 126
AS 127
AS 128
AS 129
AS 130
AS 131
AS 132
AS 133
AS 134
AS 135
AS 136

52.07 AS 137
AS 138

Bore dia.   d1 
1)

± 0.10

± 0.10

1.07
4.70

6.07
7.64
1.78
2.57
2.90
3.68
4.47
5.28
6.07
7.65
9.25

10.82
12.42
14.00

17.17
18.77
20.35
21.95
23.52
25.12
26.70
28.30
29.87

33.05
34.65
37.82
41.00
44.17
47.35
50.52
53.70
56.87

63.22

1.27 ± 0.07
1.42 ± 0.07

AN 6227 AN 6230

± 0.25

75.92
82.27
88.62
94.97

101.32

114.02

126.72
133.07

8.92
10.52
11.89
13.46
16.36
17.93
19.18
1.24
2.06
2.84
3.63
4.42

6.02
7.59
9.19

10.77
12.37
13.94
15.54
17.12
18.72
20.29
21.89

25.07
26.64
28.24
29.82
31.42
32.99
34.59
36.17
37.77
39.34
40.94
42.52
44.12
45.69
47.29
48.90
50.47

53.64

Bore dia.   d1
1) AN 6227 AN 6230

± 0.12

1.63 ± 0.07

1.78 ± 0.07

± 0.12 6
7

± 0.15

± 0.25

± 0.12

± 0.58

1.83 ± 0.07

± 0.12
1.98 ± 0.07
2.08 ± 0.07
2.21 ± 0.07
2.46 ± 0.07

2.62 ± 0.07

± 0.12
8
9

10
11
12
13
14

± 0.15

± 0.25

Note 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A and 1-B products.
For class 4-D products, the tolerance is 1.2 times there values.

72.75 AS 040
69.57 AS 039

± 0.38

1) Groove depth
Determine dimension h to obtain O-ring compression amount
between 8 % and 30 %.

Compression amount = ✕ 100 (%) = 8 % ~ 30 %

Determine the radial gap by the consideration that the double radial gap
(gap in diameter) should be less than the value shown in Fig. 2.5.1.
Therefore: K = h – gap in radial
d2: O-ring cross section diameter

2) Groove width (b)
Determine groove width by the consideration that O-ring should not
occupy more than 90 % of the groove space.

Occupancy percentage = ✕100 (%) < 90 %π ✕ (d2/2)
2

b ✕ h

d2 – h
d2

φ d1

A

A

d2

0.
07

 m
ax

.

0.12 max.
Cross section A-A

d2
r1 r1

90˚ +5˚0 90˚
+5˚

0

b

C 0.1~0.2

h

Radial gap

K

� O-ring shape and dimensions (unit  mm)
� Fitting groove dimensions  (unit  mm)

d2 1.02~(1.78)

d2 (1.78)~(2.62)
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for Aircraft Hydraulic Applications 
(Dynamic Sealing and Static Sealing)ASd2 (2.62)~(3.53)

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 169

AS 166
AS 167
AS 168

AS 170
AS 171
AS 172
AS 173
AS 174
AS 175
AS 176

AS 153
AS 154
AS 155
AS 156
AS 157
AS 158
AS 159
AS 160
AS 161
AS 162
AS 163
AS 164
AS 165

2.62 ± 0.07 55.24 AS 139

AS 145
AS 146
AS 147
AS 148
AS 149
AS 150
AS 151
AS 152

67.94

145.72

209.22

AS 177
AS 178

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 223

AS 220
AS 221
AS 222

AS 224
AS 225
AS 226
AS 227
AS 228
AS 229
AS 230

AS 207
AS 208
AS 209
AS 210
AS 211
AS 212
AS 213
AS 214
AS 215
AS 216
AS 217
AS 218
AS 219

2.95 ± 0.10 21.92 AS 911

AS 928
AS 932
AS 201
AS 202
AS 203
AS 204
AS 205
AS 206

AS 231
AS 232
AS 233
AS 234
AS 235
AS 236
AS 237
AS 238

9.12

12.29

36.09

72.62

AS 239
AS 240
AS 241
AS 242
AS 243
AS 244
AS 245
AS 246
AS 247

Bore dia.   d1
1)

± 0.25

64.77
66.34

69.52
71.12
72.69
75.87
82.22
88.57
94.92

101.27
107.62
113.97
120.32
126.67
133.02
139.37

152.07
158.42
164.77
171.12
177.47
183.82
190.17
196.52
202.87

215.57
221.92
228.27
234.62
240.97
247.32

AN 6227 AN 6230

± 0.12

53.09
59.36
4.34
5.94
7.52

10.69

13.87
15.47
17.04
18.64
20.22
21.82
23.39
24.99
26.57
28.17
29.74
31.34
32.92
34.52

37.69
40.87
44.04
47.22
50.39
53.57
56.74
59.92
63.09
66.27
69.44

75.79
78.97
82.14
85.32
88.49
91.67
94.84
98.02

101.19
104.37
107.54
110.72
113.89
117.07

Bore dia.   d1
1) AN 6227 AN 6230

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

43.69 AS 924

63.17 AS 144

± 0.38

± 0.58

± 0.76

3.53 ± 0.10

± 0.12

± 0.15

15
16
17
18
19
20
21
22
23
24
25
26
27

± 0.25

± 0.38

61.60 AS 143

58.42 AS 141
59.99 AS 142

56.82 AS 140

37.46 AS 9203.00 ± 0.10

± 0.25

23.47

± 0.15

AS 912
25.04 AS 913
26.59 AS 914
29.74 AS 916
34.42 AS 918

Note 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A and 1-B products.
For class 4-D products, the tolerance is 1.2 times there values.

unit  mm

unit  mm

1) Groove depth
Determine dimension h to obtain O-ring compression amount
between 8 % and 30 %.

Compression amount = ✕ 100 (%) = 8 % ~ 30 %

Determine the radial gap by the consideration that the double radial gap
(gap in diameter) should be less than the value shown in Fig. 2.5.1.
Therefore: K = h – gap in radial
d2: O-ring cross section diameter

2) Groove width (b)
Determine groove width by the consideration that O-ring should not
occupy more than 90 % of the groove space.

Occupancy percentage = ✕100 (%) < 90 %π ✕ (d2/2)
2

b ✕ h

d2 – h
d2

φ d1

A

A

d2

0.
07

 m
ax

.

0.12 max.
Cross section A-A

d2
r1 r1

90˚ +5˚0 90˚
+5˚

0

b

C 0.1~0.2

h

Radial gap

K

d2 (2.62)

d2 2.95~(3.53)

AS 568

� O-ring shape and dimensions (unit  mm)
� Fitting groove dimensions  (unit  mm)
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for Aircraft Hydraulic Applications 
(Dynamic Sealing and Static Sealing)AS d2 (3.53)~(5.33)

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 282

AS 279
AS 280
AS 281

AS 283
AS 284
AS 309
AS 310
AS 311

AS 266
AS 267
AS 268
AS 269
AS 270
AS 271
AS 272
AS 273
AS 274
AS 275
AS 276
AS 277
AS 278

3.53 ± 0.10 120.24 AS 248 26

AS 258
AS 259
AS 260
AS 261
AS 262
AS 263
AS 264
AS 265

164.69

266.29

10.46

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 348

AS 345
AS 346
AS 347

AS 349
AS 350
AS 351
AS 352
AS 353
AS 354
AS 355

AS 332
AS 333
AS 334
AS 335
AS 336
AS 337
AS 338
AS 339
AS 340
AS 341
AS 342
AS 343
AS 344

5.33 ± 0.12 15.24 AS 312

AS 324
AS 325
AS 326
AS 327
AS 328
AS 329
AS 330
AS 331

AS 356
AS 357
AS 358
AS 359
AS 360
AS 361
AS 362
AS 363

50.16

56.52

104.14

142.24

AS 364
AS 365
AS 366
AS 367
AS 368

Bore dia.   d1
1)

