msiiulgsnszuaumsmaniuanudadugioaiities

U

(Y] a daAa aq’
ﬁ?ﬂﬁﬁﬂﬂ”l‘iﬁllﬂx‘l“]fﬂﬁ cumh : ﬂ‘itﬁﬁﬂ‘bﬂ YUIIH Oil Seal Case

PROCESS IMPROVEMENT FOR ALUMINIUM DIE CASTING

BY SIX SIGMA TECHNIQUE: A CASE STUDY OF OIL SEAL CASE

U 1HANUAND

mstunhdaszilfudanmiisvesmsfinmmmingas
Payanusmsganonrmtiadia 35 enmsIAMIIAINIINGIND
AMZUIMITFING
unInendamalWlag NrNINATYLYS

Ynsfnu 2558

dvansvesriIngnagmnalulagNvNINasYYS



14 14
a K

msi5uisanszuumsnaniununavuzilegiitites

U

(Y] a daAa aq’
ﬁ?ﬂ‘l’iﬁﬂﬂ”l‘iellﬂx‘l“]fﬂﬁ cumh : ﬂ‘itﬁﬁﬂ‘bﬂ YUIIH Oil Seal Case

HIUF 1HaNUAND

msfunhdaszifiudnmiivesmsinmmmingas
PIyauarmsgsnanmvaha 3519nMIAMNIIAINTINGIND
AMZUIMITHING
unInendamalWlag NrNINATYLYS

Ynsfnu 2558

dvansveariIngnagmnalulagNvNINasYYS



ar

k24 b Y a
JVaMIAUANBTIL

&
o - Mwana
J¥uen
21015815010

Umsainmn

o = Q‘J = é =
msdTulsanszuiumskanruanuRavnglogiiioy
AONANMTVDITNT T3 : NIAANEIFUAIU Oil Seal Case
Process Improvement for Aluminium Die Casting by
Six Sigma Technique: A Case Study of Qil Seal Case
WIUHIUT 1HANUAND
M139ANIIIAINTTUEIND

o o ar d
PINIOTYITAU grssz, 154

2558

AMZNTINMSAOUMIAUA DT

S
AUTUINITFINY UMIIMEIauna Lu ladsyuaasyys syiansduaivaszatiuil

(’E’]Wﬁﬂ/ﬂﬂﬂ‘i Wnigna. no.a.)

. UsEBUNTTUMS

........................................................................................................... n3TUNIT

(M ans191s0gnns g, Us.a.)

J'/VL{N ATINMS

o o o o
(@305 gasseiz, 1s.a)

e o

= 1 = = o vooa
Wumuniivesnsanmmunangasdsyanurniudia

(’ ?&w ) . )
jmauw AMUANNZUTNITFINY

g < -
(AF M aninsiunsi Fousna, 15.9.)

Ui 5 @Y UQUIBY WA, 2559



P4
=

v Y 4 Y a [ a Qy =S = 9
HIVINIIAUANINOAITS miﬂﬁ‘u1Jqqmzmumiwammmﬂﬂmugﬂagmuﬂumﬂ

@ a Jd a ' 2
HANNITUDIENT HNU : f‘liii!ﬁﬂ‘]el"ﬁfu\ﬂu Oil Seal Case

¥o - nwana YT (HAUVAND
Iruen MIIANITIAINTINFIND
a’d‘ o 4
o11safif5n 9191385 yITa gassae, 1s.a.
Umsanmn 2558
(% v
UNANEd

e

=Y

9 Y a Jd A R Y] A
NTIAUANBDATSU 1J3@11:31JﬁzfmﬂLweﬂﬂmuuamﬂumﬁﬂmﬂ§Qﬂi$‘mumiwamm

2 Y o

= a A a Jd A 1 A Y v Aa 1 a =

amugﬂagmuﬂu Tﬂﬂcl“]fﬁﬁﬂﬂ"lisllﬂﬁ“b'ﬂﬁ SFNN LW@ﬂu‘H"Iﬂ‘DfﬂEWI‘JJWﬁﬁ’f)ﬂ"li!,ﬂﬂ‘ll@\uﬁﬂ 1u
a ay = dal A A A [ FY A a A

ﬂszmumiwawmmnmugﬂagmuﬂu LW’E]‘H1LLM’JTINGlHﬂﬁ‘iJﬁ‘UTJEQLLﬂul,‘ll INDAAUDIUTYN

a X = < . = ¥ a X A

INaUU Tﬂﬂﬁﬂ‘]&!'lﬂﬁ“lﬂ!ﬂ']u Oil Seal Case ﬁﬂ‘]&ﬂﬂﬂllﬂﬂiﬁiﬂﬂuﬂﬁﬂﬂ‘uugﬂ Ulﬂﬁ]uﬂ\iﬂﬁﬁﬁ’ﬁ]ﬁﬂﬂ

) Y ' 1 Yy 9

mum@uqﬂmﬂ ﬂaummmmslwgﬂm

2 g an a J a . . = Y
INNTANYININVUADULALITNITUDIYNE NN (Six Sigma) ¥9UsznoualY 5

g P

) v ) Y
YUABDU ﬁ@ I.G]JHV’I’E]Uﬂ'ﬁL!EﬂiJﬁﬂJW'I 2UADUNITIA S UVUADUNITIUATIEH 4. VUADUNIT
[ H 1 A A a = I A AA A
ﬂiﬂﬂ?\‘l S.TUW’E]‘Llﬂ'ﬁﬂ')‘Uﬂ?J WU ﬂJ@QLﬁﬂﬂLﬂﬂﬂ’lﬂﬂiy’WW Pin hole L‘]J‘Llﬂ]@\uﬁﬂ‘ﬂﬂ JUIUUIN
I v o & = 1A 1 =
Lﬂuﬂuﬂuwm Tﬂﬂllﬁ’]lﬁﬁ]ll’m’lﬂ ﬂ’lﬁﬂﬂﬂl!UULLNWMWﬂNLWN1$ﬁN Lla$ﬂlﬂﬂlﬁﬂﬂmﬂ1 Roundness
I A Aa I [ =\ : o = 2 =
NG. Lﬂummmwuﬂ?mmmmﬂu@mm’dm Iﬂﬂﬂﬁﬂﬂiﬁhﬁﬂﬂ Jig IUVYAFUIIUANNTO
@ a = . 4
WaFﬂ’lﬂﬂ?iﬂiﬂﬂ?\iﬂﬁ$ﬂ3uﬂ'ﬁﬂaﬁ ﬁ’li\l'liﬂaﬂ"]]ﬂ\ilﬁﬂﬂﬂluﬁ? Pin hole m"l@ Tﬂﬂaﬂa\i
A a g 9 = Y
910 10.17% tYia® 5.57% ﬂmﬂuiﬁ)ﬂaz 45 Llﬁ$aﬂﬂlﬂﬁlﬁﬂﬂﬂluﬂ'l Roundness NG. E‘Nllﬂ Iﬂﬂﬁﬂﬁ\?
a g 2 A 2
N0 1.42% Wid0 0.02% aaludesaz 99 Laz @I ANRLANUAINITANTLUIUMS (Cpk) ANV
I 2 o Y a 1% @ o £
910 0.73 101 1.20 ‘:INENﬁ']ﬂJWﬁﬂGlGIﬂ!u'J‘ﬂﬂ!’!ﬁZﬁaﬂﬂTi sllfﬂfJWﬁﬂTﬁﬂﬁUﬂ?QlemﬂﬂJﬁTﬂU“ﬁUQTU

