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Kamuttraiyos Chutasen 2014: Practical Dimensioning Tolerance Allocation Method for
Machined Part. Master of Engineering (Industrial Production Technology), Major Field:
Industrial Production Technology, Faculty of Engineering. Thesis Advisor:

Associate Professor Chatchapol Chungchoo, Ph.D. 105 pages.

Currently, assembly tolerance allocation of precision mechanical equipments can be
determined by many methods such as engineer’s experience, the worst on worst tolerance analysis
(WOW) method, the root sum square tolerance analysis (RSS) method, or the Monte Carlo
simulation method. However, there are other factors that need to be considered when engineers
allocate individual tolerance values to each part. Examples of these factors include production
cost and uncertainty of measuring equipment. In this paper, a new method for allocating the
suitable tolerance value to each part/component is introduced. By using a real industrial case, as a
case study, experimental results indicated that the new method could provide suitable component

tolerance values for the production line.
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10) ANVUTIU parallelism
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11) ANUNAY circularity

@ < 1 o ] 1 A o
ﬂ’ﬂllﬂmJi]%ﬂamﬂﬂﬂﬂumu‘ﬂiﬂﬂi$ﬂﬂﬂ uagulamwzdumisluuaazszuunga
9

9 !
AIRINAVLUUALNUINILY uazwmﬁmﬁuﬁummmsﬁamqﬂizuaﬂ ﬂz"lu'lﬁ’ﬁusl%ﬁumm

LNUH309ATNNANUBINNAVHTONTINAL

12) Runout

i Y
A ) o A a

v H
Runout HulFlums Idaudedmsunumnnanmswyuveadusounnu wuluam
N9 runout I UUIBAURNIZANUWHONAATINANUANANVDIR N UINTOTATIINLN UMY

v
G]N‘]i’t]‘]J!,Lﬂuﬁljum1ﬁu’)1ﬁﬂ’)1NllﬁﬂﬂNﬁuﬂﬂNl{li



15

Tolerances Characteristics Symbol Datum needed
Straightness — no
Flatness 0 no
Roundness O no
Form
Cylindricity ol no
Profile any line e no
Profile any surface o no
Parallelism // yes
Perpendicularity yes
Crientation Angularity Y ves
Profile any line M yes
Profile any surface =) yes
Position 4 yes or no
Concentricity (for centre points) © yes
Coaxiality (for axes) © yes
Location
Symmetry = yes
Profile any line e yes
Profile any surface o yes
Circular run-out 7 yes
Run-out
Total run-out 2 yes

NN 4 uammiﬁmuﬂﬁtgé’ﬂyafmm Geometric Tolerances

3 ISO/TC 213 (2012)



Description

Symbol

Toleranced feature indication

Datum feature indication

Datum target indication

Theoretically exact dimension

Projected tolerance zone

Maximum material requirement

Least material requirement

Free state condition (non-rigid parts)

All around (profile)

Envelope requirement

Common zone Cz
Minor diameter LD
Major diameter MD
Pitch diameter PD
Line element LE
Not convex NC
Any cross-section ACS

PMNN 5 uaAIMIMHUATYANY

bJ

A3 ISO/TC 213 (2012)

4

!

mi 19 umssey
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MNA 6 LEAINMITMHUATUIAANMNBLU DA

3 ISO/TC 213 (2012)
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MNA 7 LAAIAIBEINMTMHUAVUIAANNINBLU VAT

3: ISO/TC 213 (2012)
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NN 8 LAAIAIBEININTMHUAVUIAANNINBLUUATI

3 ISO/TC 213 (2012)
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0,1

MNA 9 1LAAIIIBENMIAHUAVUIAANINDLU AN

f3: ISO/TC 213 (2012)
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0,1

27

NN 10 LEAINTNIITUIANVUUIUYDITZUIY LAZNTAINUA Datum

A3 ISO/TC 213 (2012)
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1n393307Aaz08A Co-ordinate measuring machine (CMM)

{ { v v 4 a J a [
mmi’ﬁugmsﬁamumm?m CMM (AMZIAINTTUAINNT Nﬂ13ﬂ81ﬁﬂQUai1ﬂ5ﬁ1ﬁ,

2556)

11599 CMM (Co-ordinate measuring machine) nyonGeniulumulng 11 1w30a3a 3

s

< ! o ag A Y 2 ' <

unu HunTeedns ddnnselndnianuainsalumsiavinavesdu auldediesinsa
1o { 4 o ' v v 4 a 4
Taslinnuuiud ez NensIgauINDnale 1HeInINMIRINY swRuiUAToInoUN 1A
[ 9 a 3 ] A M @ 9 % Ay Y
uazoifeninvevesneuNanes I umuLaaIwaie MIdsnY tazsunadoyaduaui 14

Y v
INMITANFUAADAASINVUKTIVOADUN UADT

o o A A A Y o 3 2 o a ~ v
UANNTITNINIUUDIUATOIAD Lﬂi@\ﬁwslﬂﬁ’n Probe L‘]JouﬂVlTJ'VlllﬂaiJc] ﬁ'G]ﬁJw‘LsUll VYUIA

a A d‘Q 9 oA d' d‘zg 3 v o 9 =
3.000 waaluag ‘V]ﬁ@]’f]ﬂﬁ?]‘lél]ﬁ?ﬂﬂlﬂﬂ‘l{ﬂmﬂ@]ﬂﬂ&ﬂaﬂui’muﬁﬂ ANy Z iudamnian