± 0.38

151.99
158.34

171.04
177.39
183.74
190.09
196.44
202.79
209.14
215.49
221.84
228.19
234.54
240.89
247.24
253.59

278.99
291.69
304.39
329.79
355.19
380.59
405.26
430.66
456.06

12.06
13.64

AN 6227 AN 6230

± 0.12

34.29
37.46
40.64
43.82
46.99

53.34

59.69
62.86
66.04
69.22
72.39
75.56
78.74
81.92
85.09
88.26
91.44
94.62
97.79

100.96

107.32
110.49
113.66
116.84
120.02
123.19
126.36
129.54
132.72
135.89
139.07

145.42
148.59
151.77
158.12
164.47
170.82
177.17
183.52
189.87
196.22

Bore dia.   d1
1) AN 6227 AN 6230

28
29
30
31
32
33

32.69 AS 323

148.82 AS 257 35
36
37
38
39
40

± 0.76

41
42
43
44
45
46
47
48
49
50
51
52

± 1.14

5.33 ± 0.12
± 0.12

± 0.25

34
35
36
37

± 0.38

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

± 0.58

± 0.76

145.64 AS 256 34

123.42 AS 249 27
126.59 AS 250 28
129.77 AS 251 29
132.94 AS 252 30
136.12 AS 253 31
139.29 AS 254 32
142.47 AS 255 33

± 0.58

31.12 AS 322

16.81 AS 313
18.42 AS 314
19.99 AS 315
21.59 AS 316
23.16 AS 317
24.76 AS 318
26.34 AS 319
27.94 AS 320
29.51 AS 321

± 0.15

Note 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A and 1-B products.
For class 4-D products, the tolerance is 1.2 times there values.

unit  mm

unit  mm

1) Groove depth
Determine dimension h to obtain O-ring compression amount
between 8 % and 30 %.

Compression amount = ✕ 100 (%) = 8 % ~ 30 %

Determine the radial gap by the consideration that the double radial gap
(gap in diameter) should be less than the value shown in Fig. 2.5.1.
Therefore: K = h – gap in radial
d2: O-ring cross section diameter

2) Groove width (b)
Determine groove width by the consideration that O-ring should not
occupy more than 90 % of the groove space.

Occupancy percentage = ✕100 (%) < 90 %π ✕ (d2/2)
2

b ✕ h

d2 – h
d2

φ d1

A

A

d2

0.
07

 m
ax

.

0.12 max.
Cross section A-A

d2
r1 r1

90˚ +5˚0 90˚
+5˚

0

b

C 0.1~0.2

h

Radial gap

K

d2 (3.53)~(5.33)

d2 (5.33)

AS 568

� O-ring shape and dimensions (unit  mm)
� Fitting groove dimensions  (unit  mm)
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for Aircraft Hydraulic Applications 
(Dynamic Sealing and Static Sealing)AS d2 (5.33)~6.98

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 436

AS 433
AS 434
AS 435

AS 437

AS 391
AS 392
AS 393
AS 394
AS 395
AS 425
AS 426
AS 427
AS 428
AS 429
AS 430
AS 431
AS 432

5.33 ± 0.12 202.57 AS 369

AS 383
AS 384
AS 385
AS 386
AS 387
AS 388
AS 389
AS 390

405.26

126.36

O-ring dimensions O-ring No. Reference No.
Cross section dia. d2

AS 475

AS 462
AS 463
AS 464
AS 465
AS 466
AS 467
AS 468
AS 469
AS 470
AS 471
AS 472
AS 473
AS 474

6.98 ± 0.15 158.12 AS 438 65

AS 454
AS 455
AS 456
AS 457
AS 458
AS 459
AS 460
AS 461

380.36

405.26

Bore dia.   d1
1)

± 0.76

354.97
380.37

430.66
456.06
481.46
506.86
532.26
557.66
582.68
608.08
633.48
658.88
113.66
116.84
120.02
123.19

129.54
132.72
135.89
139.06
142.24
145.42
148.59
151.76

AN 6227 AN 6230

± 0.58

316.86
329.56
342.26
354.96
367.66

393.06

417.96
430.66
443.36
456.06
468.76
481.46
494.16
506.86
532.46
557.66
582.68
608.08
633.48
658.88

Bore dia.   d1
1) AN 6227 AN 6230

62
63
64

88
53
54
55
56
57
58
59
60
61

± 1.52

304.16 AS 453

329.57 AS 382

± 1.14

± 1.52

6.98 ± 0.15

± 0.38

± 0.58

80
81
82
83
84
85
86
87

± 1.14

304.17 AS 381

208.92 AS 370
215.26 AS 371
221.62 AS 372
227.96 AS 373
234.32 AS 374
240.67 AS 375
247.02 AS 376
253.37 AS 377
266.07 AS 378
278.77 AS 379
291.47 AS 380

291.46 AS 452 79

164.46 AS 439 66
170.82 AS 440 67
177.16 AS 441 68
183.52 AS 442 69
189.86 AS 443 70
196.22 AS 444 71
202.56 AS 445 72
215.26 AS 446 73
227.96 AS 447 74
240.66 AS 448 75
253.36 AS 449 76
266.06 AS 450 77
278.76 AS 451 78± 0.76

Note 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A and 1-B products.
For class 4-D products, the tolerance is 1.2 times there values.

unit  mm

unit  mm

1) Groove depth
Determine dimension h to obtain O-ring compression amount
between 8 % and 30 %.

Compression amount = ✕ 100 (%) = 8 % ~ 30 %

Determine the radial gap by the consideration that the double radial gap
(gap in diameter) should be less than the value shown in Fig. 2.5.1.
Therefore: K = h – gap in radial
d2: O-ring cross section diameter

2) Groove width (b)
Determine groove width by the consideration that O-ring should not
occupy more than 90 % of the groove space.

Occupancy percentage = ✕100 (%) < 90 %π ✕ (d2/2)
2

b ✕ h

d2 – h
d2

φ d1

A

A

d2

0.
07

 m
ax

.

0.12 max.
Cross section A-A

d2
r1 r1

90˚ +5˚0 90˚
+5˚

0

b

C 0.1~0.2

h

Radial gap

K

d2 (5.33)~(6.98)

d2 (6.98)

AS 568

� O-ring shape and dimensions (unit  mm)
� Fitting groove dimensions  (unit  mm)
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unit  mm

132 133

JIS B 2407 PBackup Rings
P 3~165

Spiral (T1) Endless (T3)

φ D
φ d

W
 

T

φ d

W

Section A T

Z

Enlarged view
of section A

30˚±5˚

Bias-cut (T2)

φ D
φ d

W
 

T

Cut

22˚ -3˚
0

1)

1)

unit  mm

� Backup ring shape and dimensions

Applied
O-ring No.