oun 14

Y
=

a ) 0/ a le =) a A
FNU ﬂ”liﬂi‘iJ‘iJ?\iﬂi$°]J’Ji!ﬂﬁWﬁ@] %umuamugﬂagmuﬂu

mafe - Fnd

o

3



Independent Study Title Process Improvement for Aluminium Die Casting by

Six Sigma Technique: A Case Study of Oil Seal Case

Name - Surname Mr.Thanes Laokhetkij
Major Subject Business Engineering Management
Independent Study Advisor Miss Thawarat Suwanna, Ph.D.
Academic Year 2015

ABSTRACT

The objectives of this independent study were to 1) investigate the factors causing
excessive wastes in the aluminum die casting production process by implementing the Six Sigma
principle, and 2) reduce the wastes during the production process. The Qil Seal Case was selected
as the experimental case in order to examine the process from the die casting step, the first step, to
the final inspection before handing over the products to the customers.

The way to implement the Six Sigma in the production was classified into 5 steps: 1)
Define the problem, 2) Measurement, 3) Analysis, 4) Improvement, and 5) Control. The results
revealed that Pinhole was considered as the most problematic parts causing excessive wastes
because of the unsuitable mold design, and Roundness NG of the Pinhole was considered as the
second problematic cause of wastes resulting from the machining jig erosion.

The outcomes from the production process improvement resulted in the reduction of the
Pinhole wastes from 10.17% to 5.57% or 45%, and the reduction of the Roundness NG wastes from
1.42% to 0.02% or 99%. Moreover, the process capability (Cpk) increased from 0.73 to 1.20. In
addition, it also revealed that the concept and principle of the Six Sigma could be applied to
improve other problematic production circumstances.

Keywords: Six Sigma, production process improvement, aluminum die casting process
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15. 9ANADUINAY 660°C

16. 9A1ADA 2450°C

17. anuiouursveImsvasuazaly 93 Callg

18. 9 INMTHAAINNTNINUADULIAD 6%

19. S1l5ANT M3V 20°C 23.8%10-6 mm./°C
20, ANUFIUMUIUWIET 20°C 2.699 micro - ohm.cm
21. anudounrsveamsnaietiule 2260 callg

22. Tﬂsm%'wwﬁmﬂmm‘u FCC
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23. Tensile strength 8.9 - 10 kg/mm?

24. Elastic elongation 3 kg/mm?

25. Percent elongation 40 - 45%

26. Hardness 16 - 20 HRB

27. Modulus of elastic 7800 kg/mm?

(Callister, 2548)
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Atomic Percent Copper
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Al-Si Phase Diagram
= Weight Percent Silicon
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Weight Percent Magnesium
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2.10 NSZUIUNTHAAT U Oil Seal Case
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1. psEUIUMITHADN (Melting)

i "
, ¥ X = = ar
2. asvdeUdIUNANIeg o 6. NTZVIUMITNANNATIN 2 (M/C #2)
(Aluminum composition check)
7. NIZVIUNITATIIE DL
3. N5EUIUMTHAD (Casting) | (Final Inspection)

4. M3AA Gate 1A% Over flow 8. NTZVIUMITVTTY (Packing)

(Gate & Over flow cut)

9. AFZVIUMTINA

5. NTEUIMMINAINTIN 1 (M/C #1) (Delivery)

v Y
MAUN 2.7 LLNHN\‘lﬂTiulﬂﬁ (Process Flow Chart) ¥93N13WNaA%UI1UY Oil Seal Case
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Gage R&R (ANOVA) Report for Measure
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Gage R&R

$Contribution

Source VarlComp {of VarCemp
Total Gage RsR 0.147%9

Repeatability 0.1342 2T

Reproducikbility 0.0137 0.13

Operator 0.0137 0.13

Part-To-Part 10.3649 98.59

Total Variation 10.5128 100.00

PFrocess tolerance = 13

Study Var %Study Var %Tolerance

Source StdDew (3D} (& = 5D} e (5V/Tete=x
Total Gage RsR 0.38453 .3072 @ @

2
Repeatability 0.36632 2.1379
Reproducibility 0.11694 0.7014a 3.6l 5.40
Operator 0.11694 0.701&a 3.8l 5.40
Part-To-Part 3.21944 19.3168 99.29 148.59
Total Variation 3.24234 15.4541 100.00 149.45

Number of Distinct Categories = 11
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ﬂ]Wﬁ 4.6 LAANINANITAUATIEHHINIANUNANDIAVDITEUUNITIAN 1 Roundness Iﬂﬂslalf

Tilsunsud3agimaada

4 4 @ a '
ﬂ]ﬁ]\?ﬁ 4.2 HAAUNUNNITYDNITULASHANITAUANTIEY Gage R&R Study

I 12 Y @
e lumssausuANNANLYsYeIsTUUMTIA

PRSI ERTER: - ,
5 WA AATIZH
ITVUMIIA gousy  eansuuuviNeuly  luseusy
1. Contribution <3% 3-10% > 10% 1.41% YONT
2. Study Variance <10% 10 - 30% >30% 11.86% gauSuuuuiideu lv
3. Tolerance <10% 10 - 30% >30% 17.75%  sausunuuiiaeuly

a 4 [ { { 1 a g
NaN15A5121 Gage R&R Study AININA 4.6 1AZA1T 19N 4.2 WUNHANTAATIZHA
v 9
Contribution NAUMIAY 1.41% Wa1eAnud A1nNulslsiuimatuninmsiauasainane
anuudsdsiulaesmuesszuumsia YAUMNY 1.41% uagal Study Variance 11ag Tolerance

