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Introduction (1)

o MInAadwinuwlimanandalildrmaasinadnuafaasmsld winiiamnanainian
sostunanoanlnaaanaaulairinlng

o anuamandouiannAwllanmnaarinlidwnudsznaughnwlaile viedsznayldud
Frauanuiaasnislale

e mstnuasianuamanaauisavltiiale Sunin dRnanuie (Tolerance)

® WINVUIAYDITUINUE %Jil%"]j'")\‘lﬂ"]ﬁﬂv@ﬂ']'m WAL Twinwazlsenauitnean Elﬂv%LLﬂ‘?.:ﬁW\‘l']%VLﬁ

ﬁ MMsUsENaUINAINDLLSY
-

wawLNw il

RIS RINNAINULLSILAANIT IS LAaaN
o uazuuSaEsnile

WibtbL N6 L4
Usenaunean ki b KIaUsenauuaiusy
LNAANNLFYRL




Introduction (2)
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Fundamental Deviation of Tolerance (1)
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Fundamental Deviation of Tolerance (2)
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Grade of Tolerance
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Table 1.19(a) Seiection of fits—hole-basis system
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Table 1.19(b) Selection of fits—shaft-basis system
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General tolerances
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Geometric Dimensioning & Tolerancing (GD&T)
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Surface roughness
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Roughness parameters Ra : Arithmetical mean deviation

® Ra : Arithmetical mean deviation

1 rL
Ra, Pa, Wa = _IO |z (x) | dx
® Rt : Total height of profile L

® Rzjis : Ten point height of roughness profile

http://www.inspectionengineering.com Sampling length L
/Images/SurfaceFinishExplain.pdf = < >




Roughness parameters

Rt : Total height of profile

Rt, Pt, Wt = max (Rpi) + max (Rvi)

Rv4 |

Evaluation length 2 n

A

Evaluation length = n X sampling length
(standard length, cut-off length)

UnAn=5
Wmmm'mLmﬂ@ha‘sm’iwdﬁmnqm Lm:ﬁaﬂqm L&
AALAAINEID sampling length azl@@A1 Ry unw Rt
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Rzjis : Ten point height of roughness profile

Rzjis Ten point height of roughness profile

(Rz at JIS’94)
Sum of mean value of largest peak to the fifth
largest peak and mean value of largest valley to
the fifth largest valley within a sampling length.

Rzjis= % _ZS.I(ij + Zvj)
=

ZP1st

Zpst ZPong ﬁpSrd JAZPMh
aify Al f\m, |

ZVatn ZLVand 7y,

Rziis

Sampling length L

Annex of JIS only and confirm to JIS'94
Different from Rz at JIS'82



Ra, Rz and Symbols
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Reference: Relationship between arithmetical mean roughness (Ra) and conventional symbols

Ten-point mean

Arithmetical mean roughness Max. height BN Standard length T
Ra Ry Rz of Ry - Rz S
: Cut-off value Indication of surface H "Idlcatloﬂ
Preferred number series ¢ (mm) e e Preferred number series £(mm)
0.012 a 0.08 0.05 s 0.05 z 0.08
0.025 a 01 s 01 z '
005 a 0.25 0.01v2/ ~ 0%/ 02 s 02 7 N VAvAvAY/
01 a 04 s 04 7 0.25
02 a 08 s 08 z
04 a 0.8 16 s 16 z
08 a 0.v4/ ~ 1.v6/ 32 s 32 7 0.8 VAvavs
16 a 6.3 s 6.3 z
32 a 125 s 125 z
3. ~ 6.3 \Vavs
63 a 23 vQ'/ v/ 25 s %5 7 25
125 a 50 s 50 z
12. ~ 25 A4
25 a 8 é/ v/ 100 s 100 z 8
50 a 200 s 200 z
50/ ~ 100 —_
100 a — \/ \/ 400 s 400 z —

#The interdependence for 3 classes is not strictly enforced.
¢ The evaluation lengths of Ra : Ry and Rz : Five times the cut-off value and standard length respectively.



N22819NTS LBI

12.5-25

3.2-6.3

0.4-1.6

0.012-0.2

1 ot 1A
vlll AN TUTULGAIHD

a dld . 1 a dl 1
{1413 machine agnareny g TElwusimn lddinng

o @

1o R K
d avlllﬂ']%\‘]ﬂﬂﬂ'nua'lﬂﬁ']ll

Medium commercial finish — Coarse production finish
NAALALALLATAINGAY LATAING
& A da o o
NWBNININIIRUNT
First class — Good machine finish
v dl g =1 U Y =
ltia30900 NRILG eI e
WRIN VS RIRULS ﬁuﬁaﬁida”aqﬂaaﬁ'unws%’a%u
Very fine quality surface finishes, costly to produce

Precision gauge, laboratory instrument



M1 drawing (1)

fludswuald Ra = 12.5
AawnA LUy Ra = 3.2

/_H
O (¥)

{7

v o

$200
P40H'T
i H

920097
$/00




D
s 3 nVLM\
= S g5z T
o ;
% i . %__
= of | . t 162
™ — oNg |1 o
4hY RINEE -S4
\_ + 20+7
= LYz
= QYGEP
me | _ o %
— — @ S g
SH0v §
N ody Py (%
' 2 I 0~
al. © 20.586
(®)) .
c 9£%| 1
W of [T I
o] B ! 2 & — N, [#e# mﬁ,ﬁ .
r 3
d ....mv Wd_ LS00y ﬁ._.._u
o> > B
— L | m
“aod or® NV “
@ | : |
c £ | ® e
o [
wm = ST S : 18,00
ol ! R W v g
[ - - o g
! /ﬁj 1 ﬁ i ¢ o
HL 7 :
iz,
{11 - 569/
\. _./w.m_ 5079 |2 AR | R
/ \m 2 ~ i m»wﬂ |
@ v, IR ,
LHE -~ 822

L3r8¢




Rapym 50 25 125 6.3 3.2 1.6 8 A4 2 A1 05 025 012

Rapuin 2000 1000 500 250 125 63 32 16 & 4 2 1 5
METAL CUTTING Surface roughness and
sawing I
planing, shaping — Manufacturing arocess
drilling |
milling ! | |
boring, turning — I S E— https://en.wikipedia.org/wiki/Surface_finish
broaching ]
reaming |
ABRASIVE
grinding ! [ |
barrel finishing ([ |
honing [ |
electro-polishing [ |
electrolytic grinding ]
polishing [ N v O
lapping | |
superfinishing [ I N S
CASTING

sand casting

perm mold casting
investment casting
die casting

FORMING
hot rolling

forging
extruding

roller burnishing

OTHER
flame cutting

chemical milling
electron beam cutting
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