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(rechmicaL DATA] - INTERNATIONAL SYSTEM OF UNITS (SI) eccentsromaiszoass 1as5

1. The International System of Units (SI) and its usage
1—1. Scope of application This standard specifies the International System of Units (SI) and how to use units under the Sl system, as well as

the units which are or may be used in conjunction with SI system units.
1—2. Terms and definitions The terminology used in this standard and the definitions thereof are as follows.
(1) Intemational System of Units (S1) A consistent system of units adopted and recommended by the International Committee on Weights and Measures. It contains base units and supplementary units, units
derived from them, and their integer exponents to the 10th power. Sl is the abbreviation of System International d Unites (International System of Units).
(2) Sl units A general term used to describe base units, supplementary units, and derived units under the International System of Units (SI).
(3) Base units The units shown in Table 1 are considered the base units.
(4) Supplementary units The units shown in Table 2 below are considered the supplementary units.

Tahle 1. Base Units

Measure Unit name Unit symbol Definition
Length Meter m A meter is the length of the path traveled by light in a vacuum during a time interval of m of a second.
; A kilogram is a unit of mass (not weight or force). It is equal to the mass of the international
Mass Kilogram kg prototype of the kilogram.
T Second . A second is the duration of 9, 192, 631, 770 periods of the radiation corresponding to the

transition between the two hyperfine levels of the ground state of the cesium 133 atom.

An ampere is that constant current which, if maintained in two straight parallel conductors of
Electric flow Ampere A infinite length, of negligible circular cross-section, and placed 1 meter apart in a vacuum, would
produce between these conductors a force equal to 2X10-7 Newtons per meter of length.

;h;gg&%rr]:mlc Kelvin K A Kelvin is the fraction 27(1716 of the thermodynamic temperature of the triple point of water.
PTG G A mole is the amount of substance of a system that contains as many elementary particles (')
bst Mole mol or aggregations of elementary particles as there are atoms in 0.012 kilogram of carbon 12.

e When the mole is used, the elementary particles must be specified.
. . . A candela is the luminous intensity, in a given direction, of a source that emits monochromatic radiation of
Luminous intensity Candela cd

frequency 540X 10" hertz and that has a radiant intensity in that direction ofsfgiswatts per steradian.

Note (") The elementary particles here must be atoms, molecules, ions, electrons or other particles.

Table 2. Supplementary Units

Measure Unit name Unit symbol Definition

A radian is the plane angle between two radii of a circle that cuts off an arc on the

Plane angle Radian rad circumference equal in length to the radius.

A steradian is the solid angle which, having its vertex in the center of a sphere, cuts off an area of the

Solid angle Steradian & surface of the sphere equal to that of a square with sides equal in length to the radius of the sphere.

(5) Derived Units Units expressed algebraically (with mathematical symbols such as multiplication and division signs) using base units and
supplementary units are considered to be derived units. Derived units with special names and symbols are shown in Table 3.

Example: Examples of SI Derived Units Expressed in Terms of Base Units Table 3. Sl Derived Units with Special Names and Symbols
Derived unit Derived unit Derivation from basic
Measure unit or supplementary
Name Symbol Measure unit, or derivation from
Surface area Square meter m? Name  Symbol angther derived unit
Volume Cubic meter m? Frequency Hertz Hz | 1Hz =15
Speed Meters per second m/s Force Newton N 1N =1kg-m/s?
Acceleration Meter per second per second m/s? Pressure, stress Pascal Pa | 1Pa =1N/m?
Wave numbers Per meter m- Energy, work, heat quantity | Joule J 1J =1N-m
Density Kilograms per cubic meter kg/m3 e Rr eSS aate: | Watt W [1W =1Js
El i h —
Current density Amperes per square meter Am? quantity of efectricity | Coulomb C [1C =1A:s
L Electric potential, potential difference, VO“ V 1V =1 J/C
Magnetic field strength Amperes per meter A/m IETR CREMMHIDReD
Concentration of substance | Moles per cubic meter mol/m3 EIectrosllatlc cap?lmty‘ G | |2 ; I =ley
- : : g Electric resistance Ohm Q |1Q =1VA
Specific volume Cubic meters per kilogram m3/kg . ;
Luminance Candelas per square meter cd/m? Conductance Siemens S |15 =@
Magnetic flux Weber Wb | 1TWh=1V-s
Magnefc flux densty (magneficnduction) | Tessla T 1T =1Wb/m?
Inductance Henry H 1H =1Wb/A
Celsius temperature Degrees elsius | ¢ | 1 tC =(t+273.15)K
Luminous flux Lumen Im 1Im =1cd-sr
lllumination Lux Ix 1Ix =1Im/m?
Radioactivity Becquerel Bq 1Bg =15
Absorbed dose Gray Gy | 1Gy =1Jkg
Dose equivalent Sievert Sv | 1Sv =1Jkg
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1—3. Integer exponents of Sl units
The multiples, prefix names, and prefix symbols that compose the integer exponents of 10 for Sl units are shown in Table 4.