1 1" o o w v 1 4 [
Taumnu 11.86% g 17.75% anuaiay Gt]?ﬂﬂ”lul,ﬂm“ﬂﬂﬁﬂi’)ﬂi‘u
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42.1.2 ANBI5LUUMIIA Attribute Agreement UDIN1TATIVADU Pin hole
@ 1 I
Tumsdnpiszuumsialunisasavaeudounwsod Pin hole N15A5IVADUIZIY U
@ Il A IR 2 g 9 o . 9 o
anvaiz HIUK50 1Y (Go/No Go) Gl udeyariy (Atribute data) Tagin3 a0 3 AU 1INT
2 2 H U { ' v L I
ATIVADUFUIIU 20 FU AUAL 2 159 A2eMsdu Tashgasivdova lunswnsuaulaiu
2 a a £ o X L A
FUNUA HIDFUNUAY FUNUN UNTATIVTOL AD
Pin hole 1 @ 102 mm.
1. 89151 Pin hole @ < 0.5 mm. 3 99 3ZHLHNVDIUMAALYA > 50 mm.
2. 89131 Pin hole @ < 0.2 mm. 3 99 52HZHINVDAAALYA > 10 mm,
] o . X A Y
3. ligousV Pin hole Moluiiufl 5 mm. 91NH11 Gasket
Pin hole# Gasket surface
1. #9151 Pin hole @ < 0.5 mm. 3 9@ 3ZHLHNVDIAALYA > 50 mm.
2. 89131 Pin hole @ < 0.2 mm. 3 39 52U INVDAAALYA > 10 mm,

HAN1TATIVNOL LAAIAIAIT19N 4.3
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v Y
A1519h 4.3 HaN1IAIIVTDUAUNIWUDITUIU UYLy Pin hole

HAMIATINADLFUNY
s AMMMOL - S - r N r
Fuaun Y winauaui 1 winnuaun 2 winauaun 3
EER
adait 1 adait 2 adait 1 adait 2 adait 1 adait 2
1 G G G G G G G
2 NG NG NG NG NG NG NG
3 G G G G G G G
4 NG NG NG NG NG NG NG
5 NG NG NG NG NG NG NG
6 G G G G G G G
7 NG NG NG NG NG NG NG
8 NG NG NG NG NG NG NG
9 NG NG NG NG NG NG NG
10 NG NG NG NG NG NG NG
11 G G G G G G G
12 G G G G G G G
13 G G G G G G G
14 G G G G G NG NG
15 G G G G G G G
16 NG NG NG NG NG NG NG
17 NG NG NG NG NG NG NG
18 G G G G G G G
19 G G G G G G G
20 NG NG NG NG NG NG NG

J o ¥ @ 1 . . 1 1w
43 NUMANUAINITD IUNTIAFIVOINENIULABZAY (Within Appraisers) HAUNIND 100%
A3 1o 1B 89UDINITNIIU(Each Appraisers VS Standard) AT 1 1ag 2 FAMNIAY 100% AU
1 1 (%3 a =) Q 90‘ .
3 UANMINY 95% Uszaninanua 1150 UM sIATIUe9n15ATIVT0U (Between Appraisers) U

ANNINY 95%uazseansmnaniiu1ieuBeaveean13nTI9a 0 (All Appraisers VS Standard) 3

1 T o X ] 4 Y [ { {
AUNINY 95% G?QW’]HLﬂm“Wﬂ’]iEJ’E]ﬂJﬁU @Nﬂ’]W‘ﬁ 4.7 LLazmiNﬁ 4.4
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‘lﬂﬂNﬁfﬂiﬁﬂ‘]ﬁTﬂWiﬁi’J%ﬂ'ﬂUﬂmﬂTW‘U@Q%HQWH%@Q%@UﬂWi@Q Pin hole J1f1519%



Assessment Agreement Date of study:
Reported by:

Name of product:
Misc:

Within Appraisers Appraiser vs Standard
100 X 95.0% CI 100 X 95.0% CI
® Percent ® Percent
95 95 L
2 90 = 9
[} [}
4 4
[ [
o 85 Q- 85
80 80
75 75
1 2 3 1 2 3
Appraiser Appraiser

! 4
MNA 4.7 uaaennua o lumsiag1veaniinau (Within Appraisers) tazsz@nsnaniu

l3ito1B89909nN15A5I9EOU (Appraiser VS Standard) NF1AIINFOIU 95%

H P o a s
ﬂ131\3ﬁ 4.4 UAUNUNNITYDUIVUASHNANITAUATIEH Attribute Agreement NI1TATIVHDU GU'O\‘I!,%EJ

Pin hole
V2 wains - winew wiinauy e
A370 . ) p y
IR AUN 1 AUN 2 AUN 3

1. anwamnsalumsiaghuesminanisazau 90% 100% 100% 100%
(Within Appraisers)
2. anu litewdesveanminausazay (Each 90% 100% 100% 95%
Appraisers VS Standard)
3. 1l5zAnSmannuannsalumssasueans 90% 95%
M93999U (Between Appraisers)
4. szanswanny liwwdssvesnsasinasy (All 90% 95%

Appraisers VS Standard)

4.2.2 MIANEIANNANNTOVOINTEUIUMT (Process capability)
MIWATIEHANUANNTDVBINTEUIUMSVBIvBuTelunszUIUMIHAR AAns1Tdih

< v a & A o A
MINVUDYAVDIUTININNA 9 1ADU ﬂ\il!ﬁﬂﬂiuﬁﬁﬁ‘ﬂ 4.5
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] v Y
M3197 4.5 NUIUVUTINAATU IUFIUADY UNTIAN - NUEU 2558

0102

Die

Month Production Pin Roundness Flatness Incomplete Crack Cutting lubricant  Other Total
hole NG mark NG
NG mark
Jan 15,436 998 712 1,288 1,205 540 6 42 83 4,874
Feb 26,958 3,560 2,898 381 121 47 660 322 410 8,399
Mar 21,118 3,544 1,146 0 194 153 225 75 297 5,634
Apr 17,208 1,893 459 876 461 279 525 33 205 4,731
May 19,120 1,415 2,335 1,918 120 470 0 182 179 6,619
Jun 19,156 1,192 1,056 1,726 1,508 702 39 55 86 6,364
Jul 19,098 961 2,694 1,588 604 243 0 596 42 6,728
Aug 7,225 648 756 351 227 0 0 0 4 1,986
Sep 19,138 2,522 846 28 384 28 33 128 147 4,116

