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Tech-2

STRAIGHTNESS Straightness indicates the degree of deviation of a straight portion from the geometrical 
straight line.

FLATNESS Flatness indicates the degree of deviation of a flat portion from the geometrical plane

DEFINITIONS AND INDICATIONS OF GEOMETRICAL DEVIATIONS
INDICATIONS OF GEOMETRICAL TOLERANCES ON DRAWINGS

Space between a pair of parallel planes with an interval of
0.1 mm

General flatness

Space inside the prism enclosed by two pairs of parallel planes 
with intervals of 0.2  mm and 0.1 mm in the directions of 
indicated arrows

Straightness of two directions perpendicular to each other
(Axis of a rectangular parallelepiped)

Space inside a cylinder with a diameter of 0.08 mmStraightness with no direction defined
(Axis of a cylinder)

Space between a pair of parallel straight lines with an interval of 
0.1 mm on an arbitrary plane including an axis

Straightness of a surface element
(Generatrix of a cylinder)
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ROUNDNESS Roundness indicates the degree of deviation of a round portion from the geometrical 
circle

CYLINDRICITY       Cylindricity indicates the degree of deviation of a cylindrical portion from the geometrical 
cylindrical surface

PARALLELISM        Parallelism assumes a combination of two straight portions, a straight portion and a flat 
portion, or two flat portions which must be parallel to each other. Parallelism indicates, 
with one of the two portions as a reference, the degree of deviation of the other straight 
or flat portion from the geometrical straight line or plane parallel to the reference straight 
line or plane.

Space between two concentric circles with a radius difference of 
0.03mm Applicable to an arbitrary cross section perpendicular to 
the axis

Space between two concentric cylinders with a radius difference 
of 0.1 mm

Space between two parallel planes with an interval of 0.01mm, 
parallel to the reference plane

ParaIleIism of a straight portion with respect to the reference 
plane Axis of a hole



Tech-4

SQUARENESS Squareness assumes a combination of two straight portions, a straight portion and 
a flat portion, or two flat portions which must be perpendicular to each other.
Squareness indicates, with one of the two portions as a reference, the degree of 
deviation of the other straight or flat portion from the geometrical straight line or 
plane perpendicular to the reference straight line or plane.

CONCENTRICITY Concentricity indicate the degree of deviation from the axis which must be on the same 
straight line as the reference axis

Space between two parallel planes with an interval of 0.08 mm, 
perpendicular to the reference straight Iine

Squareness of a flat portion with respect to the reference straight 
line with the axis of a cylinder as a reference

Space between two parallel planes with an interval of 0.08 mm, 
perpendicular to the reference plane

Squareness of a flat portion with respect to the reference plane

Space inside a cylinder with a diameter of 0.2 mm, concentric 
with the reference axis

Concentricity of a cylindrical portion
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Hardness conversion table

Shore
hardness

HS

Rockwell hardnessBrinnel hardness HBVickers
Hardness

HV

Rockwell
C scale hardness

HRC
(load 150 kg)

HRB B scale
load 100 kg

1/16-inch-diameter sphere 

HRA A scale
load 60 kg

Barle pressure point
tungsten spherestandard sphere

97-85.6--94068
95-85.0--90067
92-84.5--86566
91-83.9739-83265
88-83.4722-80064
87-82.8705-77263
85-82.3688-74662
83-81.8670-72061
81-81.2654-69760
80-80.7634-67459
78-80.1615-65358
76-79.6595-63357
75-79.0577-61356
74-78.5560-59555
72-78.0543-57754
71-77.4525-56053
69-76.851250054452
68-76.349648752851
67-75.948147551350
66-75.246946449849
64-74.745545148448
63-74.144344247147
62-73.643243245846
60-73.142142144645
58-72.540940943444
57-72.040040042343
56-71.539039041242
55-70.938138140241
54-70.437137139240
52-69.936236238239
51-69.435335337238
50-68.934434436337
49(109.0)68.433633635436
48(108.5)67.932732734535
47(108.0)67.431931933634
46(107.5)66.831131132733
44(107.0)66.330130131832
43(106.0)65.829429431031
42(105.5)65.328628630230
41(104.5)64.727927929429
41(104.0)64.327127128628
40(103.0)63.826426427927
38(102.5)63.325825827226
38(101.5)62.825325326625
37(101.0)62.424724726024
36100.062.024324325423
3599.061.523723724822
3598.561.023123124321
3497.860.522622623820
3396.7-219219230(18)
3295.5-212212222(16)
3193.9-203203213(14)
2992.3-194194204(12)
2890.7-187187196(10)
2789.5-179179188(8)
2687.1-171171180(6)
2585.5-165165173(4)
2483.5-158158166(2)
2481.7-152152160(0)
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shaft dimensional tolerance

housing bore dimensional tolerance

h10h9h8h7h6h5g6g5f6f5e6d6c12a13
diameter
category

mm

lowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperor
less

greater
than

- 480- 300-180-120- 80- 50-12- 4- 9- 4- 18- 10-15-10- 28- 20- 38- 30- 190 - 70- 450- 270  6  3

