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ABSTRACT

This research aims to reduce the amount of defects generated within the process of brake
pad production by using DMAIC method stage of Six Sigma. According to the case study
company’s target, the amount of defects caused by pad crack problem should be decreased by 30%.
The cure pressing process of disc brake pad model X068 production is selected for this study. In
order to accuracy and precision measurement system, the specification of disc brake pad is
controlled with the compression value ranging from 50 -100 um.

The research methodology consists of 5 steps: (1) Define phase, the process capability
index of disc brake pad production is evaluated, (2) Measure phase, the root causes of problem are
determined, (3) Analysis phase, each one factor is analyzed, (4) Improve phase, the design of
experiments (DOE) with 2° Full Factorial is used to investigate the relationship and the optimal
value of each factor at a significant level of 0.05, and (5) Control phase, the statistical process
control (SPC) is applied to control the process.

After improvement by implementing the DMAIC method, it found that the scrap rate is
reduced from 6.63% to 2.58% of all defect rates. Thus, with this improvement the amount of defects

can be reduced by 61.07% of company policy.

Keywords : defect, press cure, pad crack, DMAIC methodology
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PARETOCHART OF FMEA

r 100.00
r 90.00
r 80.00
r 70.00
r 60.00
r 50.00
r 40.00
r 30.00
r 20.00

Count

Percentage

Cause r 10.00
- 0.00

Count 280 224 224 168 147 G4 45 40 28 21 21 16 16 16 14 6
Percent 2105 16.84 1684 1262 1105 481 338 2301 211 158 158 120 120 120 1.05 045
Sum% 21.05 37.89 5474 G737 7842 08323 B8G.62 8962 9173 9331 94.89 96.09 97.289 93.50 99.55 100

gﬂﬁ 431 urunmns Taiesadduanudidavesilam

nngIli 431 uaasliifudeunniesiideanansenuaetaymsuaudn veeluna
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2 SUIUMTBA-ABUDUATEITNT (Number of Bump) 224
3 528295947191 IAGAY (Vent Distance Gap) 224
4 $2821981N158ARIVBUATBISNT (Dwell Time) 168
5 139AUMITOAAT (Dwell Pressure) 147
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Attribute Repeatability and Reproducibility

Part: Disk Brake Pad

Analysis By: Attapol Nimit

Operator 1 Operator 2 Operator 3 Operator 4

No. Expect
Ist 2nd Ist 2nd Ist 2nd Ist 2nd
1 OK OK OK OK OK OK OK OK OK
2 NG NG NG NG NG NG NG NG NG
3 NG NG NG NG NG NG NG NG NG
4 OK OK OK OK OK OK OK OK OK
5 NG NG NG NG NG NG NG NG NG
6 OK OK OK OK OK OK OK OK OK
7 OK OK OK OK OK OK OK OK OK
8 OK OK OK NG NG OK OK OK OK
9 OK OK OK OK OK OK OK OK OK
10 NG NG NG NG NG NG NG NG NG
11 NG NG NG NG NG NG NG NG NG
12 NG NG NG NG NG NG NG NG NG
13 NG NG NG NG NG NG NG NG NG
14 NG NG NG NG NG NG NG OK OK
15 NG NG NG NG NG NG NG NG NG
16 OK OK OK OK OK OK OK OK OK
17 OK OK OK OK OK OK OK OK OK
18 NG NG NG NG NG NG NG NG NG
19 NG NG NG NG NG NG NG NG NG
20 NG NG NG NG NG NG NG NG NG
21 NG NG NG NG NG NG NG NG NG
22 NG NG NG NG NG NG NG NG NG
23 OK OK OK OK OK OK OK OK OK

daydnual OK M99 qmﬁvhmnmg;mmiwa@

' Y

= A a 9 AAa A
NG AU NMUNNATDYITIINNIBUITU

HAM3AAIZH Iae 115153 Minitab #9317 4.32 1Az 4.33
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Within Appraisers

Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI

Operator 1 23 23 100.00 (87.79, 100.00)
Operator 2 23 23 100.00 (87.79, 100.00)
Operator 3 23 23 100.00 (87.79, 100.00)
Operator 4 23 23 100.00 (87.79, 100.00)

# Matched: Appraiser agrees with him/herself across trials.

Each Appraiser vs Standard
Assessment Agreement

Appraiser # Inspected # Matched Percent 95 % CI

Operator 1 23 23 100.00 (87.79, 100.00)
Operator 2 23 22 95.65 (78.05, 99.89)
Operator 3 23 23 100.00 (87.79, 100.00)
Operator 4 23 22 95.65 (78.05, 99.89)

# Matched: Appraiser's assessment across trials agrees with the known
standard.

Assessment Disagreement

Appraiser # OK / NG Percent # NG / OK Percent # Mixed Percent

Operator 1 0 0.00 0 0.00 0 0.00
Operator 2 0 0.00 1 11.11 0 0.00
Operator 3 0 0.00 0 0.00 0 0.00
Operator 4 1 7.14 0 0.00 0 0.00

NG.
OK.

# OK / NG: Assessments across trials = OK / standard
# NG / OK: Assessments across trials = NG / standard
# Mixed: Assessments across trials are not identical.

Between Appraisers
Assessment Agreement

# Inspected # Matched Percent 95 % CI
23 21 91.30 (71.96, 98.93)
# Matched: All appraisers' assessments agree with each other.

All Appraisers vs Standard

Assessment Agreement

# Inspected # Matched Percent 95 & CI
23 21 91.30 (71.96, 98.93)
# Matched: All appraisers' assessments agree with the known standard.

q' a 4 v 9 LY
5ﬂﬂ432Naﬂﬁ?MiHﬁﬁ%UUﬂﬁﬁﬂ%ﬂyauﬂﬂuﬂ

Y
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Within Appraisers Appraiser vs Standard

100 X 95.0% CI 100 ¢ < X 95.0% CI
® Percent ® Percent
95 95 1 1
t t
o 90 o 90
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B 1
(1) [}
(-9 (-9
85 85
80 80
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N v ©) & N o €) Y
A S R ) & F &
& & & e’ & & & 2’
R R R R R R R R
Appraiser Appraiser

H 1 1 =~ =y aa ? < 3 & Aa aaan e
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~ a A 7Y L. v
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U J 3 4 ] @ Y] ~ = 1" o
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HazNINUALN 2 18y 4 920811393 78.05 D13 99.89
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Y 9
v

Y 9
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a a 1 [ 1 % 1 9 o
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uazmsdszanumanudeny 95% dmsulszdninannululudazedlugig 71.96 s
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2. MSAUATIERTLUUNTIAVDUATINAABUNITOARIUTA (Compression
Machine)
Y
1) TUADUMTUATIZHIZAUTUMTIAAT BUNIUIIATTIUINNTZUIUMITHAR
° 2 2 t;l ] < Yy 1 19 a1 [ 1 9y
fwau 25 Fu TaeFunuiiunmsasusaudin luinuaziisimsoaed luuasgiu Taold
o [ o Y] g’/ I o 1% g‘/ gll
NUNNIUIA 2 AU TIAITIAAUAE 3 591U FINNIADIAUILITUIIUIUNITIA NIHUA 150 AT

Yy 4 1
TAgAAINNAIDINFUNUNATOUIUN 4.34 1% Link Compression Test Machine A431/9 4.35

]
=1

‘Ijﬁ 4.34 @]’ZI’t’)fJ”IQ%HQTHVIUHJT%WHﬂﬁVIﬂﬁ@‘U

ﬂﬁ 4.35 Lﬂ‘i’t]\‘mﬂﬁ’é]ml,‘i\‘i’é]ﬂ (Link Compression Machine)
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2) lunmsnageyulasiATeINATOUILTI9A (Compression) LTIATNATOUA

AMIBANLTIBA 100 V15 (Bar) 311U 3 59U (Cycle) LATAMNATIIUUTIOA AD 75425 TuATOU

[
=

{ 1 @ 4 o o £ [
(um) AIA13 199 4.5 !Lﬁﬂ\iﬂ'ILLiQ'ﬂﬂll'Iﬂiﬁ'mllﬁ$"Uil!3‘V]Lﬂ%ﬂ\iVl'lﬂ'li’,)ﬂﬁ]fu\ﬂlﬁ]%fmclugﬂ"llﬂ\iﬂi'l‘N

Ae31l9 4.36

Msai 4.5 mmgmmﬁﬂﬁﬁmuﬂTﬂﬂgﬂ?ﬁ (Friction Compression Requirement)

Specification
Parameter Procedure Comment
Nominal | Tolerance

Ambien SAE J2468 or ISO 6310
75 um +/- 25um | Without Insulator

Compressibility (100 bar, 3 Cycle)

2 o 9 @ o a d Y aa A
3) fl]'lﬂ‘Ll‘Ll‘Ll'lGlJ'E]Hﬂ%']ﬂﬂ']‘i')ﬂll']‘l/l'lﬂ'li'Jlﬂi'lgﬁﬂ'lﬂﬁﬂﬁlﬁ@ﬁiﬂ%ﬁﬂﬂ

[

A o o &Y 1 9 .. 1 a d ax o
ﬂ’JHJﬂJuEJﬁ’IﬂiU‘lIENﬂ’J’IiJWuuﬂ‘iﬁnﬂ‘] Tﬂﬂql‘lfiﬂ‘iuﬂiil Minitab ~ ¥381UN153AT12% 35911
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Y
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< P and 3 & o P 2
pontlule s Fua TN 1an uazlosiudas lilsaanzdian sonainnu'ld uaznaued lunis

Y 1 - ! aad S 3 Y and & Y I

Janaszgninaulesiduasinnziaa uaznlosiduas Isaanzian aealaena luinusilums
[ Ay 1 =2 g [ Y Y A v .

gousuogNiloand 10% Fateyanisinveawinau lasldinseanaaeun1son (Compression

. 1Ay YA J = v 9 [ A
Machine) I@ﬂﬂﬁ/]hlﬂﬂ'ﬂ A1 K3 FILTAINANITNATDULIIDAUDINULITA LUTAANANIAITINN 4.6

Y a J @ 4 @
ﬂ]’i]\?ﬁ 4.6 ﬂ13’]£ﬂ§1$ﬁ3$‘U‘Uﬂ?ﬁ')ﬂﬂlﬂ\ilﬂ%ﬂ\i‘ﬂﬂﬁﬂﬂﬂWi@ﬂﬁ%‘Uiﬂ

Operator 1 Operator 2
No.

