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2.1 Six Sigma 9| /A

gl FA4Y 6 (Sigma)e A TE HAY ATEHE UEdHE 5AH
Tl REAAE AV F tolEEe] FAC2RH oA de ALE e
W= ATk e FAR F4 @AM Alelr} BEHA 6 wieh A7) 7 e A
+ 6 Sigma®] &% %Y (Process Capability)S 23 9 Aoz 758U o2 ©
of Agol lem?l ZEE Qg 29 FHA Ao 248 §sirigs ity
= BEEY AEFE T EBZES F ogdd 1.02lemyt 098cm T3 @eo] wEo] 9l
vt ot} o] HEL 4F¥E(Dispersion)gt 3 EA oA AFES e = uby =
stb2 Al FFH2HStandard Deviation)E AMg3lEd Sigmas o] XEHAS e
4 EES AF] 095~105cm Atole) AFES FAFow o AL
T4 A #2005cm7F doh 282 AE ] =gl Sigma(XFHAH) 7 0.00840]
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EdEE wolAA du
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gjQ) 15SigmaE #etafop doh o] 2 F4lol5 & UL W FASE 6 Sigma
T FATHOE S 199 W 348(34PPM)2] olg]7)l Uy ¢£F& szl 9ok
o} Z+2 HiolE-g n A ¥-& FE 6 Sigma £FEL 109 A 2719 EEo
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&, oJh 0.0083 0I8I0I HEE BH2L2
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i Aot EE8Y ] ARE Sigma® JEUE o) fE AEF 2A we
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el dem AR S22 24Y § Aok 6 Sigmais Motorolaol 2% &g
Harryell i3} 1987'3 #stsich Mikel Harrys o274 3d £42 3750z a4y
A 3le ARMZEE nAsd F EAANE F8aa= F9L 54 i) o =
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e @A Fo] 6 Sigma FEo|th Harrye Motorola ARel "6 Sigma
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[29 2.2] Six Sigma AA&dE 99

ALREYEE
{Transaction/
Business Process
Six Sigma)

# SS58 (Six Steps (0 Six Sigma)
& CTP(Critical To Process)
* Process Redesign, Pl

[ Six Sigma HEFS 29 ]

HIBHER
(Manufacturing/
Process Six Sigma)

® Total Process Characterization

Six Sigma A9 HAl 719> Mikel JHarry H#HAle] &) xv 19874 #orbmich,
15 dA 6 Sigma TAEE A 6 Sigma oA n(SSA)S] 8 Aot Harry #HA}
i 6 Sigmaell WHal oh& 2ol Aeldtar vk [21]
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[# 22 ] Sigma$

I EFE (A7)

Sigma FH4E B =FE B EZE (PPM)
0.0 0 100 1000000.0
0.5 48.4 61.71 617075.1
1.0 68.27 41.74 417410.5
1.5 86.64 14.46 144614.5
2.0 95.45 4.55 45500.1
2.5 98.76 1.24 124194
3.0 99.74 0.27 2699.9
| 3.5 99.954 0.047 465.4
4.0 99,9847 0.0064 64.4
4.5 99.99942 0.00068 6.8
2.0 99.999944 0.000057 0.6
55 99.99998962 0.0000048 0.04
6.0 99.9999998 0.0000002 0.002
B.5 100 0 0.0001
7.0 100 0 O
[ 23] SigmaT&d E%E (&)
- Sigma qAE (%) 2HE (%) =HE (PPM)
B 15 50 50 500000
2.0 69.146 40.8547544 408547.5
25 84.144 15.865526 158655.4
3.0 94,419 6.6807229 668072
35 87725 2.2750062 227501
4.0 99,479 0.620968 6209.7
45 99.865 0.1449967 1450
5.0 99.977 0.0242674 2427
5.5 99.997 0.0041686 417
6.0 99.9596599 0.0004401 4.4
6.5 99.9599714 0.0000287 0.29
7.0 99.9999981 0.0000019 0.019




23 Sis Sigma® &% [5]
2.3.1 X (population): AL thate] ¥l= @ Ax ol (NE )

232 H¥(sample) BT 54& Wotalr] 9ty maygogrE JRES 2z

it A % A4 4]
o FAGl o EH A RE | o] FEF, £F T 1233
e HER gl 8 4 g 22 e e
sAFe) FA, $3, Qo) BN, AR
o A *RIE, GE, A7 wofe] WA A5
*TE, BFE =i O Rnlt
289 | P @S AFrZ 24 | B4se 45E HeM 23
FAsE ;
‘;‘12—_1‘13 a 2 3 T D H
o Hm Ha), Cp, Cpk %, PPM, DPU, DPMO

233 Six Sigma ProcessdlA] A& HE= &5

& Defect : g w= B
<O Unit @ &4 758 7138 713 &9
< OPP(Opportunity) : & #3e AE @ T2 HA 7]Z0FEE Holus

718 o =

& DPU(Defects Per Unit) : @99 284

< DPMO(Defects Per Million Opportunities) : @4t 713 % 233,

> DPO(Defects Per Opportunities) : 7133 A g <.

& FTY(First Time Yield) : 2715 &.