Dimensions

P 125

P 112
P 115
P 120

P 130
P 132
P 135
P 140
P 145
P 150
P 150A

P 44
P 45
P 46
P 48

P 48A
P 50A
P 52
P 53

P 105
P 110

d W 
3)

T Z 
4)

P 35

3.0 + 0.03
– 0.06

P 35.5
P 36
P 38
P 39
P 40
P 41
P 42

35
35.5

T1 P 36 36

T1 P 52

T1 P 135

P 155
P 160

Spiral ring Bias-cut and Endless ring 
2)

Backup
ring No.

Backup ring No. Dimensions

Bias-cut Endless d D T

T1 P 35

0.7 ± 0.05 2.5 ± 1.5

T2 P 35 T3 P 35 35

+ 0.20
0

41

0
– 0.20 1.25 ± 0.1

T1 P 35.5 T2 P 35.5 T3 P 35.5 35.5 41.5
T2 P 36 T3 P 36 36 42

T1 P 38 38 T2 P 38 T3 P 38 38 44
T1 P 39 39 T2 P 39 T3 P 39 39 45
T1 P 40 40 T2 P 40 T3 P 40 40 46
T1 P 41 41 T2 P 41 T3 P 41 41 47
T1 P 42 42 T2 P 42 T3 P 42 42 48
T1 P 44 44 T2 P 44 T3 P 44 44 50
T1 P 45 45 T2 P 45 T3 P 45 45 51
T1 P 46 46 T2 P 46 T3 P 46 46 52
T1 P 48 48 T2 P 48 T3 P 48 48 54

T1 P 48A 48 T2 P 48A T3 P 48A 48 58
T1 P 50A 50 T2 P 50A T3 P 50A 50 60

52 T2 P 52 T3 P 52 52 62
T1 P 53 53 T2 P 53 T3 P 53 53 63

T1 P 105 105 T2 P 105 T3 P 105 105 115
T1 P 110 110 T2 P 110 T3 P 110 110 120
T1 P 112 112 T2 P 112 T3 P 112 112 122
T1 P 115 115 T2 P 115 T3 P 115 115 125
T1 P 120 120 T2 P 120 T3 P 120 120 130
T1 P 125 125 T2 P 125 T3 P 125 125 135
T1 P 130 130 T2 P 130 T3 P 130 130 140
T1 P 132 132 T2 P 132 T3 P 132 132 142

135 T2 P 135 T3 P 135 135 145
T1 P 140 140 T2 P 140 T3 P 140 140 150
T1 P 145 145 T2 P 145 T3 P 145 145 155
T1 P 150 150 T2 P 150 T3 P 150 150 160
T1 P 150A 150 T2 P 150A T3 P 150A 150 165
T1 P 155 155 T2 P 155 T3 P 155 155 170
T1 P 160 160 T2 P 160 T3 P 160 160 175

Notes 1) The cut angle for P3 to P10 is 35˚~ 40˚.
2) The dimensions shown in the "Bias-cut and Endless ring" column are the dimensions of endless rings.  Bias-cut rings are 

produced by cutting endless rings.
3) In the case of bias-cut and endless ring, the deviation of ring thickness  W (within one piece) shall be 0.05 mm max.
4) The clearance Z is shown when the backup ring is installed on a shaft toleranced  to 0 mm / – 0.05 mm.

5.0 + 0.03
– 0.06 0.9 ± 0.06 4.5 ± 1.5 + 0.25

0
0

– 0.25 1.9 ± 0.13

P 55 T1 P 55 55 T2 P 55 T3 P 55 55 65
P 56 T1 P 56 56 T2 P 56 T3 P 56 56 66
P 58 T1 P 58 58 T2 P 58 T3 P 58 58 68
P 60 T1 P 60 60 T2 P 60 T3 P 60 60 70
P 62 T1 P 62 62 T2 P 62 T3 P 62 62 72
P 63 T1 P 63 63 T2 P 63 T3 P 63 63 73
P 65 T1 P 65 65 T2 P 65 T3 P 65 65 75
P 67 T1 P 67 67 T2 P 67 T3 P 67 67 77
P 70 T1 P 70 70 T2 P 70 T3 P 70 70 80
P 71 T1 P 71 71 T2 P 71 T3 P 71 71 81
P 75 T1 P 75 75 T2 P 75 T3 P 75 75 85
P 80 T1 P 80 80 T2 P 80 T3 P 80 80 90
P 85 T1 P 85 85 T2 P 85 T3 P 85 85 95
P 90 T1 P 90 90 T2 P 90 T3 P 90 90 100
P 95 T1 P 95 95 T2 P 95 T3 P 95 95 105
P 100 T1 P 100 100 T2 P 100 T3 P 100 100 110
P 102 T1 P 102 102 T2 P 102 T3 P 102 102 112

7.5 + 0.03
– 0.06 1.4 ± 0.08 6.0 ± 2.0 + 0.30

0
0

– 0.30 2.75 ± 0.15

P 49 T1 P 49 49 T2 P 49 T3 P 49 49 55
P 50 T1 P 50 50 T2 P 50 T3 P 50 50 56

P 165 T1 P 165 165 T2 P 165 T3 P 165 165 180

Applied
O-ring No.

Dimensions

P 25.5

P 22.4
P 24
P 25

P 26
P 28
P 29
P 29.5
P 30
P 31
P 31.5

P 10A

2.0 + 0.03
– 0.06 0.7 ± 0.05

P 11
P 11.2
P 12
P 12.5
P 14
P 15
P 16
P 18
P 20
P 21
P 22
P 22A

3.0 + 0.03
– 0.06

d W 
3)

T Z 
4)

P 3

1.5 + 0.03
– 0.06

P 4
P 5
P 6
P 7
P 8
P 9
P 10

3
4

T1 P 5 5

T1 P 20

T1 P 29

P 32
P 34

Spiral ring Bias-cut and Endless ring 
2)

Backup
ring No.

Backup ring No. Dimensions

Bias-cut Endless d D T

T1 P 3

0.7 ± 0.05 1.2 ± 0.4

T2 P 3 T3 P 3 3

+ 0.15
0

6

0
– 0.15 1.25 ± 0.1

T1 P 4 T2 P 4 T3 P 4 4 7
T2 P 5 T3 P 5 5 8

T1 P 6 6 T2 P 6 T3 P 6 6 9
T1 P 7 7 T2 P 7 T3 P 7 7 10
T1 P 8 8 T2 P 8 T3 P 8 8 11
T1 P 9 9 T2 P 9 T3 P 9 9 12
T1 P 10 10 T2 P 10 T3 P 10 10 13
T1 P 10A 10

1.4 ± 0.8

T2 P 10A T3 P 10A 10 14
T1 P 11 11 T2 P 11 T3 P 11 11 15
T1 P 11.2 11.2 T2 P 11.2 T3 P 11.2 11.2 15.2
T1 P 12 12 T2 P 12 T3 P 12 12 16
T1 P 12.5 12.5 T2 P 12.5 T3 P 12.5 12.5 16.5
T1 P 14 14 T2 P 14 T3 P 14 14 18
T1 P 15 15 T2 P 15 T3 P 15 15 19
T1 P 16 16 T2 P 16 T3 P 16 16 20
T1 P 18 18 T2 P 18 T3 P 18 18 22

20 T2 P 20 T3 P 20 20 24
T1 P 21 21 T2 P 21 T3 P 21 21 15
T1 P 22 22 T2 P 22 T3 P 22 22 26
T1 P 22A 22

0.7 ± 0.05 2.5 ± 1.5

T2 P 22A T3 P 22A 22

+ 0.20
0

28

0
– 0.20 1.25 ± 0.1

T1 P 22.4 22.4 T2 P 22.4 T3 P 22.4 22.4 28.4
T1 P 24 24 T2 P 24 T3 P 24 24 30
T1 P 25 25 T2 P 25 T3 P 25 25 31
T1 P 25.5 25.5 T2 P 25.5 T3 P 25.5 25.5 31.5
T1 P 26 26 T2 P 26 T3 P 26 26 32
T1 P 28 28 T2 P 28 T3 P 28 28 34

29 T2 P 29 T3 P 29 29 35
T1 P 29.5 29.5 T2 P 29.5 T3 P 29.5 29.5 35.5
T1 P 30 30 T2 P 30 T3 P 30 30 36
T1 P 31 31 T2 P 31 T3 P 31 31 37
T1 P 31.5 31.5 T2 P 31.5 T3 P 31.5 31.5 37.5
T1 P 32 32 T2 P 32 T3 P 32 32 38
T1 P 34 34 T2 P 34 T3 P 34 34 40

Remark) All rings material is tetrafluoroethylene resin.