(1) Prefixes

Table 4. Prefixes

Multiple of Prefix Multiple of Prefix Multiple of Prefix
unit Name Symhol unit Name Symbol unit Name Symbol
10" Exa E 102 Hecto h 10 Nano n
10% Peta P 10 Deca da 10-2 Pico p
10" Tera T 10 Deci d 10-15 Femto f
10° Giga G 1072 Centi c 108 Atto a
108 Mega M 10-3 Milli m
10° Kilo k 10-6 Micro r
2. Conversion table for conventional units that are difficult to convert to Sl units
(The units enclosed by bold lines are the S| units.)
N dyn kgf Pa-s cP P
@ 1 1X10° 1.019 72X10-" % 1 1X10° 1X10
L2 1X105 1 1.019 72X106 § 1X10°2 1 1X1072
9.806 65 9.806 65X10° 1 1X10- 1X10? 1
Note: 1P=1dyn-s/cm?=1g/cm-s
1Pa-s=1N-s/m? 1cP=1mPa-s
Pa or N/m? MPa or N/mm? kgf/mm? kgf/cm? E=) m¥/s cSt St
" 1 1X106 1.019 72X107|1.019 72X10° § 1 1X108 1X10*
é 1X108 1 1.019 72X10-{1.019 72X10 § 1X10-6 1 1X102
« 9.806 65X10° 9.806 65 1 1X10? é 1X10+ 1X10? 1
9.806 65X10¢ 9.806 65102 1102 1 Note: ‘|St=‘|cm2/sY 1¢St=1mm?/s
Note: 1Pa=1N/m?, 1MPa=1N/mm?
Pa kPa MPa bar kgf/cm? atm mmH20 mmHg or Torr
1 1X10° 1X106 1X10-° | 1.01972X10-° | 9.86923X10° | 1.01972X10" | 7.500 62X10-°
1X10° 1 1X10-3 1X10% | 1.01972X10% | 9.86923X10-° | 1.01972X10%> | 7.500 62
% 1X108 1X10% 1 1X10 1.01972X10 9.869 23 1.01972X10° | 7.500 62 X10°
§ 1X10° 1X10% 1X10" 1 1.01972 9.869 23 X10-" | 1.01972X10* | 7.500 62 X10?
9.806 65 X10* | 9.806 65 X10 9.806 65 X102 | 9.806 65X 10" 1 9.678 41 X10" 1X10* | 7.35559X102
1.01325X10° | 1.013 25 X10? 1.01325X10" | 1.01325 1.033 23 1 1.03323X10* | 7.600 00102
9.806 65 9.806 65 X103 | 9.806 65 X10° | 9.806 65X10-° 1X10-* | 9.678 41X10°° 1 7.355 59 X102
1.33322 X10> | 1.33322 X10" 1.33322 X104 | 1.33322X10° | 1.35951X10°% | 1.31579X102% | 1.35951X10 1
Note: 1Pa=1N/m?
'E? J kW-h kgfem kcal g W/(m-K) kcal/(m«h-"C)
% 1 2.777 78X107 | 1.019 72X10" | 2.388 89X 10+ § 1 8.600 010"
é 3.600 X108 1 3.670 98XX10° | 8.600 0 X10? E 1.162 79 1
;E{ 9.806 65 2.724 07X10¢ 1 2.342 70X10°°
S| 4186 05X10° | 1.162 7910 | 4.268 58102 1 2 Wim-K) | keal/(m?-h-C)
Note: 1J=1W-s, 1J=1N-m = 1 8.600 010
E W kgf-m/s PS keal/h E| 116279 1
i’ 1 1.019 72X10-"| 1.359 62X10%| 8.600 0 X10-' e
= © o :
= | 9.806 65 1 1.333 33X102| 8.433 71 ] I LY cavia-c)
2 2 1 2.388 8910+
g 7355 X102 | 75 X10 1 6.325 29X10? S
- 24186 05X10-° 1
21 1162 79 1.185 72X10-"| 1.580 95X10-° 1