¢ RTY(Rolled Throughput Yield) : ¥34&

234 FA A9 =

(DA (mean) : 7H @ol AHLHE Aoz deyFolgdur R

(2)2Atg ot (trimmed mean) © Glo]g] Fol G& gel nlste] UF aAy =
UFE 2E o ghe] e Ateds 7 BAY sbg 2 dlolHE 59 4
A MElS el delHE J7E 7§ Aol



B Fat(median) : FlolHE& Av] o2 vg & o 7hEuo] 91 B g
SPCE dlolelell A =7] o2l dole 7} deof Qdtm Az 2 w FUdgte] £
A A28 Jede £ 9E ge) @t

(W r(mode) Mo : dlolEle] gk FolA 714 Be Wg =1 Jehgs
T deolE e ge ey,

(5)7F 5 vt (weighted mean) : Z+zte] dlo]E] ¥%S SUs A @7 7124
T U2 5o S I Mo w wid xif vEREn sto Adbsls
W o o},

235 X F

(DA F 3 (sum of squares) S : 747l &R 2 Xish H@Fzre] Hale AFL
E dlelEdl digte] §E A AREE= Aol Halth zeup A Al A=
st e o] At H7|A CTE

= XXi? - (2Xi) ® /n & 448 correction term) o]} Fhu}

(2} Ak (variance) V. @ AF ¥ SE n-18 Uk AL REalolgln #th of 7] A

i

n-1 S AFE (degrees of freedom)8t $ 27 7|5 "@ s HASth o
A MAde] B4 (282D 82 BHEA%(unbiased estimator)o] B B
+4Hunbiased variance)olg}il B 275 o)
(3)# <=8 AH(standard deviation) s : B4} Vo] AF2L HEHAew &)
(4 M R Aol H2Lx5 W ghol},
(5) & Al *(coefficient of variation) V¢ : EZHAE H7 oz 1y gros w
& BEE R YEhdth o]zl Hifol uldte HEHRIL vl Z7} g 4
A718 ey gholtd
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24 v ZAl¥ 6 Sigma =9 594

el Al AHE D7 EFe] AF 19 ue] AFH Mulzx F BFS 9 347
°JH= £l 6 Sigma YL oA9A 24 AAZ? 6 Sigma: $Hd =2
= fE ARRELE 28 A4, A, A G, HA, wAE, A7 5 g

Abe) Solvh Azl B4R vle FAAAD
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o Aol olFAok s Aol o]d 2 REO] wHo dis o)

2EE 3= 3
A UEtds ZA7E 6 Sigma 59 EF @Ao|th upx] td obv)v we] A"y
&35S olFe eAAERAY 6 Sigmar dE9 2AAETG Aot}

6 Sigma Z2HEE d¥rH o Aol & BA9 Mzl sl AR E uek =24
2EFE TEsted AAdM)-FAM-ENA)-AAD-EAC) B AoD)-23
M)-24(A)-EAD-AF(V) 5 594 L2412 A} e Mys|ze

"uAe] 8T (Needs)'t. Lol HHs) sz PolAYE LuAE: 2w nE
HAv Ao Agssn hrast gu etn gAY o8 25U 6
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WE Z2AlAs of9A & Qlerl 5 2AES delgi: A 2w QAR A
T A AT Eel MRS uA BuAgS motatA "o or]a nA RSy
A oelete 6 Sigma TERAE Eg7) AAFEG

FA(Measure)? EFF TS dolR e dA ) Edo] o] £2% 7 =
= HEE dvld "HA], o2 21E A Bdo) o= FER Sof fiF fogE
Beom FA o o dAdAE AASAY HA Az alse TALEs

X
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Mapping & 37} S 54F3% 7} §A42 #e)jeFS vas] 7] 9§ d33g.

4 (Analyze)E A ojdA oldl o] HF LA, BF Fe= oju Az,
WAL FAAAE dopdl= gAY, woh TAHY 498 HPA dch QAR
e FdASE7e E4edS olgs Ad 9984 29e 248 Claim cost

EE Y Ut #4E EUE EHEOE gEol g Ro] HiELol e A}
A (Improve)S =3y EAAES AAss gAY 2 820 93 Factor

of B AL dEAYY ARl 5 Ao F5H sPoen na H=
& A
&A (ControlE AA AR S AL FAAN7IE dAT AQdAES Be E48
A ZFolete BAEE BH] @48 dct ogA Y RE An: =g
hEofA R wAR 71Ed #eldo gFoly MR A= Aotk 6 Sigma
ZRAES @b FaAH: AL ohdnh FAd 4, £ At F@dn v
Zh2 Wgl Al A HOE Z o]log st 3
Aol AR oyl WssiA "o Az, By, AFAE B A A R4 A4
Hie Ad ZRAEg] g ol Axe FAFF 6 Sigmadl E2EA

= ol

241 AAA(AIir Academy Associates)?] = A g 644

6 Sigmazt LA E 197 o 448 FFHAT A9 A wal Hx
TR Hed 4 Ao d4 4 Sigmakx ¢F HE $F0A 6 SigmaD duo] xuw
A= HFE MW Awstr] 44tk RONReturn On Investment) 2 %2

AEg AsHos we AN BE GHS oA AFLEL FANAR
%

o
=)
i)
2
)
2
2

g A EEE MS2 2322 6 Sigma &
g 2 @ v 6 Sigma ¥ 719 AAA(AIr Academy Associates)E 6
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2.6 Six Sigma Impact.
26.1. Motorola, Reduce Cost $2.2 Billion during 1987~ 1991.

26.2. Texas Instruments.

[# 27 ] Texas Instruments Six Sigma Cost & Profit
Part Before After
In Year 1988 1993
COPQ 30% 7%
DPMO 104,000 9,000
Scrap Cost $3.0M $0.3M ]
Yield 84.0% 98.9%
Cycle time{Week) 11 4
Inventory Cost $3.9M $1.1M

2.6.3. General Electric.

[ 2.8 ] General Electric Six Sigma Cost & Profit.