. J o & . g
0.139 HININN1 0.05 AHUTOYANITATIVAOU Pin hole N 1ATaD 0 1Tl Ut

9
iﬂﬂuuﬁ'lﬂﬁ“ﬂﬂﬁ@ﬂﬂ’ﬂllﬂﬂ@]ﬂl’t’]\iﬂ1illﬁ]ﬂllﬁ]\1ﬂsl}ﬂi,l“ﬁ HAZWUIA P-Value UAUNINY

uuulnd aauaaaluainn 4.8

99

95
90

80
70
60
50
40
30

20

Percent

Probability Plot of Pin hole
Normal - 95% ClI

QU

Mean
StDev
N

AD

1859
1108
9
0513

P-Value 0.139

1
-3000

2000

1000 O

1000

2000 3000

Pin hole

4000

5000

5000

M 4.8 LLﬁﬂQﬂSW\INaﬂ1i‘1/]ﬂ?fi’)']Jﬂ"li!Lﬁ]ﬂllﬂﬁsﬂlﬂyaﬂlﬂﬂﬂﬁ@]i]%ﬁﬂﬂ Pin hole
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MNIAATIEHOATIEIUYDUT Pin hole 1INNTZVIUMT aauaadluninm 4.9 uay

WU DATIAIUVDUTEUAUNINY 10.17%

Laney P’ Chart of Pin hole
Summary Report

Comments
Is the proportion of defective items stable? The proportion of defective items is stable. No subgroups are
Evaluate the % of out-of-control subgroups. out of control.
0% > 5%
ves No

0.0%

Laney P' Chart
Investigate any out-of-control subgroups.

025
020 —I—II UCL=0.2031

0.15 //\
0.10 / / P=0.1017

Proportion

0.00 LCL=0.0004
N A\ N\ 4
1 2 3 4 k] 6 7 8 9
Subgroup
Number of subgroups: 9 Total items: 164457 % Defective: 10.17
Average subgroup size: 18273 Number of defectives: 16733 PPM (DPMO): 101747

NN 4.9 1AAINT1OAT 1ALV Pin hole

VINMIIANHITLVVNITIA YBIN13IAA1 Roundness 11aZN15ATIVEADY Pin hole W71
sruumsdalilsz@nsamlumsasiagen HazInNIsANEIANNAINITOVOINTZUIUNIT

[ I a 1

NWUN ﬂ13LL%ﬂLL%Q%@Q%ﬂgﬁlﬂﬂﬂ?iﬂigEHTEJLL‘U‘]JTJﬂGI LLZWﬂﬁzU’JuﬂTﬁ@giuﬂTiﬂ’JUﬂM
:.’/ a d M

4.3 YHADUNTUATICTH (Analysis Phase)

a L4 3 o oA 1 a o
Tumsamnzigilumsauniitentinglinanemanalym sz ldvanmsszau

U4 1oy Why-Why Diagram Tumsinser
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43.1 MIWATIEHIEHAVeeTynT Pin hole

4 H
nndoyanniuaeulumsianun dwrisinailyn Pin hole vzog ludumis

v v
MUDUUIFUNY aauaadluninm 4.10

4 oA da .
MNN 4.10 Uil’]iuﬂtﬂﬂﬁiyﬂ1 Pin hole

a 4 .
Ansgdmannguesllayn @1ensszanaued 1aen1s 1% Why-Why Diagram #4392
Taanuuzemsndinasomsinaaym tazdungueslym dwaaslunni 4.11
a J ! < { ° a
91NN5ATIZHAI8 Why-Why Diagram Wu1 Usgiduvesauvanenvziiliing Pin

hole &09@ YA Ao MIPOAUUVILNUW LI 1ag Casting Condition Timanzay
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1393U

— Man > ladfiidienn Wi
ansinausy
wFaude a1 daN1g
| Casting Machine Nitrogen %2 MANTATIARAY
Pressure . 5 .
. Hydrolic pump t&a ——> 21an1s2daN1ingg
LinseauInTFIU :
| Machine —| oG vRunner aanuuy
Liungau Tinngau
Overflow aanuuy
N . ‘
Tiwangau ‘Liwmangau
Pin hole ]
> Die Air vent am6iu "Lummiﬁli?aﬂan
MUNANAINUA
| @gmsldnu AIANITINIUHY
UINATFIY WHANNNALNY
aounqd I ”
ST = sTUunRaLiuandiy —> MANTATIAFAL
Ti'leauanasgiu a
Castin: r
ng /> Cldwangay
Condition
auunqi [
—>] Method ~APar Ti'leauanasgu
iagiilau
mMsyinaNudzan s
y = LidFiceru Wi
Wagfitau
Ingot insea1u STD
drunaunaLadl
ANIWAN Ingot Ay
Scrap
—> Material
wilno UG ia
au Wi
Uagfitian
Ligzaa
Ti'lsvinanugsain

MW 4.11 uaasm IR mgmanaidaym Pin hole 1ao1% Why-Why Diagram
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a 4 a 4
’JLﬂiWﬂﬂ'lﬁ'lm@]"U’éNﬂiyﬁ'l Pin hole ﬁjﬁﬂﬂ'licl%} Simulation Software 91NN1TUATIEH

MIVOAUUULNNUW SNHULUDIUANN aduaadlunIng 4.12 uagHaminaey aaaasly

NN 4.13

Die No.4

Gate thickness = 1.5 mm

MU 4.12 LAAISNHUSUDIINUW

Temperature(deg.C?

5. Die No.4
636.0

B27.0
616.0
605.0
594,0
Be3.0
572.0
Be1,0
B50.0

MNN 4.13 uamwmmmﬁmawzﬁﬁw Simulation Software
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a 4 J a 2 1
mmammmmwﬁ’m Simulation Software WU'J'IQQ!‘HQﬂJ"U'E]\?GIfUQ'IUﬁﬂ'J'INLW]ﬂﬁ'N
Y 1 a o 2 o a IS v 3 A
AUNUINTEUINUINIU Runner N1 ﬁ'mummwmm ﬂ11ﬁlﬂﬂﬂ1§tlﬂ]ﬂﬁ?ﬁ?!ﬂu1ﬂ Lm%ﬁ'ﬁ]'lﬂ'lﬁ
Y 1 :ﬁ' 2 . [ 19y ] Y2 g
ﬁﬂﬂ?ﬂ@gﬂ?ﬂiuluﬂﬂlﬂﬂ‘ﬂuﬂ'lu Oil Seal slumgmmﬂmuu Ul?Jﬁ'lﬂJ'liﬂiZ‘lJ'lfJﬂﬂﬂllﬂ ‘ﬂf\?!ﬂuﬁ'ﬂﬂﬁ!
1iAatlayw Pin hole
a 4
432 ﬂ']'i')!ﬂﬁTgﬁﬂ']ﬁHWﬂGllﬂ\?ﬂﬂluﬁ"l @ 102 Roundness NG.
=t

v v '
mm’f@gaﬂ”lﬁ'mﬂmumumim wmmﬂymzﬁmﬂﬂmm Roundness NG. 9ginaLiy1

gu lutidwmiamsimaiuwiven anvauzilayn Roundness NG. asuaaslunini 4.14

AZBF#C#D

Spec. Roundness 13 um. max.