=
o
=3
@

:1W=1J/s, PS: French horsepower
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HARDENING AND HARDNESS TESTS

Heat Treatment for Steel Materials

Vickers hardness | Hardening depth : Applicable Typical
Name (HV) (mm) Strain materials | materials Remarks
SKS3
o SKS21
aries — SuJ2 .
oot s g A0 306 | Soudre e edlor ot schos
s the material 45% | SKs93 p p parts.
SK4
S45C
; - Localized hardening is possible.
Carburizing Max. 750 ﬁﬂt:)r(]dgrd b Medium t‘?’ocsf/teel gl(\:IEAI\L}ILSQO - Hardening depth must be specified on drawings.
’ o - Suitable for precision parts
Induction Medium-C - Localized hardening is possible.
it Max. 500 1~2 Large steel S45C - Expensive in small volumes
g G 0.3~0.5% - Good fatigue resistance
Nitridin « Highest hardening hardness
Nitriding 900~1000 0.003~0.008 Small v SACM645 - Suitable for precision parts
steel . S . .
- Suitable for sliding bearing spindles
2‘&5'\/('341 ; - Good fatigue resistance and wear resistance
- Same corrosion resistance as zinc plating
Tufftride® garé)(;réggeel e 0.01~0.02 Small Smtefl ial SK3 - Not suitable for precision parts because polishing
AEER Stainless following the heat treatment is not possible.
steel - Suitable for oil-free lubrication
- Low temperature annealing
Bluing Wire rod SWP—B - Enhances elasticity by removing internal stress
during forming

Hardness Test Methods and Applicable Parts

Test method Principle Applicable heat-treated parts Characteristics Remarks
- Aball indenter (steel or carbide alloy) is | « Annealed parts (D Suitable for uneven materials
used to indent the test surface. Hardness | - Normalized parts and forged products because the
1. Brinell hardness is given by dividing the test load by the « Anchored materials indent is large. JIS Z 2243
surface area, which was found from the (@ Not suitable for small or thin
diameter of the indentation. specimens
- The standard or test load is « Hardened parts and tempered parts | (1) Hardness value can be obtained quickly.
applied via a diamond or ball - Carburized surfaces (2) Suitable as an intermediate test
indenter, and the hardness value | « Nitrided surfaces of actual products
2. Rockwell hardness | s read from the tester. - Thin sheets of copper, brass, ® Faution is required because JIS Z 2245
bronze, or similar materials 3% There are man: type)g U?’ROCK\‘NSH hardness
s%¢Rockwell C scale (HRC) is not suitable for " festers, inmud%g the A scale (HRA), B scale
materials such as narrow pins and thin sheets. (HRB), C scale (HRC), and D scale (HRD).
- The specimen is set on a table - Hardened parts and tempered (D Extremely easy to operate. Data
and a hammer is dropped parts can be obtained quickly.
from a set height. Hardness is - Nitrided parts (2 Suitable for large parts
3. Shore hardness determined based on how high | - Large parts treated by carburizing | (3 Because indent is small and not | JIS Z 2246
the hammer bounces. or similar process noticeable, this test is suitable
for actual products.
(@) Compact and light-weight. Portable.
- Adiamond square pyramid indenter with a - Materials with a thin hardened (@ Suitable for small and thin
vertex angle of 136 degrees is used to create layer created by induction specimens
. an indentation in the test surface. The hardness | hardening, carburizing, nitriding, | 2 Because the indenter is
4. Vickers hardness value is found from the test load and the surface |  electroplating, ceramic coating, diamond, this test can be used | JIS Z 2244

area of the indent, computed from the length of
the diagonal lines of the indent. (Conversion i
performed automatically.)

etc.
- Hardened layer depth in
carburized and nitrided parts

with materials of any hardness.