- 580- 360-220-150- 90- 60-14- 5-11- 5- 22- 13-19-13- 34- 25- 49- 40- 230 - 80- 500- 280 10  6

- 700- 430-270-180-110- 80-17- 6-14- 6- 27- 16-24-16- 43- 32- 61- 50- 275 - 95- 560- 290 14
 18

 10
 14

- 840- 520-330-210-130- 90-20- 7-16- 7- 33- 20-29-20- 53- 40- 78- 65- 320 -110- 630- 300 24
 30

 18
 24

-1000- 620-390-250-160-110-25- 9-20- 9- 41- 25-36-25- 66- 50- 96- 80- 370
- 380

 -120
 -130

- 700
- 710

- 310
- 320

 40
 50

 30
 40

-1200- 740-460-300-190-130-29-10-23-10- 49- 30-43-30- 79- 60-119-100- 440
- 450

  -140
  -150

- 800
- 820

- 340
- 360

 65
 80

 50
 65

-1400- 870-540-350-220-150-34-12-27-12- 58- 36-51-36- 94- 72-142-120- 520
- 530

 -170
 -180

- 920
- 950

- 380
- 410

100
120

 80
100

-1600-1000-630-400-250-180-39-14-32-14- 68- 43-61-43-110- 85-170-145
- 600
- 610
- 630

 -200
 -210
 -230

-1090
-1150
-1210

- 460
- 520
- 580

140
160
180

120
140
160

-1850-1150-720-460-290-200-44-15-35-15- 79- 50-70-50-129-100-199-170
- 700
- 720
- 740

  -240
  -260
  -280

-1380
-1460
-1540

- 660
- 740
- 820

200
225
250

180
200
225

-2100-1300-810-520-320-230-49-17-40-17- 88- 56-79-56-142-110-222-190- 820
- 850

  -300
  -330

-1730
-1860

- 920
-1050

280
315

250
280

-2300-1400-890-570-360-250-54-18-43-18- 98- 62-87-62-161-125-246-210- 930
- 970

  -360
  -400

-2090
-2240

-1200
-1350

355
400

315
355

-2500-1550-97 0-630-400-270-60-20-47-20-108- 68-95-68-175-135-270-230-1070
-1110

  -440
  -480

-2470
-2620

-1500
-1650

450
500

400
450

H10H9H8H7H6H5G7G6F8F7F6E11E10
diameter
category

mm

lowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperor
less

greater
than

0+ 480+ 300+180+120+ 80+5+ 4+16+ 4+12+ 10+ 28+ 10+ 22+ 10+ 18+ 20+ 95+ 20+ 68  6  3

0+ 580+ 360+220+150+ 90+6+ 5+20+ 5+14+ 13+ 35+ 13+ 28+ 13+ 22+ 25+115+ 25+ 83 10  6

0+ 700+ 430+270+180+110+8+ 6+24+ 6+17+ 16+ 43+ 16+ 34+ 16+ 27+ 32+142 + 32+102 14
 18

 10
 14

0+ 840+ 520+330+210+130+9+ 7+28+ 7+20+ 20+ 53+ 20+ 41+ 20+ 33+ 40+170+ 40+124 24
 30

 18
 24

0+1000+ 620+390+250+160+11+ 9+34+ 9+25+ 25+ 64+ 25+ 50+ 25+ 41+ 50+210+ 50+150 40
 50

 30
 40

0+1200+ 740+460+300+190+13+10+40+10+29+ 30+ 76+ 30+ 60+ 30+ 49+ 60+250+ 60+180 65
 80

 50
 65

0+1400+ 870+540+350+220+15+12+47+12+34+ 36+ 90+ 36+ 71+ 36+ 58+ 72+292+ 72+212100
120

 80
100

0+1600+1000+630+400+250+18+14+54+14+39+ 43+106+ 43+ 83+ 43+ 68+ 85+335+ 85+245
140
160
180

120
140
160

0+1850+1150+720+460+290+20+15+61+15+44+ 50+122+ 50+ 96+ 50+ 79 +100+390 +100+285
200
225
250

180
200
225

0+2100+1300+810+520+320+23+17+69+17+49+ 56+137+ 56+108+ 56+ 88 +110+430 +110+320280
315

250
280

0+2300+1400+890+570+360+25+18+75+18+54+ 62+151+ 62+119+ 62+ 98 +125+485 +125+355355
400

315
355

0+2500+1550+970+630+400+27+20+83+20+60+ 68+165+ 68+131+ 68+108 +135+535 +135+385450
500

400
450
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diameter
category

mm
r7r6p6p5n6n5m6m5k6k5j6j5js6js5

or
less

greater
thanlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupper

63+ 15+ 27+ 15+ 23+ 12+ 20+12+17+ 8+16+ 8+13+ 4+12+ 4+ 9+ 1+ 9+ 1+ 6- 2+ 6- 2+ 3 4 2.5

106+ 19+ 34+ 19+ 28+ 15+ 24+15+21+10+19+10+16+ 6+15+ 6+12+ 1+10+ 1+ 7- 2+ 7- 2+ 4 4.5 3