P 3~34

P 35~165
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JIS B 2407 P, GBackup Rings
P 170~G 300

unit  mm

Applied
O-ring No.

Dimensions

G 190
G 195
G 200
G 210
G 220
G 230
G 240
G 250
G 260
G 270

G 55
G 60
G 65
G 70

G 85
G 90
G 95
G 100

G 180
G 185

d W 
3)

T Z 
4)

P 375
7.5 + 0.03

– 0.06
P 400
G 25
G 30
G 35
G 40
G 45
G 50

375

400
T1 G 25 25

T1 G 95

T1 G 230

G 280
G 290

Spiral ring Bias-cut and Endless ring 
2)

Backup
ring No.

Backup ring No. Dimensions

Bias-cut Endless d D T

T1 P 375
1.4 ± 0.08 6.0 ± 2.0

T2 P 375 T3 P 375 375
+ 0.30

0

390
0

– 0.30 2.75 ± 0.15
T1 P 400 T2 P 400 T3 P 400 400 415

T2 G 25 T3 G 25 25 30
T1 G 30 30 T2 G 30 T3 G 30 30 35
T1 G 35 35 T2 G 35 T3 G 35 35 40
T1 G 40 40 T2 G 40 T3 G 40 40 45
T1 G 45 45 T2 G 45 T3 G 45 45 50
T1 G 50 50 T2 G 50 T3 G 50 50 55
T1 G 55 55 T2 G 55 T3 G 55 55 60
T1 G 60 60 T2 G 60 T3 G 60 60 65
T1 G 65 65 T2 G 65 T3 G 65 65 70
T1 G 70 70 T2 G 70 T3 G 70 70 75

T1 G 85 85 T2 G 85 T3 G 85 85 90
T1 G 90 90 T2 G 90 T3 G 90 90 95

95 T2 G 95 T3 G 95 95 100
T1 G 100 100 T2 G 100 T3 G 100 100 105

T1 G 180 180 T2 G 180 T3 G 180 180 190
T1 G 185 185 T2 G 185 T3 G 185 185 195
T1 G 190 190 T2 G 190 T3 G 190 190 200
T1 G 195 195 T2 G 195 T3 G 195 195 205
T1 G 200 200 T2 G 200 T3 G 200 200 210
T1 G 210 210 T2 G 210 T3 G 210 210 220
T1 G 220 220 T2 G 220 T3 G 220 220 230

230 T2 G 230 T3 G 230 230 240
T1 G 240 240 T2 G 240 T3 G 240 240 250
T1 G 250 250 T2 G 250 T3 G 250 250 260
T1 G 260 260 T2 G 260 T3 G 260 260 270
T1 G 270 270 T2 G 270 T3 G 270 270 280
T1 G 280 280 T2 G 280 T3 G 280 280 290
T1 G 290 290 T2 G 290 T3 G 290 290 300

Notes 1) The cut angle for P3 to P10 is 35˚~ 40˚.
2) The dimensions shown in the "Bias-cut and Endless ring" column are the dimensions of endless rings.  Bias-cut rings are 

produced by cutting endless rings.
3) In the case of bias-cut and endless ring, the deviation of ring thickness  W (within one piece) shall be 0.05 mm max.
4) The clearance Z is shown when the backup ring is installed on a shaft toleranced  to 0 mm / – 0.05 mm.

G 105 T1 G 105 105 T2 G 105 T3 G 105 105 110
G 110 T1 G 110 110 T2 G 110 T3 G 110 110 115
G 115 T1 G 115 115 T2 G 115 T3 G 115 115 120
G 120 T1 G 120 120 T2 G 120 T3 G 120 120 125
G 125 T1 G 125 125 T2 G 125 T3 G 125 125 130
G 130 T1 G 130 130 T2 G 130 T3 G 130 130 135
G 135 T1 G 135 135 T2 G 135 T3 G 135 135 140
G 140 T1 G 140 140 T2 G 140 T3 G 140 140 145
G 145 T1 G 145 145 T2 G 145 T3 G 145 145 150
G 150 T1 G 150 150 T2 G 150 T3 G 150 150 160
G 155 T1 G 155 155 T2 G 155 T3 G 155 155 165
G 160 T1 G 160 160 T2 G 160 T3 G 160 160 170
G 165 T1 G 165 165 T2 G 165 T3 G 165 165 175
G 170 T1 G 170 170 T2 G 170 T3 G 170 170 180
G 175 T1 G 175 175 T2 G 175 T3 G 175 175 185

G 75 T1 G 75 75 T2 G 75 T3 G 75 75 80
G 80 T1 G 80 80 T2 G 80 T3 G 80 80 85

G 300 T1 G 300 300 T2 G 300 T3 G 300 300 310

Applied
O-ring No.

Dimensions

P 290

P 275
P 280
P 285

P 295
P 300
P 315
P 320
P 335
P 340
P 355

P 210
P 215
P 220
P 225
P 230
P 235
P 240
P 245
P 250
P 255
P 260
P 265
P 270

d W 
3)

T Z 
4)

P 170

7.5 + 0.03
– 0.06

P 175
P 180
P 185
P 190
P 195
P 200
P 205

170
175

T1 P180 180

T1 P255

T1 P315

P 360

Spiral ring Bias-cut and Endless ring 
2)

Backup
ring No.

Backup ring No. Dimensions

Bias-cut Endless d D T

T1 P170

1.4 ± 0.08 6.0 ± 2.0

T2 P 170 T3 P 170 170

+ 0.30
0

185

0
– 0.30 2.75 ± 0.15

T1 P175 T2 P 175 T3 P 175 175 190
T2 P 180 T3 P 180 180 195

T1 P185 185 T2 P 185 T3 P 185 185 200
T1 P190 190 T2 P 190 T3 P 190 190 205
T1 P195 195 T2 P 195 T3 P 195 195 210
T1 P200 200 T2 P 200 T3 P 200 200 215
T1 P205 205 T2 P 205 T3 P 205 205 220

T1 P210 210 T2 P 210 T3 P 210 210 225
T1 P215 215 T2 P 215 T3 P 215 215 230
T1 P220 220 T2 P 220 T3 P 220 220 235
T1 P225 225 T2 P 225 T3 P 225 225 240
T1 P230 230 T2 P 230 T3 P 230 230 245
T1 P235 235 T2 P 235 T3 P 235 235 250
T1 P240 240 T2 P 240 T3 P 240 240 255
T1 P245 245 T2 P 245 T3 P 245 245 260
T1 P250 250 T2 P 250 T3 P 250 250 265