U

Y
a o

¥ H [l 1 4 ' 2
waou I dudasurunuassdmisidesnsia  FmsmaeunnauavounToiueg
& ' ~ ' A ~ a I . . =~
Wu'lednsuGeunazyuuiann esnniiszuvaausudeaniuiluuny Air bearing 9

] ] Y
p1fousIauauiesndaliaos 11991 Probe  duAanUFUIULAz ddgyaa l1dadn
4 4 o [ o 1 Ao @ A
Controller ¥91A504 tWoIM3sUszuranavonuuiudunuInIuNiave i Probe Tuvagi
2 2 v ] 1 H [
uAzFuaIY udamilegnaienuuaaINaini190e9AT0INONTNIADIAIY FIAINIATOI1N
@ Bldy 1< 1 Aa A A 1 A Y o @
M3 Jaoonu latiaziduainlianuesasege esninneuivzdiingiaaunielu
Tsunswoz1¥iing Calibrate AoN15A5291HOUH Probe MU Master ball noutiewlilfa
Aunumanuamanaouiins 31nmMseuvesdIdlsaiitusudana Probe Mmolugadons
YOINY Z 1HDI9INMTIAADUNTUFUIIU N5 12N UNT Probe 125 VAR IUMIAURAIIY
winansyui lfinamsieudrvesunuisudaiosunn  uagudsnnmsnlSeuiiounas
o o ] <] dy @ 4 a
AUIUTALBBUAD YUIAVBII A Probe 1z1ANAAANTIDY LAazuBnINiLdINe ludunioazdl

@

1IQaNN (Thermometer) tHOTAITIAWAAIAIAADUVDIVMIATIAANN duilszdnFng

Be

]
2 A

#afn uazvaRIveiag Nkl anINgUNYINIEUENDNAY



24
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MN: AAZIAINTTUANEAT UHINONRUATIFEIT (2556)
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performance of 2.5 + L/250
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#10814: Re-measuring gauge at 100 mm/sec (4 in/sec) on the same CMM

Gauge-A  SlowHigh speed Scan
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Step @
Step @

Step @

Step @

Step @

Step @

Step @

Step

Setting tolerance value of each part be
set follow I1SO 2768-1

y

To calculate a proportionality
factor

&
l
y

To assign initial manufacturing
tolerance value (IMT) of each

~N -~

- ~
stack-up of IMT No Note #1
> design v. '

36

Have a change to bu

Make or Buy decision ;o

Note # 3

To order parts from
suppliers

To assign manufacturing tolerance for each part.

Note # 4

To check machinability

A

Note # 5

To produce machine part

END
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(b) Solid modeling of a case study
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1. 918gasRAUNYINUVT U HUNIUANH

£4
1 a a < ' .
ﬂ1§‘1/1§’1ﬂ’ﬂ\1”],€°2|} UM IWTANTFUINU ULAAZ Section AULUUILAY Y LASUUMAU X

@

il
a 9 . 9 1
1.1 WRITUIMNULUNU Y ‘]Ji$ﬂ'€l‘]Jﬂ'JfJ 4 section llmm
1.1.1 Section Al 5282 190.00 = 0.20 mm.

190.00 + 0.200

Is B/l

MNN 22 FUNUUTEN 3 FU NTL82190.00 + 0.20 mm.

1

1.1.2 Section A2 5¢82190.00 £ 0.200 mm. Gap 0.5 mm.

190.00 +0.200
1 L 4

2
=

MNN 23 FUNUUTENY 2 FU NTL82190.00 + 0.20 mm.



1.1.3 Section A3 5£8£122.00 = 0.200 mm.

122.00 + 0.200

1

3

MNN 24 FUNUUTEND 3 FU NTLE2122.00 + 0.200 mm.

1.1.4 Section A4 7282122.00 + 0.200 mm.

122.00 +0.200

ACEE

40

MNN 25 FUNUUTENY 2 FU NTLE122.00 + 0.200 mm.



1.2 W93 X U52noUAIY 2 section 1A

1.2.1 Section B1 3282300.00 + 0.200 mm.

300.00 +0.200

MNN 26 FUNUUTENDD 3 FU NTL82300.00 + 0.200 mm.

1.2.2 Section B2 528%192.00 + 0.200 mm.

192.00 +0.200

np
2 1

MNN 27 FUNUUTENY 3 FU NIL82192.00 + 0.200 mm.
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2. MIUDNUVIAANNATAAADUAILIT Leveling Technique

2.1 Section A1 5282 190.00 £ 0.20 mm.

Tolerance of product specification

+0.200
Y
A\ 4 \ 4
Subclass 2 Part 4
+0.020 +0.020
A 4
\ 4 A 4
Subclass 1 Part 1
+0.002

A 4 A4

Part 2 Part 3
+0.0002 +0.0002

PN 28 11IALASANNBAIETT Leveling Technique Y9 Section Al

42
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2.2 Section A2 528%190.00 + 0.200 mm. Gap 0.5 mm.