MNN 4.14 naaanbuzIanl Roundness NG.

a o :
Ansgdmannguestlynl A1en1352ANANY 1A8n15 1% Why-Why Diagram #4392

ladnuazomsndinanemsinatly tazawiguesdaym awaaluning 4.15
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> Man > lulfddenn Wi —>  nanisilnausu
‘Liflauaunsa N
) > aanTdantng
Tun1s machine
= Tapping Machine
Machin .
achine > ldnnzan
Parameter
] Cutting —>1 dnvisa
Tool
Roundness N Machine ||
Li'ldmiuniessiu
] Tool Holder > dnvisa
dnwsa
> Jig & Fixture
usvduaulunisiuia ..
g > WIIAURNARN
Liiaawa
> Method — m‘ﬁuﬂau_'(un”ﬁ > lnnzau
machine

MNN 4.15 naasmsanszimauamanalam 0 102 Roundness NG. 1ol Why-Why
Diagram
a 'y . ' < A <
91NN1331AT11 A28 Why-Why Diagram Wiz uaungnernasziuaimigues

ey#1 A9 Cutting tool ANN50 1A Jig & Fixture ANN50

o o
4.4 YunaumM 3150133 (Improve Phase)
9
VINTUABUNITUATIZHANUY A UMV IN15AAT Y717 Pin hole AD N15ONIDY
1A o ] . g’/ o - o 4 1

wiun gy e luvuaeumsdSudyatiazinmsud lulaeldseWuasnunsoluns
a s A4 q oy y = o 1a ¢ Ay 9 ¥
Ansrzdmseonuu e 1w Iduuuiinzay uazinimsud luiiuiawi ldesnuuu'l3

a1 50111 ©102 Roundness NG. @111An151AA A9 Cutting tool ANHTO 1AT Jig &

s
o %

. = = 3’/ @ dy o = [ [
Fixture 70150 B3 luvuaoumsilsulysiisgiihmaaesaung lhihmsAnyuazihnmslsvilge
uf Ty

4.4.1 mydSualgailym Pin hole
= a o A A 9 . . ' 1a  Jdaq ¥
MNMSANYIIATIZHMS Inaveegiitionale Simulation Software WU WU NUHTA 14

' ] < o a .

aglimsoenuuy limunzan Wuaungii ldinalym Pin hole
v & =2y yd 9 A o 9 o 1A o 1A g
asiude ldsiimsdsegudinerdos imorhdeya lvhnmsesnuuundiiu wazuinum

4 o 4
Peanuuv vy aataadlunnn 4.16

58



1 o 1a P 1
ﬂ]‘l"lﬁ 4.16 uaasanyuz v NUWNoonuUy vl

[

A = = A Yo o 1a d Aa dy
VINNINA 4.16 dzwu NN WwazBean lasumslsulannuinuiay Al
1. aN¥YULYDI Runner

A W = I I 1 A 1Y) [
-nvuanmInuaaeauyd lasuiuaavuianluyig o e sliulgeon

H a o =
ﬂﬁll‘ﬁﬁall’fNHWSQ‘JJLHﬂll aataaslunng 4.17

d‘ = v ! v
MNUN 4.17 WSeuNeUan Y UL VD9 Runner NOU - a3 ﬂﬁ!!,fgﬂ"ll
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a { <
- ANUUUIVDY Gate Runner 10LAN 1.5 W, Lﬂaﬂmﬂuﬁgﬁuclu 1.5 Wy Ll,azﬁsfmuﬂﬂ

2.3 3. aanaaalumni 4.18

M 4.18 1W50URsVANUNUIUDI Gate Runner DU - HAI MTUA 1

2. ANHULVDI Over flow
- AAVUIAVDI Over flow HAZIUIUVDY Gate 310 § N 1HAD 3 N9 Aauaadlumn

N4.19

MNA 4.19 150NV AUZUDI Over flow NBU - AT MITUA 14

3’, o 9 1a AN Y ] o a 4 a A
mﬂuummagammzmwmwv”l,ﬂaammu“lwu mmmiamiwwmﬂwammagmuﬂm

k) . . = g’/ ~ Y a Jd @ ~
#1738 Simulation Software NI !Lagwaﬂulﬂflnﬂﬂ"liﬁllﬂi"lgﬂ ﬂﬂl!ﬁﬂﬂiuﬂTW‘V] 4.20
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Temperature(dsg.C}
660.0
649.0
A38.0
B27.0
616.0
605.0
594.0
683.0
572.0
561.0
550.0

MU 4.20 LAAIHANINMITNATIZHLUNNNNoo LY 1MA28 Simulation Software

~ <3 Y %’ a A E) a Bo‘ a A
1NN INH 4.20 vziin 18 11n1s Inaveuiwgiifsuauyseia gurgiveniogiition
° A ' o = A ' o Y]
auaued luuanaesnuun wag liliomemaosd eimadmisaszieesn 1183 Over flow 14
[ g’/ = 9Y o ra e’dy o Y ra o d' a
g Idiemseonuuuudnuwi lvimsadaainuiive 15l umsnan
4.4.1.1 MINAaoINaaaeuUnNnoonuuyIn
o p. ] a2 ' A 9 ¥ = Y o a A
nasnmsa Rl e ldeenuuuld 39 1dvn1snaaninan o
a [ I { A 4 1 o a £
aaauna uldaun'ld21n129 910 Simulation Software H30 13 Tagi1n1IHAATUIIUY

112U 2 lots Han laaauaaslumsan 4.6

M9 4.6 KANTNAADINAAINLN LW N OB NLLD J9)

Lot Production Pin hole o\% Flatness NG Other Total NG
Roundness NG
1 1600 305 103 10 19 437
2 1600 316 106 20 13 455

S o Ay Y [ a Jd v U = . = ¥ o
fl]'lﬂuuu']W'ﬁﬂulﬂﬂ']ﬂﬂ'ﬁﬂﬂaﬂﬁhlﬂ‘vnﬂ'ﬁ']Lﬂi'lgﬁ'ﬂﬁi']ﬁlu"“ﬂﬂﬁﬂ Pin hole 8NA33 AN

{ LK% 1 T W % A g ! o
uaad U N 4.21 LAz NUNOATIFIUVOUTUNIND 19.4% G'memumﬂﬂaummmﬁ'"lm
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Before/After P Chart of Pin hole

Summary Report

Was the process % defective reduced?