Ist 2nd 3th Ist 2nd 3th
1 84 84 84 84 84 84
2 78 78 77.5 78 78 78
3 72 77 73 72 77 73
4 78 77 77.5 78 77 78
5 76 76 77 76 76 76.5
6 78 77 77 78 77 77
7 81 81 81 81 81 81
8 78 71.5 77.5 78 78 78
9 78 78 79 78 77.5 79
10 79 80 80 79 79 80
11 74 73 74 74 73 74
12 73.5 74 74 74 74 74
13 74.5 75 74 75 74.5 74
14 82 83 82 82 83 82
15 73 74 74 73 74 73.5
16 87 88 88 87 87.5 88
17 73 74 74 73 74 74
18 77 77 77 78 77 76.5
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3 a 4 @ 4 o 1
ﬂ]’i]\?ﬁ 4.6 fni'l!,ﬂi"lgﬁ3$‘U‘Uﬂ'lﬁ')ﬂﬂlf)\i!ﬂ%ﬂ\‘lﬂﬂﬁﬂﬂﬂWi@ﬂﬁT!‘Uiﬂ (919)

Operator 1 Operator 2
No.
Ist 2nd 3th Ist 2nd 3th
19 82.5 83 83 83 82.5 83
20 78 79 79 78 78.5 78.5
21 79 80 80 79 80 80
22 83 82.5 82.5 83 83 83
23 77 78 78.5 77 78 79
24 79 78 79 78 77 79
25 78.5 79 77 79 79 77
Min. 72.00 73.00 73.00 72.00 73.00 73.00
Avg. 78.12 78.52 78.34 78.22 78.38 78.36
Max. 87.00 88.00 88.00 87.00 87.5 88.00
Stdev. 3.71 3.56 3.65 3.69 3.48 3.71

WAIINNIIUNAANT ToyamInadounsIaf A uIAveINnaIu TaglHnTes

NAABUOA (Compression

Machine)

9 o A %’, 1 I o
ATULAI ANN1T19N 4.6 sllllﬂ’f)uﬁ’f)hlﬂ Wumsiiwa

{ o a o o : & '
msnageun ldunihinsimizilasTisunsy Minitab #9ldnanisnanesnagidi 4.37 uag 4.38
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Gage R&R (ANOVA) for K3
Reported by : Attapol
Gage name: Tolerance: +/- 25
Date of study: 07 Jul 2010 Misc:
Componentsof Variation K= by Fars
10a = conrbuten
O sney e
3
¥ 53
&
| ]
Gage FRR Pepeat Peprod Parkb-Part
R Chartby Opemmrs
1 2
uad=2.18
8° & 8
E - 8
21 “'“" ) F=034
: f i i d ”U\J | ]
] IC1=0 m
1 =
¥barChartby Operatmes Operainr:
1 | 2 Operators * Parts [nteraction
& a5 a5 tiﬂ"'ﬂ.
j ] L
a0 < = a0
H e
& 75 ’
| R
Parts

‘]Jﬁ 4.37 ﬂﬁ‘ﬂf]uﬁ"fﬂﬂﬂ]ﬁ]maﬂﬁﬂﬂﬂ156ﬂ§]’3ﬂ]’6\‘lw1miﬂ

10310 437 WU 03 Xobar  Chart lulianuuananuvesniinauiimmia
eghaihioddy uazenurunTHIEATB NS WA TNz FuaIEa TN A
Jiifisnwasuiusua nifinaeasyriduay uaah %uﬂuﬁﬁmmﬂamgﬂmmudu

H H H Y
”lmﬁ;sﬂuuummuau HaznNIUNNAIATEHINNUNNIUNNAADL N9 2 ﬂuthl,mﬂﬁNﬂu

Gage R&R
%Contribution

Source VarComp (of VarComp)

Total Gage R&R 0.2448 1.76
Repeatability 0.2448 1.76
Reproducibility 0.0000 0.00

Operators 0.0000 0.00

Part-To-Part 13.6775 98.24

Total Variation 13.9224 100.00

Study Var $Study Var

Source StdDev (SD) (6 * SD) (%SV)

Total Gage R&R 0.49481 2.9689 3. 26I
Repeatability 0.49481 2.9689 l13.26J
Reproducibility 0.00000 0.0000 = 0.00

Operators 0.00000 0.0000 0.00

Part-To-Part 3.69831 22.1899 99.12

Total Variation 3.73127 22.3876 100.00

31N 4.38 Wan13AIUIY Gage R&R 910 11)311033 Minitab
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a 2 y .
1. qmwgmmmiﬂmgﬂiau (Die Temperature)
2. TIWIUNTOA-A1BVBAUATOIINT (Number of Bump)
1 1 (4]
3. 52820971 1UNI5AEM% (Vent Distance Gap)
4. 528ZIANMITOARIVBAUATDIINT (Dwell Time)

5. 15IAUFIINITOAA (Dwell Pressure)

4 o a [ o a 4 o
ot muanamalumsdsulyudleldgndes Fuiimsimsgiilym Taserds
asy Aa & a 4 2 o a L= = [
IPNITNNADA CIN!,!,‘L!’J“I/]Nﬂ15'3!,?]i1814%3l,ill‘]/nﬂ15'JLﬂ518141/]@3’(,71!,??@1/168{[%%& (One Factor at
. o A A 9 o a A& y A I A v
a Time) IﬂElfﬂﬁ@1H‘Ll‘Llﬂ1i‘l/]ﬂﬂ'ﬂ\‘lLW’E]’HWJ’E]HaﬁuiJﬁlguﬁ‘lJiJﬁﬁTu%ﬁNll'J L‘WE]L“]J‘L!ﬂ1iEJ‘L!EJ‘L!’J1
A v & a A 9a A oy 2 A a
ﬁ”ll‘lriﬁ]‘ﬂﬁﬁﬁﬂuuﬂ@ﬁ%‘l’iﬁ]‘ﬂLL‘V]’1]3\‘1511fN‘ﬂﬂJuﬁ”Iﬁi’f)ﬂ’«lﬂJiJﬂWi’fNﬂ”luﬂmﬂ”IW HONIINUIUDUNIT
A [ 1 1 2/.; = 1 a 1Y 4 Y1 1 [ 1
YUIUNTUNAUNATUUNAAADAUNINUDINAANUN LLﬂZﬁTNWiﬂﬁ?ﬂqﬂ@ﬂllﬂ’ﬂﬁﬂmﬁlﬂﬂﬂﬁi’l

A o v [

1 = Y = 1 o =
i’JfJNiJNﬁﬂﬁZVI’U?JTﬂu?JEJLWEJﬂﬂ’t’)fJN]JufJﬁWﬂﬂJ Llﬁﬂ\‘]ﬂﬂg‘ﬂﬂ 4.39

aungNdIna

= E S
puvigilveamsiusliou

= o I
THIUMFTDA-APUBILATDIING

NIZUIUNT

& |1 &
HFUITU T

szaz¥oIMa lumIAenE nsdiudant

. HAARLLI A
F2UI8IN1I9RAINBIIATDIINT

UTIAUNITORAT

11111

d' a I = [ .
51]7] 4.39 ﬂ'izmumimsammz‘wmzmmﬁmazﬂma (One Factor at a Time)

U
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4.5.1 LUINNMITAATIEN
a 4 3}; o a L=} = o
HUINNMIBATIEHUBILTIMIUATIE NNz dungNaz 99 (One Factor at a
. Yan a 2 . X
Time) lagl¥5msnadounsinsizianuulsdsiu (Pair Sample T-Test) laglunisnaaosll

= A o o ) ~ o 1 A d
v ligarmneionaunseefaten199 (Screening Factors) iaadooen lneuwsoilunisnsos
v 2
Wz NlinanoA1N150AA2 (Compression) UBIFUIUBEITad 1A l)imseonuuy
9
mMsnaaedluruaounsUiule (Improve Phase) ao 11/
4.5.2 MINATOUAIMIOAAIRLIA (Compression Test)
MINATBUAINITOAAD FININITNATOUUITIOAAIVDIQNGY (Piston) AIUURD
[ v
wouduusa TaglHaToanaaounsion Link Compression Tester HIN1INAXOUUTIOATUIIU
& a = < v Y ) = ~ Yo
nilgge USnanavouransodrasisataziimsuinran ldsuainnsnade

HAAIAIFUN 4.40

31 4.40 SnvaizAIINNMINATOUNMIBA TABIASDINATOVLTIBAR TN

4.5.3 MIMINUIUAI06190 1¥11M5NAA0 (Power and Sample Size)
o o A o ] A Y dy o Y
MIAIUIUTINIUFIA 819N 1T I unITnaaestiagAIuIudle1Usunsy
Y
Minitab LL@ZMUUAAINE] AT
1. szautiadAny (O) UAWNINY 0.05
2. MUUAMANUUANANNABINITATIITUN 2, 4, 6, 8, 10 Az 12 A
3. MruaaudouuuIATgIN (0) AN 13 11H10991NAININTTIUUDILTION

A d 9 Aa a
VllﬂuhlﬂﬁJTﬂﬂﬁgU?uﬂWiW'ﬁﬁlﬂil
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4. MUUANIANUUANANGITAVOINTEUIUMT  (Value of the Maximum
. = A Y v W A A 1
Difference) 0471 25 luaseu o $1A 11599962 TagmasvoInszUIUMIUAIANAII1N

ANNATTIU 75+25 lunson

Power Curve for 1-Sample t Test

l1-Sample t Test

Testing mean = null (versus not = null)
Calculating power for mean = null + difference
Alpha = 0.05 Assumed standard deviation = 13

_______ sample_ _ _ _ __
I Difference Size Power |
| 25 2 0.169095 I
| 25 4 0.725245 |
| 25 6 0.959718 I
| 25 8 0.995879 |
| 25 10 0.999654 |
1 25 12 0.999974 i

4 v J o o @ ' ) @ a 4
ﬁﬂﬁ 4.41 Wﬁﬁ‘W‘ﬁﬂ15?]']14’)1!%1u’)u@?ﬁ]ﬂWQﬁ'lWiUﬂ'lﬁ')Lﬂi?gWﬂ'J'liJLﬂJT]Ji'Ju

Y

= v ° Y1 o v 1A Y
fI]”If‘lé‘l]‘l/l 441 WAaaniINITAIUIU mmsaﬁg‘ﬂ”lﬂmmmuﬁaaﬂnmﬂﬂumwﬂam
1 Y 9 A Y 2 = a 4 g’/ dy =} FU)) 1 o 1 o
DYNUDY ITADIUAUNIND 4 FUIU Gmalumsamﬁzwmmmmu'lmaffgﬂmuﬂum NN
Y 4 Y
ﬂ@ﬁaummmmamaﬁ 12 $UNU

a J @ a 1a 4
4.5.4 M3NATIZNTI8RUNYUVR NN (Tooling Die Surface Temperature)

o

a 4 a 1 2 a [
INHANITIAUAIIENINYAU NAO Wummi%jnﬂmwmm LﬂﬂﬂWﬂﬂﬂﬂﬁlg]}'lu

a

a ra o 9 a o 1 o [ g’.:
UHJUUBDIULNNWUNW TﬂEli]'lﬂﬂ'li@]‘i')i]ﬁ@ﬂ"llﬂy‘aﬂ'l‘iwa@] u ﬂﬁ]i}‘ﬂu WTJ’J'WHﬂTﬂJiU@QQﬂ!’HﬂﬂJ

U

= v

A ° o a 1a A
ugﬂ%au@g% 150 C %Qiuﬂ’li@ﬂﬂllﬂﬂﬂ’lﬁ‘ﬂ@ﬁﬂ\i WNINIAIUANYUNHUVDILNWNUNNTSAD

a { o ° ° 7 o / n y
Qm’ﬂgnmﬁ uﬁi$ﬂﬂ 140 C uag 160 C Lﬁa\ii]'lﬂlﬂif!ﬂ']vn\?ﬂmﬁuﬂﬁmﬂﬁﬂ'liﬁugﬂ%}@um@\?

