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Independent Study Title Molding Process Improvement Using Six Sigma Technique:

A Case Study of Integrated Circuit Assembly Manufacturing

Name-Surname Mr. Panya Longnil
Major Subject Business Engineering Management
Independent Study Advisor Assistant Professor Daranee Pimchangthong, D.B.A.
Academic Year 2014
ABSTRACT

The purposes of this independent study were to use the six sigma technique to analyze
factors that affected wire sweep and incomplete fill defects in the molding process, and to reduce
the defective rate of both defects at least 80% from the number of current defects.

The six sigma technique, used to reduce wastes in the molding process, was composed of
five interconnected phases: Define, Measurement, Analyze, Improvement, and Control. The
analysis results found that the significant factors for the wire sweep and incomplete fill defects were
improper molding transfer steps. The optimized molding transfer steps were determined by Design
of Experiment in the improvement phase. The optimized molding transfer steps were the times of
transfer molding in step#l, step#4, and step#5 equal to 1.5 second, 5 second, and 7 second,
respectively, and with distance or stroke of transfer molding in step#4 was equal to 16 mm.

Based on evaluation results, the defective rates of wire sweep and incomplete fill were
reduced from 4560 PPM and 6334 PPM to 0 PPM or 100% reduction, which was better than the
target. In addition, the Process of Capability of wire sweep defect was improved from 0.1 to 1.84.

Keywords: six sigma, process improvement, molding process
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Mold Parameter

Mold defect Molding Clamp  Packing Delay  Transfer  Transfer Cure
temperature force pressure time time Speed time
Incomplete mold Yes Yes Yes Yes Yes Yes
Void / Blister / Yes Yes Yes Yes Yes Yes
Porosity
Mold flash / Yes Yes

resin bleed

Mold sticking Yes Yes
Package stain mark Yes Yes Yes Yes
Wire sweep Yes Yes Yes Yes Yes Yes
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Incomplete mold Void Mold flash / resin bleed

Mold sticking Package Stain mark Wire sweep
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Pareto chart the defective of product "Hx" (Aug -Sep, 2014)
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Process Capability of Wire_sweep
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Sample N
StDev(Within)
StDev(Oversll)
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— Within

= = Overall
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PPM Total
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- When L POUFIIANDUADUAUEIYU WA, 2557

- How . Gl‘]_l51831”%1ﬂﬂ15@]53ﬂﬁ@ﬂﬂmﬂ’]w

- How much : 229aY — 4560 DPPM
Twad lifiy — 6334 DPPM
Aafluduiigad = 39,800 USD/1 (2558)
lag = 111440 USD/ (2559)
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4.1.5 wansznunnymnnaau
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v

a =) a A 45! = g A A a d%’
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H
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vigalisliogna
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4152 Tanu@saniztadadum laadinnindimuaduiiownanuiindes
@onanlumsasvdeutazAauenTeoanneuiinMsvads
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4.1.5.2 Nﬂ'J'IEJLﬁENWﬂ]@\‘ilﬁﬂ'ﬁ]ﬁ]ﬁ@ﬂhlﬂﬂﬂﬂﬁlsl]@ﬂ@ﬂﬂ1

4.2 MIAUHUMIEIUTUADUNITIA (Measure Phase)
ﬂ1i@i1lﬁuﬂ’lia§’ﬂiuﬂ%‘l‘m@uﬂl’E]\?ﬂ'li'ilﬂ ﬂ$ﬁ'lﬂ'lﬁﬁﬂi&l'lﬂ’J'liJLl’]J'iﬂi'JueU@Qﬁg‘UUﬂ'li'iﬂ
Az AT IEHANNENTDVRINTTUIUMI KA TuTagiu
4.2.1 ﬂ'liﬁﬂ‘lel'liZ‘U“]JﬂWi's’@

42.1.1 MsANEITLUUMIIA Gauge R & R U84Msinn1aIaay

=

@ I ] ) o
ﬂ’]iﬁﬂﬂqﬁgﬂﬂﬂqﬁjﬂ Gauge R & R LﬂUﬂ1§ﬁﬂH']ﬂ’nulﬂJua’]ﬂ]ﬂﬂﬁgﬂﬂﬂ'ﬁ?ﬂqﬁ
= N [y Y Yo QY A A o
ﬂgﬂ’l’)ﬂﬂ\iﬁuﬁﬁ]ﬂl@ﬂﬂ’ﬂﬂWﬂWﬁ’]ﬂﬂ’]ﬂﬂ’]ﬁ?ﬂ Tﬂﬂj%ﬁ')ﬂﬁﬂ’]ﬂﬂu llﬁclﬂflﬂﬁ'ﬂ\ill@Lla$§$UUﬂ1§3@

a o & = 2 = v Y v A VYo
RPINU FINTANHITLANYIN NN UYDINITIANIAINANAIBIAT D4 X-Ray Tﬂﬂ%ﬂmm

v
=

' 2 o 2 v 32 ¥ o
NUIU 3 AU 1/11miaﬂmmﬂﬁmawmmmamq 10 FULALIATITUAL 3 159 ALLEA TUA1T199
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~ ' s o ¥ Ay v o &2 o
13190 4.1 Llﬁﬂ\‘]ﬂ'nﬂﬂil‘;ﬁuﬁa’Jﬂﬂ?JTIllﬂi]'lﬂﬂ'li'JW]fu\ﬂuG]’mﬂN