1200 T e
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264. LG Chemical, Reduce Cost
$60M/ year (60 project).
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@ 6 Sigma #HIL Yo Fedvin A4HE AEISS W sotow

[2#4.3] Black Belt Development Strategy.

Jan Jun Dec’01 Jun Dec'02 Jun Dec'3

0\

NS

No. of BB 2 4 8 16 32 &4

No. of GB 4 8 16 a2 64 128
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[2% 4.4] Six Sigma Project Plan-1nd

Six Sigma Profect Plan — 1st wave
7-8 months
<
6 months

4— —P

5 months J

| i

Apt  May Jun Jul Aug Nov

(2ndw k) {3rcw k) (4thw k) {4thw k) (2ndwK)

Define/
Measure

v

(2ndw k)

Black Belt
Evaluation

Black Beit
Certification

Define (1 week):
- Project contract sheet
« Cost saving calculation
* Process Review

Measure {3 w eek)

* SIPOC (Project Scoping)

« Frocess Mapping {identify Xs}
+ FIMEA/QFD {Prioritize Xs)

* Measurement Flan

* Measure X, Y
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I Six Sigma DMAIC Trainin

l DFSS Trainin
I Lean Trainin

Project Appfication
on site mentoring
by MBB.
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@ COPQ (Cost of Poor Quality)

[2¥ 4.5] Failure Cost is only the Tip of Iceberg !

Potential COPQ
(Difficuit to Defect: 25~30%)

% Hidden Factory = Hidden Cost (COPQ : Cost of poor quality)
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47 AXAZ/ dA4g [F22-8 2HAH]
471 A4
@ 7 SAA YEhd FARE @ 298 FHsld MM wWE 592 o
&3t M-S A A g
472 A% 2 AH71Y
@ 4Ad A Axd
@ 14, 3

@ 2YAdy 5 dgd W& TOOLAH &
[-2¥ 4.6] Training Plan for Manufacturing For Six Sigma (MFSS)

Jan 01 Fab Mar Apr May

Activit *Define CTQ *Measure ~Analyze data to DCevelop Solutio *Cocurrentation
“Quantify Performmance find out XY relatio  +Optirrization «Control Syste
Business (Process X&Y & Red-X
Cpportunity
(Cost Reduction,

Sales Ihcrement etc

Neede +Text Book «Mnitab *Mnitab *Mnitab Mnitab
Materia *Beamprojecto  *FC *FC FC *FC
+Text Book +Text Book +Text Book +Text Book
*Beamproecto  *Beamprojecto *Beamprojecto *Beamprojecto

During each project stage, will performs
4 days of training
Project progress review & support per week by MBB

Champion & MBB reviews progress each project stage.
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[ 4.8] Six Sigma @A¢} 7|2 A" e v
6 Sigma TOOL o) o] F2jCYCLE u'"ﬁﬁﬁﬂ- L
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Ind Define P ind Plan ATdde A4
(Select a job to be improved)
2nd Measurement 2nd Do A Dguyie] B4
Ana t t
3nd Analyze —" 3nd Check 2HRE HE
(Question the pressnt method)
4nd lmprove 4nd Action P Aot g
(Develop a better method)

5nd Control
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[(234.10] Start at the simplest level . . .

Can solve 80% of the problem by Basic Tool
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A Study on the Establishment of Six Sigma
for Korean Company.

Do-Won Yoon

Department of industrial Systems Engineering, Graduate School,
Pukyong National University

Abstract

S5ix Sigma is a breakthrough business strategy whose wvalidity has been
demonstrated by many leading companies like Motorola, ABB, Allied Sigmal, GE
and so on. In 1997 and after, the major domestic companies like LG, SAMSUNG
employed Six Sigma to attain competitive superiority in the global market. To
achieve Six Sigma quality in the major companies, the part suppliers must also
improve their process fundamentally.

This thesis suggests a methodology for domestic companies of small or medium
size to launch Six Sigma initiative. The contents are organized as follows:

In Chapter 2, the characteristics of the Six Sigma are introduced. Some cases are
explained in detail to help understand the mighty force of Six Sigma. In addition,
the difference between the concept of Six Sigma and the existing quality movement

are summarized.

In Chapter 3, the cultural differences between USA enterprise and Korean
enterprise are reviewed and success factors for Six Sigma are studied.

In Chapter 4, we suggest a standardized methodology to launch the Six Sigma
initiative for Korean companies.

Finally, a case of Six Sigma project is attached in the appendix.
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PERIRIVIN) l 2-10, Measurement System Evaluation
Measurement 3ystem Evalution
Spray 1 2 3 4 5 6 7 8 9 10

Judge 1 Good |Good {Bad [Good |Good |Bad_|Good [Good |Good |Good [20%8

Judge 2 Good |Good |Good [Good [Good |Bad _[Good [Good [Good |Good [10%8

1 Pobserved=0.9

2 Pchance=(P insp1 Good){P insp 2 Good} + (P inspl Bad)(P insp2 Bad)
P chance=(0.8)(0.9} + (0.2)(0.1)
P chance= 0.76

3 Kappa=Fobsernved-Pchance/1 -Pchance
Kappa=0.9-0.76/{1-0.76)
Kappa= 0.61

The general rule of thurmb for interoreting kappa is ©

<0.7 — Measurement System needs attention

0.7-0.9 - Generally acceptable, improvement may be needed depending on
application and risk.