@ a

i A 9 A 1A  Ja
Wdﬁﬁmiﬂhma X068 (ﬂ’lﬂWUjﬂ ﬂ) Lﬁ’ﬂﬁﬂz@]@ﬂﬂ’li‘1/]'5’]1]'3’]‘1/]53@UQNWQN%@QLLNWNW%i%}ﬂ'ﬁ

@ U 1

wanlutlagiiu szdewansznuaenmsidanse 1 aagili 4.42
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<3 2 v 2 { a { a a
mﬂmsmawvﬂ%mmwmwmmﬁWamﬁqmﬂgu 140°C Lﬂﬂﬁ@ﬂﬂéﬁﬂiﬂﬂ%}'n

v Y

AaAA A 1 Qy d' a 9 [ d' a d‘ ld‘
NWUNI (Suspect Crack) HINNNFUNUNHANAIY 160°C ﬂﬂgﬂﬂ 4.43 Iﬂﬂﬂﬂmﬁﬂﬁ]f}j‘ﬂ 100% tiag

(4 v W [ 1
lanadnivoyaminadounsoad Il ILIA AIN1519N 4.7

a

] P Il '
31N 4.43 anyuzAd 18308517 (Suspect Crack) VBIFUNUNHAATIGAUNYI 140°C

U
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v Y H o o
1519 4.7 "’lgl}ﬂyﬁWaﬂ']i“I/lﬂﬁ@‘Uﬂ?ﬁf’)ﬂﬂ’)ﬂl@\i%uﬂuﬁﬁzﬂﬂfgﬂ!‘HJ;]N 140 Cuag 160 C

mmsoaavearuay (luason)

FUNUN 1 2 3 4 5 6 7 8 9 10 | 11 | 12
NN

. 101.1 | 81.6 | 857 | 752 | 90.1 | 79.6 | 78.6 | 753 | 89.5 | 82.7 | 82.0 | 79.1
140 C
NN

. 983 | 87.8 | 84.1 | 80.6 | 106.7 | 88.1 | 83.0 | 102.4 | 109.5 | 86.1 | 86.6 | 79.5
160 C

y Y o
ﬂ’ljﬂ@]ﬁ@ﬂﬂ’ﬂlﬂl@ﬂﬁ1\1%@%15\1@@53”31\1%”\11“%Naﬁiﬂﬂ@qm‘ﬂ{]ﬂ 140 C uag

° g a o &
160 C TagMIAIauNAgIUALLl
v Y
Hy fyuoe = Mygoc: QMY WiTiHAABAUR AN TOAAIVDITUII
[ v
H: e 7 Bygoe: QMHONTHABMAURAINITOAAIVOIFUIIY
o Y 1 A @ 2 A o da! Y ~ °
MrUAlH 0 AURAENTEA YOIFUNIY WeM5VNZTeUN 140 C
1 A @ 2 A o da! Y ~ °
Bgoc: ANRAEMIDAVDIFUIY (DIINTVUZUTOUN 160 C

HAM AR 115105 Minitab laka As37 4.44

Paired T-Test and ClI: 140C, 160C

Paired T for 140C - 160C

N Mean StDev SE Mean

140C 12 83.38 7.36 N1
160C 12 91.05 10.37 2.99
Difference 12 -7.67 9.05 2.61

95% CI for mean difference: (-13.43, -1.92)
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.94 P-Value = 0.014

" v a 4 1 o £ A a ° °
ﬁﬂﬁ 4.44 NaﬁW‘ﬁﬂ'lﬁ’)!ﬂi'lZ’Viﬂ'ﬂlllLﬂiﬂi'JuﬂWﬂ'li@@ﬂfuﬁ'luﬂqu@jﬂJ 140 C g 160 C

U

MANANTNATDU 1401171 P-Value N1 1du1shmsfSeumnsuduainnunanala

{ a 4 [ ] ] [ v 4

LUUN 1 Y9ININATOUAUUATIU (OL) NTTAU 0.05 IEWUIAT P-Value A1 0.014 FUnUN
Tumsdagulane

A1 P-Value < OL vilnedelJrasauudgiu H, (Accept H,)
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1 = = % = d‘ a a
f1 P-Value > OL ¥uens ilinanguiisane oz frasaunagiu H,
v ) 9
NMAHANINATOUN 1ANVINAT P-Value (1171 0.014 ¥91198031 0.050 IWF1ZNLUU
= a a (% = Y1 a 42' 9 = 1 [
Wfies aunAg Hyuazeonsy H, Wawnsoajllan quuginsiuglSeulinaseainis
@ 2 Aa 2 2 9 I Ao o o oA @ A4
oavIruIIUNaInlunIzUIUMIYUgUTo e ITsdIAYNILAUANUAFDIY 95%
a o v o [ 4 [
4.5.5 MIWATILNTITIUIUTOUNITOA- ABVDIUATBIINT (Number of Bump)
o o 4 [ I [} { ra d o [
TIUIUNTOA-A1BDIUATOIINT (Bump) 1 UFINNYANNLWITIINTOR Az
o [ =) [ A A o Y 9 a v @
A19A7 (Press and Degas) 1Ag0aLazA1e i50n31 1 59U tWoN I IHHIANLLSANANITORAA) 1ag
Pl '
NUINTBVVDINTEA (Bump) L AINA TAIATIABNITI 1IV0IFUU (HBIINN T IHIUMMIOR
~ a o Slqy 9 Y= [ o0, 49! Y A o v A Y o Y
il sz lisunudniuiivasnniimsaugyd uazdilisumsoandesaziild
qy (2 a Qy 1 =< o Y a 9 = 1a Aa qy
FuumemMennAIFLL 1A luvue daezi 1iinansdnaely Feaez lunanadiyuau
Taedoyannihonaady InmsmuuaiiuIumssa-neagi 5 50U (Bump)
HUANIINITAATIZH 923IN1TNATBUSATINIIOA-AE VOIUUNNHNTLAVAIATUAN
[y A A 9 1 Ao [ g
329U 4 59U (Bump) 482 7 391 (Bump) Lwommmmimwmmmmuiﬁmmiamugﬂ
~Aq Y A @ v ] ' P Aa X A ' @ v 2 ~
M lumswaalagiu azainansznuApAINTEATUNUNINATUNT 0 1 LAAIAI0E819FUITUN

MMINAAOUAIFUN 4.45 LAZHANITNANDILTAIAINIIIN 4.8

a 2 A o a ] A
51U 4.45 ‘])’“LNRH/I‘VHmiNﬁﬁﬂ1ﬂﬂﬁﬂmgﬂ‘ﬂ 4 591 (Bump) 482 7 391 (Bump)

U

Ty ] v
S o

= v 3 a Y A =S A a A a 9 A

mwmnﬂu”lﬂmuﬁumgm‘nm% AD FUIUNHAGN 7 59U (Bump) INATOYTIIN
g a & 1 <3 Y v 2 s 9 a v o A
Wum%mm@mqmu"lﬂﬁmmu HAZUNFUNIUNAULITIOA FIUNUNIT 100 qﬂﬂﬁﬂu ?’N;JTIJVI 4.46
' 2 A ¥ A v Ao ' ' A Yo M 9 o o £ A
AIUBUINIUN 4 50U UUUAWITIDANAININ memuz«;vnmi‘nﬂﬁau”lullﬂmmim%mmma@

¥
Y

A A A ~ a <3 1 o 1 o a A o I [
wummﬂu L'LJf]\‘liﬂﬂ‘ﬂﬂﬁ%cgllwfﬂﬁmuﬁui’lllﬂu’ﬂﬂ%‘lfnﬂWiWﬂ15m1ﬂﬂ1lli\‘l@ﬂ K3 1luvian
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Y

v k4 d‘Q
ANHUSIVUININNINULIA

d' L A o o a A
ETJ‘VI 4.46 gﬂmwwqmmwmmﬂmmiwawn 7 39U (Bump)

' v '
M31ah 4.8 ﬂijﬂyjaNafﬂﬁ“l/lﬂﬁ@ﬂﬂ?ﬁ@ﬂﬂ’)ﬂl@ﬁﬁﬂu\ﬂuﬁfﬁTIJ?!‘L!f‘Iﬁ’E)ﬂ-ﬂTEJ 4uns 730U

Y
AINITOANIVDIVUITU ("hmiau)

2 ~

FUITUN 1 2 3 4 5 6 7 8 9 10 11 12

4 Bump 845 | 81.0 | 78.0 | 781 | 79.0 | 83.0 | 82.0 | 762 | 913 | 89.2 | 82.0 | 783
103. | 104. 101.

7 Bump 933 | 86.2 | 85.6 85.6 | 91.2 | 78.0 | 98.3 83.3 | 81.9
7 5 5

] v
ASNATDUANNUANAIIVDIUTIDATEHINFUNIUNNAN 1AUTZAUNITOA-A1YUDI
Y v 9 Y
FUNIU N 4 50U 1Az 7 59U TAIMIAITUNATIUAIL
() ] ] 1 { [ to
Hy: 1, =ty 318 Il naaen unaen150aa 99931911
[ =3 1 1 d' v W Qy
H,: 1, 7 1oy MINENMAUHA0AURASNITOAAIVDIBUI
o Y 1 d‘ [ Qy d‘ o &' 9 d'
Amualn o, AUREENIT0A YBIFUIU WBIINITVUFUToUN 4 591 (Bump)
1 dl [ Qy d‘ o g 9 ~
W ANNAENTOA VOIFUNY WOTINMITUFYToUN 7 50U (Bump)

HaN3AUIAI8 1151031 Minitab lAna A9317 4.47

Paired T-Test and Cl: 4Bump, 7Bump

Paired T for 4Bump - 7Bump

N Mean StDev SE Mean

4Bump 12 81.88 4.01 1.33
7Bump 12 91.09 9.07 2.62
Difference 12 -9.21 8.31 2.40

95% CI for mean difference: (-14.49, -3.93)
T-Test of mean difference = 0 (vs not = 0):T-Value = -3.84 P-Value = 0.003