Tolerance of product specification

+0.200

Part 1 Part 2

+0.020 +0.020

MNN 29 1IALIIAUNBAIBIT Leveling Technique VYD Section A2

2.3 Section A3 358¢122.00 +0.200 mm.

Tolerance of product specification

+0.200
A A\ 4
Part 1 Part 3 Part 4
+0.020 +0.020 +0.020

PN 30 119ALAIAUNBAIETT Leveling Technique Y4 Section A3



2.4 Section A4 358¢122.00 £ 0.200 mm.

Tolerance of product specification

+0.200

Part 1 Part 4

+0.020 +0.020

MW 31 11ALASANNBAI8TT Leveling Technique Y4 Section A4

2.5 Section B1 3282300.00 = 0.200 mm.

Tolerance of product

specification +0.200

44

Part 1
+0.020

Part 3
+0.020

Part 1
+0.020

Part 3
+0.020

Part 1
+0.020

MW 32 1IALAIAUNBAIBIT Leveling Technique Y84 Section Bl



2.6 Section B2 5282192.00 = 0.200 mm.

Tolerance of product specification

+0.200
\ 4 A\ 4 A 4
Part 2 Part 1 Part 2
+0.020 +0.020 +0.020

PN 33 11ALSAUHBAI83T Leveling Technique Y94 Section B2
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ns:mumsmﬂﬁmmﬂmﬂmﬁau A New Tolerance Allocation Method

Step @ )
Setting tolerance value of each part be set

follow ISO 2768-1
Step @

y

To calculate a proportionality
factor

» »
L

>
<«
y

Ste To assign initial manufacturing
P @ tolerance value (IMT) of each part

Step @ stack-up of No Note # 1
IMT >
design v.
Have a chance to buy To order
Step @ «— Make or Buy decision parts from
suppliers
Note # 3 Note #2
L Make

Step @ To assign manufacturing tolerance for each part. Note # 4

To check machinability

A

Step @

Note # 5

Ste
P To produce machine part

WA 34 Flow Diagram for Practical Dimensional Tolerance Allocation Method

46



Where

Note # 1

Note # 2

Note # 3

Note # 4

Note # 5

47

In case of stack-up initial manufacturing tolerance is greater than the design value, an initial
manufacturing tolerance of each part need to be decreased in the same ratio until stack-up

initial manufacturing tolerance is lower than the design value.

Using supplier’s catalogue:

UsingSee catalogue part from supplier

Case 1: part tolerance from catalogue < an initial manufacturing tolerance — To order a
part

Case 2: part tolerance from catalogue > an initial manufacturing  tolerance —>

To choose between have a chance to buy or make the part.
To reassign initial manufacturing tolerance value.
The manufacturing tolerance can be set by decreasing the initial manufacturing tolerance
value 10% (safety value). If this safety value is not suitable, a greater number needs to be

applied.

If available machine can not produce parts, new tolerance value need to be assigned

3. miu«ammﬂ'mamﬂmmﬂﬁaw’fm?% A New Tolerance Allocation Method

3.1 Section A1 5282 190.00 £ 0.20 mm.



fack : :
Al Teriks  Pat T ) safoty Assign

sep (1) sup (2) sep (3) T qup (7))  sup(5) step (&) step (7) 2(6 )+ (7) Step () Remark
omqr Sep (1) Step (2) Sep (3] ggony, Sep(a) SO 0 g0q SPAE/SEP\T) 2O HNT)  pyerage SteP\E)  Remar

Part | 0,150 0,150
1 0.200 il /MR
design V.
Subclass | 0.200 0.200
Subclass 2
1900.2 mm
Part 1 »0.571 0.086 Make 00086 00004  0.0M43 0.0051 0.0771 end  usesalely
= : IMT = Total value 10%
2 020\ B
esign V.
Subclass | #1571 0114 —| N
Pari 2 | 0.150 0.150
d T IMT« Total
1 0.114 030 .
Part 3 0.150 0,150
Subclass 1
1260114 mm
Pari 24 L0381 0.057 Make 00057 00004 00059 0.0067 0.0504 end  use Tolerance
r 0114 IMT = Total design
= - design V. S 7
Part 3 »0351 0.057 ) Make 00057 00004 00025 0.0033 0.0514 .
value 10%

* 6 gaINITAIUIA lagazioea luaeg19ns AL

MNA 35 UAAINANITUINLAN Tolerance UMDY Y Section Al FZBLWAITHT 190.00 + 0.20 mm.

8y
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3.2 Section A2 528£190.00 + 0.200 mm. Gap 0.5 mm.
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(s safety

",

v
b (7

Assign

siep (2

— stack.up (3 me (20 (31 Total ) { (6h e (70 o f K !
t M . 1) 8 28 \ s ] s \ 5 kL VL8

Assambly size  lteration Part of IMT Step | 1) Step L2 Step 7/ design V. Step | 4 ) Step .=/ value 10% Step .7/ Step s L0 LT Tolorance Remark
Part1 0.150 0.150 Make 001530 00004 00043 0.0051 01330 end use safety
0.200 value 105

190£0.2 mm - 0300 IMTzTol
(Gap-05) Part2 0.150 0o 030 eV, Make  00ISO 00004 00059 00067 01350 end sl
! - value 10%

Cap 0,500

MNN 37 LAAINANITLANLDL Tolerance LUNU Y Section A2 FLELWIITUT 190+0.200 528 Gap 0.5 mm.