YayamsTamadInan (%)

1 7.31 7.32 7.27 7.30 7.29 7.24 7.29 7.25 7.26
2 7.74 7.75 7.71 7.75 7.72 7.70 7.73 7.77 7.79
3 8.31 8.32 8.33 8.39 8.38 8.31 8.34 8.33 8.39
4 8.55 8.47 8.49 8.54 8.44 8.50 8.50 8.49 8.54
5 7.44 7.46 7.41 7.45 7.42 7.40 7.43 7.47 7.49
6 7.24 7.26 7.21 7.25 7.22 7.20 7.23 7.27 7.29
7 6.74 6.75 6.72 6.71 6.75 6.70 6.59 6.71 6.75
8 6.51 6.52 6.57 6.50 6.59 6.54 6.59 6.55 6.56
9 7.43 7.48 7.40 7.41 7.45 7.47 7.41 7.44 7.49
10 7.64 7.65 7.62 7.61 7.65 7.60 7.59 7.61 7.65

Z o 1 ! o a J o < aa A '
nntuihmalaaui lduihmsimsigd laeldTdsunsudrSegdneadamonial

ANUAANAINVINNITIA AduaAdTUNING 4.4 1A 4.5

Gage R&R (ANOVA) for Wire Sweep
Reported by:
Gage name: Tolerance:
Date of study: Misc:
Components of Variation Wire Sweep by No
100
" 8.0
g
H 7.2
LY
o = == = 641
GageRSR  Repeat Reprod . Patto-Pat L Al [ e S
R Chart by Operator
o553 15914 17640 BRAE riep By Opeenton
- I UCL=0.1450 E ﬁ E
-
E | | 8.0
H
£ o | i H—+—
t * Ll ~ai V“lj\hM R=0.0563 A
H
g
® 000 I i 1a=0 6.4 § §
8153 15514 17640
Operat
Xbar Chart by Operator i
8153 | 15514 | 17640 Operator * No Interaction
- =
é 8.0 : : s 804 g \
: ey | i -
& 72 » 724 0 v
= I I = e/
¢ | | 64
6.4 1 2 3 4 5 6 7 8 9 10
[

3 a 4 1 a o 1
ﬂTWﬁ 4.4 wanansnanIs AT Wﬂ'lﬂ'lﬂ')'lllWWWﬁ1ﬂﬂl@ﬁi$ﬂﬂﬂ1iﬂﬂﬂ1ﬁ?ﬂgﬂIﬂﬂ{l“]gfj

ee

TusunsuduSegmaada

46



NNINA 4.4 11N5 IUaIUVDI Coponents of Variarion WY1 AANNLYTUTIU
Y
o 1 ] 1 1 1 =y LY~ 1
Y9I5LUUMIIATIUIMYNININANUUANANTLHINAIAINAVVDIFUNIU  aufiu lae1n A1
d < 4 A 1 1 1 9 2 a [
WosiuanuulsUsIunuanaNuuANAINTEHINAIAIAANUBIFUIY - UAIWINNIIAT
< I3 4 o
eodiruaanunlsisiuvesszuumsia
(o915 1Ud@IUVBA R Chart by operator WUIIMIIAMAINANVOINITANUIADE
AueglUMINIUAN
d' a 1 1 1 d‘ Y [ A 3’, 1 A
o151 1udIUY09 Sample mean WUNAIN Id0INMIIAMNOVNINA DgUDNIN D

Y 3 1 v A ] 9 e
N1IAIUAN Llﬁﬂ\iGh’ilfﬂu:]']ﬂ'J11]L!ﬂjﬂi’Ju"]]@Qigﬂﬂﬂ'ﬁjﬂlﬂ@ﬂ’lﬂﬂ']ajﬂa3J6110\16]5U\11u

Gage R&R
¥Contribucion
Source VarComp (ef VarComp)
Total Gage RaR 0.000896 0.24
Repeatability 0.000872 0.23
Reproducibility 0.000024 0.01
Operator 0.000024 0.01
Part-To-Part 0.379642 99.76
Total Variation 0.380538 100.00

Upper process tolerance limit =10

Study Var $Study Var %$Tolerance
Source StdDev (SD) (& * SD) (25V) {(SV/Toler)

Total Gage R&R 0.029535 0.17961 4785 3.58 ¢+
Repeatability 0.029525 0.17715 4.79 3.53
Reproducibility 0.004938 0.02963 0.80 0.59