3 [ 4 a 4 ' o Qsl v
iﬂﬁ 4.47 HAaNTMINATIZTHANULUTUIINAINTOA-METUIUN 4 TOU 1Ay 799U

U

137




ANANITNATDU 1U011A1 P-Value N1duviinsifSeueusuainuianaia
{ a { [} 1 1 1 X o
HUDN 1 Y0IMINATOUAUUATIU (O) NTZAV 0.05 9WUA P-Value U1 0.004 Fanaian 1u
v A A
MInaaulane
f1 P-Value < OL vinneeUrasauudgiu H, (Accept H,)
1 = = % = d‘ a a
f1 P-Value > OL ¥uens ilinang nuiisane Nz frasaunagiu H,
] | Y
ANANMINATDUN TANLIAT P-Value 1M1 0.003 H3198071 0.05 NIIZRLIU
v
Julasaunagiu H, uazesusy H, 3eawsodagl1di Siwaunisoa-atevearuaiu
= 1 1 [ Qy dl a dy dg! Y ] A o o (%
(Number of Bump) JHa@aA1n159A¥033ununnavu Iunssuiumsvuglseusgalisdingy
4 e A
NIZAVANUFONY 95%
[ 1 9]
4.5.6 3282 UDI¥0919 lUMITAIEN 1% (Vent Distance Gap: VDG)
I ] ~ 1a J v o A 'o A o (7]
1 UFIOANUUNLNOA (Punch) 111D151QDUAIAUNDNINITAIGNIEOONDIN
Qy 1 1 [ 1 1 Qy 4 1 1
FUNY TLILFDITNVDINITANGNIFIZAINA TATATIADNITINIVBIFUNY (109910 D1 509719
%) A a o Qlay 9 A o AAa [ 2 ] :%’
mamemaimnnu 1 sz ldgunudnisanuniiaurasnnsuaudiumsiugl nseu
Yy 9 Y A 1 [ A & [ BIQSI a 9 A ]
HALMSIWINYIR AL D1NFII19NITAEMENT U 1T UIUNAN153 1 e lunazienu
Y v £ 2 Y A 2 D) ! a A
NILUIUMIMIDUUASMIEHINAUVIA FUNUILIANI08519NUNTY Tastayanindenanil
MIMUUATLILFOITNMIAYNIHIAY 1 2 mm
HUINNATUATIZH LHINTAIVANTLOZF0IIMIAIMFNTTAUANTURTZ A
d‘ d' 9 ] dl [ [ (%)) d' Y a Y]
1 mm 48z 5 mm (WANIZABINITNTIUNNTLoZFOIINMIMen s 15 unisHaniagiiu

Y ' Y v H
Fﬂ$’ﬁ\3Nﬁﬂi$‘VI‘UG]f]?ﬂﬂ1§@ﬂ%uﬁ1uﬁ!ﬂﬂﬁu1’i’§®13\l LA IDYWNBUIY @Ngﬂ‘ﬁ 4.48 LIAZANLLTION

. = '
ﬁqﬂ%1ﬂﬂ1iﬂﬂﬁflﬂuﬁﬂ\iﬂ\1 A5 19N 4.9
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% o 1 Qy dl a dl = Y d'd =N g (]
HANIINNINTNAADINUNFUINUNNAAN 5 mm 3Jﬂ'lii'l’J‘1/]3J"lJL!'lﬂ11’iilJuLﬂﬂ"Uu e

v A n Y a ' Qy A a [ A
uiqaﬂm”lﬁ"lu"lﬂqqmumwmmmwammﬂ 1 mm I8g Llﬁﬂﬂﬂﬂg‘ﬂ‘ﬂ 4.50

9 y Ay’
ANHMUSIVNYINING

: A g
maluioduusa

] ) v v
51 4.49 MedeFununinmelunaanswa ogh 93.1 luasou (um)

UG

3 v o 2 § [ 1 U %)
ﬂ]iNﬁ 4.9 "’lsl’ﬂlluﬁNaﬂTi“VIﬂﬁ’f)‘]Jﬂ?i@ﬂ@]’)ﬂl@ﬂ‘ﬁﬂﬂl&ﬁ’izﬂﬂigﬂg%@\i’ﬂﬁ N1INYNIY

1 Uag 5S mm

1 2 g Qy
AINITDANIVIITUITU (hlllﬂi’e)u)

FuUUn 1 2 3 4 5 6 7 8 9 10 11 12

1 mm. 83.6 86.2 | 93.7| 782 | 76.8 | 85.1 96.2 | 844 | 81.2 | 953 84.8 74.1

5 mm. 93.1 1039 | 97.8 | 89.9 | 87.7 | 89.4 | 106.7 | 82.9 | 95.7 | 882 | 113.6 | 88.5

Aa < ° (] 1 (9] ra P [
UUINNWNNITIAUNTIEN i]%VI'Iﬂ'lﬁﬂ'NJﬂiligfJgG]J"EN’J'Nﬂ'liﬂ']EJﬂ1G]56UE)\1LLIIW3JWﬁ§'$ﬂ1_I
1 v A o A A Y 1 1 1 (2] ~Aq Y a
ANWNUNTEAY 1 mm. LAY 5 mm. LWE)‘VIFi]ZG]ENﬂ']TI/]TI‘]JTI‘izElg"]f’EN'N\?ﬂﬁ'ﬂ'lflﬂ'l“h”ﬂi"]fil!ﬂWﬁWﬁﬁ
I 1 1 1 2 ay d‘ a é’ A ] 9 1] d‘
ﬁ%i].‘]Ju fl]?u’?NWﬁﬂigﬂﬂﬁl’ﬁ]ﬂ'lﬂ'li'ﬂﬂ"]fu\ﬂuﬂLﬂﬂ"llu‘ﬂiﬁ]ulll LLa%ﬁ'O\?ﬂ'li‘i/]‘i'l’]JﬂTVlL'Hiﬂ%ﬁllslu
NILVIUNTHAN
' @ v 2 { a o [ J
ﬂ13‘Vlﬂﬁ@Uﬂ')nﬂmﬂﬁ”l\‘]sllﬂ\illi\‘lﬂﬂigﬁ?'lﬂ%uﬂTuﬁwaﬁiﬂﬂigﬂﬂig83%64314ﬂ15ﬂ18
2] a A 3’/ a @ g
N 1 LUAg S UDaLtuag Tﬂﬂﬂ']iﬁﬂﬁllll@]ﬂ”luﬂﬂa
1 1 (2] 1 1 ' { v 2
Hy = ey ¢ 350250999MIMeMs [N HaAeA 1maen150aa 1089511y
' 1 ) 1 1 { [ 2
H: 7 B, 0 T28250399MIA18NSUNAADAURAYNITOAAIVDITUII
o Y J A @ 2 A [ é‘ 9 ~
ﬂTI’T‘LlﬂGl.‘Vi Wy ANRAYNTITOAUVDIYUITU LiJ'E]‘VHﬂTi‘ng“]Ji@uTI I mm.
J A @ £ A X Y =
Mg AURAYNTITOAUVDIYUITU LiJ'E]‘VHﬂTi‘ng“]Ji@uTI 5 mm.

HamsmuIuaIe 1150050 Minitab Idnanagali 4.50
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Paired T-Test and Cl: Imm., 5mm.

Paired T for lmm. - 5mm.

N Mean StDev SE Mean

Imm. 12 84.97 7.12 2.06
Smm. 12 94.79 9.13 2.64
Difference 12 -9.83 9.29 2.68

95% CI for mean difference: (-15.73, -3.92)
T-Test of mean difference = 0 (vs not = 0): T-Value = -3.66 P-Value = 0.004

“ljﬁ 4.50 N’dm/‘l‘ﬁﬂﬁ’)&ﬂﬁwﬁﬂﬁ"lllLL‘]_I'i‘]Jiﬁuﬂ1ﬂ13@ﬂ%uﬂuﬂ%’ﬂﬂﬁNﬂﬁﬂWﬂﬂW 1 Uag 5 mm

NHAMINATO 111031181 P-Value N 1auyimsfFsumeusuainnunanaiauuy
d' a d' o 1 ] s 1 é L
N1 1 veIMInaAaoUduNAZIU (OL) NIZAD 0.05 9TWLIIAT P-Value HA1 0.004 Fanmad lung
a A
adulane
A1 P-Value < OL vilngelQrasauudgiu H, (Accept H,)
1 =1 = [ = d‘ a a
A1 P-Value > OL vilgd e hufivanguiissnoNaz fiasauuagiv H,
1 [l Y
ANANITNATOVN IANUIIAT P-Value (N191 0.004 491708071 0.05 1WI1ZRLUU
Jeuers aundAgiu B, uazeonsy H, Waimisoagd1ain 5282409599319 (Vent Distance Gap)
Tumsmeds Srademn1ssavesdua At lunse mumimuiﬂsauamq CLAGEY
SERUANUAOI 95%
a 4 1 4 Y 4 [
4.5.7 MINATIHVUNNT 04115 09520211a1MTOARIUDAUATDITNT (Dwell Time)
v A [ N < 1 ~ 1a 4
52821701 1UN130AAIYAUATBITINT (Dwell  Time) 11 UFIIIAINYALUNUN
o o gJ/ 9 A 9}@9‘ a . I dy ~ o 9 1 a
MMIBAATIGATIY 1N TNFUNUIAANTHABN (Curing) 1D UHBIAEINY TagToyaaIn/ionan
Y '
@uMIMuuaIZeznal TUTUAUNIEAAI0EN 110 TN
a 4 o Y ra P [
HUINMITAATIEH ITHINTNATOVIAINITOAA (Dwell time) VDIUUNYANTZAL
AU 90 2N tag 130 1N HeNIZAINITNIIUIaIN1F UM Ivad1zdINanIZ N
1 1 [ Qy dl a da! A ] % 1 Qy d' o [ d' FAl
AoAINToaTUIUNmaTIUWIe 1 Tasaredsuaunihumagey aegli 451 uazldm

1509 AA1519N 4.10
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‘:‘ Qy d‘ o a d‘ v a = a =)
r3li] 4.51 YUNUNNMINTANAANTLILIATNITIA 90 IUINLAL 130 IUIN

U

v v
TﬂfJW’]J’J”Iﬁﬂ‘]eliugéll’f]\i“ﬁuﬁ”luﬁ]lﬁ}i]"lﬂﬂ1§ﬂﬁﬁ uny lalinnuanaienume Laga1ms

o laainmanaaey lutianuuanaanumnlumavesnsnaa

' v . :
3197 4.10 N’dﬂ?ﬁ‘l’lﬂﬁ’ﬂ‘uﬂ?i@ﬂ@]’)ﬂl@ﬂ“ﬁuﬂuﬁﬁzﬂm’mTﬂﬁ@ﬂﬁ’JﬂlﬁNlﬂ%mﬁ]ﬂi

Y
ANITIDAAIVDIYUITU (llilﬂﬁ’t)u)

> .