(reciicL DATA] - GONVERSION TABLE OF HARDNESS (s 417) “Revisea 1083

Approximate Conversion Values for Rockwell C Hardness Values of Steel

Brinell hardness (HB) Rockwell superficial hardness Hs .
(HRC) ngd":li'l'l'llllllall(lgl R (s Diamond conical indenter ") Tensile strength | o o)
Rockwell | ,(HV) g | (approximalevalie) | g cop)
Vickers (HRA) (HRB) (HRD) ® 2 MPa
Cscale | o iness | Standard Tungsten Ascale B scale D scale 15—N 30—N 45—N s E (kg/mm?) hardness
s | | iy, i | | e | e | e (2§ M\
ball indenter (1716 in.) ball indenter LoadiISkyt Eoad 30kgt Load okt =

68 940 — — 85.6 — 76.9 93.2 84.4 75.4 97 — 68
67 900 — — 85.0 — 76.1 92.9 83.6 74.2 95 — 67
66 865 — — 845 — 754 925 82.8 733 92 — 66
65 832 — (739) 83.9 — 745 92.2 81.9 72.0 91 — 65
64 800 — (722) 834 — 73.8 91.8 81.1 71.0 88 — 64
63 772 — (705) 82.8 — 73.0 914 80.1 699 87 — 63
62 746 - (688) 82.3 — 722 91.1 79.3 68.8 85 — 62
61 720 — (670) 81.8 — 715 90.7 784 67.7 83 — 61
60 697 — (654) 81.2 — 70.7 90.2 775 66.6 81 — 60
59 674 - (634) 80.7 — 69.9 89.8 76.6 65.5 80 — 59
58 653 - 615 80.1 — 69.2 89.3 75.7 64.3 78 — 58
57 633 — 595 79.6 — 68.5 88.9 74.8 63.2 76 — 57
56 613 - 577 79.0 — 67.7 88.3 739 62.0 75 — 56
55 595 — 560 78.5 — 66.9 87.9 73.0 60.9 74 2075(212) 55
54 577 - 543 78.0 — 66.1 87.4 72.0 59.8 72 2015(205) 54
53 560 — 525 774 — 65.4 86.9 7.2 58.6 ! 1950(199) 53
52 544 (500) 512 76.8 — 64.6 86.4 70.2 57.4 69 1880(192) 52
51 528 (487) 496 76.3 — 63.8 85.9 69.4 56.1 68 1820(186) 51
50 513 (475) 481 75.9 — 63.1 85.5 68.5 55.0 67 1760(179) 50
49 498 (464) 469 75.2 — 62.1 85.0 67.6 53.8 66 1695(173) 49
48 484 451 455 747 — 61.4 84.5 66.7 52.5 64 1635(167) 48
47 47 442 443 741 — 60.8 83.9 65.8 514 63 1580(161) 47
46 458 432 432 73.6 — 60.0 83.5 64.8 50.3 62 1530(156) 46
45 446 421 421 7341 — 59.2 83.0 64.0 49.0 60 1480(151) 45
44 434 409 409 725 — 58.5 82,5 63.1 47.8 58 1435(146) 44
43 423 400 400 72.0 — 57.7 82.0 62.2 46.7 57 1385(141) 43
42 412 390 390 7.5 — 56.9 81.5 61.3 455 56 1340(136) 42
41 402 381 381 70.9 — 56.2 80.9 60.4 443 55 1295(132) 41
40 392 3 371 70.4 - 55.4 80.4 59.5 431 54 1250(127) 40
39 382 362 362 69.9 — 54.6 79.9 58.6 41.9 52 1215(124) 39
38 372 353 353 69.4 — 53.8 794 57.7 40.8 51 1180(120) 38
37 363 344 344 68.9 — 531 78.8 56.8 39.6 50 1160(118) 37
36 354 336 336 68.4 (109.0) 52.3 78.3 55.9 384 49 1115(114) 36
35 345 327 327 67.9 (108.5) 515 717 55.0 372 48 1080(110) 35
34 336 319 319 67.4 (108.0) 50.8 77.2 542 36.1 47 1055(108) 34
33 327 31 311 66.8 (107.5) 50.0 76.6 533 349 46 1025(105) 33
32 318 301 301 66.3 (107.0) 49.2 76.1 521 337 44 1000(102) 32
31 310 294 294 65.8 (106.0) 48.4 75.6 513 327 43 980(100) 31
30 302 286 286 65.3 (105.5) 47.7 75.0 50.4 313 42 950 (97) 30
29 294 279 279 64.7 (104.5) 47.0 74.5 495 30.1 4 930 (95) 29
28 286 271 271 64.3 (104.0) 46.1 73.9 48.6 28.9 41 910 (93) 28
27 279 264 264 63.8 (103.0) 45.2 733 477 27.8 40 880 (90) 27
26 272 258 258 63.3 (102.5) 44.6 72.8 46.8 26.7 38 860 (88) 26
25 266 253 253 62.8 (101.5) 43.8 722 45.9 25.5 38 840 (86) 25
24 260 247 247 62.4 (101.0) 431 7.6 45.0 24.3 37 825 (84) 24
23 254 243 243 62.0 100.0 421 7.0 44.0 231 36 805 (82) 23
22 248 237 237 61.5 99.0 41.6 70.5 43.2 22.0 35 785 (80) 22
21 243 231 231 61.0 98.5 40.9 69.9 423 20.7 35 770 (79) 21
20 238 226 226 60.5 97.8 401 69.4 415 19.6 34 760 (77) 20
(18) 230 219 219 — 96.7 — — — — 33 730 (75) (18)
(16) 222 212 212 — 95.5 — — — — 32 705 (72) (16)
(14) 213 203 203 — 93.9 — — — — 31 675 (69) (14)
12) 204 194 194 — 92.3 — — — — 29 650 (66) 12)
(10) 196 187 187 — 90.7 — — — — 28 620 (63) (10)
(8) 188 179 179 — 89.5 — — — — 27 600 (61) 8)
(6) 180 171 17 — 871 — — — — 26 580 (59) (6)
(4) 173 165 165 — 85.5 — — — — 25 550 (56) (4)
(2) 166 158 158 - 835 — — — — 24 530 (54) ()
(0) 160 152 152 — 81.7 — — — — 24 515 (53) (0)