Operator 0.004938 0.02963 0.80 0.59

Part-To-Part 0.616151 3.69690 99.88 73.61

Total Variation 0.616€77 3.70126 100.00 73.70

Number of Distinct Categories = 29

1 a 4 1 a [
JTI‘INﬁ 4.5 LN Wﬁﬂ1i’3lﬂ'§1$”H”VH?H?]’JHJWﬂWﬁ'lﬂ"lJf]\fl‘iZ‘]J‘Llfﬂi’)ﬂﬂ1ﬁﬂﬂguiﬂ81%jiﬂiuﬂill

o < aa
du3931Uneadn

{ P o a 7
ﬂ1§1\1ﬁ 4.2 UFEAUNUNNITIDNTUUASHNANITUANTIEH Gage R & R Study

anuANUAUls mamlumsgensuanuiuulsvesszuumsia
Y9IIZTUUMTIA goNsU ganSunUVal Tlaiansa WaMIIATIET
ol gonsuld
1. Contribution <3% 3-10% >10% 0.24% gouTL
2. Study Variance <10% 10 - 30% >30% 4.85% R
3. Tolerance <10% 10 - 30% >30% 3.58% goUTUY
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HANSUATIZH Gage R & R Study A9mNii 4.5 1Az a15199 4.2 Wuwamsinszy

#1 Contribution HAMTY 0.24% ¥aneanu Annuusdsmfimetunnns iauas danase

ANuudsUsiulagsuveaszuumsia UAUNINY 0.24% LazA1 Study Variance 1182 Tolerance
TR 4.85% 18z 3.58% MUEITY FrunaaimseeNs

42.12 MIANEITLUUMIIA Attribute Agreement YBINIATIVIBUVOUANT DY

UszinnauTuag L@

=

(91’/ e I ] e @ ]
Tuasuiliun1sAnyIszuunsialunisastvasusuunTdnYULHIY
A [ o A 1 9 o . Y Yo o
YELN AR (Go/No Go) #3801 UBYALUUUY (Attribute Data) Tﬂﬂwg«,mmimaau 3 AU M
ng o Qy 3'.; 1 9Y o ] 1l 1
NIATIVADUFUINIUIIUIU 20 YU AUAY 2 ATI LUV Y Tﬂﬂ@‘wwmﬁmﬁamz”lummumau’n

2 2 I . [ {
GD"LN’]UG]J"L!G!@ lﬂuﬁ']u Good ‘Vﬁi@ No Good CTNW'@ﬂ’liﬂﬁjﬂﬁﬂﬂllﬁﬂ\iﬂ\?@'li']\‘iﬁ 4.3

v v
S ' (]
VnﬁN‘ﬁ 4.3 Wﬁf‘l"liﬂﬁ3ﬁ]ﬁ'ﬂﬂﬂﬂ!ﬂ?WﬂJﬂQ“KHQTUﬂJ@Q%@UﬂWi@QIuaﬂﬁlmﬂh

. HAM3ATIVTOUFUNY
P AUMNOUTN 5 3 » 3 " 3
Fuauh Y winOUAUA 1 minnuAua 2 minnuAu 3
o a¥afi 1 a¥afi 2 afafi 1 a¥afi 2 afafi 1 a¥afi 2

1 G G G G

2 G G G G

3 G G G G

4 NG NG NG NG NG NG NG
5 NG NG NG NG NG NG NG
6

7

8 NG NG NG NG NG NG NG
9 NG NG NG NG NG NG NG
10

11 G

12 NG NG NG NG NG NG NG
13 NG NG NG NG NG NG NG
14 NG NG NG NG NG NG NG
15

16

17 NG NG NG NG NG NG NG
18 G G G G G G G
19 NG NG NG NG NG NG NG
20 NG NG NG NG NG NG NG
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mﬂwaﬂ13@13aﬂﬁa‘u@mﬂ1wmaﬁymmmm%’mmwéaﬂmﬁ"lahﬁu“luminﬁ 43
HAMITIATIZH Attribute Agreement W11 ANuEINIa UM TaghvesminUIRAZAY (Within
Appraisers) 7213 }i19UIBBUBINITNNIUIAALAY (Each  Appraisers VS Standard) Use@nima
AuE 30 lumM3SAg19IMIATIVADY (Between Appraisers) taztszaniranu lueudo

YBININTIVAOU (All Appraisers VS Standard) HAUNIAY 100% FINMAUNANTHONTY AIA NN
4.6 LAZMTNN 4.4

! Y
PN 4.6 LAAINNNEWITO TUMTIAFIVOININIIY (With Appraisers) Lag seansnanny

l3itouBeaunean15ATI9A0U (Appraiser vs Standard) NFIANUFONU 95%

! @ o a P
ﬂ”li%i‘ﬁ 4.4 UFAAAUNUNNITIDNTUUASHNANITAUATICH Attribute Agreement NITATIVTDU

dounnieszinnTuad L@y

A NS NWHPY WHPIH NHPNIUAY
v 4 4 4
goN5U AU 1 aAUN 2 73
Y \
1. anuanse lumsiasvesninauuaay 90 % 100 % 100 % 100 %
AY (Within Appraisers)
2. anyhileudssesminnuugazay 90 % 100 % 100 % 100 %

(Each Appraisers VS Standard)