255 T2 P 255 T3 P 255 255 270
T1 P260 260 T2 P 260 T3 P 260 260 275
T1 P265 265 T2 P 265 T3 P 265 265 280
T1 P270 270 T2 P 270 T3 P 270 270 285
T1 P275 275 T2 P 275 T3 P 275 275 290
T1 P280 280 T2 P 280 T3 P 280 280 295
T1 P285 285 T2 P 285 T3 P 285 285 300
T1 P290 290 T2 P 290 T3 P 290 290 305
T1 P295 295 T2 P 295 T3 P 295 295 310
T1 P300 300 T2 P 300 T3 P 300 300 315

315 T2 P 315 T3 P 315 315 330
T1 P320 320 T2 P 320 T3 P 320 320 335
T1 P335 335 T2 P 335 T3 P 335 335 350
T1 P340 340 T2 P 340 T3 P 340 340 355
T1 P355 355 T2 P 355 T3 P 355 355 370
T1 P360 360 T2 P 360 T3 P 360 360 375

2.5 + 0.03
– 0.06 0.7 ± 0.05 4.5 ± 1.5

+ 0.20
0

0
– 0.20 1.25 ± 0.1

P 385 T1 P 385 385 T2 P 385 T3 P 385 385 400

+ 0.25
0

0
– 0.25 1.25 ± 0.1

5.0 + 0.03
– 0.06 0.9 ± 0.06 6.0 ± 2.0 + 0.30

0
0

– 0.30 1.9 ± 0.13

P 209 T1 P209 209 T2 P 209 T3 P 209 209 224

Spiral (T1) Endless (T3)

φ D
φ d

W
 

T

φ d

W

Section A T

Z

Enlarged view
of section A

30˚±5˚

Bias-cut (T2)

φ D
φ d

W
 

T

Cut

22˚ -3˚
0

1)

1)

unit  mm

� Backup ring shape and dimensions

Remark) All rings material is tetrafluoroethylene resin.

P 170~360

P 375~400
G 25~300
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JIS B 2401 V (for Vacuum Flanges)V 15~1 055

φ d1

A

A

d2

0.
10

 m
ax

.

0.15 max.

Cross section A-A

d2

h

b φ G1

φ G2

� O-ring shape and dimensions (unit  mm) � Fitting groove dimensions

unit  mm

O-ring dimensions
O-ring No.

Groove dimensions

Bore dia.
d1 

1)
Cross section dia.

d2
G1 G2 b

+ 0.1
0

h
0

– 0.2

732.5 V 740 740
782.0 V 790 790
836.5 V 845 845
940.5 V 950 950

1 044.0 V 1 055 1 055

148.5 V 150 150
173.0 V 175 175
222.5 V 225 225
272.0 V 275 275
321.5 V 325 325
376.0 V 380 380

+ 1.5
0

425.5 V 430 430
475.0 V 480 480
524.5 V 530 530
579.0 V 585 585
633.5 V 640 640
683.0 V 690 690

+ 2.0
0

714

14.5 ± 0.20

4 ± 0.10

V 15 15

+ 1.0
0

25

5.0 3.0

23.5 V 24 24
33.5 V 34 34
39.5 V 40 40
54.5 V 55 55
69.0 V 70 70
84.0 V 85 85
99.0 V 100 100

119.0 V 120 120 130

34
44
50
65
80
95

110

160
185
241
291
341
396
446
504
554
609
664

764
814
864
974

1 079

Note 1) The tolerance of bore diameter d1 shows the specified values in JIS B 2401 for class 1-A, 1-B, 2 and 3 products.  
For class 4-C products, the tolerance is 1.5 times these values, and for class 4-D products, 1.2 times.

± 0.24
± 0.33
± 0.37
± 0.49
± 0.61
± 0.72
± 0.83
± 0.97
± 1.18
± 1.36
± 1.70

6 ± 0.15 8.0 4.5
± 2.02
± 2.34
± 2.68
± 2.99
± 3.30

10 ± 0.30 12.0 7.0

± 3.60
± 3.92
± 4.24
± 4.54
± 4.83
± 5.12
± 5.44
± 6.06
± 6.67

V 15~1 055
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3
3.1  Automobile .............................................................. 138

� Automatic transmission
� Manual transmission
� Engine
� Power steering
� Driving wheel
� Driven wheel

3.2  Motorcycle .............................................................. 141
� Engine

3.3  Rolling mill roll necks .............................................. 142
� Rolling bearing
� Oil-film bearing

3.4  Rolling stock axles .................................................. 143
� Double row tapered roller bearing
� Double row cylindrical roller bearing

3.5  Geared motor ......................................................... 144

3.6  Hydraulic motor ...................................................... 144

Application
Examples of Oil
Seals and O-Rings
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3.1  Automobile

3.  Application Examples of Oil Seals and O-Rings

� Automatic transmission

Bonded piston seal

Bonded piston seal

Helix seal

MHSA...XRT

BPS

BPS

� Manual transmission

Helix seal

Friction damper

Seal with side-lip

Seal with side-lip

FC

MHSA...S

MHSA...XRT

MHSA...S
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Helix seal

Helix seal

Helix seal

Valve stem seal

Plug tube gasket

MHR

MHSA...XRT

MHSA...XRT

VSHS

MHSA...XLT

� Engine

� Power steering

Pressure-resistant sealPressure-resistant seal for 
reciprocating motion

Control valve

MHSA...P

MP
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3.  Application Examples of Oil Seals and O-Rings

� Driving wheel

Ball joint boot
Mud-resistant seal
with integrated sleeve

Double lip seal

D

XHM...J

HRSD...FJ

� Driven wheel

HR seal with side-lip

HR...S 
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Drive shaft

Crankshaft

Valve stem seal

Standard type seal

Pressure-resistant seal
Standard type seal

Clutch

VSS

MHSA

GMHSA...P
MHSA

141

3.2  Motorcycle

� Engine
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3.  Application Examples of Oil Seals and O-Rings

3.3  Rolling mill roll necks

Scale seal
WR..RJ

Scale cover
H..J

Water seal
XMHE

O-ring

YS type oil seal
YS

� Oil-film bearing

Scale seal
WR

MORGOIL seal
MS...NJ

Seal inner ring
H..JM

Water seal
XMHE

� Rolling bearing
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3.4  Rolling stock axles

HMSAHHMSAH

Assembled seal Assembled seal

� Double row cylindrical roller bearing

MHSA...J

O-ringO-ring

Assembled seal

� Double row tapered roller bearing
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3.  Application Examples of Oil Seals and O-Rings

3.6  Hydraulic motor

O-ring

Pressure-resistant 
seal

MH MHSA..P

Standard type seal

3.5  Geared motor

GMHS...JMHSAMHSA

Standard type seal Standard type seal Assembled seal
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4.1  Rubber-material varieties and properties

4.1  Rubber-material varieties and properties

This table compares the properties of all available
rubber materials, including those that are not suitable

for oil seals and O-rings.