Note ™ : Figures in blue are based on ASTM E 140, Table 1 (Jointly prepared by SAE, ASM and ASTM.)
@ : The units and figures shown in parentheses ( ) following the listed value are the results of conversion from PSI figures by reference to JIS
Z 8413 and Z8438 conversion tables.
1MPa = 1N/mm?
® : The figures in parentheses ( ) are in ranges not frequently used. They are given as reference data.
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JIS B 0601 (1994)
[TECHNICAL DATA] SURFACE ROUGHNESS Excerpts from JIS B 0031 (1994)

Varieties of Surface Roughness
The definitions and notation are prescribed for the parameters which indicate the surface roughness of an industrial product, including the arithmetic average
roughness (Ra), maximum height (Ry), 10-spot average roughness (Rz), average concave-to-convex distance (Sm), average distance between local peaks (S),
and load length rate (tp). Surface roughness is the arithmetic average of values at randomly selected spots on the surface of an object.
[Center-line average roughness (Razs) is defined in the supplements to JIS B 0031 and JIS B 0601.]

Typical calculations of surface roughness

Arllhmetlc.al average roughnes§ | (Ba)l | v Ra={rfoz |
A portion stretching over a reference length in the direction in which the average line il

extends is cut out from the roughness curve. This portion is presented in a new graph with A /(‘ n e N \

the X axis extending in the same direction as the average line and the Y axis representing & WL N it /
the magnitude. When the roughness curve is represented by y=f( x ), Ras the value in 0 W4 W \V \U/ \J/ \Y \U/AJ/ \U/ X
microns ( xm) found from the formula shown at right. .