FUNUN 1 2 3 4 5 6 7 8 9 10 11 12

90 sec. 98.2 93.2 102.2 84.1 93.8 96.1 93.9 87.8 92.6 77.2 87.1 88.8
130 sec. 83.1 91.6 88.3 87.8 89.2 88.9 85.7 95.2 104.1 87.2 90.6 100.1

y H v
MINATOUANNUANAWNUYBITIOATLHINTUNIUNHAA TA8IIA1N1T0A 1 90 secs. LA
v Y
130 secs. 1ABNIIAIANNATIUATH

Y
Hy: 1ygs = 00 3202128101500 (Dwell Time) 1TiHaA1N30ARIU09FUIIU

v
H,: fogs 7 s 7502190101509 (Dwell Time) UHAAOAIN1TOAAIUDIFUIIY

) Y 1 (% Qy A o ds! k4 A
myuali Mops: ATNTTDA UBITUITU e msvusUsoun 90 Sec.

U
Y

v 1 H
I pos: ANTOR VBIFUIIU 110TIM5UUZUTOUN 130 Sec.

o Y .. Y [ {
Han3AINA0 1151051 Minitab 1AHAAIg17 4.52
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Paired T-Test and Cl: 90sec, 130sec

Paired T for 90sec - 130sec

N Mean StDev SE Mean

90sec 12 91.25 6.71 1.94
130sec 12 90.98 6.05 1.75
Difference 12 0.27 9.55 2.76

95% CI for mean difference:

(-5.80, 6.34)
T-Test of mean difference = 0 (

vs not = 0): T-Value = 0.10 P-Value = 0.925

‘ﬂﬁ 4.52 waammmmm ‘Viﬂ’J'HJLlﬂiﬂﬁ’luﬂ']ﬂﬁ@ﬂclfltlﬁu%i 82172171399 (Dwell Time)

AN

NHANINATO 11911181 P-Value 71 1911311051158 U U UAINNUAANA AL

N1 YeIMINATOUAUUATIU (O) NFLAV 0.05 TNUINAT P-Value 11 0.925 Hunaisd luns

adulano

A1 P-Value < OL 18090 15 aunAg Iy H, (Accept H,)
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Paired T-Test and CI: 8/8tons, 8/4tons

Paired T for 8/8tons - 8/4tons

N Mean StDev SE Mean

8/8tons 12 88.69 6.81 1.97
8/4tons 12 84.94 9.14 2.64
Difference 12 3.75 8.22 2.37

95% CI for mean difference:

(-1.47, 8.97)
T-Test of mean difference = 0 (

vs not = 0): T-Value = 1.58 P-Value = 0.142
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Factorial Fit: K3 versus Temperature, Vent Distance Gap, Bump

Estimated Effects and Coefficients for K3 (coded units)

Term Effect Coef SE Coef T P
Constant 92.6875 0.1192 777.30 0.000
Temperature 3.6250 1.8125 0.1192 15.20 0.000
Vent Distance Gap 14.1000 7.0500 0.1192 59.12 0.000
Bump 25.0750 12.5375 0.1192 105.14 0.000
Temperature*Vent Distance Gap 0.1000 0.0500 0.1192 0.42 0.686
Temperature*Bump 0.3750 0.1875 0.1192 1.57 0.154
Vent Distance Gap*Bump 0.6500 0.3250 0.1192 2.73 0.026
Temperature*Vent Distance Gap*Bump 1.1000 0.5500 0.1192 4.61 0.002
S = 0.476970 PRESS = 7.28

R-Sg = 99.95% R-Sg(pred) = 99.78% R-Sg(adj) = 99.90%
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Pareto Chart of the Standardized Effects
(response is K3, Alpha = .05)
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Capability Sixpack of X068 Before Improvement
¥bar Chart Capability Histogram
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4.7 %’umumimu@u (Control Phase)
2 o 9 S o Y = ¥ o 9
nnvuaeuveInsliulgad lvnszurumsimiuu i ldnsudadessing
A o o [ v 1 Y] v o 9 A =
NdedAYABHAaNTYRINTEUIUMT tazmszADveIided MMz aN FI015AVAY
@ 1 [ s A v o { ? [
awilsann dagiszasdiiensnaeunazaiuguilaoindin ldaniuaeuvesnisdiulss
uf lunszuaums Taemsnruguazerdogiion131iiAan (Work Instruction: WI) tazinaiin
a aa = = o 1 idy
MINIVANNTZVIUMITIADA (SPC) Taslisreazideansse 111l
4
4.7.1 msmmgmQmwgmmmﬁugﬂ%’au (Tooling Surface Temperature)
[ Ao Aa o I ~ 9 < = 1 1 a
1. wasmnnauiumsUsvlyutlunudnadamanuauludivvesdonan

Tatinsud lvienaisuinggiunis1 i1 (Standard Operation Procedure: SOP) Hagiin15ida

D.

Y { Y o 4 v Yy a Y a A o
Slwmmmﬁgﬁmmmmmm Lﬁ@i%!ﬂulﬂﬂ’dﬁ@Nﬂﬁsluﬂﬁ!,l,ﬂhlal]l,ﬂﬂﬁ'ﬁﬂﬁNﬁﬁauc] ?NE“JJ‘V]

4.63

NATE A TUD R |FPT ‘Issued By: Apichart |F'repared By: Apichart Approved By: Wiwat

N52U7WAS : CURE PRESSING (nsaaalsusinuiiau)

dwsurAadm: Machine Fud iz oty wilalay Jayd®
PF2 16 ( BT46-1191 ) Coresteel-160 cure pressing 81812010 A\ [sinanmstog afigm wdulaw Fianf admug
e s @ em fSufnTay f enadlunisasamay Main Material - X068 Underlayer - MX003
wadialfiaeu — > —
wWinau i Qc Operation Gondition (fafwuanafifinw Caontrol
1 |Faadfilatiaunamudusou TZAZATY - - ftem (T12775) Spec. (41A5711) Frequency (ATuf) Record (Uufin)
uAASERANYLY Back Plate gndas 1 |gmwgduifiad 167+5°C 2 asin:, T 330 Qc Chart
2 |faadilatuatas Press agflusnmilagasiamay | dowSudfod E - 2 |msdmadii 10.0 Furdt nzALAS)
mulunradaedasdns sulunzusa 14 Gas nav 10.0 Wil [‘iam%"uﬂﬁﬁﬁﬂu] MOC
3 |Fasfidlaim g duarauduldisly Funzasild| Tuscadild Fuauafimsda 4851
gndas wiruinluludinda Aruaian| deuanm n1sdaasigaif 1100 w1t
4 | Bl Hifan ydusay FALNRN 190 Funit
S o 1. 1 o_d & = L "
*doamilauswwnaniaiaundsldanwls Vent distance gap 1 mm.
dnfudrazldnngly 15 uwdnaiauns 3|eudy Setup 8 tons 2a%3 /N MOC
4 o & - I} a a v ' 2 a aa
sredunuisndusudzlusdne cavity 44 nisdnua: 1 Gas |8 tons awfud frifnw
Viawan 4 Cavity Al 1wl nsdaasagmhe & tons (Aawdul T
“ih Back Plate fuflafaumamauu Caviy 407U 186=030mm.  |2af5/nz,4Gudnaqa Moc
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. = - a . - IR a A & .
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317 4.63 loNA 131137 1M 51 1ANY (Standard Operation Procedure)
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2. MINVAVNTZUIUMSHAATINIToONMIdIn1THan laglFionaisnisnan
. . . ¢ 7 o 0w a
(Manufacturing Operation Card: MOC) ¥sfiggali)o§ lnweditludiamsouenasdrmiunmanan

195109 4.64

U

MANUFACTURING OPERATION CARD CORSTEEL(TQ)

REFERENCE | FQT1323 | FORMULATION | X068/ MX003 | BATCHNO. | TQ10112325 |

CUSTOMER AUSTRALIA ORDER NO. 20101220
PLAN TOFRD. SETS. STARTDATE | 11/27/2010 |

Degreasing | Shot Blasting | Adhesive Coating
Washing Sclution HENKEL T5173 Steel Grit Size SAE G40 Tyvpe | 62W & Lig-Resin
Washing Temp. ‘¢ Shet Cycle Min. Crvele 20-30 Min

Preform | |Underlayer Weight | 29g |I\Ial:rial Weight | 159 g |
Press Cure |Pressure  8/Stons Mold dietemp  152-162°C | |Tap Plate Tem 152-162°C |
CYCLE TIME
NO PRESS  |Pressure (Bar) |Pressure (Bar)] UPT OPN | HOLD OFN (DEGAS ! PRESS  |Pressure (Bar)|Pressure (Bar)| UPTOFN | HOLD OFN | DEGAS
) CY¥CLE TIME LEFT RIGHT DIST TME ™E | CY¥CLE TIME LEFT RIGHT DIST TIME TIME
1 10 8 8 10 10 1 & 110 8 8 0 0 0
2 10 3 3 10 10 1 6 0 NIA NiA 0 0 0
3 10 8 8 10 10 1 7- 0 NA NA 0 0 0
4 10 8 8 10 10 1 3 0 NA NA 0 0 0
VENT UPFER PLATEN =1 VALUV = 1
VENT UPPER. FLATEN TIME 1

Thickness 18.7 mm. Max./ 18.3 mm. Min ~ Green Density 2.30-2.35 gms./Sq.Cm.