>0.9-Exelient Measurement Systrm.
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Measurement System Evalution

Spray 1 2 3 4 5 6 7 8 9 10

Judge 1 [Good (Good |Bad |Good |Good |Bad  !Good |Good |Good [Good [209%8

Judge 2 [Good |Good {Bad [Good !Good {Bad |Good |[Good |Good [Good |20%8

1 Pobserved=1.0

2 Pchance=(P insp1 Good){P insp 2 Good) + (P insp1 Bad)(P insp? Bad)
P chance=(0.8){(0.8) + {0.2)(0.2)
P chance= 0.68

3 Kappa=Pobsenved-Pchance/1-Pchance
Kappa=1.0-0.68/{1-0.68)
Kappa= 1

ENIRININEY B 2-11, R & R (Spray)

ICC = 0534482759
KC=10775

ICC="04375
Situation 2 [AVe udgesratings -~ ICC= 07

Intraclass Correlation(1CC):This number should be greater than 0.7.
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ICC=0.728873559

ICC = 0.Y04918033

ICC = 0.87755702

ICC ="0.701657459

ICC = 0.875862069

Intraclass Correlation{1CC): This number should be greater than 0.7,
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9 & TESTE2t | Chip oK R/INUTE =
14 = TESTEZt | Chip OK R/NUTZ &
80 HE TESTEZL | Chip OK__|R/NUTE#E
65 e TESTE7t | Chip_ 0K R/NUTEE
3 HE = APH Chip 0K
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25 =% EAE | Chip 0K
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H EHE= | TESTEZL | C OK A&
73 o 4 TEST&2t | 1.0%1.35mm NG S &
76 e TESTEZ | 1.0%1.40mm NG DE
79 — TESTEZ! [1.15%1 .43mm NG AE
80 s TESTEZL | C oK AE
81 e TESTEZL | C CK AE
82 = TESTEZL |1.20%1.25mm NG e

<1 PHI

Automotieo Syetoms

3. Analysis
3-1.
3-2.
3-3.
3-4,
3-5.
3-6.
3-7.
3-8.
3-9.

@ CONTENTS

A/S CHIPEH &

CHIPEH 2 £ FTHIn
HUSREZAN

HAAEE Chip F=XA

208 8 RY FEXIA

FUEL PUMP D/V SPRING ME 24
DOSK & ME d2AMS H
ODSK 22 ME 48 JINRLE

CHIPE4 ZtHI W

3-10. VOC 2001+ = &
3—-11. VOC 2N° PARETO
3-12. 2€E 89 dWAE

15



CLPHI

T S @® CONTENTS
3-13. VOC 2N° PARETO

3-14, VOC 2N TOP—1

3-15. VOC 2 TOP-1 SPEC OVER
3-16. NE (TOTALA R H = A
3-17. 1% (TOTAL) S| A=A

3-18. DE (20008 98 Ol &) AR
3-19. 1 F (2000 95 0| ) Aty A
3-20. & (20004 93 0| §) S| A =H(2X)
3-21, DE (199911) 3|4 =

3-22. DE (19994) M@ A

3-23. 1% =4 SUMMARY

3-24. DOE

200MDA 5 1 33CH .
3, Analysis
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3-15, VOC 2 TOP-1 7+3 OVER
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Correlations: S.Squareness, Lift, T.P.Length, F.Gap, .H.Size, NZ.Squarenss, B.Str

S.S5quare

Lift ~0.282
0131
T.P.Length0.376
0.041

NZ.Squar 0.133
0.482

NC.S.Rou 0,170
o.370

ND.G.Rou -0.173

0,359
P.Dia 5.074
0,686
P.Gap -0.G28
0.88%

Hoojeck -G.020
0.917
Acjung  -0.292

9,117

-0,
o
-0.

Lift T.P,Length

538

000

201 ~0.165
-28¢€ 0.384
L2937 0,215
L1111 0.2%4
.017 -0.323
.329 0.082

.288@ -0.073
L122 G.702
L2731 -0.150
.l4m 0.430

-33¢ R BHER
iy 0.820
L1793 a.o3c
L3608 0.874

F.Gap 1.H.Sire NZ.Squar B.Stralg ND,S.Ang
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-0.018 0.035  -0.264 ~0.252 -0.263
0.9243 C.856 0.159 0.17% 0,160
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0.754 G.101 0.054 0.938 0.3686
0,048 0.332 9.325 -0.139 -0.483
0.801 0,073 o.080 0.465 0,007
-0.076 0.684 6.616 0,058 0.212
0.683 0.000 0.932 0.761 0,261
-6.090  -0.034 0.057 0.170 0.144
0.635 0.858 0.765 0. 388 G.449 "
0.14: 0.193  -0.030 2.275 a.041
0,458 0.307 0.876 0.142 0.629
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ND.S_Rou ND.S.Str ND.G.Rou ND.G.Con P.Dia P.Gap Spray Macdong
NE.G.Rou -0.302 C.261
0.108 0.1€64
P.bia =0.220 ~0.0B4 0,382 0.183
¢.243 J.660 0.037 €.332
P.Gap 0.203 0.246 -0,009 0.126 -G.461
0.283 0.190 0.963 9.508 a.01cC
spray -0.175  -p.047 0.083 0,136 0.133  -0.3%55
0.35¢ 0.805 0.664 0.475 0.4€4q 0.054
Macdong -0.327 0,051 ¢.114 -0.162 -0.120 -0.070 G.548
0.078 0,789 0.548 0.392 0.528 0,714 0.002
Hocteok -0.€46 -0.025 0.181 -C.0023 0.085 -0.082 0.19% 2.035
2.000 0.836 0.338 0.989 0.733 0.666 v, 291 U.855
Acung -0.,262 ¢.202 0.202 5.014 0.173 0.04% 0,261 ~g.12%
o.1861 0.281 0.286 0,940 Q381 0.802 0.1€5 0.50%
Hoojeok
Aciung 0.492
2.006