Kind of rubber

(ASTM code)

Nitrile rubber

(NBR)

Hydrogenated
nitrile rubber

(HNBR)

Acrylic rubber 

(ACM and ANM)

Silicone rubber

(VMQ)

Fluorocarbon
rubber

(FKM)

Chemical structure
Acrylonitrile-
butadiene
copolymer

Hydrogenated
acrylonitrile-buta-
diene copolymer

Acrylic-ester
copolymer

Organopoly-
siloxane

Hexafluoropropy-
lene-vinylidene-
fluoride copolymer

Raw-rubber
properties

Specific gravity
Mooney viscosity
ML1+4 (100 ˚C)

0.96 ~ 1.02
30 ~ 130

0.98 ~ 1.00
65 ~ 85

1.09 ~ 1.10
45 ~ 60

0.95 ~ 0.98
Liquid

1.80 ~ 1.82
35 ~ 160

C
om

po
un

de
d-

ru
bb

er
ph

ys
ic

al
an

d
re

si
st

an
ce

pr
op

er
tie

s

Applicable JIS hardness range 
1) 20 ~ 100 40 ~ 100 40 ~ 90 30 ~ 90 50 ~ 90

Tensile strength (MPa) 5 ~ 25 5 ~ 30 7 ~ 12 3 ~ 12 7 ~ 20
Elongation (%) 800 ~ 100 800 ~ 100 600 ~ 100 500 ~ 50 500 ~ 100
Impact resilience
Tear strength
Abrasion resistance
Flex crack resistance
Servisable temperature range (˚C) – 50 ~ 120

~

~

~

~

~

~

~

~

~

~

~

~ ~
~
~
~

~

~

~

~

~ ~ ~

~
~
~

– 40 ~ 160 – 30 ~ 180 – 80 ~ 250 – 30 ~ 250
Aging resistance
Fastness to light
Ozone resistance
Flame resistance
Electrical insulation (Ω • cm)
(volume resistivity) 10 

2
~ 10 

11 – 10 
8

~ 10 
10

10 
11

~ 10 
16

10 
10

~ 10 
14

Gas permeability
(10

-16
m

4
/N • s) 0.03 ~ 0.35 – 1 40 0.1

Radiation resistance

C
om

po
un

d-
ru

bb
er

ch
em

ic
al

re
si

st
an

ce

Gasoline and light oil
Benzene and toluene
Trichloroethylene
Alcohol
Ether
Ketone (MEK)
Ethyl acetate
Water
Organic acid
Concentrate inorganic acid solution
Dilute inorganic acid solution
Concentrate inorganic alkaline solution
Dilute inorganic alkaline solution

Typical properties and
major applications

The most com-
mon oil-resis-
tant rubber
material.
Good resis-
tance to abra-
sion.
Widely used
for oil seals
and O-rings.

Excellent heat
resistance and
mechanical
strength, in addition
to having properties
of nitrile rubber.
An optimal material
for oil seals for
high-temperature or
hydraulic applica-
tions.

Compared with
nitrile rubber, supe-
rior in aging resis-
tance.  Suitable for
sealing hydraulic
fluids.  Commonly
used in automotive
applications such
as transmission,
crankshaft, and
valve stem.

Siloxane-based,
excellent heat
resistance and
low-temperature
resistance.
Suitable for
extreme-tem-
perature envi-
ronments and
food processing
applications.

Superior to
other rubber
materials in
performance in
extreme envi-
ronments.
Optimal for
use in proximi-
ty to engines.

Chloroprene
rubber

(CR)

Ethylene-propy-
lene rubber
(EPM and EPDM)

Styrene-buta-
diene rubber

(SBR)

Urethane
rubber 

(U)

Natural rubber and
isoprene rubber 
(NR and IR)

Butadiene
rubber

(BR)

Butyl rubber

(IIR)

Chlorosulfonated
polyethylene rubber

(CSM)

Polychloroprene Ethylene-propy-
lene copolymer

Styrene-butadi-
ene copolymer

Polyurethane Polyisoprene Polybutadiene
Isobutylene-
isoprene
copolymer

Chlorosulfonated
polyethylene

1.15 ~ 1.25
45 ~ 120

0.86 ~ 0.87
40 ~ 100

0.92 ~ 0.97
30 ~ 70

1.00 ~ 1.30
25 ~ 60

(or liquid)

0.92
45 ~ 150

0.91 ~ 0.94
35 ~ 55

0.91 ~ 0.93
45 ~ 80

1.11 ~ 1.18
30 ~ 115

10 ~ 90 30 ~ 90 30 ~ 100 60 ~ 100 10 ~ 100 30 ~ 100 20 ~ 90 50 ~ 90
5 ~ 25 5 ~ 20 2 ~ 30 20 ~ 45 3 ~ 35 2 ~ 20 5 ~ 20 7 ~ 20

1 000 ~ 100

~

~

~
~ ~ ~ ~

~

~

~ ~
~

~

~

~ ~

~
~

~

~

~

800 ~ 100 800 ~ 100 800 ~ 300 1 000 ~ 100 800 ~ 100 800 ~ 100 500 ~ 100

–60 ~ 120 –60 ~ 150 –60 ~ 70 –60 ~ 80

~

–75 ~ 90 –100 ~ 100 –60 ~ 150 –60 ~ 150

10 
10

~ 10 
12

10 
12

~ 10 
16

10 
10

~ 10 
15

10 
9
~ 10 

12
10 

10
~ 10 

15
10 

14
~ 10 

15
10 

16
~ 10 

18
10 

12
~ 10 

14

0.3 1.5 1.2 0.2 1.8 1.3 ~ 5 0.09 ~ 0.1 0.3

Well-balanced
in resistance to
weather, oil and
heat.
Commonly used
to isolate vibra-
tion and to coat
wires.
Some cases
used for oil seals
and O-rings.

Excellent
weatherproof
and water-
proof.
It is used for
clad automo-
biles and
wires.

Compared
with natural
rubber, supe-
rior in resis-
tance to abra-
sion and
aging.
Used as the
material of
tires and
belts.

Superior mechan-
ical strength and
oil resistance,
however relatively
low heat resis-
tance and water-
proofness.
Used in applica-
tions where heat
resistance is not
essential.

Excellent
resilience and
superior
abrasion
resistance.
Oil resistance
is relatively
low.
Used for tires
and shoes.

Excellent in
resilience and
mechanical
strength.  But
inferior in resis-
tance to oil and
to pressure
fluctuations.
Used for pro-
duce tires and
sport goods.

Low gas per-
meability and
inferior in
resilience.
Commonly
used for
tubes and
vibration iso-
lators.

Superior
aging resis-
tance and
chemical
resistance.
Used for
hoses and
cladding.

References : Japanese Standards Association. Shinban Gomu Zairyo Sentaku no Pointo ("Rubber Material Selection Guidelines, Rev.").
Society of Rubber Industry, Japan. Gomu Kogyo Binran ("Rubber Industry Handbook"), 4th ed.

Note 1) Hardness measured by durometer.

: Resistant to the substance.
: Resistant to the substance except under extreme conditions.
: Not resistant to the substance except under specific favorable conditions.
: Not resistant to the substance.
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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.