3. UszAnsnannuawisalumssadiveams 90 % 100 %
153980V (Between Appraisers)

4. Yszanswannylueudesveans 90 % 100 %

153980 U (All Appraisers VS Standard)
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42.1.2 ﬂ'lﬁﬁﬂ‘]eﬂﬂ’ﬂiﬂﬁ']u'liﬂﬂlﬂﬂﬂﬁ%‘UTL!ﬂ'li (Process capability)
a 4 = FY = dy
ﬂ'lﬁ’)l,ﬂi'l$ﬂﬂ?'liJﬁHﬂif]"’UfJ\‘lﬂﬁ&”U’JUﬂﬁﬂlﬂﬂﬂlﬂﬂlﬁﬂﬂizlﬂ‘ﬂﬁ’JﬂﬂiJ 1uﬂ1'5ﬁﬂ‘]el']u
o S Y o < < ! ?
ul@%} mﬁmmmmﬁ’ummmmwmmmu 4 a9n aanas 20 Sﬁ’ay‘a Gl'li]ﬂﬁN‘ﬁ 4.5 3IUNINUA

80 oy

d’ o A A a d%l S a 1 A
M1319N 4.5 NuInvesdsitnaIulunssuIuMIRANa1aan lusIuAe Y a.a.-n.y. 57

Month Pkg Lot Qty Defective
Type No In % Wire sweep Incomplete Chip Lead
Max  Mean SD Cpk  Reject fill package  Damage

a.A.-57 Hx-54 ASCI1462 4000 154 10.38 1.97 - 31 42 0 4
n.8.-57 Hx-50 ASC1467 640 15.3 8.55 2.57 - 7 5 0 0
n.8.-57 Hx-50 ASCI1482 4000 14.2 8.92 2.73 - 10 17 0 0
n.8.-57 Hx-50 ASC1483 3200 13.6 9.3 2.05 - 6 11 47 0
U 11840 154 9.28 2.41 0.1 54 75 47 4

v
v ) a 9 1 1 1 [ Y]
i]'lﬂu‘L!‘I/nﬂ151/]@1E‘T’Ollﬂ’JﬁJ‘]JﬂG]GU@QﬂWﬁLH]ﬂLHNGU?Jy,ﬁ LAZWUIIAT P-Value ﬁ?ﬂl‘ﬂTﬂll

= 1 o g’/ 9 [V Y AN YR A [ 9 A
0.093 %3IY1INNI 0.05 ﬂmwuEm”amimmama3Jmllﬂi]mmuﬂuﬂlaua%ummmmﬁmuuu

U

1na aauaaslunini 4.7

Probability Plot of WS_Current
Normal - 95% CI

p y.d Mean 9.289
a” &\ StDev 2.410
994 o' Vi > N 80
o
/e AD 0638
95 e g P-Value 0.093
90+ e
80 P
1L T
@ 7
g % '
% 40 )/
o 304 e 4
20| Wy
v, I '/
10 7 #
5 o
/f/ o‘
< '/"
14 4 .
011, ¥ . - T
0 5 10 15 20

WS_Current

MW 4.7 yaaensiwamsnadeuanuilndvesmstaniasdeyanisianiainau
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o a d I { 1 1
MNIAATIZHANUAINITOVINTEUIUNTAWAAITUNINN 4.8 agWuIA1 Cpk U
AUMIAD 0.1 FIAININIATIUVBINTEVIUMIHARA F4TasdnAndaIa1 Cpk dmSunszuIUMS

9y
Tniastiaunn 1.67 vu 'l

Process Capability of Wire_sweep
‘ ‘l'h"‘ti" in
‘ = = Overal
| Potential (Within) Capability
7 Cp *
P=N 2
CPU 0.10
| Cpk 010
Overall Capability
| Pp =
PPL o
PPU 0.10
Ppk 0.10
Cpm -
T T T ' T T T
4 6 8 10 12 14
Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL " PPM < LSL b PPM < LSL *
PPM > USL 350000.00 PPM > USL 383627.14 PPM > USL  383268.99
PPM Totl 350000.00 PPM Total  383627.14 PPM Total  383268.99

MNA 4.8 Llﬁﬂ\‘]ﬂﬁ']’l/‘lﬂﬁﬂ"lialﬂﬁgﬁﬂ’nuﬁ"]iﬂ’iﬂ‘llﬂﬂﬂi%ﬂ?ﬂﬂﬁﬂl@\m’mgﬂ

oA a v :’J a d
4.3 ﬂTiﬂ“I!uHﬂTi'J‘ﬁ?ﬂuﬂ]uﬂﬂuﬂTﬁ'J!ﬂ‘i'l%‘Yi (Analyze Phase)