IS
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NN 38 wamsuanuaImANUAaIARaou IRIAAZF U VD4 Section A2

114,0£,1350

75.5&.1350
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3.3 Section A3 528%122.00 £ 0.200 mm.

53



stack-up ™ Total = safety

Assign

Assambly size lieration  Part Step (1) Step (2) swep (3 step (2) Step (5 ) Step (6 ) sm@ NONE) Slep Remark
of IMT (el oy ~Zo design V. e V2 yalue 109% R s W Tolerance
Partl 0.150 0.150
IMTe< Total
3 3 )
Partd 0150 0.150
12240 20mm
Partl |+0.476 0.071 Make  DOOT1 D004 0.0043 0.0051 0.0643 end  usesafety
value 10%
2 Part3 oz0 MTzToml Make 00057 00004 00025 0.0033 0.0514 end  usesafely
design V. value 10%
Part L 0476 0.071 Make 00071 00004 00013 0.0021 0.0643 end  usesafely
value 10%

vnenig: [ 1oudih = A1 tolerance ¥4 part 71 I8N svua 13910 section nouniud?

MNA 39 LAAIHANTLANLAN Tolerance UMINU Y Section A3 FL8ZNWAITUT 122.00 + 0.200 mm.

123



20.0+£.0643
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a ' A L] a .
MNN 40 wamm%mmﬂ1mnmammaauimmawmm VB Section A3

=,
e

0. 0+.064

38.0£.0514
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3.4 Section A4 5282122.00 £ 0.200 mm.
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(s)

Assign

Step

; kD o (Y gt (2) sep (3)  Tod ") (5) salety v {Pave .
Assambly size  leration Part of IMT Step \L, Step kz J Bep \3) dosign V. Step (f ) Step k_) value 10% Step !, * Slepk y Z{k_f )— \?JH i Remark
Partd 07 Make 00071 00004 00013 000N 00683 nd  wesely
IMT =Total value 10%
124 0mm 1 0200 e
Part 02 Mde 0019 00004 00045 00051 0T ed  wesfety
value 10%
' Y ¥ ° 9 Y ' Yy Y
vnovig: [ 1ou@ih = A1 tolerance ¥4 part 1 1aNM3Ismua13910 section nounii g
PINA 41 LAAIHANTUINLY Tolerance HUIINU Y Section A4 F2EZNITAN 122.00 £ 0.200 mm.

LS



FZ 042000

102021157

~ ' A v 1+ 2 .
HNNN 42 wamimmmammmﬂammaau“lmmammm UDN Section A4

20010645

102.0+.1157

i

8¢S



3.5 Section B1 328%300.00 = 0.200 mm.
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. stack-up (1) sten (2) ( Total () (5) salety (6)step(7) 25 (7  Asisn . .
Assambly size Iteration Part of IMT Step 1) Step \2) Step L3 design V. Step () Step | 2 ) value 10% Step . ° ) Step |, 7 ) 21’-\_5_(,# . Tolerance Slep Remark
Partl (A) 0150 0,150
Part3 (1) 1150 0.150
IMT= Total
1. N 7 9 - -
1 Panl () 0200 0200 0.200 0800 e,
Part3 (2) 0150 0130
Partl (A) 0150 0.150
’ - use safety
000,20 Partl (A) .25 0,038 Make 00038 00004  0.0020 0.0028 0.0338 d e
Part3 (1) 025 0,038 Make 00038 00004  0.0040 00043 0.0327 end “E:‘.“S':““
IMT > Total
2 Paril (C) .25 0.050 200 B Make 00050 00005  0.0080 0.0080 0.0411 eng U Tokerence
design V. design
Part3 (2) 0.5 0,038 Make 00038 00004  0.0040 00043 0.0327 end “E:‘.“g':““
Partl (A) b3 0.038 Make 00038 0004  0.0020 0,002 0.033% nd SR
value 10%

NN 43 1AAINANTUINIY Tolerance UMY X Section B 5282 W915841 300.00 + 0.200 mm.

09



300.04+.2000

30.,0+.0338 BO.0+.0327

120.0£0411

60.0+.0327

30.0£.0338

300.0L.2000

&

[ Al

J0.0£.0338

pY /&

NN 44 wamsunuasmaNuAaIARaou IR UAAL T V04 Section Bl

120.04.0411

60,0k 0527

20.0£.0328

e

19



3.6 Section B2 7¢8¢192.00 + 0.200 mm.

62



] stack-up Py o /3 Total > ") saloty (eI (N T Assign . 3
Assambly size  Iteration Part of IMT Step 1) Step | 2) Step \3) design V. Step (f/' Step [\UJ- value 10% Step \. "/ Step'\”, Z{IX_E} Q,)] Tolerance Step Remark
Pari2(A)
0.150 0.150
IMT< Total
( 2 3 ;
Fart(B) 0,150
0,150
19240 20mm afe
Pan2(A) -+ 0.50 0.075 Make 00075 00004  0.0024 0.0032 00675  ed o0
value 10%
2 Pani(l) ogo0 MTzToml o 00050 00005 00080 0000 T TR
design V. design
Pant}(B) —+ 0.50 0.075 Make 00075 00004 00024 0.0032 00675 end  SSEY
value 10%

vinevig: [ woudih = /1 tolerance Y09 part 7 1AL Avua 13910 section neuwiA?

MNA 45 LAAINANTUANLAT Tolerance UANU X Section B2 52821151 192.00 + 0.200 mm.