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 [Angstrom unit] ❈❈ 1Å = 10
–10

m = 0.1 nm = 100 pm 1 m = 10 
10

Å
[meter(s)] µ [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 1 km = 0.621 4 mile

Area m
2 a [are(s)] ❈❈ 1 a = 100 m

2

ha [hectare(s)] ❈❈ 1 ha = 10 
4

m
2

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

cc [cubic centimeters] 1 cc = 1 cm
3
= 10 

–6
m

3
1 m

3
= 10 

6
cc

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

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

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]

Rotational s
–1 rpm [revolutions per minute] 1 rpm = 1/60 s

–1
1 s

–1
= 60 rpm

frequency min
–1

❈

Mass kg t [ton(s)] ❈ 1 t = 10 
3

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

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

r/min ❈❈
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4.2  SI units and conversion factors

4.2  SI units and conversion factors

SI units and conversion factors (1) SI units and conversion factors (2)

Mass SI units Other Units
1) Conversion into SI units Conversion from SI units

Density kg/m
3

Linear kg/m
density

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
tf [ton-force] 1 tf = 9.806 65 ✕ 10 

3
N

lbf [pound-force] 1 lbf = 4.448 22 N 1 N = 0.224 809 lbf

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

N • m
force [newton kgf • cm 1 kgf • cm = 9.806 65 ✕ 10

–2
N • m

meter(s)] kgf • m 1 kgf • m = 9.806 65 N • m 1 N • m = 0.101 97 kgf • m
tf • m 1 tf • m = 9.806 65 ✕ 10 

3
N • m

tf • lbf 1 ft • lbf = 1.355 82 N • m 1 N • m = 0.737 56 ft • lbf

Pressure Pa gf/ cm
2 1 gf/ cm

2
= 9.806 65 ✕ 10 Pa

[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 1 Pa = 0.101 97 kgf/m

2

Normal stress 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]

1 mHg = Pa101 325
0.76

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

Torr

Viscosity Pa • s P [poise] 10 
–2

P = 1 cP = 1 mPa • s
[pascal second] kgf • s/m

2
1 kgf • s/m

2
= 9.806 65 Pa • s 1 Pa • s = 0.101 97 kgf • s/m

2

Kinematic m
2
/s St [stokes] 10 

–2
St = 1 cSt = 1 mm

2
/s

Surface tension N/m

viscosity
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Mass SI units Other Units
1) Conversion into SI units Conversion from SI units

Electric current A
[ampere(s)]

Electric charge C A • h ❈ 1 A • h = 3.6 kC
[coulomb(s)]

Quantity of {1 C = 1 A • s}
electricity

Tension V
[volt(s)]

Electric potential {1 V = 1 W/A}

Capacitance F
[farad(s)]

{1 F = 1 C/V}

Magnetic field A/m Oe [oersted(s)]
1 Oe = A/m10

3

4π
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)] 1 γ = 10

–9
T 1 T = 10 

9 γ
1 T = 1 N/(A • m)

= 1 Wb/m
2

= 1 V • s/m
2

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

Wb 1 Wb = 10 
8

Mx
[weber(s)]

{1 Wb = 1 V • s}

Self inductance H
[henry (– ries)]
{1 H = 1 Wb/A}

Resistance Ω
(to direct current) [ohm(s)]

{1 Ω = 1 V/A}

Conductance S
(to direct current) [siemens]

{1 S = 1 A/V}

Active power W
1 W = 1 J/s

= 1 A • V

Mass SI units Other Units
1) Conversion into SI units Conversion from SI units

Work J eV [electron volt(s)] ❈ 1 eV = (1.602 189 2±0.000 004 6)✕10 
–19

J

[ joule(s)] erg [erg(s)] 1 erg = 10
–7

J 1 J = 10 
7

erg
W • s kgf • m 1 kgf • m = 9.806 65 J 1 J = 0.101 97 kgf • m

Energy [watt(s) second] ft • lbf 1 ft • lbf = 1.355 82 J 1 J = 0.737 56 ft • lbf
1 J = 1 N • m
1 W • s = 1 J

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

W
[watt(s)] kgf • m/s 1 kgf • m/s = 9.806 65 W 1 W = 0.101 97 kgf • m/s

{1 W = 1 J/s} PS [French horse-power] 1 PS = 75 kgf • m/s = 735.5 W 1 W = 0.001 36 PS
HP [horse-power (British)] 1 HP = 550 ft • lbf/s = 745.7 W 1 W = 0.001 34 HP
ft • lbf/s 1 ft • lbf/s = 1.355 82 W

Thermo-dynamic K 
–1

temperature [kelvin(s)]
{t K = (t – 273.15)˚C}

Celsius ˚C ˚F [degree(s) Fahrenheit]
t˚F = (t – 32)˚C5

9 t˚C = ( t+32)˚F9
5temperature [celsius(s)]

{t˚C = (t+273.15) K}

Linear expansion K 
–1

˚C
–1

[per degree]
coefficient

Heat J erg [erg(s)] 1 erg = 10
–7

J 1 J = 10 
7

erg
[joule(s)] kgf • m

cal [calories] 1 cal = 4.186 05 J 1 J = 0.238 89 cal
(when temperature is not specified)

cal 15 [15 degree calories] 1 cal15 = 4.185 5 J
cal IT [I. T. calories] 1 calIT = 4.186 J

1 McalIT = 1.163 kW • h 1 kW • h = 0.86 ✕ 10 
6

cal

Thermal W/ (m • K) W/ (m • ˚C) 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

• ˚C) 1 W/ (m
2

• ˚C) = 1 W/ (m
2

• K)
heat transfer cal/ (s • m

2
• ˚C) 1 cal/ (s • m

2
• ˚C) = 4.186 05 W/ (m

2
• K)

Heat capacity J/K J/˚C 1 J/˚C = 1 J/K

Massic heat J/ (kg • K) J/ (kg • ˚C)
capacity

150 151

4.2  SI units and conversion factors

SI units and conversion factors (3) SI units and conversion factors (4)

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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4.3  Shaft tolerance

4.3  Shaft tolerance

unit  µm

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 +   63 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 +   76 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 +   810 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 –  50 –  25 –    9 –    9 0 0 0 0 0 0 ± 5.5 ± 8 ±12 +   6 + 11
–  96 –  66 –  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 –135 –  62 –  18 –  18 0 0 0 0 0 0 +   7
–246 –175 –  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

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
over up to

3 6

6 10

10 18

18 30

30 50

50 65

80 100

120 140

180 200

250 280

315 355

400 450

500 560

630 710

800 900

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
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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

1 000 1 250 – – – ±33 ±52+261 +164 +203 +133 +105 +165 +260 +420
+195 +  98 +  98 +  28 0 0 0 0

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
over up to

10 18

18 30

30 50

50 65

65 80

80 100

120 140

160 180

225 250

315 355

400 450

500 560

630 710

800 900

1 000 1 120

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

–    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

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

154 155

4.4  Housing bore tolerance

4.4  Housing bore tolerance

unit  µm
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4.5  ˚C -˚F temperature conversion table

4.5  ˚C -˚F temperature conversion table

˚C ˚C

C= (F–32)

F= C+329
5

5
9

˚F ˚F ˚C ˚F ˚C ˚F

–   73 – 100 – 148 –     1.6 29 84.2 17.7 64 147.2 37.1 99 210.2
–   62 –   80 – 112 –     1.1 30 86.0 18.2 65 149.0 37.7 100 212
–   51 –   60 –   76 –     0.6 31 87.8 18.8 66 150.8 40.6 105 221

–   40 –   40 –   40 0 32 89.6 19.3 67 152.6 43 110 230
–   29 –   20 –     4 0.5 33 91.4 19.9 68 154.4 49 120 248
–   23.3 –   10 14 1.1 34 93.2 20.4 69 156.2 54 130 266

–   17.7 0 32 1.6 35 95.0 21.0 70 158.0 60 140 284
–   17.2 1 33.8 2.2 36 96.8 21.5 71 159.8 65 150 302
–   16.6 2 35.6 2.7 37 98.6 22.2 72 161.6 71 160 320

–   16.1 3 37.4 3.3 38 100.4 22.7 73 163.4 76 170 338
–   15.5 4 39.2 3.8 39 102.2 23.3 74 165.2 83 180 356
–   15.0 5 41.0 4.4 40 104.0 23.8 75 167.0 88 190 374