3’, dy I Y v A =1 1 a Y 4 (IR~}
“lmmmumzzﬂumiﬂumﬂ%%fmm%zuwamﬂmﬂﬂﬂfgmmﬂau uaﬂuaﬂ”lumu

o a d . L
Tagldmsszavaues Mnsunszimaunavelyniaie Why-Why Diagram tagzisegnd 19
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A ) a = < A Y KX o w )
FMEA 1ie71nsiseiuanuges ﬂlﬂﬂﬂi&ﬂua”]!ﬁﬂﬂl@ﬂﬂiyﬁ’] LW@iﬁﬂﬁTUﬂQﬁTﬂUﬂﬁTuﬁ’]ﬂﬂl

a

] 9
yosaungidana liinalayn) (Risk Piority Nummber %50 RPN) 9101431151800 111aues
H [ o a Cal 3 1 a
Pymiilian RPN geganazsesaan wiimsigainawig ladluauiguostdyminuies
a 4 a
43.1 miwmazimanigmanalyiaindy
43.1.1 asndoumuinuinalaymalady
9 sy v 2 o oo A a Y A
nndoyadn ldnnduaenlumsiia nud dumisiinezinalyiaiadunoe

a A S A a 9 J v =
VITIULDIN 1 LA 2 "Uf)ﬂﬁﬂl“l/‘liil Wi@UiL’JmﬂNLGUVU’ENﬂ@MﬂTJ@ ﬂﬂllﬁﬂﬂiuﬂﬂ/‘lﬂ 49
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d' a A 9
NMNN 4.9 memnmﬂwuﬂmmmmu

a 4
43.12 Anszdimaniguodynilaglyd Why-Why Diagram
g’/ dy 9 4‘ o a 4 &
TuruaeuiazlenisszauauouienIs AT A URAUoITYn F99g
ueraeeni luguiuuues Why-Why Diagram Tagag ldanymzeimsiaawanonisinaveatlom

(Potential Faliuer Mode) 148 @ 1Ms)v041ayn1 (Potential Cause) Adtaradlun1ni 4.10
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L
43.1.3 Uszgndls FMEA
g’/ g ) Iq ¥ A a o w o
luvunouilazih FMEA  wlszgndlfiiedszidivmdnunnudinyues
aungnaewalifinalaymi (Risk Priority Number: RPN) ¥oauaazauianii ldinatlymialadu

aauaaalumnm 4.11

Key Potentila failure mode Potential S Potential cause (s) o Currrnt control D R
process failure effect(s) E C E
input v C T N
Machine 1A cull ring Wire sweep 7 Pot/Plunger INAMI NN 1 Lﬂaﬂuﬂﬂ”] 100,000 shot 7 56
Y 9 4 v a <
anAeuuni Tuaa 7 19 Vacuum (#8119 1 a329%0 lag PM 7 56
s
159/ 1fou
7 #9NT94 Vacuum 9AAY 2 asauinlag PM 7 98
Yo
1059/ hiou
ussulumsianon Wire sweep 7 Pot/Plunger (NAMTANYITO 1| nlasunng 100,000 shot | 7 56
Ia a
Unanang 7 O-Ring Seal Y93 CSP 2 asrudalae PM 7 98
s
inamsideno 159/ 10U
A o . 7 a 2 3
Anunilavesnauiig Wire sweep 7 Twagmisliaes luns 3 a1 lay QA 8 | 168
o 2 . Ye
yazdalimuzay Aansuihnd imingaw 159/ 3y
a 9 o 4 YA
7 qurigiivesrithTuad 2 N30z iouAa LAz 2 28
gansednninmun NgANMIIY
MAN 1¥nouthinuaeiy Wire sweep 7 mImuguegmslFanues 1 asrudalae QA 8 56
s
A4 liidne 159/ 3y
Material | ANWwilavesnout g Wire sweep 7 Auaviavesneuihid 1 IQA 71579@81 C of C 2 21
yagialimuzay Muza 109 lot
iduanadnidul Wire sweep 7 domnuaveInseaniLL 1 N/A 7 49
AR
iduadaeuiu Wire sweep 7 domnuaueanseaniuL 1 N/A 7 49
FEEOE
gulumsueusveudu Wire sweep 7| dofmuavesmsmaandasal | 2 QA FUATI 7 | 98
3
anagunu’ly 1853/ dland

) A P a
M 4.11 UFAAINMITAUATITHYTUNRALASHANIENY (FMEA) ﬂlﬂiﬂ1i!ﬂﬂﬂﬂluﬂ1ﬁ’lﬂé}ll
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nnmstsziiuanudsalagls FMEA @ mnIni 4.11 wunaunguedgrinum

Vo A ¢ A d a d v A

RPN g M0 168 Ao “Tuanminfimoeslumsianenihialaminzan” vazaungi
59909110A1 RPN (1101 98 A9 “@IN3509 Vacuum @AAU”, “O-Ring Seal U94 CSP 1AAN1S

[@on1e” wag “ToMuUATDIMIHAANAANNH” IS 1WUVDIAT RPN Y09UADY A UNAT115D

IS @ A
LLﬁﬂQLﬂuLLWUﬂ1WW1L§I@ PNNINN 4.12

MNA 4.12 Lmumwwuﬂﬁ'uﬁmﬂmuu RPN mmmﬁmiwﬁmmm&]uazwaﬂiz‘mmmmi

a Y
adyrialaay
HAENTO)
a = a EY ¢ A o 1o
A:  Pot/Plunger INANITANYITO G: QmWgummwuﬂuaﬂqmiﬂmmmm‘ﬂuﬂ
1 = v =

B: %® Vacuum id8¥1g H: ﬂ']ﬁﬂ'.]ﬂﬂﬂﬂ']qﬂ']ii%ﬁ']u‘ﬂ@ﬁﬂﬂﬂﬂ']'}ﬂﬂlﬂﬂW@
C: @21393 Vacuum Qadu 1 puauiavesnout g himugeaw
D: Pot/Plunger AANTENHTO 1. defmmuaveamsesnuuuNaAsMA
E: O-Ring Seal U89 CSP (NAN51H8YI10 K: Yomyuaveimsnaanandaa

d a d a v
F: TN’nﬂ’mimmﬁ)ﬂumiﬂﬂﬂauﬂneﬂumm:au
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g’/ dy 9 A o a 4 =
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Resin type MAR-~+BPH-+low molecular weight
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Response Surface Regression: Ws-Mean versus T_S1, T_S4, T_S5,S_S4
The analysis was done using coded units.