Cell Contents: Pearsen correlation

B-Value

ENIHININEY 3-17, ¥ Total 3724

Regression Analysis: Hoojeok versus ND.S.Roundness

The ragression equation is

Hoojeok = 5.52 - 2.45 ND.S.Roundness

Predictor Coef SE Coef T P
Consgtant 5.5154 0.4880 11.30 Q0.000
ND.S.Rou -2.4535 0.5482 -4.48 0.000
5 =1.284 R-8q = 41.7% R-8q(adj) = 39.6%

Analysis of Variance

Source DE 88 M5 F P
Regression 1 33.029 33.029 20.03 0.000
Rasidual Error 28 46.171 1.649

Total 23 79.200




RRRLIE T 3-18, 20008949 ol F E 3AEA

Regression Analysis: Hoojeok versus S.Sguarenss, Lift, ...

>

Predictor Coef SE Coef T
Constant 1906.1 491.0 3.88 0.
S.Square 30,304 9.802 3.09 0.
Lift -186.21 42.56 -4.38 0.
T.P.Lent -185.96 39.46 -4.71 G.
B.Straig €.,187 1.813 3.41 0.
ND.S.Ang -5.882 2.769 -2.16 0.
P.Dia -550.5 180.3 ~3.05 0.
5 = 1.040 R-5q = 70.2% R-8q{ad)) = 56.5
Analysis of Variance

Source DF Ss MS
Regrassion 6 33.142 5.524
Rasidual Error 13 14.058 1.081
Total 19 47.200

Source DF Seq S8

$.Square 1 0.995

Lift 1 3.610

T.P.Lent 1 B.615

B.Straig 1 9.805

ND.S.Ang 1 0.036

P.Dia 1 10.081

ZORRINE) T 319 2000499 0] %

1E FREY

Correlations: Spray, Macdong, Hoojeok, Acjung

Spray
Macdaong 0.532
0.016

Hoojeck 0.064
0.790

Acjung -0.163
0.493

Cell Contents:

Macdong Hoojeok

0.25%0
0.215

~-0.0¢91 0.065
0.703 0.785

Pearson correlation

P-Value
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Regression Analysis: Hoojeok versus ND.S.Roundness

The regression equation is

Hecleok = 5.57 « 2,23 ND.S5.Roundness

Fredicter Caoef SE {oef T F
Constant 5.5712 0.5854 9.52 a.000
ND.S.Rou -2.22890 D.6460 -3.45 0.003
5 = 1.2%96 R-§g = 33.6% R~Sqtadjl = 26.4%

Analysis of Variance

Source DF S5 Ms F 13
Regression 1 168.782 18.782 11.80 0.003
Residual Error 1B 28.4318 1.579

Total 19 aT.200

20024222021.20) 3-21, 19999 % TE LM

Regression Analysis: Hoojeok versus S.Squarenss, Lift, ...

The regression eguation is

Hooiecok = 2190 - $#5%.3 S.8quarenss - 590 Lift - 148 T.P.Lenth - 0.03%4 F.Gap
= 131 NZ.Squarenss - 10.6 ND.S.Angle + 4.08 ND.G.Roundness

- 388 P.Dia
Fredictor Coef SE Coef T B
Constant 21%0.4 275.0 797 0.004
S.Sfuare -€9.26% 7.060 ~%.81 0.002
Lift -588.8¢ 43.34 ~13.61 0.o01
T.P.Lent -l4e.12 21.05 -7.04 0.0C0€E
F.Gap -0.035416 0.009252 -3.83 0.01
NEZ.Squar ~131.14 15.92 -8.24 0.004
ND.S.Ang -10.613 1.547 -6.86 0.3006
ND.G.Rou 4.084 1.€2¢6 2.51 0,087
P.Dia -387.93 9¢.431 -4.01 0.028
$ = 0.,3671 R-Sg = 9B.B% F-Sgiadjt = 95.5%
Analysis of Variance
Soutce DF 58 M5 F 3
Regression (] 3z.%123 4.0640 30.15 0.009
Residual Errcr a G.40434 0.1348
Total 11 32.8157
Source DF Seq S5
S.Sguare 1 0.5871
Lift 1 12.5191
T.P.Lent 1 0.9836
F.Gap 1 0.1142
NZ.Sguar 1 2.6597
ND.5.Ang 1 €.0643
WD.6G.Rou 1 0.4097
B.Dia 1 2_1845
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| 322, 19999 nF A@E

A_-l

Correlations: Spray, Macdong, Hoojeok, Acjung

Macdong

Hoojeck

Acjung

Cell Contents:

Spray Macdong
0.343
0.275

0.574 -0.417
0.051 0.178

0.773 -0.120
0.003 0.711

P-value

Hoojeok

0.925%

0.000

Pearson correlation

ROMRRNE) 13- 23 1 E 2AM SUMMARY
Yzio| Akpigs
AfS Sample . e -
' Y | Coef | P
1.TOTAL 0.000| 33.029
W5 A 0.532 0.016|Spring Squareness 0.009] 0.995
Lift 0.001 3.610
2.2000 P.Lenth 0.000 8.615
o8 ol% 0.005| 9.805
N 0.050[ 0.036
0.009| 10.081
0.002] 0.597
EA-HE 0.773]  0.003 0.001] 19.519
0.008| 0.984
3. 1999 0.031| 0.114
~2000.4 0.004| 2.660
0.006| 6.054
0.087{ 0.470
0.028] 2.185
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2OMNLNE) 3- 24, DOEQIAFEZA