€9



12204 2000

[ 2|

MNA 46 wam3unUaIAANUAMAR AU 1 LAas LY YOI Section B2

¥9
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4. pam3rfSeuieumsuant0IAIAINAMIANADHIZH I Leveling Technique 19z A New

Tolerance Allocation Method

4.1 Section Al 358% 190.00 + 0.20 mm.



M5 2 uaaamslSeufeuued Section Al R5282190.00 + 0.20 mm.

Part Picture Leveling Technique A New Tolerance Allocation Method
1 —J +0.0020 +0.0771
3 [I:| +0.0002 +0.0514
2 ,_|_|T ’_|_1_‘ +0.0002 +0.0504
Total tolerance design +0.0024 +0.1789

99



4.2 Section A2 382£190.00 £ 0.200 mm. Gap 0.5 mm.

67



M31970 3 uaaImsi3euiieuues Section A2 15282190.00 + 0.200 mm. Gap 0.5 mm.

Part Picture Leveling Technique A New Tolerance Allocation Method
1 +0.0200 +0.1350
2 +0.0200 +0.1350
Total tolerance design +0.0400 +0.2700

89



4.3 Section A3 328122.00 £ 0.200 mm.
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M1519N 4 LaaINslseuMeuusd Section A3 NTLL122.00 + 0.200 mm.

Part Picture

Leveling Technique

A New Tolerance Allocation Method

1 +0.0200 +0.0643
3 :I: £0.0200 £0.0514
4 :I] +0.0200 +0.0643

Total tolerance design +0.0600 +0.1800

0L



4.4 Section A4 3282122.00 = 0.200 mm.

71



MI19N 5 uaaamslseuieuusd Section A4 NTLL122.00 + 0.200 mm.

Part Picture Leveling Technique A New Tolerance Allocation Method
1 +0.0200 +0.1157
4 I:I: +0.0200 +0.0643
Total tolerance design +0.0400 +0.1800

L



4.5 Section B1 5282300.00 = 0.200 mm.
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M1519N 6 LaaINslseuieuuad Section B1 H528£300.00 = 0.200 mm.

Part Picture Leveling Technique A New Tolerance Allocation Method
1 +0.0200 +0.0338
1 +0.0200 +0.0411

3 E +0.0200 +0.0327

Total tolerance design +0.1000 +0.1741

YL



4.6 Section B2 §28%192.00 = 0.200 mm.
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M1519N 7 Laaanslseuieuusd Section B2 H528£192.00 £ 0.200 mm.

Part Picture Leveling Technique A New Tolerance Allocation Method
1 +0.0200 +0.0411
2 +0.0200 +0.0675
Total tolerance design +0.0600 +0.1761

9L
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ﬁaadnm‘sﬁm’smﬁ% A New Tolerance Allocation Method

190.00 + 0.200

1

o 1

v v Y Y v
NN 47 S1MUA section NI UTZNDUAIBFUIUS FU NT282190.00 £ 0.20 mm.

v E4
INNINTN 63 W13 Normal Dimension mummqwawmmﬂizﬂau LENGREN

=~
M3 19N 8

v 4
M519N 8 U@AIA1 Normal Dimension UDI¥HINU

Normal Size

Part No. Picture
mm
Part 1 64.000
Subclass 1 126.000

Subclass 2 3 190.000
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v
MIAMUIUITNAUUTUADU (Step) A Flow Diagram of New Tolerance Allocation

Stepﬁ 1 AvuAn Stack-up of IMT = 0.2000 mm. AUNABINT LAZAINUAA tolerance value

Y v
VDIAAL Y UITUAINUIATIIU ISO 2768-1 UAAIAIATT 19N a2

Step @ Setting tolerance value of each part be set
follow ISO 2768-1

l

v 1 2 v
2N 48 uaasdaly Step N1 1 MInuRUAININa TunINg 34

@319 9 11AAIA1 tolerance value AWNIATIIU ISO 2768-1

ISO 2768-1 (1991-06) Tolerance

Part No. Picture
mm
Part 1 +0.150
Subassembly 1 +0.200

Subassembly 2 +0.350




Step @

Step @

Step @

¥

To calculate a proportionality
factor
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A

P
>

h

”
%

y

To assign initial manufacturing

tolerance value (IMT) of each part
[l

stack-up of
IMT =

design v.

Yes

a o A =X o @ A
HNNN 49 llﬁﬂ\iwq{lu Step N 2 0N 4 ﬂ?ﬂllﬂuﬂﬁﬂﬂﬁuﬂiuﬂ"lww 34

Step 1 2 MM Proportionality factor (PF)

Note # 1

Ed
Amatuan 1INMIMrUan tolerance value AMUNIATFIU ISO 2768-192 lANATINAT

Wa3IU Tolerance value Subassembly 2= tolerance value Part 1 + tolerance value

Subassembly 1

v
Y

A4UU Total design V.

=0.150+0

.200

=0.350 mm.

=0.350 mm.

25M3119NL9AT Tolerance 11l 1A8N15AIUIY Proportionality factor (PF)

Proportionality factor (PF)

= Stack-up of IMT / Total design V.