Maximum height (Ry) [4

A portion stretching over a reference length in the direction in which the m
average I|r1e extends is cyt O.Ut frFJm th&? rogghness curvle. The gap tlJetween /\,\ /L\ e /\ 2 /\,\ /J\ / /\ /
the peak line and valley line in this portion is measured in the direction of JAY /\U

the magnitude axis, and this value is indicated in microns ( xm). \./ =

Note:  When finding Ry, the reference length is selected from a portion which contains no v_/ v

abnormally high peaks or abnormally low valleys (locations which are likely flaws). Ry=Rp+Rv

Ten-spot average roughness (Rz) — i

A portion stretching over a reference length in the direction in /\,\57\« §V\ A ;’-_% - \/\§¢/\ ;; \ éW\ /7

which the average line extends is cut out from the roughness curve. T/ = g; \V/ \ / gw V vl ? A /gﬂ/

Within this portion, the average absolute value of the height (Yp) >l \/ = = =

of the five highest peaks as measured from the average line and the

average absolute value of the height (Yv) of the five lowest valleys [VD1-+Yp2-+ Ypa--Ypert Yps | + | Yui-+Yuo-+ Yua-+ Yua+ Yus |

are added together. Rz is this sum, in microns ( xm). Rz= 5

Yp1,Yp2, Yps3, Yp4, Yps  : Heights of the of top five peaks within the
sampled portion of reference length £

Yvi, Yvz, Yv3, Yva4, Yvs  : Heights of the five lowest valleys within the
sampled portion of reference length £

y
<
S
|

Reference: Relationship Between Arithmetic Average Roughness (Ra) and Previous Notation

Arithmetical average roughness Max. height | Ten-spot average roughness | Ry« Rz reference .
Ra Ry Rz et | o
Standard sequence o alue Drawing indication of surface texture Standard sequence £ (mm) V
0.012 a 0.08 0.05s 0.05z 0.08
0.025 a 025 i 0 0.1 s 01 z )
0.05 a ) : ~ U 02 s 02 z AVavAvav/
01 a v~ 04 s 04 2 2
02 a 08 s 08 z
8481 a 0.8 " o :132 S :132 Z 0.8
. a - ~ 2 S L 7 ’ \Vavavi
16 a V/ V/ 6.3 s 6.3 z
32 a _ 125 s 125 z
6.3 a 2.5 %/ 6v3/ 25 s 25 2z 25 WV
125 a _ 50 s 50 z
25 a 8 1@/ 5/ 100 s 100 z 8 4
50 a _ 200 s 200 z
100 a = W 1W 400 s 400 z = -

% The relationships among the three varieties shown here are not precise, and are presented for convenience only.
3% Ra: The evaluation lengths of Ry and Rz are the cut-off values and the reference length each multiplied by five.
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(rectmicaL oATa]  METHODS OF INDICATING PRODUCT SURFACES IN DRAWINGS  ooz:tess)

Position of Auxiliary Symbols for Surface Symbols
An auxiliary symbol indicating a surface roughness value, cut-off value or reference length, machining method, grain
direction, surface undulation, etc. is placed around the surface symbol as shown in Fig. 1.

Fig. 1 Positions of Auxiliary Symbols

a: Ravalue
b: Machining method

b
f c: Cutoff value-Evaluation length
a /c ¢ . . .
e\ /d o A/ o c¢”: Reference length-Evaluation length
g 7 d: Grain direction

f: Parameter other than Ra (when tp, this is parameter / cutoff level)
g: Surface undulation (according to JIS B 0610)
Remark : Symbols other than a and f shall be entered when needed.

Reference :In1S0 1302, a finish allowance is entered at the location of e in Figure 1.

Symbol Meaning

Diagram lExamples of surface symbols

Direction of grains left by the
cutting instrument are parallel to
—— | the projection plane of the drawing
where the symbol is entered.
Example:  Shaped surface

Surface symbol

] v; /
JI
Direction of grain left .

zz by cutting instrument Symbol indicating a surface that requires a removal process

Direction of grains left by the cutting

instrument are perpendicular to

the projection plane of the drawing

J_ where the symbol is entered.