31N 4.64 dod190NA1IMIHEN (Manufacturing Operation Card)

Y

a ) < Y A 1y v a & ¥
3. mimmjum‘iwaﬁwuwmﬂmﬂuwummmmwmmxmuwammﬂmu

< V(v & a 4 A Y A g a @ A ¥ .
L‘]Ju@ﬂ‘mmWﬁmmaﬁlmmiamﬂﬂﬂmimluﬂimymmiWaﬂ @Ngﬂ‘ﬂ 4.65 LIAZANUUNINIG

¥

I AadA A a 1A J Y 2 14 o 14 @ ~ o
ATIVFAYUNYUNNUHILUNUW AreinTeunes lufilnles (Thermo Couple) A4317 4.66 azm

@ VoA o @ A
msufinane 1 1@ lunuuesy Manufacturing Operation Card #931/91 4.67
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X Bar-Chart
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o [ 4 [ ()
472 FIUIUMITOA-AIBYBUATOIINT (Number of Bump) HALNITAAY (Vent
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(Manufacturing Operation Card: MOC) )nA3 NEVMMHan
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191

M5190 4.16 Tayrman 7 suaulunszuiumsnaadiusnsooud v luaa X068 ADUNNTIAN-FUIIAY W.A. 2553

Before Improvement Between After Improvement
Month Sum Sum sum
Jan' 2010 | Feb' 2010 | Mar' 2010 | Apr' 2010 | May' 2010 | Jun' 2010 | Jul' 2010 Aug' 2010 | Sep' 2010 Oct' 2010 | Nov' 2010 | Dec' 2010

:_i-lassPro. 8,436 18,472 14,684 14,328 17,584 19,960 9.964 103,428 19,504 11,044 30,548 11,456 22,920 18,324 52,700
NG 556 1,216 969 958 1,228 1,268 673 6,868 1.049 652 1,701 498 932 781 2211
IGood 7.880 17,256 13,715 13,370 16,356 18,692 9,291 96,560 18,455 10,392 28,847 10,958 21,988 17,543 50,489
b:Defect 6.59 6.58 6.60 6.69 6.98 6.35 6.75 6.63 5.38 5.90 5.57 4.35 4.07 4.2 4.20
:PPM 65,908.01 | 65,829.36 | 65,990,190 | 66,862.00 | 69,836.21 | 63,527.05 | 67,543.16 66,499.44 | 53,783.84 | 59,036.58 5641021 | 43,470.67 | 40,663.18 | 42,621.70 42,251.85
Crack | 436 | 89 | 482 | 362 | s09 | 1,043 | 255 | 4146 | soz | 3so” [ ~ #82 | T 224 | 38 | 275 | sz
%4Crack 517 4.65 3.28 3.92 2.89 523 2.56 4.01 2.57 3.53 292 1.96 1.67 1.50 1.67
PFM 51,683.26 | 46,502.82 | 32,824.84 | 39,223.00 | 28,046.77 | 52,254.51 | 25,582.13 39,575.46 | 25,738.31 | 3531320 | 30,525.80 | 19,553.07 | 16,710.30 | 15,007.64 17,090.34
Slip 102 191 185 238 293 114 175 1,298 281 109 390 169 238 193 600
2oDefect 1.21 1.03 1.26 1.66 1.67 0.57 1.76 1.25 1.44 0.59 1.28 1.48 1.04 1.05 1.14
PFM 12,091.04 | 10,339.97 2,598.75 | 16,610.83 | 16,662.88 | 571142 | 17.563.23 13,082.59 | 14.407.30 | 9,869.61 12,138.46 14,752.09 | 10,383.94 | 10.532.63 11,889.56
Not Full 13 119 126 133 233 40 230 894 192 82 274 56 131 139 326
2oDefect 0.15 0.64 0.86 0.93 1.33 0.20 2.31 0.86 0.98 0.74 0.90 0.49 0.57 0.76 0.62
PFM 1.541.01 6.442,18 8,580.77 9,282,52 | 13,250.68 | 2,004.01 | 23,083.10 9.169.18 0.844.13 T.424.85 8,634,449 4,888.27 5,715.53 7,585.68 6,063.16
Clp 3 20 61 18 52 35 8 197 23 24 47 10 49 85 144
%Defect 0.04 011 042 0.13 0.30 0.18 0.08 0.19 0.12 0.22 0.15 0.09 0.21 0.46 0.27
PFM 355,62 1,082,72 | 4,154.18 1,256.28 2,957.23 1,753.51 302,89 1,766.06 1,179.25 2,173.13 1.676.19 872.91 2,137.87 | 463873 2,549.83
M/C 2 17 59 7 56 25 2 168 28 21 49 19 62 30 111
%eDefect 0.02 0.09 0.40 0.05 0.32 0.13 0.02 0.16 0.14 0.19 0.16 0.17 0.27 0.16 0.21
PFM 237.08 920.31 4,017.98 488.55 3,184.71 1,252,51 200.72 1,471.69 1,435.60 1.901.48 1,668.54 1,658.52 2,705.06 1.637.20 2,000.26
Color 0 8 36 0 49 11 2 106 15 15 30 20 33 36 109
2oDefect 0.00 0.04 0.25 0.00 0.28 0.06 0.02 0.10 0.08 0.14 0.10 0.17 0.23 0.20 0.21
PFM 0.00 433.09 2.451.65 0.00 2,786.62 551.10 200,72 917.60 769.07 1,358.20 1.063.64 1,745.81 2,312.39 1.964.64 2,007.61
Unset 0 2 20 0 36 0 1 59 8 11 19 0 16 23 39
2oDefect 0.00 0.01 014 0.00 0.20 0.00 0.01 0.06 0.04 0.10 0.06 0.00 0.07 0.13 0.07
PFM 0.00 108,27 1,362.03 0.00 2.047.32 0.00 100,36 516,85 410,17 996,02 703.09 0.00 698,08 1,255.18 651,09
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4.7.4 ANNENTONNNTEVIUMIHAINIUTD13
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YOG (p-Chart) 1Aae317 4.70

P Chart of Defect
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e P=0.04195

Proportion
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0.02 - LCL=0.02069
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1 5 9 OWPYTRrXa Yo Phe 33
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50 4.70 upuiiarUAAd IV UTY (p-Chart) 39 IADUAAIAN — TUNIAY W.A. 2553
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Bench Bench

1110 2.034

NINGAT ABUANVANIINUTFIANTNINUBINTEVIUNITLLE1D AANNTN 2.8
1
PpBench = 5 Z Bench

' 1
Unua P s = 5(2.034)

=0.678
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Percentage 6.00 | 5.90 5.83 [ 5.83 | 5.90 6.00 5.90 | 5.87
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Mm3197i 0.2 Foyaveuderainsliuilss

msndoyavoudeTuaa X068 (naensliul)

v

a4
n

Il 1 2 3 4 5 6 8 9 10 [ 11 12 (13 14 15|16 | 17 [ 18 | 19 | 20 [ 21 | 22 | 23 [ 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
HOANAN 1100 700 | 950 | 1500 2100 800 450 | 1400 | 1000 1456
Oct'54 VoY 52 | 34 | 43 | 67 87 | 30 18 | 57 | 40 70
Percentage 4.73 1486 [ 4.53 | 447 4.1413.75 4.00 | 4.07 | 4.00 4.81
goAMAA | 2000|1700 1900 2500 3000 | 1800 1700 520 2300 {2000 | 1300 2200
Nov'54 VouUdY 77 | 73 79 | 98 120 | 77 72 | 20 94 [ 82 | 54 86
Percentage | 3.85 | 4.29 4.1613.92 4.00 | 4.28 4241385 4.09 1 4.10 | 4.15 391
goANAN 2000 1500 25001000 500 | 1700|1300 2200 700 | 921 |1200 1300 703 | 800
Dec'54 Voudy 88 56 117 | 47 18 [ 73 | 63 88 | 30 [ 38 | 51 54 | 28 | 30
Percentage 4.40 3.73 4.68 | 4.70 3.60 429|485 4.00429 413425 4151398 (3.75
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M3197i 0.3 ToyanmauiAvesduusaluea X068
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U
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Warusnliaa X068

=

{ g a o
Usznaudie arsaintlueasounsed
Y
A8 15 ¥iHA WIHTNAULSY Phenol
Resin, Friction Dust, Cu, Sb,S,, Aramid

. . ) 4 v
Fiber, TiO,, Graphite.. Aluau

Bulk Density: 1.33 —1.97 ml/g
gAMaRMIKAd:  WNUYUHQUGI > 800°C Tay
msatunsia ldmansnasuaINguuniga

A I a ~ 4
Wesnniluaisilsznevriia Inawes

nm"mgﬂ%@u (Cure Pressing)

Cycle time: (10/10)*4+110
Temperature: 157°C
Vent distance gap: 1 mm.

Pressure per mold: 142 kgf/cm2

Temperature: 140-170°C i 78 1 e usAma

dy I dy = %
mavasuyugitluiio@eIny

. ] (%)) d' a 43!
Vent distance gap: F28lumsmenianmnayuly
9y Y T
JuapUMIIUFY 1H0I0INNTZVIUNMITOAIZIAANS
o a a PR o Yya o 49! =
Mgnsevesansiall Gz ldmamayy a9

Y A o O A g o £ 9
TADIUMIIINYODNINDT) 99N UFLIUI 1)
< @ ' .
Pressure: Lﬂumﬂwﬂummwmuuu (Specific
\ A <3 9

gravity) ¥i30A21WLY9 (Hardness) YOIH UL

\ S o A o 9 9
Bump Time: 1Y us190a1v03M50auazAeNi1d

9

FIUTANANIOARIUD U DR 1L A

o) <3 ! A dy Y a
Dwell time: 12U 9N DA NLTANANTHADN

< dy = o
azmmﬂmuammﬂu
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DOE ﬂ%ﬂ‘ﬁ 1
PF2 Trial: Crack improvement

Trial No. 1 2 3 4 5 6 7 8
Temperature 140 160 140 160 140 160 140 160

Vent distance gap 1 1 5 5 1 1 5 5

Number of bump 4 4 4 4 7 7 7 7

No. Time trial Spec: 75125 micron

1 1 81.6 83.1 88.2 94.9 93.2 99.3 118.2 130.3
2 1 64.3 76.1 90.8 92.6 102.2 98.5 114.1 116.9
3 1 70.5 83.7 76.8 79.9 90.3 84.6 116.1 118.6
4 1 78.9 76.9 86.6 88.8 97.8 105.7 113.9 117.2
5 1 69.7 75.1 90.7 91.4 97.2 101.9 107.6 121.6
6 1 80.6 66.3 77.4 970, 97.1 90.2 109.0 108.8
7 1 72.6 74.5 83.7 96.6 86.0 98.8 111.3 113.1
8 1 73.2 84.8 87.8 82.3 93.8 103.4 101.9 107.8
9 1 68.9 75.8 85.8 85.7 100.6 119.6 114.2 109.2
10 1 60.7 65.8 73.1 79.1 102.7 97.9 105.7 113.0
11 1 69.3 74.6 94.7 83.2 98.8 102.5 102.2 104.8
12 1 62.1 67.2 90.5 85.6 97.6 96.5 102.5 118.0
K3 Max. 81.6 84.8 94.7 96.6 102.7 119.6 118.2 130.3
K3 Avg. 71.0 199 85.5 87.7 96.4 99.9 109.7 114.9
K3 Min. 60.7 65.8 73.1 79.1 86 84.6 101.9 104.8
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PF2 Trial: Crack Improvement

Trial No. 1 2 3 4 5 6 7 8
Temperature 140 160 140 160 140 160 140 160

Vent Distance Gap 1 1 5 5 1 1 5 5

Number of Bump 4 4 4 4 7 7 7 7

No. Time trial Spec: 7525 micron

1 2 68.4 85.6 88.9 77.2 98.9 88.2 105.1 122.0
2 2 73.6 69.4 95.1 86.6 74.7 107.0 111.2 98.6
3 2 67.1 77.9 78.9 73.3 98.3 86.4 114.1 131.5
4 2 71.6 75.4 92.6 91.7 109.5 104.2 113.2 121.8
5 2 79.5 68.3 86.4 94.7 107.7 95.5 114.2 122.4
6 2 73.9 73.4 87.5 92.2 89.9 97.7 107.4 112.8
7 2 78.8 80.1 91.8 90.5 82.3 112.3 113.0 112.7
8 2 67.1 75.8 79.2 91.1 99.0 98.3 109.0 114.3
9 2 70.2 82.1 92.3 83.5 102.1 89.2 113.6 97.1
10 2 69.9 81.2 72.1 87.1 99.8 102.8 102.1 123.8
11 2 74.8 72.7 91.3 96.6 96.5 97.7 111.2 122.9
12 2 64.3 67.7 76.2 94.9 99.2 104.4 108.9 105.7
K3 Max. 79.5 85.6 95.1 96.6 109.5 112.3 114.2 131.5
K3 Avg. 71.6 75.8 86.0 88.3 96.5 98.6 110.3 115.5
K3 Min. 64.3 67.7 72.1 73.29 74.7 86.4 102.1 97.1
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d' 9 J . 1 @ o
MINN 1.6 VDY AN Compression ﬂammwaqmiﬂﬁuﬂ;q

PF2 Comparison Before/ After improvement

Before improvement After improvement
Pad No.