=0.200/0.350

=0.571




v 2
Step 13 Myiua initial manufacturing tolerance value (IMT) UDIAALFUIY
o v 2
NITATUIU IMT UBADLBUITU = PF X Tolerance value

M15197 10 LFAIAT tolerance value MIUMITAIUIY PF

80

Proportionality
Tolerance value IMT of each part
Part No. factor
mm (PF) mm
Part 1 0.150 0.571 0.086
Subclass 1 0.200 0.571 0.114
Total 0.350 0.200

Step i 4 Wosanm stack-up of IMT > design v.
9 ] o a 1 d‘
8119 (YES) dnrumsaelu Step 15

v 4
1l (No) adulidutiumsaelu Step 7 2 Banselasmsiiuiamm

Proportionality factor (PF) Tnailu Step 2
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Have a chance to buy To order parts from

Buy .
suppliers

Make or Buy decision

Step (=) - Note # 3
2/ Note #2
Step (_ E_;) To assign manufacturing tolerance for each part.

Note # 4

Step @

To check machinability

ry

Note #5

Step (o
\_) To produce machine part

<N

\v.r

] 1 4 ]
NN 50 uaaadaly Step 1 5 99 8 MALKUFIT IR TN 34

E4
=1

4 v A 1 a o 4 o o c?:
Step 9 5 Make or Buy decision aadulalumsidenszning manaaeanumissodusogl il

£ 1o o 2 S o~ < £ o I yva
VUDYNUANHUS TUITU ‘Vﬂﬂ%uﬂ‘l.!l.!l!i]gﬂﬂiﬂﬂﬁ?hﬁﬂ“ﬁ@ﬁ%ii]vl,ﬂ NITHIWITOAANAINIT

U

Y ¥
"o A9 a

a Y = o A Y g @ zgl < 9
Wﬁ@]ﬁ\i"lmm‘ﬂ\?uﬁ@\‘lwi]"liilﬂﬂ\iﬂﬁ]ﬁ]ﬂﬂuhlﬂuﬂ FIMTFUNU s2eza Tumsaade Huau

v A L R
msaaaulanyailu 2 nsal

v E4 v
A58I7 1: A1 tolerance YOIFUUNY T catalogue < an initial manufacturing tolerance

v Y
— AUHUMITID
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v E4 v
ASAUN 2: A tolerance VOIFUIUNN U catalogue > an initial manufacturing tolerance

— 189n3211314 Have a chance to buy 130 make the part.

~ A 9 o A [ 1 A Y o
NIaeN Have a chance to buy AR NHUNTUTVA Tolerance Tvisitne 1¥ins 90y

2 A A YA 1 Y 2
Funundverie lnia lnames
A A Yo a J A
N591180N Make the part 1A UHUMIAD 11 Stephl 6

v E4
Step i 6 fiua Manufacturing tolerance dmsuuAazsUNY Tagaziivue Manufacturing
9 Y
tolerance value 10% (safety value) Y9301 IMT LUAQSFUIU PNUUNITUT ANNNADA

A A A o
D UUDIUATDINDIA

v Y
S

Tagimuamanuaaamnasuyeanseadiodanly Fealuandded ldsmuaninny

A A A o 2 dy
ANIAANDUUDIUATOINDIANTNTUNITAIU

AANUAAAAADUVDUATBINDTA = 0.35+L/1000 e lulasuns
= (0.35+(L/1000))/1000 11478 Haduns

TasN L = Dimension (mm.)

Step 1 7 191591 AMANNAAANADUVBUATOIINTN IFIUMIHAn TaesvuaiInY
d' [ d' 9 d! aov dy Yo 1 d' d' [
Amanaeuvednsnly Faluanuiseilldamuamanuaanamasuveunieddns ay

4 dg’
aunNITaIY

MANUAAAADDUYDAATDINOTIA = (0.020/300)x L #1178 Hadwas

1asN L= Dimension (mm.)

~ ~ o I Y 1 A A A o
Step 11 8 91N Step 1/]@ uae @i]g1/]']Gh’iUlﬂﬂ’lﬂ'ﬂllﬂa’lﬂlﬂaﬂui]’]ﬂlﬂﬁ@QN@?ﬂlLﬁz

A o Aq v a Yo 1 3 Ao 9 o [ 1 dy
1309903 1% lunszuIumsnan lemmmaammmm”lﬂmiauﬂu maumm@”lﬂu

T 4
AMANUAAAATOUNINUA = 2 x (@+@)
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'
o 1 A

F
nnuhaisu ldSeuieusua Manufacturing tolerance value 10% (safety
1 = [ Yq Y 1 ug}/ o a A a 1 d‘ o 9
value) mna latiainanli lganivlumaiuninsaiu@uanainmiuia 1 Tagms

o 1A Yy ¥ A gy A a "o 2
u’]ll’]allﬂ@ﬂi]’]ﬂﬂ’]ﬂﬂ’]u’)mulﬂau'Nﬁu LW@Glﬁﬂ’llW@jJﬂ’J’]mHJUﬂ'lﬁJ']ﬂaUu