Comments

(o] 0.05 0.1 = 0.5
,
Ve T |No
P = 1.000

After a process change, you may want to test whether the %
defective was reduced:
* The % defective was not reduced significantly (p>0.05).

Pin hole - Before

Pin hole - After

1
t UCL=0.2237
|
I

o20s g —=—% | P=0.1941
|
h LCL=0.1644

5 o \\ 1

I

AN
E \\_ —
0.10
|

; '

I

I

\\\/ |

0.05- i

1 2 3 4 5 6 7 8 s 10 11
Number of Average Number of

Stage Subgroups Subgroup Size Total ltems Defectives % Defective PPM (DPMO)
Pin hole 9 18273 164457 16733 10.17 101747
Ph 2 1600 3200 621 19.41 194063

H @ 1 a 1a o ]
MNA 4.21 1aaInI1MOAIITIUVDUTEY Pin hole 1INNITNAADINAAIIALUNUN 1)

4 13 { [ Y Y o 4
iosnnwamsnaaed luiulamnaanda1d 39 ldhmsdseguivoszauauodn
g o a 4 1A o g o A 4
A53 uaginsuATIziuazun luuuiunonase Tagin1sinIu1Av09 Over flow 199910
H Y
Aunieinalyn Pin hole 0guSNAUAUULYDIFUIUING 9 71 Gate Over flow 518821500

ﬂ'lil,l,fsﬂGU waraslunmni 4.22

w2 A
A7ui SR 1

MU 4.22 1AAININNTUA Tut N ANUUIA Over flow
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s Y 1]
NUUNINITNAADINAADNATI Lﬁﬁ]ﬁﬂﬁﬁ\lﬂaﬂiillﬁjﬂﬂl Han1snaaod adaasly

=
M1TNN 4.7

15199 4.7 LEAINANIINAADY ﬁaw\‘lﬂﬁl,!f%mlsll

Lot Production Pin hole Rou:di\c;is NG Flatness NG Other Total NG
1 1100 57 95 3 15 170
2 1100 67 98 0 22 187
3 1100 79 30 2 6 117
4 1100 83 22 8 13 126
5 1100 60 56 1 14 131
6 1100 47 35 4 8 94
7 1100 64 48 11 15 138
8 1100 51 16 7 7 81
9 1100 63 35 2 7 107
10 1100 42 . 6 13 82

¥ Ay ¥ o a Jd v ' = . = y o
i]'lﬂ‘L!‘L!‘lHWa‘ﬂ1@%1ﬂﬂ151ﬂﬂa®\ﬂﬂ‘vﬂﬂﬁ’)!ﬂﬁ%ﬂﬁ]ﬁﬂﬁ'?ﬂ%@ﬁlﬁﬂ Pin hole 8HA33 A

uaaa TN 4.23 1AL NUNOATFIUVBUTININY 5.57%

Laney P’ Chart of Pin hole
Sigma Z = 1.61838

0.09 UCL=0.08931

0.08
0.07
0.06

0.05 ./ /.\\/

0.04

2 P=0.05573

Proportion

0.03

LCL=0.02215

0.02
1 2 3 4 5 6 7 8 9 10

Sample

1 [ ' a 1a o 1 @ A
ﬂ"l‘W‘ﬁ 4.23 LLﬁﬂQﬂiWﬂ@ﬁﬁ?ﬁﬂuﬂJ@\?laU Pin hole Gﬂ'l'f‘lf]'li°I/'I§'T(,’1’EJ\‘]WZ‘WI%'lﬂl,l,ll°I/‘I1I°I/‘|Gl,°lfill HAINITINY

VYUIA Over flow
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Before/After Binomial Capability Comparison for Pin hole
Diagnostic Report

Confirm that the Before and After process conditions are stable.

Laney P’ Chart: Before
(correction factor = 15.462) P Chart: After

Proportion

oo — |
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 10
Cumulative % Defective
As the points level out, the estimate of % defective becomes more reliable.
Before After
(A Mg 65
12 |
i
g 60
o 10 |
2 |
T |
(= | L
a2 8 ! 554
i
6 N _ YT 13375 Mrate i)
0 2 4 6 8 0.0 25 50 75 100
Subgroup Subgroup

MW 4.24 M 3fFeuMeuaNUEINTOUBINTZUIUNT Y09 yW1 Pin hole NOU-HAINT

1a -4
l!fﬂﬂll!ﬂ‘wn‘w

~ 1 2 2 o 1a  J
INNINN 4.24 WU NTLUIUMTUANUE T UNNUY HaI1nMIUA luudnun Tag
PRI AIUVDUTHAAAINN 10.17% 110D 5.57% anad 4.6% W3onNa1Ife anadiosas 45
4.4.2 M35yl Roundness NG.

=

3’, a 4 1 { o a
MNTUADUMIAUATIZH WUITYH1 0102 Roundness NG. dunq il Tomavirlding
a1 Ao Cutting tool ANWTD 1A Jig & Fixture ANUTD
4.4.2.1 dU¥AIN Cutting tool ANTI5O
<3 Y [ o I @ ~ [
INNIsNUYeyauazanyiniu Control chart Aquaadluaini 4.25 Wi
NFZUIUNMTOYIUMIAIVAN LAAIANUAINITONTZUIUNT (Cpk) ABULAT 1IN 0.73 AR
< J (= a [ a a
T UIIATZUIUMT INTANUE 5 TUAITHEN 1182910 Control chart lUWUANNANARVDA
1 9 . 1 1
NTZUIUNTT LAAII191gN15 1991UU09 Cutting tool luitinansznuasilayri1 Roundness NG 150

J A Y . ° Y Y
NA1IND mqmﬂmmmm Cutting tool ﬂ"lﬁuﬂllﬁﬂﬂiﬁlﬁu?%ﬁﬂllal
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Capability Analysis for 1, ...
Process Performance Report

Capability Histogram
Are the data inside the limits?

Process Characterization

Total N 150

LsL Subgroup size 5
i Mean 8.5
| Standard deviation (overall) 2.2547
| Standard deviation (within) 2.0528
|
i
i
i
i
i Capability Statistics
H Actual (overall)

i Pp 0.96
i Ppk 0.67
; Z.Bench 1.99
! % Out of spec (observed) 0.00
! % Out of spec (expected) 2.31
H PPM (DPMO) (observed) 4]
1 PPM (DPMO) (expected) 23060
; Potential (within)
i cp 1.06
i Cpk 0.73
| Z.Bench 2.19
% Out of spec (expected) 1.42
@ PPM (DPMOQ) (expected) 14204

Actual (overall) capability is what the customer experiences.