14
18

10
14+ 23+ 41+ 23+ 34+ 18+ 29+18+26+12+23+12+20+ 7+18+ 7+15+ 1+12+ 1+ 9- 3+ 8- 3+ 5 5.5 4

24
30

18
24+ 28+ 49+ 28+ 41+ 22+ 35+22+31+15+28+15+24+ 8+21+ 8+17+ 2+15+ 2+11- 4+ 9- 4+ 5 6.5 4.5

40
50

30
40+ 34+ 59+ 34+ 50+ 26+ 42+26+37+17+33+17+28+ 9+25+ 9+20+ 2+18+ 2+13- 5+11- 5+ 6 8 5.5

65
80

50
65

+ 41
+ 43

+ 71
+ 73

+ 41
+ 43

+ 60
+ 62+ 32+ 51+32+45+20+39+20+33+11+30+11+24+ 2+21+ 2+15- 7+12- 7+ 6 9.5 6.5

100
120

80
100

+ 51
+ 54

+ 86
+ 89

+ 51
+ 54

+ 73
+ 76+ 37+ 59+37+52+23+45+23+38+13+35+13+28+ 3+25+ 3+18- 9+13- 9+ 611 7.5

140
160
180

120
140
160

+ 63
+ 65
+ 68

+103
+105
+108

+ 63
+ 65
+ 68

+ 88
+ 90
+ 93

+ 43+ 68+43+61+27+52+27+45+15+40+15+33+ 3+28+ 3+21-11+14-11+ 712.5 9

200
225
250

180
200
225

+ 77
+ 80
+ 84

+123
+126
+130

+ 77
+ 80
+ 84

+106
+109
+113

+ 50+ 79+50+70+31+60+31+51+17+46+17+37+ 4+33+ 4+24-13+16-13+ 714.510

280
315

250
280

+ 94
+ 98

+146
+150

+ 94
+ 98

+126
+130+ 56+ 88+56+79+34+66+34+57+20+52+20+43+ 4 +36+ 4+27-16+16-16+ 71611.5

355
400

315
355

+108
+114

+165
+171

+108
+114

+144
+150+ 62+ 98+62+87+37+73+37+62+21+57+21+46+ 4+40+ 4+29-18+18-18+ 71812.5

450
500

400
450

+126
+132

+189
+195

+126
+132

+166
+172+ 68+108+68+95+40+80+40+67+23+63+23+50+ 5+45+ 5+32-20+20-20+ 72013.5

diameter
category

mm
R7R6P7P6N7N6M7M6K7K6J7J6JS7JS6

or
less

greater
thanlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupperlowerupper

63- 23- 11- 20- 12- 20-  8-17- 9-16- 4-13- 5-120- 9- 1- 9+ 3- 6+ 2- 6+ 6- 3+ 5 6 4

106- 28- 13- 25- 16- 24-  9-21-12-19- 4-16- 7-150-12- 3-10+ 5- 7+ 2- 7+ 8- 4+ 5 7.5 4.5

14
18

10
14- 34- 16- 31- 20- 29- 11-26-15-23- 5-20- 9-180-15- 4-12+ 6- 9+ 2- 8+10- 5+ 6 9 5.5

24
30

18
24- 41- 20- 37- 24- 35- 14-31-18-28- 7-24-11-210-17- 4-15+ 6-11+ 2- 9+12- 5+ 810.5 6.5

40
50

30
40- 50- 25- 45- 29- 42- 17-37-21-33- 8-28-12-250-20- 4-18+ 7-13+ 3-11+14- 6+1012.5 8

65
80

50
65

- 60
- 62

- 30
- 32

- 54
- 56

- 35
- 37- 51- 21-45-26-39- 9-33-14-300-24- 5-21+ 9-15+ 4-12+18- 6+1315 9.5

100
120

80
100

- 73
- 76

- 38
- 41

- 66
- 69

- 44
- 47- 59- 24-52-30-45-10-38-16-350-28- 6-25+10-18+ 4-13+22- 6+1617.511

140
160
180

120
140
160

- 88
- 90
- 93

- 48
- 50
- 53

- 81
- 83
- 86

- 56
- 58
- 61

- 68- 28-61-36-52-12-45-20-400-33- 8-28+12-21+ 4-14+26- 7+182012.5

200
225
250

180
200
225

-106
-109
-113

- 60
- 63
- 67

- 97
-100
-104

- 68
- 71
- 75

- 79- 33-70-41-60-14-51-22-460-37- 8-33+13-24+ 5-16+30- 7+222314.5

280
315

250
280

-126
-130

- 74
- 78

-117
-121

- 85
- 89- 88- 36-79-47-66-14-57-25-520-41- 9-36+16-27+ 5-16+36- 7+252616

355
400

315
355

-144
-150

- 87
- 93

-133
-139

- 97
-103- 98- 41-87-51-73-16-62-26-570-46-10-40+17-29+ 7-18+39- 7+2928.518

450
500

400
450

-166
-172

-103
-109

-153
-159

-113
-119-108- 45-95-55-80-17-67-27-630-50-10-45+18-32+ 8-20+43- 7+3331.520