1P OP 1P OP

1 93 83 84 73
2 108 109 78 76
3 104 93 72 74
4 84 97 78 78
5 78 97 76 77
6 80 89 79 75
7 115 111 81 76
8 105 106 78 74
9 88 91 78 75
10 89 101 69 74
11 118 103 79 76
12 118 80 74 81
13 97 112 83 76
14 87 103 73 80
15 98 90 82 76
16 113 88 73 79
17 83 80 76 75
18 123 86 82 76
19 108 83 78 83
20 118 118 76 77
21 89 103 77 77
22 89 102 82 81
23 84 114 78 74
24 115 90 82 79
25 86 79 81 84
26 75 97 79 71
27 113 99 72 81
28 113 98 71 77
29 119 80 79 74
30 89 114 78 79
31 83 106 75 83
32 82 102 79 73
33 88 80 73 82
34 88 80 76 73
35 97 87 74 76
36 79 90 78 82
37 98 88 77 78
38 80 80 75 76
39 114 86 76 77
40 87 83 74 82
41 81 106 75 78
42 94 83 74 82
43 116 87 76 81
44 114 82 81 79
45 98 90 76 81
46 95 79 80 78
47 108 86 76 78
48 100 103 79 69
49 98 87 75 79
50 76 82 76 74
Avg. 97 93 77 77
Max. 123 118 84 84
Min. 75 79 69 69
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Date:_41-01-22 shife___A Check by:___T47200%
F R e Ty
Temperature control: 157+5°C
Time| 07,90 11.%0 A4 0 .00 23.0%
Point| Die | Punch Die |Punch| TP | Bie [Pusch| TP | Die |Punch| TP | Die |Punch| TP
11554 1976 mx %8| 15091 1995 skt | 155.2] J0.2) /0.2 | 1582 | 5.8 |156.8 ] 190.2] 1602
2 | 560 fit.2 1963 1911 15b,]

| 4 1190 .3 158 11 5n.2

© [Ave 1156 b[ 1906 |15, 5[155.9 |55, T 19,7 | Bu. b 155: 20 160.21950.0 | 5. 2| 170 R 176.7| 1902 | 102
Max 1619 — | - Imbgl =N =1l i 188 — M =1 =
Min [55.40 - |~ Hssa| V= Meet] ) (502 v I
Vs | 1908|190 | 1968 (1772|1590 156 3] 19041 1981 %56 9 15').1 1] e | 4672| H0.1
Sl (5728 (.6 0.3 156.5 171

o El T 1Y T 1562 i)

z : b4 1580 153 mz $62

e Ave [ 3o L1157 [0 17500 L4504 150, | Besl 1703 ﬁzi “Iff‘l
Mas o5 [ — = lo5k -4"11%9“". L¢7 774 i M -
Ma}o50] — 1o |§60] {EELN\TAERII A 3ol — o o
U ligb.2 1504 1433 | 663 L 561150 110620 1o A 15011503 1158 3 9.2 | #A.7 19552 | 1959
2 L b 1634 7302 195.5

o2 11509 1.3 B4 2508 1.9

gl |me faik 1563 1.2 (7

: 5 =~ — N\ £ NN — e - “~ -~ — s =

(<570 | Pt [ 1503 T30 15| B |5 Vo | | PG [ 90,3 702 | Tt | Foo|
Ma [0 ] — - Togbl — = femab = | A2 - [ - 11660 - | -
MaDopdl — | = |13 —fF=lRGL 1" I$571] —|- %9
UL 1100456011500 | 1523125 711155 3 |196.2 [158.3] 856 .4 [ 1501 R.T | 1564 rm m.')
Ll V2 Y %9 154.9 1663 b4

o I T 1581 1.9 1501 1561

zl ¢ 1%.8 155.2 559 5.1 m}

BlE =il = ) = = = = [ = =7 = —

M T TR AT R YA N G W e L Rl Fa L A
L P70 I 7 I;‘ﬁ? - [=Teml -1~ Img] -
Moprg| ~ | - IBa| - | ~ IBoe] — | - 1568 - |~ [Bd] ~ | —
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M15199 0.8 1OATITAIUTUNTAIUIUAT X-bar A R-

chart
Temperature Checking X Bar R Chart - PF2 @Coresteel-160
Date : 11-Jan 2011 Process No. / Name: Cure pressing Measurement item: Temperature Tool cavity : 4 cavity Study by : Date :
Formular: X068/ MX003 Machine / Equipment : Coresteel 160 machine Specification : 157 %5 Frequency : Every 4 hrs. Approved by : Date :
Jan' 2011 CONSTANT n=size subgroup
Date |11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|11-Jan|12-Jan(12-Jan|12-Jan|12-Jan|12-Jan|12-Jan|12-Jan|12-Jan|12-Jan|12-Jan|12-Jan|12-Jan| n A, d, D, D3
Time | 7.00 | 7.00 | 7.00 [ 7.00 | 11.00 | 11.00 | 11.00 | 11.00 | 15.00 | 15.00 | 15.00 | 15.00 | 19.00 | 19.00 | 19.00 | 19.00 | 23.00 | 23.00 | 23.00 | 23.00 | 3.00 | 3.00 | 3.00 | 3.00 [ 7.00 | 7.00 | 7.00 [ 7.00 | 11.00 | 11.00 [ 11.00| 11.00] 2 |1.880 |1.128[3.267| 0
Cavity | 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 3 [1.023 | 1693|2574 0
nt | 156.8 | 158.1 | 155.7 | 155.0 | 154.8 | 156.5 | 155.4 | 156.5 | 156.3 | 155.3 | 156.0 | 157.3 | 159.0 | 157.5 | 157.9 | 156.8 | 158.5 | 156.0 | 157.1 | 156.3 | 157.8 | 158.8 | 157.6 | 156.5 | 156.5 | 154.5 | 155.8 | 157.3 4 10729 [2.059|2.282| o
n2 | 156.7 | 157.2 | 155.5 | 156.5 | 154.8 | 156.3 | 155.8 | 155.3 | 154.8 | 155.0 | 155.0 | 157.3 | 155.8 | 157.0 | 156.7 | 156.0 | 156.8 | 155.8 | 156.2 | 156.5 | 158.0 | 157.8 | 157.4 | 158.8 | 158.3 | 156.8 | 157.9 | 156.0 5 (0577 | 2326|2114 ©
n3 | 156.1 | 157.3 | 155.9 | 157.5 | 157.3 | 158.3 | 157.7 | 156.0 | 155.8 | 156.0 | 155.9 | 156.5 | 157.0 | 156.5 | 156.7 | 157.3 | 157.3 | 155.8 | 156.8 | 158.0 | 158.3 | 157.3 | 157.8 | 157.0 | 157.5 | 156.8 | 157.1 | 157.3 6 0.483 [2.534|2.004| 0
nd | 157.2 | 156.2 | 156.7 | 156.5 | 157.8 | 157.8 | 157.3 | 157.5 | 157.3 | 156.3 | 157.0 | 156.0 | 157.3 | 156.8 | 156.7 | 156.3 | 157.3 | 156.8 | 156.8 | 156.5 | 155.5 | 156.5 | 156.2 | 155.0 | 155.8 | 155.5 | 155.4 | 153.8
ns | 157.2 | 157.3 | 159.2 | 156.8 | 154.8 | 155.8 | 155.8 | 154.8 | 157.0 | 155.0 | 155.6 | 158.3 | 159.0 | 158.0 | 158.4 | 159.0 | 158.8 | 157.0 | 158.3 | 158.5 | 158.5 | 158.3 | 158.4 | 158.5 | 157.8 | 157.8 | 158.0 | 156.5
n6 | 160.2 | 157.1 | 155.9 | 159.0 | 158.3 | 158.5 | 158.6 | 158.3 | 155.8 | 154.8 | 156.3 | 155.8 | 156.5 | 157.0 | 156.4 | 156.8 | 156.0 | 155.8 | 155.8 | 157.8 | 157.3 | 158.0 | 157.7 | 1565 | 157.3 | 157.0 | 156.9 | 156.3 Specification |[USL = 162
xBar | 157.4 [ 157.2 | 1565 | 156.9 | 156.3 | 1572 | 156.8 | 156.4 | 156.1 | 155.4 [ 156.0 [ 156.8 [ 157.4 [ 157.1  157.1  157.0 | 157.3 | 1562 | 156.8 | 1573 | 1575 | 157.8 | 157.5 | 157.0 [ 157.2 [ 156.4 [ 156.9 [ 156.2 [#DIv0! [#DIV0! [#DIVOI [#DIVOY| K= 156.83|LSL= 152
R 4.1 19 [ 87 | 40 | 35 [ 28 | 32 | 35 [ 25 15 [ 20 [ 25 | 33 1.5 | fea\P)3b/] ¢els: 13 | 24 [ 23 | 30 | 23 [ 23 | 38 | 25 [ 33 | 26 | 35 [ 00 | 00 | 00 [ 00 |RBar= 25038 |Signature :
s 13 [ 06 | 13 | 12 15 1.0 12 12 | 08 | 06 | o6 [ 08 | 1.2 | 05 [ 08 1.0 12 | 05 | 08 | 09 10 [ 07 ] o7 13 | 08 1.1 1.0 1.2 S= 08610
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H [ J
gﬂﬁ V.3 1A ﬂﬂ%ﬂﬁ@m!ﬂﬂﬂﬁ”lmiﬂiﬂﬂu@] (Link compression machine)
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51N v.4 nuuHraeagngu (Piston) d1vsD19mMAd0UNTIBA (Compression Test)

Y < 3 a a 1A -4
5N @5 gilnsalibngungiveIHIMNANW (Thermo couple)

q Q
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d
A.1 IEMIAATEHANNTNTOVBINILVIUMS (Process Capability Index)

hmmsnsendoyaluye 2MSINTILHANNETDUDY

nszuIUMs laeisuduila Tusur | Stat > Control Charts > Attributes
Y

Charts > P-Charts 91nH{UN30NV0 1% Subgroup sizes = Mass Pro 18"