BEZALA01.9.5 SEdatal2001.8.25~9.2)
+4 BE L oma | max § -3 | 43
1 2] 3 4 5 6; 7l 8 9 10
025 028 037 043 098] oc25 o041 o34 o028 085
0.6uml 036 ;1 025 | 0485 | 003§ 0.0 | 062
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0.805| 07911 081 0.808] 0.804 042 0.807| 0805 0818l 0.8
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4.57-4 455 | 454 €56 a0 4.53 4.5¢
4.85] 4650 454] 48| 456 454f 435 455 456 455

5050 &8 46 95 17 17 118
Bo) 85 5| £0) BS 60 55 S0} 60 ED|

0.024] 0.031) 0028 0.08 002 0.024| 0.025 0028 003 0.028,
0.04L 002 | 0018 | 0.031 | 0.004 | 0015 | 0037
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59.60 | 69,47 { 60.00 ) 014 [ 5917 | 60.02

oesl | 07 043l aur| os0| o4s] 06| 28] ass| 0.8 030

046 ) 225 | 079 [ 014 | 002 | 02

um 052l 025 032 033 od40| 042 o079 o036l o039 036
1.006~ 10060 1.006] 1005| 1.006| 1005\ 1.008) 1006 (005 1.006/ 1.005
+ 004 1006 | 1005 | 1.008 | 000t | 1.004 | 1007

1005 1.006 1.006 1.005| s 008| 1.006] 1.006] 1005 1o005| 1005

PERINEIEN L 3- 25, Factorial Design

Fractional Factorial Design

Factors: 7 Base Design: 7. 16 Resoluticn: IV
Runs: 20 Repiicates: 1 Fraction: 1/8
Blocks: none Center pts {(total): 4

Design Generators: E = ABC F = BOD & = ACD
Alias Structure

1 + ABCE + ARFG + ACDG + ADEF + BCDF + BDEG + CEFG

»

+ BCE 4+ BFG 4 ©DG + DEF + RSCDF + ABDEG + ACEEG

w

+ RCE 4+ AFG + CDF + DEG + ABCDG + ABDEF + BCEFG

a

+ ABE + ADG + BDF + EFG + ABCFG + ACDEF + BCDEG

]

4+ MCG + AEF + BCF + BEG + ABCDE + ABDEG + CDEFG
+ ABC + ADF + BDG + CPG + ABEFG + ACDEG + RCDEF

m om

+ MBE + ADE + BB + CEG + ABCEF + ACDFG + BDEFG

o

+ ABF + ACD + BDE + CEF + ABCEG + ADEFG + BCDFS
AE 4 CE + FG + ACDF + ADEG + BCDG + BDEF + ABCEFG
AC + BE + DE + RBDF + REFG + BCFG + CDEF « ABCDEG
AD + CG + EF + ABCF + ABEG + BCDE + BDFG + ACDEFG
AE + BC + DF + ABDG + ACFG + BEFG + CDEG + ABCDEF
AF + BG ¢ DE + ABCD + ACEG + BCEF + CDFG + ABDEFG
AG + BF + CD + ABDE + ACEF + BCEG + DEFG + ABCDFG
BU ¢ CF + EG + ABCG + ABEF + ACDE + ADFG + BCDEFS

ABD 4 RCF + AEG + BCG + BEF + CDE + DFG + ABCDEFG
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4, Improvement

4-1.
4-2.
4-3.
4-4.
4-5,
4-6.
4-7.
4-8.
4-9.

ZEHN s 2arEs
Regression 3

Main Effects for £
Interaction Plot for £ X
Fractional Factorial & A
Regression Analysis & At
Main Effects for & A
Fractional Factorial W&

Regression Analysis WS

4-10. Interaction Plot for W=

4-11. Main Effects Plot for W5

4-12. Correlations

4-13. Summary
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Analysis of Variance for EH

L 4, Improvement

i

4- 1, 3] gg FAEH

{coded units}

Source DF Seq 8S Adj 58 Ad) M5 F e
Main Effects ki 4.07000 4.07000 0.58143  €.16 D.049
Z-Wsy Interactions 7 2.18000 2.18000 0.3128¢ 3.32 0.13z2
Curvature 1 1.15200 1.15200 1.15200 12.21 €.025%
Residual Error El 0.37750 G.37730 0.09438
Lack of Fit 1 0.01000 0. 51000 €.01000  0.08 0.794
WAL 4- 2, F-3 o] N DOEEA]
Estimated Effects and Coefficients for 2% [coded units)
Term Effect Coef SE Coef T 3
Constant 4.2250 0.07680 55.01 0.C00
LIk &8 -0.5500 -0.2750 0.07680 -3.58 0.023
LMz z -0.2000 -C.1000 0.07660  -1.30 0.263
it =] -0.2000 -0.1000 0.07680 -1.30 0.263
AR -0.3000 ~0.1500 0.07680  -1.55 0.123
HYEE 0.4500 00,2250 0.07680 2.93 0.043
CEX2 0.2000 0.1000 0.07680 1.30 3,263
LT 0.5500 0.2750 0.07680 3.58 0.¢23
LML 2 e 0.1000 0.0500 0.07680 0.65 0.551
LIMZ - & -0.05800  -0.0250 0.07680 -0.32 0.761
LIME®E S MRS 0.4000 0.2000 0.07680 2.60 0.060
LIMB R+ 20 E X 0.3000 0.1500 0.G7680 1.95 0.123
LRNE R~ g E 2 0.350C 0.1750 0.07680 2.28 D.0BS
LIMS R« AT E 0.4000 0.2000 0.07660 2.60 0.060
LIMZ e o A &R 0.CG500 0.0250 0.07680 0.33 0.7€l
Tt Pt 0.6000 0.17173 3.4%  0.02%
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PRIV L 4- 3, Regression ¥ 3