Estimated Regression Coefficients for Ws-Mean

Term Coef SE Coef T P

Constant 9.87219 0.2508 39.355| 0.000

T Sk -0.04719 0.2508 -0.188| 0.858

T_S4 -4.30844 0.2508 -17.176| 0.000

T_SS -0.05781 0.2508 -0.230| 0.827

5_S4 1.41531 0.2508 5.642| 0.002

T_S1*T_S4 -0.03406 0.2508 -0.136| 0.897

T_S1*T_SS 0.23781 0.2508 0.948| 0.387

T_S1*S_S4 -0.23656 0.2508 -0.943| 0.389

T_S4*T_S5 -0.11719 0.2508 -0.467| 0.660

T_S4*S5_S4 -0.02656 0.2508 -0.106| 0.920

T_S5*S5_54 0.15281 0.2508 0.609( 0.569

S = 1.00339 PRESS = 51.5475

R-Sq = 98.50% R-Sq(pred) = £4.69% R-Sqg(adj) = 95.51%
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Interaction Plot for Ws-Mean
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Response Surface Regression: Incomplete fill versus T_S1, T_S4, T_S5, S_S4
The analysis was done using coded units.

Estimated Regression Coefficients for Incomplete fill

Term Coef SE Coef T 24
Constant 3.06250 0.1875 16.333| 0.000
T S 0.06250 0.1875 0.333| 0.752
T_S4 -0.31250 0.1875 -1.667| 0.156
I_SS -1.56250 0.1875 -8.333| 0.000
S_S4 0.31250 0.1875 1.667| 0.156
T_S1+*T_S4 -0.31250 0.1875 -1.667| 0.156
T_S1*T_SS 0.18750 0.1875 1.000| 0.363
T_S1*5_S54 0.31250 0.1875 1.667}.0.156
T_S4*T_SS -0.43750 0.1875 -2.333| 0.067
T_S4*S_S4 -0.81250 0.1875 -4.333| 0.007
T_SS5*5_S4 1.18750 0.1875 6.333| 0.001

S =0.75 PRESS = 28.
R-Sq = 96.69% R-Sq(pred)

I co

66.09% R-Sq(adj) = 90.07%
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Interaction Plot for Incomplete fill
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Two-Sample T-Test and Cl: WS_Current, WS_New
Iwo-sample T for W5_Current vs WS_New

N Mean StDev SE Mean

WS_Current 80 9.29 2.41 0.27
W5_New 80 3.65 1.15 0.13
Difference = mu (W5_Current) - mu (W5_New)

Estimate for difference: 5.643

95% CI for difference: (5.053, 6.232)

I-Test of difference = 0 (vs not =): I-Value = 18.91 | P-Value = 0.000| DF = 158
Both use Pooled StDev = 1.B873
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Histogram of WS_New, WS_Current
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Test for Equal Variances: WS_Current, WS_New
95% Bonferroni confidence intervals for standard deviations
N Lower StDev Upper

WS_Current €0 2.04425 2.41016 2.92762
WS_New 80 0.97270 1.14681 1.39303

F-Test (Normal Distribution)
Test statistic = 4.42,| p-value = 0.000

Levene's Test (Any Continuous Distribution)
Test statistic = 29.49, p-value = 0.000

- a ¢ ~ D) o 1 ) \
NINN 4.39 Wﬁﬂ'li'JLﬂﬁ'lgﬁﬂ'lﬁllﬁ'ﬂ'i_ll‘l/]ﬂ'i_lﬂ?WﬁJﬂi?uLLﬂiﬂl@ﬂﬂlﬂMﬁﬁﬂ?i')ﬂﬂ'lﬁ’)ﬂﬁllﬁgﬂﬁl'lﬂ

TuaswmniwesTmiuuag Ina

Test for Equal Variances for WS_Current, WS_New

FTest
Test Statistic 4.42
WS _Current F - { P-Value 0.000
Levens's Test
Test Statistic 2949
P-Value 0.000
WS5_New- F—e—

1.0 15 20 25 30
95% Bonferroni Confidence Intervals for StDevs

v o] — T3

d' = 9 oAl 9 1 o a 4
HNNN 4.40 L‘]EfJ‘]JmEJ‘]Jﬂ’J”Ill‘]Ji’J“LllL‘]J5"IJE]Q"U@3;1,61ﬂ"li’Jﬂf"l"Iﬂ’Jﬂﬁﬂﬁ%‘l’i’ﬂﬁiﬂﬂﬂ?ﬂﬁﬂl@@i