Examples: Shaped surface
(side view), circular
cut, cylindrical cut

Direction of grain left
by cutting instrument
7

Direction of grains left by the
cutting instrument intersect in
X 2 directions at angles to the
projection plane of the drawing
where the symbol is entered.
Example: Honed surface

25 6.3 2%
Direction of grain left

by cutting instrument

Direction of grains left by the cutting

instrument intersect in multiple

directions or have no direction.

M Examples:  Lapped surface, superfinished
surface, and surface finished
by front milling or end milling
with cross feed

Example of indicating grain direction

— W%

Grains left by the cutting
instrument are virtually concentric
C around the center of the projection
plane of the drawing where the
symbol is entered.
Example: Facing surface

Examples of indicating Ra upper limit and lower limit
(a) (b)

Grains left by the cutting
instrument are virtually radial
R with respect to the center of the
projection plane of the drawing
where the symbol is entered.

6.3 7
C 16
6.3
7 16
Examples of indicating the machining method
% (a) (b)
Milling M
%R 32 3.2
2 2
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rechicLbaTa] - SURFACE ROUGHNESS BY DIFFERENT MACHINING METHODS

Arithmetic average roughness

Ra 0.025 0.05 0.1 0.2 0.4 0.8 1.6 3.2 6.3 12.5 25 50 100

Max. height 0.1 0.2 0.4 0.8 1.6 3.2 6.3 12.5 25 50 100 200 400
Rmax. —$ —$ —$ —$ —$ —$ —$ —$ —$ —$ —$ —$ —$

Standard value of reference length

0.25 0.8 2.5 8 25
(mm)

Conventional notation
for surface roughness

Finishing symbol A\VaVavavd AVAVAVS A\Vav4 Y4 -

Forging Fine

Casting Fine

Die casting

Hot rolling

Cold rolling

Drawing

Extruding

Tumbling

Sandblasting

Rolling

Front milling Fine

Planing

Carving (including slotting)

Milling Fine

Precision boring

Filing Fine

Round grinding Fine High Medium Roug

Boring Fine

Drilling

Machining methods

Reaming Fine

Broach grinding Fine

Shaving

Grinding Fine High Mediu Rough

Hone finishing Fine

Super finishing Fine

Buffing Fine

Paper finishing Fine

Lapping Fine

Liquid honing Fine

Burnishing

Surface rolling

Electric discharge carving

WEDM (Wire electric
discharge machining)

Chemical polishing Fine

Electrolytic abrasion Fine
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[TECHNICAL DATA]

INDICATIONS OF GEOMETRIGAL TOLERANCE ON DRAWINGS  excerpt rom s s oczs 1s8s)

M Types and symbols of geometrical tolerances

Type of tolerance Symbol Definition of tolerance range Examples of drawings and their interpretations
If the symbol ¢ is attached before If a tolerance frame is connected to a
: the numerical value that indicates the dimension that indicates the diameter
Sltm:;grgl,:‘::s B — - tolerance range, this tolerance range is of a cylinder, the axis line of the
the range within a cylinder of diameter t. cylinder shall be contained within a
cylinder of 0.08mm diameter.
The tolerance range is the area This surface shall be contained within
2 between two parallel planes separated two parallel planes separated by
Flatness tolerancel /7 AN // by distance t. 0.08mm.
S
The tolerance range in the considered The circumference in any section

» Circularit plane is the area between two normal to the axis shall be contained

2 y A ot

brd tolerance concentric circles separated by between two concentric circles

s distance t. separated by 0.1mm on the same

E’ plane.

o

@ The tolerance range is the range The considered surface shall be

53 Cylindricity contained between two coaxial cylinder contained between two coaxial cylinder

= .

x5 tolerance surfaces separated by distance t. surfaces separated by 0.1mm.