Aan OK uaaanaegili .1

P Minitab - Untitled
File Edit Data Calc Stat Graph Editor Tools Window Help

|G @S| & G SsicSutistics IOt HiCRE0Ae W CER ||~ | I-Edk& ¥

[ = T T AIxiqlIx1 ~

ANOVA »

DOE » [o'a%)

13 Box o Tanstomtn..
7141201 Qu.ahty ook 2 > Variables Charts for Subgroups »

Nelcome to Minivab, recmy/Sunial M|y e CHastoIndividuals b

R ' B

Time Series 4 - 3

: Time-Weighted Charts P 22 NP

e *| Motivariate Charts P

Nonp IS » © o7

EDA »

Power and Sample Size »

P Chart )% _—

(enter a number or column Containing the sizes)

Mdtple Grapts... | Data Optons... | P chart opsons... |

' v
51N A1 FuaounTa$19 P-Chart Worksheet
d 7 %}
n.2 M IIANHsTUUMsHUveanwtinanu lagl¥lUsunsy Minitab
] 9
sudulaTisunsy Minitab 91n1M@oNIMY Stat > Quality Tools > Gage Study >
9 v

Attribute Agreement Analysis fn"muu’i"Jau%'agamuﬂiﬁﬁ’ 839013 C4 = Result, C2 = Sample, C3 =

Inspector mGﬁ@\mJL} Attribute column: = Result, Sample: =Sample, Appraiser: =Inspector Hanan
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#1 Option 11421800 Confidence Level 95.0 ud1nan OK Tagnah lavzuaaseglugimsvesnsi

Appraiser 11aZ403@ Session HAMIHLIUAMNADA Hanwasgin a.3 ozl n.4
oy
[ st Groph Egtor Took Window Help

o LY 48R0 8% GO0 B & 114k ¥ 4|2
ANOVA R TEON
M v
ConolChars  * cam | a3 [ lcam [ 5 [ cs [ cr | s [ oo [ e | o [ 2 | o1 [ o[ o5 | cte [ cir | e s
[ i et ST F g
Rejabilty/Survial |z Pareto Chat. Attibute Agreement Anayis S |
Mukmnm { Mtz [T sm Detseamangedas e
;::5"'" :f’;\wmwmummm.,, 2 e & Atrbite ooy [resit
& N 2 mepector . Options.
2 ‘A% lohnson Transformation... 4 result n "_W
Nonparametrics 4 Capabity by . Graphs...
04 / Capability Sepack » s L Resits...
Power and Sample Size »  Mitiple colsmns:
L) Gage Sty » [7
ERNI v Ay 8 L e
‘ . R Calaiste Cohen'skapps i ppropriate
11 NG [ Acceptance Sampling by Attibutes... Nl agrsserss [ v s kappa if appropria
12 NG Acceptance Sompling by Yarisbles ) — i
:: i:z & Multi-Vari Chat... forthste o tona
'1§ NG 1 Sxmaryym.. m”]“ e — o | = =
16 (NG No2  Operatord NG ‘ ppedivbute: |sT0 (Optens)
11 NG No.3 Operator 1 NG rcmmsommmnm’I
18 NG No.3 Operator 1 NG ) I —

Y
Q/

19 .2 TUADUNT Create Attribute Agreement Analysis Study Worksheet

Sal

d' . Y Y Qy 9 o
gﬂ‘ﬂ a.3 N3 Appraiser UBYANITUUNITATIVFADUFUITUITNIVBINUNIUY
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¥ 9 . o 1 aa o Qy 4 o
qﬁlﬂﬁ .4 UBYA Session WANITATUIUAININEDN NITUUNITATIVTDUF U UINIVDIWUNIU

U

d [ Y]
A.3 IEMIIANEHszuuMI Taveaniinau 1agl¥)lsunsyn Minitab
v Y
udwdalysunsy Minitab 91niw@eniuy Stat > Quality Tools > Gage Study>

9
Create Gage R&R Study Worksheet mﬂuuﬂiaﬂ%’agaﬁa Number of part =23, Number of
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Y
Operator = 4, Number of Replicate=2 t187Aan OK 91n1u%1n13n50nY03a Solder height a3l

%99 Work sheet 1aaa331N A5

lc| Stat Graph Egtor Jools Window Help

@ mesusc OlpQed CRE098 % (CBB B /| 11Le|7 40
i Ry »
g = IE% NG
- ANOVA > l 5| il Jilad i .
ooe . =r=p
Control Charts »
[}]  Quality Took 4 = Run Chart...
i Reliability/Survival * | Pareto Chart...
' Multvariate » 3 Cause-and-Effect...
Time Series HPS
s Individual Distribution Identification...
Tables *| £ johnson Transformation..
Honpacmetice Capability Analysis »
£0A 5 Capability Sapack »
Power and Sample Size »
e T 7 :5<1 e Suy- |
¥ Attribute Agreement Analysis... |::1 Create Gage R&R Study Worksheet... ‘
L
Acceptance Sampling by Aftributes... . Gage Run Chart.. —
Acceptance Sampling by Yariables > :‘: G291 Create Gage R&R Study Worksheet .
% Gagi[ By
- e s .-.‘j Mmber vmaw@j W —
(Y o=
—_ |~ SymmetryPlot.. J
Cc2 c3 c4 1= T <1 o e Attri ’:" T Part Hame \ 2 Operator 3 Operator Name Cc19 c20 2
23)2 | 2 2
33
4 4
s s
616
7
8 8 4
35 30 Create Gage R&R Study Worksheet - Opti |t
it a\ -
g
Huber of r = Bo: v
c gandomzealvms
weo | " Randomize runs within operators
| L x| cwa |
A
L
v
X

317 A.5 YuABUNT Create Gage R&R Study Worksheet

ilehinisnsenteyalutes Work Sheet 1d1 vunoudeluaziiinisfuam GR&R
TaosuduilaTasunsy Minitab mm'j”ugﬁaﬂmk@ Stat > Quality Tools > Gage Study> Gage R&R
(Crossed)...mmi“ufﬂeusﬁ’agaﬁmﬂsﬁﬁmmi C3 = Part, C4 = Operator, C5 = K3 a4%09111 Part
numbers: = Parts, Operator: = Operator, Measurement data: = K3 mﬂﬁ’u‘i’jau%yjaﬁmﬂiﬁ
#04M39504MY Study Variation 6 12715041 Lower spec: 1ag Upper spec: lidloudoya
udandn oK #a31lfi .6 Taouaasn j1uoenswl Gage R&R taztoya Session WAMIAIUI

MDA 1aAIRegn a.7
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Help
Neoral CRVOIFw COE W - IXLE 74 2
Begressicn » S
—_-_] xXiq x T N
BNOVA .
Doe JO | 6| o | o] o [ as] ol a2 il as| as| as | carl as | as | co |
Geotrol Charts = |
TN ~ £ e
Refubidey/Surmval ||, Baceto Chart-
Mukweriste 33 Couse-snd-Effect...
Tieme Series oo
Tables : e Te
i e : —
Bower and Sawgle Sice »| o
s TR . 1:5<1 Goye stusy-
16 Vi Aatribste Agreement Analysn... B Creste Gage RAR Seudy Worksheet .
2 3 [ Acceptance Samplng by Apbones.. | T 9¢ Bom Chue
:: < Acceptance Samping by Yanaties »| i Goge Linearity and Birs Study...
158 O M- Van Chan E
168 L Sgmmetry Plet..
e ~s5— | Gage R&R Study (Crossed)
189 78.0

20
»0

4.0
735

o0 W
M5

2
1
2
)
2
1
2
1
2
[
2
1n 1 M0
2
1
2
[
2
1
2
1
2
)
2

= G Gage R&R Study (Crossed) - ANOVA Options
:; :’,: Study variation: (number of standard deviations)
i s Process olerance
16 8.0 (' Enter at least one specification lmit
Lower spec: [ i
Upper spec: [ 1
C Upperspec-Lowerspec: [
Mistorical standard deviation: | —
i} Albha to remove interaction term:  [0.25
T~ Display probabiites of misdassification

if I~ Do not dsplay percent contribution
I~ Do not dsplay percent study variation
[~ Oraw graphs on separate graphs, ane graph per page

Tide: |

o 4 [ ] _cma |

Y
Q/

317 7.6 TuABUNIINAADI Gage R&R

3
U

il

=
1]

A.7 Han311 Gage R&RUAZHAMIAUIUMNNTDAVDINITTAAITIBAVOIRIDTA
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TaetA3 04 Link Compressibility Machine

aa o a d o o | y R
B @ ower an amplie dize
.4 'Jﬁmi‘mwam53ms1“mmmmama‘mﬂumsmam P d Sample Size)

Y v
T minuuiloudoyadinisNdoin1snsa¥oq Sample size: =2, 4, 6, 8, 10, 12, H04 Difference: = 25

1 9
11AZ %049 Standard deviation: =13 11&IAAN Options WBIABAAT Significance level: = 0.05 AU

] v
suduilaTasunsu Minitab 9Inu@onY Stat > Power and Sample Size > 1 sample-

a @ ! v ° @ !
AnnN OK Llﬁﬂ\‘]ﬂ\igﬂﬁ .8 Lla3ﬁ’lﬂJ’liﬂlLﬁﬂ\‘]WaﬁW‘ﬁ%’lﬂﬂ’]ﬁﬂ’]u’Ju@\igﬂﬁ .9

EMPY

jf ySavaateegpe-- . % W W
c| st Graph Edtor Took Mindow Help
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Defect reduction from brake pads production by using DMAIC method
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Abstract

Thus research aims to reduce the amount of defects generated within the process of brake pad production by using
DMAIC method stage of Six Sigma. According to the case study company’s target, the amount of defects caused by pad
crack problem should be decreased by 30%. The cure pressing process of disc brake pad model X068 production is selected
for this study. In order to accuracy and precision measurement system, the specification of disc brake pad is controlled with
the compression value ranging from S0 -100 micron. The research methodology consists of 5 steps: (1) Define phase, the
process capability index of disc brake pad production iz evaluated, (2) Measure phasze, the root causes of problem are
determuned, (3) Analysis phase, each one factor 15 analyzed, (4) Improve phase, the design of experiments (DOE) with 2°Full
Factorial is used to investigate the relationship and the optimal value of each factor, and (5) Control phase, the statistical
process control (SPC) is applied to control the process. After improvement by implementing the DMAIC method, it found
that the scrap rate 15 reduced from 60.37% (40,461 PPM) to 39.37% (17,090 PPM) of all defect rate or about 17,090 PPM.

Thus, with this improvement the amount of defects can be reduced by 36.75% of company policy.

K eywords: Defect, Press Cure, Pad Crack, DMAIC Methodology
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