— — — — Potential (within) capability is what could be achieved if
process shifts and drifts were eliminated.

Xbar and R Charts
Investigate any out-of-control subgroups.

UCL=11.192

>
:
3
<~
>

B
QL
.
=
}
-

0- LCl=0

Control limits use
StDev(within) Subgroups: 30 Mean: 8.5  StDev(within): 20063  StDev(overall): 2.2547

MNA 4.25 LAAINIIMANUAITUITOVOINTSUIUMS (Cpk) LL@%LLNU{]‘ﬁﬂ’J‘UﬂM X - R U090

138 Roundness NG.

4422 dUQN Jig & Fixture NN
1NAINA 4.25 WUNNTZVIUMT luanueuse lumsnas Tasliamanuainiga

LY = 9 o . d' 9 o XK Qy la"
N3ZUIUNIT (Cpk) NNV 0.73 m"lﬂmmimnaau Jig A1FumMSIVTATUIU NUNTUIY
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1] vy
annsoavdnldielayuanud 1y lu Jig 119D 0.19 mm. AMsszaNaNes iveasdinervns:

q
Y

vy
aunguesmstnatym vaz ldihmsdsuilga Jig 1Wenunsodugazuauldaau
[ o o . Y o ) [ 2 4 V9 .
WA ImsUTulga Jig lavhmsasivaeu Jig 8nase nunduanuieladrlu Jig
daemnsnvdnld ity 0.03 mm.
v v
niniu Idhnmsnaaesihimsuusdu uazilsziiuanueansnvenszUIUMIINAT

NANISNAADY LAY IUA15199 4.8

M15190 4.8 vansnaaesasnnmsUSudgaud lu Jig (viiae : pm.)

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10

4 4 5 3 5 3 4 7 7 6

No. 11 No. 12 No. 13 No. 14 No. 15 No. 16 No. 17 No. 18 No. 19 No. 20

7 6 3 4 ] 5 3 7 6 5

No. 21 No. 22 No. 23 No. 24 No. 25 No. 26 No. 27 No. 28 No. 29 No. 30

5 4 6 4 7 7 4 6 7 5

g o {y ¥ o a
Fﬂ’lﬂuuu'lwa‘ﬁhlﬂinﬂﬂ’]i(ﬂ@ﬁa\ivlﬂ‘]ﬂ'lﬂ’liﬂiglll‘L!ﬂ')’lllﬁ’]ll’]ﬁﬂ"]]@\?ﬂﬁgﬂ'JUﬂ’li

aauaaalunIni 4.26

Capability Analysis for Value
Process Performance Report

Capability Histogram Process Characterization
Are the data inside the limits? Al ) 18 13
Total N 30
=0 L1 = 1887 ( Il __ Nl < U Subgroup size 1
| Mean 5.2
| Standard deviation (overall) 1.4239
I Standard deviation (within) 1.4368
2
] ! /) ~C / Capability Statistics
Actual (overall)

Pp 1.52
Ppk 1.22
Z.Bench 3.65
% Out of spec (observed) 0.00
L' % Out of spec (expected) 0.01
I PPM (DPM Q) (observed) 0
PPM (DPM Q) (expected) 130

Potential (within)
Cp 1.51
Cpk 1.21
Z.Bench 3.62
% Out of spec (expected) 0.01
L z ot < & oL = PPM (DPMO) (expected) 148

Actual (overall) capability is what the customer experiences.

— — — — Potential (within) capability is what could be achieved if
process shifts and drifts were eliminated.

MW 4.26 1HAAINTIHANUAITVIIDVOINTEVIUATT YOI Roundness Haam 31514 Jig
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H v Y
VNN 4.26 WUINNTZVIUMITHANNAWNTUNVIY ¥E391AMTUA b Jig Tagan
A X g
ANMVAWTONTZUIUMNT (Cpk) tANAUIN 0.73 110 1.21
A g A o o Y =2 Y o a <3 9 A a A
oilumstuduramsdsvilgaud lv 39ldvhimsnaasswdanazinudoyainuay on

U 30 lots HazTeUNeUANUAINITINTEUIUMST AauaadlunIng 4.27

Before/After Capability Comparison for Before vs After
Process Performance Report

Capability Histogram Process Characterization
Are the data inside the limits? Before After Change
LSL UsL Total N 150 150
Before ) Subgroup size 5 5
‘ Mean 8.5 482 368
StDev(overall) 2.2547 14334 -0.82135
StDev(within) 2.0528 13344 -0.71841

Capability Statistics

| Before After Change
Actual (overall)
. GIXT} Pp 0.96 151 055
i Pty A Ppk 0.67 112 046
| v ZBench 1.99 336 137
! ! : % Out of spec (obs) 0.00 0.00 0.00
! y % Out of spec (exp) 2.31 0.04 -2.27
! ! PPM (DPMO) (obs) 0 0 0
! ! PPM (DPMO) (exp) 23060 386 22674
i | Potential (within)
| i Cp 1.06 162 057
i ! Cpk 0.73 1.20 047
0 2 4 6 8 10 2 14 ZBench 2.19 361 142
% Out of spec (exp) 1.42 002 -141
PPM (DPMO) (exp) 14204 152 -14052

Actual (overall) capability is what the customer experiences.

Potential (within) capability is what could be achieved if
process shifts and drifts were eliminated.

MW 4.27 UAAIHAANUEITANTEUIUMS YeaiTayn1 Roundness NG. o - ndan1st§unlys
U 1 Jig
PNAMT 427 WUTINTLUIMMITANUANATHRNAY ¥ae0nmsudly Jig Tasa
AMNANNTONTZUIUNS (Cpk) WA 0,73 1311 1.20 LA SATIA MY UAEAARIIN 1.42%

189 0.02% aaad 1.41% 1WIona1lfe anaddosas 99

4.5 YUABUMIAIVAN (Control Phase)
Tuduaeuilazilunisaiuguiliseiiinanenisinailaywi Pin hole 11ag Roundness

< 1A 4 X o o A
NG. Nfie N1500NUUVMLRYW 1ag Jig & Fixture 114015 Machine ¥4 1agn1l5u1)gaudraan’la
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neuds itedlunssnuseduvesqunmuazdesiy ildlymndunnavudn Sedeai
mstfuilgeludnveaenasuazionas Iiilhinasgulumsdfiaau

4.5.1 M3AUAUITYNI Pin hole

Y5u1l3una31uy (Drawing) veaudiud e lfifuinasgmumssartunifiuia

ao 9 1 wagldumugi P lumsasiaaenveadeninnizuiumsnan

[
[

CONFICENTIAL
255y movaBLE

T e, |2

B
. [
M0 T.1,40,01 1%?