Pagiiuuas vy

AR 441 oz 442 0FoufeuaIANEITIVEINTZVIUNMTVDITOYANITIAR]

1 s a 4 o 1 (A J
a1aduszI TnaamndweiTegiuaz lul nuamanuausavesnszuIuns luaa
a 4 @ ' 1w J J a A 1
WNHwesTagiiu AUNIAY 0.1 HazAIANNAINITDVDINTEUIUMITVR Tuad s 1Hnes 1

A A 3 1 [ é 1 c{d‘ g’/ Y A
WNNYUAUNIND 1.84 G])’QZJ"Iﬂﬂ’NLﬂﬂ!“VWI@ﬂ’J A9 1.67

75



Process Capability of WS_Current

usL
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Xbar-R Chart of Wire sweep

i I
10 .
] 1 il
8 |
| UCL=7.109

R=4.745

2. 1Q=2.380
i H
10.0-] .
.,/.\" UCL=8.67
& 75
2 5o .
] R=4.10
g 2.5 |
|
0.0 | La=0
1 3 Il 7 ] 11 13 15 17
| Sample
| dewlFinkys : ‘ #asilsmlyanszaums
d' a 1 Y 1 [ o
MNN 4.47 UAUYUAIVAY mmmamauﬂauuawaqﬂiuﬂgqmzmumi
P Chart of Reject-incomplete fill
i | feulfuga “ | naalSulsanszuoums
1
|
0.010 1
0.008
T 0.006-
o
o
& 0.004 4
UCL=0.00298
0.002
P=0.00104
0.000 4 LCL=0
Tests performed with unequal sample sizes

q’ a = [~ J @ o
MNN 4.48 LAUYUAIVAY P sumﬂ1s@1i:1ﬁ]’desummﬂTuaﬁ"lumuﬂ@mmzwmﬂsuﬂga

NITUIUNIT

81



UNN 5

aziwan1sIdy maedlsiewa nazdorauenuz

a v
5.1 agUwamsivy
™) a = w0 9 [ Y
Gluﬁm’;zﬂﬁ]@uuqmamﬂiium'iNammmﬂil5311113Jmimmeuuﬂ@mnﬂqmﬂumu

@ a < /A ° 4
5101 tagnanw midsvlsaazasveudelunszuiumsnanduilunagningniwnlfiivoas

Q

=

y 4 a a & A Yo a o ¢ J 2y v
GIuVluﬂlﬂ@Fﬂ']ﬂ(’]l@QlﬁﬂGLUﬂﬁnguﬂ'ﬁuaglﬂuﬂ'ﬁlWNﬂmﬂ’]WGlWﬂuwa@ﬂmm %Qﬂimﬁﬂﬂ']uhlﬂ

q

= o a = = a A £y '3 °
ﬂﬂH"Ifnﬁﬁﬂ’f)ﬁﬁ'lﬂ?ﬁlﬂﬂ“l]@\ilﬁﬂtluﬂﬁgﬂﬁuﬂTiﬂﬂWﬁTﬁﬁﬂ o mﬂammﬂmsﬁﬂumu Tﬂﬂu"l!@']

asy a J A [} L 9}& A v o av A
ATNITHENT FNU MTﬂiZQﬂ@ﬂ‘b’%QM’MQﬂﬁ$?Nﬂsll’f)ﬂf‘l1i? gno
A = o Aa 1 a = 9 M1 d A a dy
- WeANEIMYIBNUNAADNMSINAVOUTY ﬂizmﬂmﬂauuaﬂmﬂ"lmmwmﬂmu(’lu
NTZUIUMSAANAITAN
A [ a = 9 o 13 A a =
- INDAADATINITINAUDILT Y ‘]Ji%!,ﬂ“ﬂa’llﬂammgiilaﬂlliJL@]iJVl!ﬂﬂﬂWﬂﬂizU’JUﬂﬁﬂﬂ
a Y ! 9 Y ° = @
waaanlvanasoseiosinas 80 mnmmmmma“luﬂm;uu

5.1.1 agdwamsAny eI

v A

o A 1 a L R ] v o
5.1.1.1 thivhiiranemanadamaladuues Tuad gy ed1elitodidy Ao

9

a 4 = S = 1 I a 1 Aa 1 a
stmm@ﬂumsaﬂﬂ@uﬂnﬂ"lummzﬁu Faeeondun s imosaIunlHanemMsnatan

g

Y LIS @ ~
m@amgawmimmmm muﬁ@ﬂumﬂm 5.1u8 5.2

ms19ii 5.1 a3Uihieninademanalaalady

Main effect Interaction effect AvnLIE

4 a {
1. T _S4 ¢ nalumsianeudnauesmsiinmes Step 1 4

7 A 'z {
2.S S4 - szegmelunsaanonl 10N 10IN05 Step N 4




maah 5.2 agifssilinagemanattay Tuad i@y

Main effect Interaction effect AMOBLIEY

= s A o ~
1.T S5 - nanlumsaanend1naveansimes Step 01 S
= s A o ~
- 1.[T S47*[S S41 nanlumsianeutavesnsiimes Step 1l 4
Ufduiusi szezmalumsianeuindues
a I'4 d‘
15131035 Step N 4
=% 4 a 4 d'
- 2. [T T51*[S S41 nalumsnanonid1aveans1ines Step 15
Ufduiusi szozmalumsianeuindues