–   14.4 6 42.8 4.9 41 105.8 24.4 76 168.8 93 200 392
–   13.9 7 44.6 5.4 42 107.6 25.0 77 170.6 121 250 482
–   13.3 8 46.4 6.0 43 109.4 25.5 78 172.4 149 300 572

–   12.7 9 48.2 6.6 44 111.2 26.2 79 174.2 177 350 662
–   12.2 10 50.0 7.1 45 113.0 26.8 80 176.0 204 400 752
–   11.6 11 51.8 7.7 46 114.8 27.3 81 177.8 232 450 842

–   11.1 12 53.6 8.2 47 116.6 27.7 82 179.6 260 500 932
–   10.5 13 55.4 8.8 48 118.4 28.2 83 181.4 288 550 1 022
–   10.0 14 57.2 9.3 49 120.2 28.8 84 183.2 315 600 1 112

–     9.4 15 59.0 9.9 50 122.0 29.3 85 185.0 343 650 1 202
–     8.8 16 61.8 10.4 51 123.8 29.9 86 186.8 371 700 1 292
–     8.3 17 63.6 11.1 52 125.6 30.4 87 188.6 399 750 1 382

–     7.7 18 65.4 11.5 53 127.4 31.0 88 190.4 426 800 1 472
–     7.2 19 67.2 12.1 54 129.2 31.5 89 192.2 454 850 1 562
–     6.6 20 68.0 12.6 55 131.0 32.1 90 194.0 482 900 1 652

–     6.1 21 69.8 13.2 56 132.8 32.6 91 195.8 510 950 1 742
–     5.5 22 71.6 13.7 57 134.6 33.3 92 197.6 538 1 000 1 832
–     5.0 23 73.4 14.3 58 136.4 33.8 93 199.4 593 1 100 2 012

–     4.4 24 75.2 14.8 59 138.2 34.4 94 201.2 648 1 200 2 192
–     3.9 25 77.0 15.6 60 140.0 34.9 95 203.0 704 1 300 2 372
–     3.3 26 78.8 16.1 61 141.8 35.5 96 204.8 760 1 400 2 552

–     2.8 27 80.6 16.6 62 143.6 36.1 97 206.6 815 1 500 2 732
–     2.2 28 82.4 17.1 63 145.4 36.6 98 208.4 871 1 600 2 937

Example
The center columns of numbers is the temperature in either degrees Centigrade (˚C) or
Fahrenheit (˚F) whichever is desired to convert into the other.
If degrees Fahrenheit is given, read degrees Centigrade to the left.It degrees Centigrade is given,
read degrees Fahrenheit to the right.

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



157

4.6  Steel hardness conversion table

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
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4.7  Viscosity conversion table

4.7  Viscosity conversion table

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

Remark) 1 mm
2
/s=1 cSt (centi stokes)
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Shaft surface speed, m/s

Rotational speed, min
-1

Shaft diameter, mm

10 000

9 000

8 000

7 000

6 000

5 500

5 000

4 500

4 000

3 500

3 000

2 500

2 000

1 500

1 000

900

800

700

600

550
500

450

400

350

300

250

200

150

100

250

200

150

100
95
90
85
80
75
70
65
60

55

50

45

40

35

30

25

20

15

10

14
15

16
17
18
19

13
12
11

50

40

30

20

10
9
8
7
6

5

4

3

2

1
0.9 
0.8
0.7

0.6

0.5

0.4

0.3

0.2

0.1

4.8  Shaft surface speed – Quick reference diagram –
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5.  Request Forms for Oil Seal Design and Production

5.  Request Forms for Oil Seal Design and Production

Fill in the Request Forms for Oil Seal Design and
Production (1) and (2) and send them by fax to your

nearest Koyo office when you need oil seal selection or
when you have any requests or questions.

Request Form for Oil Seal Design and Production (1)

Your name TEL

Company / Dept. FAX

Address

Applied position Machine name

S
ha

ft

Diameter and 
tolerance

H
ou

si
ng

Bore diameter and 
tolerance

Chamfer L1 θ1 Width and tolerance
Motion type Rotary / Reciprocating / Oscillatory Chamfer L2 θ2

Direction of motion Horizontal / Vertical Material and
surface roughness

Other ( ) Housing bore
eccentricity mm TIR

Motion frequency Continuous

S
ea

le
d

m
ed

iu
m Substance to be

sealed
Inside

Intermittent Outside
Other Level

Rotational speed Normal: Max.: min
–1 Temperature Normal ˚C Max. ˚C

Sliding frequency Hz mm Pressure Normal kPa Max. kPa
Oscillation frequency Hz ˚ Normal kPa Max. kPa
Shaft runout mm TIR

B
ea

rin
g

Bearing Number
Material and hardness Lubricant oil name
Surface finishing
method

Lubrication method Oil bath / Circulation
/ Splash / Drip

Surface roughness / Other ( )

R

B1

L1

L2

θ1

θ2
X Y

φ F BA

• Housing shoulder diameter F :
• Housing bore depth B1:
• Housing bore radius R:
• Seal mounting direction into housing: X/Y
• Seal mounting direction onto shaft: A/B
• Shaft rotational direction: Right/Left/Bi-direction

Mounting procedure

Clockwise when viewed from oil seal 
back face
Counterclockwise when viewed from 
oil seal back face

Right: 

Left: 

Internal
External

✰ Please specify as many items as possible to enable correct product design and selection.
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Request Form for Oil Seal Design and Production (2)

Shaft diameter Changeable Yes/No To ____ mm (max. min.) Oil seal type Your 
requested type Yes ( ) / No

Housing bore
diameter Changeable Yes/No To ____ mm (max. min.) Rubber material Your 

requested type Yes ( ) / No

Width Changeable Yes/No To ____ mm (max. min.) Other

Requested
oil seal life
Mounting location details (Attach drawing of the oil seal location, if possible).

Requests/Questions

✰ Please specify as many items as possible to enable correct product design and selection.
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(America)
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 STEERING SYSTEMS OF U.S.A. INC.
47771 Halyard Drive, Plymouth, MI 48170, U.S.A.
TEL : 1-734-454-7067   FAX : 1-734-454-7059

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.
Rua Desembargador Eliseu Ghilherme 304,
7-Andar, Paraiso CEP 04004-30, BRASIL
TEL : 55-11-887-9173   FAX : 55-11-887-3039

(Asia Oceania)
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, 9604, 9605
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 : 63-2-817-8881, 8901   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. SHANGHAI REPRESENTATIVE OFFICE
Rm. 402, Aetna Tower, 107 Zunyi Road.
Shanghai 200051, CHINA
TEL : 86-21-6237-5280   FAX : 86-21-6237-5277

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

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

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

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

❈ 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 IBERICA, 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

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

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

KOYO SEIKO CO., LTD. (Japan) is certified to ISO9001, QS-9000 and ISO14001.
KOYO SEALING TECHNO CO., LTD. is certified to ISO9001.
❈ QS-9000 certified.   ❈❈ ISO9002 certified.

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)

<Sales>

HEAD OFFICE / PLANT
No.39, Aza-nishino, Kasagi, Aizumi-cho, Itano-gun,Tokushima 771-1295, JAPAN
TEL : 81-88-692-2711   FAX : 81-88-692-8096

<Manufacture>

Certificate No. 927265 Certificate No. 962195
ISO 9001/QS-9000 ISO 9001
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