@ v Ay Aa an Idy 3 Yr 1 Ag Y a ldy 9 =

NNMIINFTIAUNBAMALAIT NS TnTiazmiuldnmn ldnnmatialvitiuglae T
ax o = P Ay Y A o = ~ o o Y  aa ' o
M3 lumsdnassa 8 step uami laiorh lulssuieuiumsdaassdieds msuaszeu
( Leveling Technique) t@azimnmmnzavdmsumsin 1l 14nnna ifesninanuiien 1dan
ax v o . . o’/’ S 19 A o w 0911 v osz‘ A
M52 AV( Leveling Technique)tiuiimiiovas lisosqaudrdudu daiulunsain
A ¥ v v ¥
$UNUUTLNoUNI1UIU subclass W1n9) 3z 1A e N laTANazBean Fio1vdananems
o a a o Y 91 a d? 2 £ = = @ a an 1
i lkansse nazewi i ldiielumsraageiudie sunnulSeuieunumainds lu
~ = ° & o AN 1o Y b Ny =< 2
Hasdimssnnauduaoun lidudou BnidinsounguiminnuaaIaNIo Uy

[

) 1 1 I Y
A39911079 HAZAIANUAAIAAADUYDAATDITNT Farzh ldmInaanaInIorRanTuu A

-

o A Ao Y a
ﬂTﬁu@]ﬂ“Wﬂ@nJWﬂ1u’Jﬂ!"lﬂgﬂi\j

Y 9y 1A dAyy 9 o a s A o o
MNHANMINAEII19AY Auden laazdouinnnsgianiedmsunumsisznen
Tagdoalimisuaauie lunsaifueiga lunsaimseuilsznouau A2e1uuIINAIT1g
d‘ F2A A ax 1 d' o [ a d'
1 13 92 ldaune91n35m3 Tnad Tag Part 1 = £0.0411 naziierhwszneuny Part 2 USHwN
Usznovvzdssimuanuivelumsiaseslilinuioegn -0.0411 weliauilsznouses

Y Y
FUNUNGUVY

120.00 +0.0411

120.00 - 0.0411

v ' k4
PNA 51 l,!,’dﬂxiﬂﬁﬁ?ﬂﬂﬂﬂ?tﬁ@ﬁ?ﬁ%ﬂi@ﬂ%uﬂu
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agﬂammmaummz
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Il v ¥ Y
MIINATIAUHDAWNALAITMN I IMUT es0ruTaassauNed T UFUAILIIY
=& a dy Y v A 9 1 an ] @

Usznoudunailail lasaassanie a1z auni1I5MsuL95EAD( Leveling Technique) tag

ganosan aeanny liuivey lumsda tazanuanumesnsveaunsosdnsnalunmsnan
A o Aam dy Y ay AR =& 1:_{] ay a 1 [ [
oMMt lsnurununsaany FuduFuanulugaa1inisuase nuNasTadiaassa

Y Y 1
o liruanuuaazasu ldedravinzay dmsumsiliwge  Fadireaenisiinllle uaziial
o [ [ [l <3 a dy o o [ o J 4 ) [ 1 4
Waee uaed1dlsnaiy matail 1 W Fdmsumssimuaauie§ MU AN YIVUIA

4
1w ] ) L o .
(Dimension tolerance) (MU U th Vb ﬂuﬂﬂﬂi mﬂ@ﬂ% ulﬁgf NU Geometric tolerance

VoIaUDIUL

a ad o ' A dy Yo o’ll 9 Il @ = o
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Tolerance class Permissible deviations for basic size range

Designation |Description [from |over |over |over |over |over |over |over
0.5 |3 6 30 120 400 1000 |2000
upto |upto |upto |upto |upto |upto (upto |upto
3 6 30 120 400 1000 |2000 (4000

f fine +005|+005|+01 |+0,15|+02 [#03 |+05 |-

m medium +01 [#01 |+02 |+03 |#05 [£08 |£12 |+2

c coarse +02 |03 |05 |08 [£12 |2 +3 +4

v very coarse |-- +05 |+1 +15 |£25 |4 6 £8

* For nominal size below 0,5 mm, the deviation shall be indicated adjacent to the
relevant nominal size(s).

[
' av A o

minnarenll amsuSasianulawazavan

Tolerance class Permissible deviations for basic size range
Designation |Description |[from0,5" upto 3 over3upto6 over 6
I dne_ £0,2 £05 £ 1
m medium
c coarse £04 £1 )
v very coarse
* For nominal size below 0,5 mm, the deviation shall be indicated adjacent to the
relevant nominal size(s).

tay A o o w
ﬂ1Wﬂﬂ!N§]‘YI'J‘1‘IJ MNIVVHIAYN

Tolerance class Permissible deviations for ranges of lengths in millimetres of
shorter side of the angle concerned
Designation |Description |up to 10 over 10 over 50 over 120 |over 400
up to 50 up to 120 |up to 400

f fine _ £10 £0,50 £0,333° |£0,166° | 0,083°
m medium

c coarse = 1,5° £1° x0,5° £ 0,28° = 0,166°
v very coarse |+ 3° +2° +1° +0,5° +0,333°
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Coordinate Measuring Machines

The fruits of leading-edge precision measuring technology capturing three dimensions

LEGEX Series

SERIES 356 — Ultra-high Accuracy CNC CMM

Achieving premium performance, the fived
bridge structure and preckion air bearings
running on rigid quideways ensure supenior
stability of motion 2nd wltra-high measuring
accuracy. Machines in this series are suitable
for complex, small- to medium-sized
workpieces such as gears, bearings, lenses, dies
and scroll rotors which must be inspected to
exceptionally high dimensional accuracy. The
MPP-3100 probe adds a s@nning function to
the standard paint-to-point measurement.