a 4 A
NITIUADT Step N 4

1 4 a 14 = S )
5.1.12 1inmsma lwaamsiiees lumsaaneulnanmuzaunagz il
o x 1 o o 4 a J ] @ [
U5u1¥ Fawamsasndeunu nasnmi luaamsitimes i ldsuls awnsavih1dilym
Y R A = 1 g 2 Ao =
2298y FaliT1uauveude 4560 DPPM uavaiuTuad vy Falisuiuvesde 6334 DPPM
A G 9 o A A a d’z o = 1

aAaAMae 0 DPPM ¥30 anadingay 100 YoI91UIUYUdennavY o Jag1iu Hau1nn

" Y 1
Whvenaa 13 danaaaluning 5.1

L | A
‘ Aewuliulsa ‘ | ndalSudzanszuaums
7000 |
|
6000 |
| 4o\
NN
= 5000 | AW
= | @Q\
a AN
[ I u‘d
a 4000 2
= | o
B I e
2 3000 | :@“
£ D
& | o
17} | [} a‘\
a 2000 l Wap
|
1000 |
|
0 I
AA-ny, 57 | o, 58 A, 58 1M, 58 A, 58
I
B Wire sweep 4560 | 0 0 0 0
|
M Incomplete fill 6334 | 0 0 0 0

B Wire sweep [l Incomplete fill

d' = o = Y g ' [ @
MNN 5.1 LlﬁﬂﬂlﬂﬂﬂﬂTﬂ')u“ﬂ@ﬂ!ﬁﬂﬁﬂﬂaNlLﬁ%IllﬁﬂﬂthMﬂ@ulm%ﬂﬁﬁﬂiﬂﬂ?ﬂﬂ'iz‘]J')ufni

83



5.1.13 awnsnaadunuiniannveudelunszuiunsnan (cost of poor
a I
quality) Aeuilu 39,800 USD/Al (1ud) w.g1. 2558) uaz 111,440 USDA (11l w.e1. 2559)
5.1.2 agdwamsautiunsieg
7 Ya J Aa 1 a = a
nnmstlszgnaledng Fnirlunisaamsinaveadelunszuiumsngs a1
o a 1 g/} Y o dal
agdwamsdutivanluuaazauaou ldast
9
5.1.2.1 aglmsduivaumaiseluruaeunsssyilym
9 1 A A a d”l = A Aa
nnveyanuNveuTemnaIulunsTzUIUMIAANAIEANNTA1 DPPM gaga 2

A £y . M I =2 Ay Y
UAVLIN AD AIAAN (wire sweep) LAY Tuad hiau (Incomplete fill) ¥IUAUNINY 4560 DPPM

uaz 6334 DPPM mudny danaliidonarlumsasiaaeu dauenvoudouazasaulignd

lgnglzsid

= Y A <] t:gll [
a1 saiuganee Iddenasslszpuilymiluhimsud ly
v
5.1.22 agdmsduiiunumsaiveluruaeunisia
NNMIANEITZUVNTIA Gage R&R 112 Gage Attribute WUIAMINY5IUS
[ gJ/ 1 A o a
VOITEUUMITIANIADIHIUA N UNN AW UA LASANUEINITOVOINTELIUMTRANAITAN U
J Y A ' v 9 11 Ao A
AauUeIaInaN A1 Cpk 1NN 0.1 HoanNANMUUAAD 1.67
9
0o A a o 9 a 4
5.1.2.3 agdmaduiuanumsive luruaeumsinsigy
a L4 9 A Jq ¥ a 7
MNMINATIZH Taals Why-Why Diagram tazilszgnals FMEA Tumsinsizy
A v A I a ' Aa
anuaeaestitenoniuaumamsineveslym nunauguesmsinatymaladutazau
[~ ~ J Y J a o = 1
Tuad Ay WilA1 RPN gage 10y 168 Ao “Tuasmiiwes lunmsianouing hiingeaw”
o < L) o 2 o
Jhmadeniszutlymiuihmanadeunazalsulgeluruaouvesnmsdivilg
o A a o g’.} @
5.1.2.4 agdmaduiuanunmsieluvuaeumsdsuilys
A ' 7 a 7 a o
INNTOONUUUMTNAABUNDNIA IuaaWITIlmes lunisaanauilnan
9 v A 1 a g’.; v A o o w [ % A
mimnzaw vz lathdenlinasemsmatymnaelssnnedniiodanyaaaaslunisied 5.1
31 o o 1 a 9 13
uag 5.2 nniuth ldU5uld wunaunsaaamsinaveudeaindy taz Tuad iy aunae o

DPPM 911 4560 DPPM U182 6334 DPPM eiaiay B4 1uaamiiiimes lumsaaneuiian

g aunandlunIng 5.2

84



Transfer step profile Total stroke =23 mm
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