CHANGE

4‘ \ 1a i’ A (v Y
MNN 4.28 UTAAUDNTTLUY (Drawing) YBILNNWNNW Oil Seal Case ‘VI”].]S‘U‘IJ?QLLQ’J
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Before/After P Chart of Pin hole
Summary Report

Was the process % defective reduced? Comments
0 005 04 > 0.5 After a process change, you may want to test whether the %
defective was reduced:
| | + The % defective was reduced significantly (p<0.05). Consider
Yes- ! 1 No whether the reduction has practical implications.
P < 0.001
Before After
0.15
c
S
=
£
g 0.10-
g
o
UCL=0.0765
\\
o - P=0.0557
005 '\/
: e
' LCL=0.0350
R ) Ve L
1 B 5 7 9 n 13 15 17 19
Number of Average Number of
Stage Subgroups Subgroup Size Total ltems Defectives % Defective PPM (DPMOQ)
Before 9 18273 164457 16733 1017 101747
After 10 1100 11000 613 557 55727

MW 4.29 LHUHTAIVAN P YBINITATIVAOUYDUTY Pin hole NoU-HaIM31Tu1)39

4.5.2 M3nUANT YN Roundness NG.
& . . X A Y 3 [
1. J5v1lguenasuuts (Drawing) Y04 Jig & Fixture tho 1411 unasgiulunmsiam

Jig & Fixture #2919 9 1/
Y A — a
2. Tdunugil X - R Tumsasnvdeuanuuilsilsiunszuiumanan

3. MUUAUNUNITIFITAE Jig MINNTe
4. 1NPAI9A01 Jig TUMIATINE0VIAT0I9NT152819U (Machine Daily check)

69



Xbar-R Chart of Before vs After
Summary Report

Was the process standard deviation reduced? Comments
0 005 01 > 05 After a process change, you may want to test whether the standard
¥ N deviation or mean changed:
:i 0.001 1 No + The standard deviation was reduced by 38.6% (p < 0.05).

+ The mean is significantly lower (p < 0.05). Make sure the direction of
the shift is an improvement.
Consider whether these changes have practical implications.

Did the process mean change?

0 005 0.1 > 0.5
oo e
P < 0.001
Before After
i
10.0- !
c h“/\\ /‘\*«ANM LI i
§ 75 o W W\,/ \.: UCL=6.473
. | AN .
50 ] Fe —— WAK/H"‘\. X=4.82
| "o e
b w LCL=3.167
10 ;
}
|
|
2 L UCL=6.06
£ 5+
° I -
o %—W—Awmg R=2.87
i
0- 1 LCL=0
T T : T : | T T T T
1 7 13 19 25 31 37 43 49 55
Stage Subgroups Subgroup Size Mean StDev(Within) StDev(Overall)
Before 30 5 8.5 2.0063 22547 Control limits use
After 30 5 482 1.2324 14334

StDev(Within)

PN 4.30 LHUHTAIVAN X - R V99013ATIIADVYBUAY Roundness NG. nou-1aan131/5uilga
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minuandaszluasstidumsdnyuioanueuFennTLUIUMITHAN FUIU Ol
Y o 9}:9311 a Jd a 1 4‘ A aa 1 é = 4
Seal Case #28M3U32gnNA 1FVUADUVDITNT FNi1 uaziAToIloNADAAN 9 BT TR sz an
V9INFINYAD
Y

4 a 4 o a Qy
- Lﬁ@ﬁﬂy'ﬂ!agﬁm5']3°Viﬂ§'$l|f]uﬂ'li1/nxﬂu Ltazizuumiwaﬂ%uqmﬁﬂﬁugﬂ

a A 9 @ a J A 1 . .
ogiliionTaglsMann1sveaEnd Fnu (Six Sigma)

A

=2 A Y a = @
- LWfJﬁﬂH"Iﬁ%ﬁﬁl“l/lclﬁlﬂﬂﬂTﬁGU’f)\‘]LﬁEJLLﬁgLLM’J“I/INﬂﬁLLT%AlGUﬂ?NﬂH

d‘ % a Qy = 49! a A
- ielsulganszuiumsnanruauRavugegiiiiey

a

v
(2 1 =

= Y Y ' A Aa A . 2 A
F391nMIAUA NN Ve uasNLdaaIuNINNgARDT Y1 Pin hole FINAUKANIIIN
1A o ] A AN I v o oA A =
MIONUUDLNNLHT Tz au voudeniidadl1iluouaufidosfio Roundness NG. L1
. Aqu v = & = 0 q. 99 Y @ MY o Hq 1 v .
W1910 Jig N1 luMsdudaruauanuse s lv auansovdula vasonnla 1y lu Jig
5.1.1 agiwan1339efqy1in Pin hole
a 1 - 3 { o 1 ! a g
nnmMsAuANdasy wundam Pin hole Wulgnlidadiuveudeunige Aailu
9 a d ra 4 . .
$o0az 33.8 Y0IUOUTININUA 2INNITAUATIZHNITOONUUUIUNYWAIY Simulation Software
1A 1a sy 1 = Y o 9 ra o '
wuNlaunaunnmieonuuumnuin lumanzay 39ldvwd lyniseenuunutnu v
Y 1A 4 A 9 a 1ra o g’/ [
pagd Uy e 14 Iunsnaa 910N 1TNAA0INAINNITUNNNW IUATIUTA WU
@ ' = ' == Y o ra I d & A dy =KX o Y v '
sasraveuds lianas 39ldimsud luuiduonnse vaz luaseiasil T ldsasiau
v Y
YoUTIAAD 91N 10.17% 110 5.57% 130 anadiooaz 45 ussgamihvuenagld
5.1.2 a31wan133981]ay11 Roundness NG.
a ' < AA o 1 <
MInmMsAauaIBase Wyl Roundness NG. Wlutlymindidaduveudeoiu
v W { a d = 3 a 4
suauNaes aatludoons 26.1 YU UTeNIHUA 1INNITAATIZHAIY Why-Why Diagram 1az
/9 Y 1A . v K ay = all = Y o [
Us2gndld FMEA wuniianwauiain Jig dudasuaiudnuse vintudaldmnmsdsusaudly
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Jig lumsdudaguaiu inn1snaaesnaenisdsudzaud v ligwuaiainnuainise
4 2 I 1Y 1
NTTUIUMS (Cpk) ANAUIN 0.73 1T]1 1.20 1HAZOATIAIUVDUTOAAAININ 1.42% 110D 0.02%

A ¥ Adyy
A0d 1.41% 1190 aAad3080L 99 Uiﬁq@nll!ﬂ"lﬁll"lﬂﬂﬁﬂll?



=\
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