LEGEX 574

# The most accurate CNC CMM family is
launched, made possible by rigorous anakysis
of all possible error-producing factors an
elimination or minimization of their effects.

» A newly developed, ultra-high accuracy
crystallized-glass scale with the ultra-low
exparsion coefficient of 0.01x10-5K & used
on each auis.

» The fixed bridge structure and precision air
bezrings running on highly rigid quideways
ersure superior mafion stability and ultra-
high geometrical accuracy.

» Many types of optional probe systems are
available, includin%:s uch-trigger probes,
laser scanning probes, and vision measuring
probes.

Wity

LEGEX 774
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original standard
l%rpe scale (above) and
ultra-high accuracy glass CMM calibration usiny
scale with virtually zero a virtually zero the
thermal expansion (below)  expansion glass gage

Technical Data

Length standard:  Ultra high accuracy linear encoder
{glass scale with virtually zero thermal
expansion coeffident)

Guide system: Air bearing

Max. drive speed:  200mm/sec

Max. acceleration:  1000mmysec?
Air pressure: 0.4MPa (0.5MPa: LEGEX 9106)
Ajr consumption:  1200min

Guaranteed accuracy temperature environment*
Temperature range 20+2°C
Temperature change  Per hour 0.5K

Per 24 hours | 1.0K

Vertical 1.0K/m
Horizontal 1.0K/m

* When usng tempersture compersation system.

Temperature gradient

This machine Inmrporates a startup system (relocation

Main Unit Catection systern, which dsables operstion when
Startup System | 5y peagpeted vibration is appied or the machine i
relocated. Be sure to contact your nearest Mittoyo
prior to redocating this machine after initial installation.
Riafer i paga VI for detais.
SPECIFICATIONS
Model No. LEGEX 574 LEGEX 774 LEGEX 776 LEGEX 9106 LEGEX 12128
Range X-axis 500mm 700mm 700mm 900mm 1200mm
Y-axis 700mm 700mm 700mm 1000mm 1200mm
Z-axis 450mm 450mm 600mm 600mm 800mm
Resolution 0.01um 0.01pm 0.01pm 0.01um 0.01um
Accuracy*  Eopee (0.35+L/1000)um | (0.35+L/1000)um | (0.35+/1000)um | (0.35+L/1000)um | (0.6+1.5L/1000)um
PFTUMPE 0.45um 0.45pm 0.45pm 0.45um 0.6pm
MPETHP 1.4pm 1.4pm 1.4um 1.4pm 1.8pm
Work table Material Castiron Cast iron Cast iron Cast iron Castiron
Size 550 x 750mm 750 x 750mm 750 % 750mm 950 % 1050mm 1250 x 1250mm
Tapped insert | M8 x 1.25mm M8 x 1.25mm M8 x 1.25mm M8 x 1.25mm M8 x 1.25mm
Workpiece Max. height | 706mm 696mm 867mm 861mm 1056mm
Max. loading | 250kg 500kg 500kg 800kg 1000kg
Mass (main unit) 3900kg 5000kg 5100kg 6500kg 10500kg

* The machine is equipped with the temperature compensation system.
According to 150 10360-2/4/5 methods when using the MPP-3100 probe system

L: Measuring length (mm)
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Sﬂ’ay,ammmsma%’damhﬂmmmmﬂﬁammm%ﬁm CNC Machining Center
(BRAND HARD FORD) Model: VMC-1600 S ﬁmﬁm”lumwwmﬂﬁ' 33 “?Q?‘i?ﬂ’ﬂu
AMAIAADLYBUATEITN i deHaRDTZoz 1) TE NV IH Y Inspection Jig 1Ag@59 1) Safi

- Position Accuracy fip A1AMITBINTIVOIRIMU
- Squareness Between 2 Coordinate Axis (X,Y) Ao ﬁwmimﬁauﬁmmm?m%’ﬂi
CNC Machining Center THRANQUUAY X 1182 RAMAUUAAU Y W0 9 AU dauaasly

MWAUINT 91 1Bg MWAUINT 92 Repeatable Positioning A A5 Iuduryaawy

Squareness Between 2 Coordinate
Axis X

MWHUINA 91 A Squareness Between 2 Coordinate Axis X

Tagn1sindouNUeUATEIINT CNC Machining Center TUTAMIIUUILAU X A1

Squareness Between 2 Coordinate UDILNU Y waawaliinasmanunaiamaey

Squareness Between 2 Coordinate
Axis Y

MWHUINA 92 A Squareness Between 2 Coordinate Axis Y

Taofin151AA0UNYDUATEIINT CNC  Machining  Center 1UNANIILUUILAY Y

A1 Squareness Between 2 Coordinate ¥94LnY X 3z danaliinasinnuaaanasy
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MWHUINT 93 1AT9990T CNC Machining Center

Machine Error
Description Axis X (mm.)
Position Accuracy + 0.02/300
Squareness 2 Coordinate (X,Y) + 0.03/300
Repeatable Positioning * 0.004

MNWAHINT 94 AT NUTAIAIANUAAIAATOUVDIUATOIINT CNC Machining Center
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1. The 5" TSME International Conference on Mechanical Engineering, 17-19
December 2014, The Empress, Chiang Mai, Imperial 2 (Applied Mechanics, Materials and

Manufacturing). AMMO07.
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