The regression equation is

BH - 45.9 - 11,4 LINE® - 0.627 LIMAG - 1.70 S MER - 137 SOYAE + 50,7 LIYAE

Predictor Coef SE Coef T P
Constant 45.89 18.51 z.48 0.0z7
LIM &S -11.4390 3.774 ~3.03 0.o0e9
L2 e -0.6269 a4.3045 -2.0¢ G.059
A E R -1.7006 J.6564 -2.%9 0.021
2ZEEH -13.744 §.713 -1.58 a.137
LHEl- A 50.72 22,72 2,23 ©.042
S = 0.4362 R-5q = €5.68% R-Sqladj] = 53.6%

2nalysis of Variance

Source bE $s M3 F P
Regression 5 5.1262 1.0252 5.39 G006
Residual Error 14 2,6833 0.1902

Tetal 19 1.789Ss

Source oF Seq S8

Ll ER 1 1.2282

LINZ e 1 0.7152

b M AR 1 1.2531

LT 1 06.5712

Ligtvas 1 G.348%

ERIINING 4- 4, Main Effects for ¥4

Main Effects Plot (data means) for & x

+ Centerpoint
o o o o ot ot

48 - -+ - *
45 -

Ao44 - //)

s S Bl 0 St N N
42
40

L b<E] EEEEE ADgE g
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| 4- 5, Interaction Plot for 33

Interaction Plot (data means) for %4

+ Centerpoint
ot o8 ot o? ol ot
Lzl gl S R
0.62 : ’}
e ——— = T - 140
LA e L
rd
- 435
A K
B IE - .5
062 P>t -
) - P lao
o1 - e
35
= E37} ot as
K] .
- 140
€ 0.1
+35
ES-CLED
Q0 PMRAT) D

L 4- 6, Fractional Factorial ¥ A}

Fractional Factorial Fit: & Al versus =224

Estimated Effects and Coefficients for 2Al (coded units)

Term
Constant
LER

Ct Pt

Effect Coef SE Coef T P
4.83125 0.06022 80.23 0.000

0.26250 0.13125 0.06022 2.18 0.044
0.09375 0.13485 0.70 0.49¢

Analysis of Variance for £Al (coded units)
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4- 7, Regression Analysis &A}

Regression Analysis: 2 A versus LINE®R, SHE X7 ATYX 2}
The regressicn equation :s

EAb = 4050 + 1,01 LIDEB 0,499 BOHEDS - 1.96 AT H2

Predictor Coef SE Coef T 13

Constant 4.5003 0.2438C 18.08 0,000

LIMZI @ 1.0074 0.5982 1.98 C.065

ZHMH 0_4989 0.1803 2. 0,014

~Egn ~1.957 1.033 -1.90 0.0%6

5 = 0,2085 R-8q = 47.6% RE-Eqiadj) = 37.8%

Analysis of Variance

Source TF 55 M5 F P
Regression 3 0.61449 0.20483 4.85 0.014
Residual Error 1le 0.67551 0.04222

Total 19 1.239000

Source DE Seq 55

LId &# 1 0.16102

2BAF 1 0.30178

~ZyA 1 £.1536%

200MPAT T)E )

4- 8, Main Effects for ¥A}

Main Effects Plot (data means) for 5 A}

* Centerpoint
ot o?
494
.
4.88 —
x
W 482 -
4.76
4.70
FE 2
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JIRININIDIY 4- 9, Fractional Factorial =%

Fractional Factorial Fit; /& varsus LIENEE 8 LIRAE2S,

Estimated Effects ard Coefficients for ™% {coded units)

Tern. Effect coef SE Coet T e
Censtant 4.8575 C.03v13 121.€2  0.000
uEne -0.075¢  -0.037% 0.03913  -0.%€ 0.382
LENE -0.475¢  -0.037% 0.03913  -0.36 0,382
ug3 0.25a8 9.1250 9.03813 1.19 0,024
ERME -0.0000  -C. 0000 0.03513  -0.00 1.000
BEHHE -0.2500  -0.12%56 0.03513  -3.1% ©.024
TEE 0.0250 0.0125 0.02913 9.32 0.782
CEMECLENE 8.17%0 0. 0875 0.03313 2.24 0.076
LisME -0gy ©.0000 0 il 0.03453% 9.00  1.00G
LIBME " EME c.yona 0. 23500 0.G3913 1.29 0,257
USHME- 20 A 0.009C  -9.0000 0.03%1%  -0.00 1.000
UEME-S @3 -0.0758  -9,0375 0.03911  -0.96 ©0.382
LIESME-CBAE -0.1000 -0.0500 G.03813  ~1.i8 9,257
B FH=A4 3 -2 -0.0750 -0.G175 0.03813  -0.96 0.382
ct et L1625 ©.0875¢ 2.86 0.123
Analysis of Variance for ™ (coded units)
source 3 Seq % Adj 5§ Ad) MS F P
Main Effects & 0.34750 0.54750 0.09125 3.7z 0.085
2-Way Interactions 1 5.24750 0.24750 0.03536  1.44 0.355
Curvarure 1 9.08459 0.08450 0.08450  3.45 0.122
Residual Error 5 0.12250 0.12250 a,02850