The tolerance range is the range In any cross-section parallel to the projection plane,
. contained between the two envelope the considered profile shall be contained between
PrDillgftﬂll'liranl:e curves formed by a circle with diameter the two envelope curves formed by a 0.04mm
t, the center of which is situated on the diameter circle, the center of which is situated on
theoretically correct profile curve. the theoretically correct profile curve.
The tolerance range is the range contained The considered surface shall be contained
: between the two enveloping surfaces between the two enveloping surfaces
PI‘DLI:ES:E::E:"C& formed by a sphere with diameter t, formed by a 0.02mm diameter sphere, the
the center of which is situated on the center of which is situated on the surface
theoretically correct profile surface. containing the theoretically correct profile.
The tolerance range is the range The surface shown by the arrow of the
Parallelism contained between two planes parallel indicator line shall be contained between
tolerance to the datum plane and separated by two planes parallel to the datum plane A

o distance t. and separated by 0.01mm in the direction

&= of the arrow of the indicator line.

=

g If symbol 4 is attached before the The axis of the cylinder shown by the

° : : numerical value indicating the tolerance arrow of the indicator line shall be

= Per?:lgg;ml:my range, this tolerance range is the range ined within a cylinder of diameter

.g contained within a cylinder of diameter t 0.01mm that is perpendicular to the

.E that is perpendicular to the datum plane. datum plane A.

-]

g The tolerance range is the range The surface shown by the arrow of the indicator ling
Angularily contained between two parallel planes shall be contained between two parallel planes which
tolerance inclined at a specified angle to the are inclined with theoretical exactness by 40 degrees to

datum plane and separated from each the datum plane A, and which are separated by 0.08mm

other by distance t. in the direction of the arrow of the leader line.

The tolerance range is the range contained [ 40,03 [AB| The point shown by the indicator line
Positional within a circle or sphere of diameter t with shall be contained within a 0.03mm
tolerance its center situated at the theoretically exact t diameter circle with its center situated

» location of the considered point (hereafter at the true location 60mm from datum

= referred to as the “true location”). line A and 100mm from datum line B.

=

S Ifs i [a] i i

H - ymbol ¢ is attached before the ©[ 4001 A] The axis of the cylinder shown by the

= CUBXIa'"V ml‘_’r.a“ce numerical value that indicates the al ©] [A] arrow of the indicator line shall be

= or concentricity tolerance, the tolerance range is the |_ contained within a cylinder of diameter

= tol range within a cylinder of diameter t 0.01mm whose axis matches datum

S olerance . A L .

= whose axis matches the datum axis line. axis line A.

3

& The tolerance range is the range A [=]0.08]A] The center plane shown by the arrow

contained between two parallel planes - of the indicator line shall be contained
Svmmetry separated by distance t and arranged between two parallel planes separated
symmetrically with respect to the by 0.08mm and arranged symmetrically
datum center plane. with respect to the datum center plane A.
" The tolerance range is the range contained between The radial run-out of the cylinder surface shown
easuring plane N N N

2 Circular run-out = two concentric circles separated in the axial by the arrow of the indicator line shall not exceed

] tolerance / P /] ~ direction by distance t and the centers of which are 0.1mm on any measuring plane normal to the

] X 7 Siase i stuated on the datum axis line on any measuring datum axis line when the cylinder is rotated by one

@ N plane normal to the datum axis line. rotation about the datum axis line A—B.

=] ~ ' S

5 \I Y \) The tolerance range is the range The total radial run-out of the cylinder

e . | . contained between two coaxial cylinders surface shown by the arrow of the indicator

= Total run-out H SO0 ) M > .

E tolerance 2 having axes agreeing with the datum line shall not exceed 0.1mm at any point on

o« | e axis ling and separated from each other the cylinder surface when the cylindrical part

g by distance t in the radial direction. is rotated about the datum axis line A—B.

The meanings of the lines used in the drawings in the “definition of tolerance range” column are as follows.

Thick solid or broken line: Shape Thin dash-dot line: Center line Thick dash-dot line: Datum

Thin alternating long and two short dashes line: Supplementary projection plane or section plane Thin solid or broken line: Tolerance range
Thick alternating long and two short dashes line: Projection of shape onto supplementary plane or section plane
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BASIS OF SELECTION FOR FITS

[TECHNICAL DATA]
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