Lack of Fit 2 0.1225%0 0.12250 9.06125

Pure Error 3 0. 50060 6. 00000 @. 00600
Total 15 1.60200

IRIRIVIDEY Lél- 10, Regression Analysis W%

Rogronslon Anaiysla: %6 varaus LN S&, LinEE, ..
Tem Ve s s
RO 3 LMEE .
S UaegE .

a1z 80k

Tora )
S e oF ey S5
Linas v [ISPTEE)
Ly F 5 ) T
E L] i it
L LEY L

£ L s
~ENE Bet
E i
ug- e
ud-e: ' [N
Uz ) Pt

L. ENES

Y
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4- 11, Interaction W%

Interaction Plot {data means) for oy =

50 —

49 —

Mean

48 —

UEMEDH
. 010
- 062

Centerpaint

207M A D)

+ Certerpoint

4- 12,

Main Effects W%

o

Main Effects Plot (data means) for o

°

1

4.99 o

453 |

487

YE

475

vez

2ozl
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BIRPRIE T 4- 13, Correlations

23X Al
=AM 0.021

0.932
W= -0.069 0.598

0.772 0.005

Cell Contents: Pearson correlation

P-Value
2IMINILIE) L 4- 14, DOE Summary
X o1 Xt B o = =
TEMNEXE 0.1
BOHEEE 0.1
AT 0.2
LISEMNEETE 0.1 0.1
CENY 0.1
ME 2 59.17
HEH 1.007
AIE 100 Al MAMGIH S HHSAAL !




20 M AT) D305 |

4- 15, DOE Summary(A&&3})

X 21X} F2H ELE= Al
CENEAZA 0.1-0.3
POHEET 0.1-0.3
A T2 X2} 0.1-0.2
LIENETH 0.1-0.25 0.1
a2 0.1-0.15
MNE2LT 59.45-59.50
H=3A 1.006-1.007
AE 64 AlE HAMGIO] BAITCIAA 1 1 1
L PHI
e ——— @ CONTENTS
5. Control
5-1. X J| & ®(CPK)

5-2.
5-3.
5-4.
5-5.
5-8.
5-7.
5-8.
5-9.

EH ML F(CPK)
£ ®EH| W(Pareto)
AL & (CPK)
A M EZE(CPK)
ME REB(CPK)
WS I = (CPK)
HEY HIE:0
HEHSE Summary

5-10. 2= HH(2H 58 MIN)
5-11. 8 E4FFHT
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Process Data
usL
Target
LSL
Mean
Sample N
StDev (Whhin}
StDev (Overall)

IERINIDIDEY

5, ¥ g (Control)

-

5-1, FA /Ad4d

30

EX]

30
1.66689
1.66689

Process Capability Analysis for 2 7}4

LSL

:
I
1
1
Pl Fﬂﬂm{m P
[

Wit T.'H n

Overall

Potertial (Within} Capability 7
o . g
-
cPu : | ] | e
cPL 0.12 e i e,
I s
Gk 012 T T T T T
com . o 2 4 6 8
QOverall Capabaity Observed Perormance Exp. "Within" Performance Exp, "Overall” Performance
P - PPM < LSL 400000.00 PPM < LSL 35644456 PPM <8l 359481 55
PPU . PPM > USL . PPM > USL . PPM > USL .
PPL 042 PPM Total 300000 00 PPM Total 36544155 FPM Total 350441 55
Ppk 912
2D MDA HCH 5-9 q?_'_ ;_(1 7“ A ¥'
3 L -
H T " . T T R T T T o7
i 1
i
Process Capability Analysis for 2 /4 4%
LSL
Process Data
usL i Within
Target i - H
LsL 3.00000 Overall |
Mean 4.34375
| SampleN 64
SiDev (Within)  0.861061
StDev (Overal)  0.861951

Polential (Withiny Capability

0.52
052

Ovarall Capabiiity

[

| PRy
PPL
| Pek

052
0.52

¢ 1 2
Observed Performance
PPM <LSL 15625.00
FPM > USL *
PPM Total 15625.00

Exp. "Within" Pariormance

PPM < LSL 59504 .60
PPM > LISL .
PPM Total 59504.60

Exp. “Overall” Performance

PPM < LSL 50504 60 1
PPM > USE s
PPM Total

50504 80 ;

i
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207M)8 771 3G 5 5
5-3, FA AMAAF v
Pareto Chartfor #4714 "Pareto Chart for -2 7§ 4
30 e 100 - e = ) 100
60
- 30 5 k4 80 ;
5 E Y e@ :
8 S i 1 53
,,,,,,,,,,,,,,,,,,,,,,,,,,, L ab-
20| !
f ‘
= 20 10 l s 20
e i
|
Defect °© . g > . Defect * . > o i
Count 15 & 3 3 2 Count 35 18 10 1 |
Percent 500 200 100 100 100 Percent 547 28.1 158 16
Cum% 8§00 700 800 900 1000 | Cum% 547 8258 984 1000
B ) \r o S,
DIDIDE
QOOMDAY S L 5- 4, BA AMA
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