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Designed experiment for problem solving and issue achieving
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[Abstract]

This paper describes design of experiment (DOE) for problem solving and issue achieving
in manufacturing process. DOE is one of the powerful tools in statistical quality control
(SQC) and many success reports are presented. However, much more failure trials are
executed and never to be shown because of business secret. This paper shows why DOE
approach becomes failure and how to succeed for problem solving and issue achieving by case
study using computer simulation. The critical point for failure is a variation of the process
and a lack of awareness for errors based on statistics. Statistical models for problem solving
and issue achieving essentially contain errors, but estimated models obtained by experiments
do not show errors definitely. Sometimes the error in estimated model causes small difference
from the real process. If the difference is derived by the bias from the center value of the
product standard, the bias can be decreased by using statistical tuning and process capability

can be improved in a certain degree.

Keyword : statistical quality control, design of experiment, error, process capability,
simulation
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22 AL B B R
x5 FAR1ICHIBZ1RBEEEBEBOHTEE
Trial 1 2 3 4 5 6 7 8 9 10
b 0473 | 0479 | 0486 | 0482 | 0488 | 0476 | 0470 | 0478 | 0487 | 0475
by 0459 | 0452 | 0438 | 0453 | 0450 | 0448 | 0459 | 0463 | 0464 | 0451
bs -1.158 | -1.144 | -1.136 |-1.128 | -1.190 |-1.170 | -1.144 |-1.150 | -1.134 |-1.128
blZ - - - - - - - - - -
bis | —0.0450 | -0.0459 | -0.0419 | -0.0450 | —0.0434 | -0.0469 | -0.0467 | -0.0432 | -0.0434 | -0.0453
bss | —0.0399 | -0.0444 | -0.0439 | -0.0424 | —0.0425 | -0.0439 | -0.0413 | -0.0393 | -0.0417 | -0.0419
K6 HTIIHDEH
Trial 1 2 3 4 5 6 7 3 9 10
v 2070 | 2086 | 2073 | 2089 | 2055 | 2069 | 2086 | 2072 | 2095 | 2075
RMSE 441 4.69 4.34 455 453 465 454 441 4.60 448
R 0.96 0.96 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96
R* 0.88 0.86 0.88 0.87 0.87 0.86 0.87 0.88 0.87 0.87
K7 FARER2ICHITB 1 KECEBEOHTEE
Trial 11 12 13 14 15 16 17 18 19 20
b 0490 | 0491 | 0495 | 0484 0471 | 0494 | 0482 0470 | 0492 | 0.462
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b12 - - - - - - - - - -
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Trial 11 12 13 14 15 16 17 18 19 20
v 2094 | 2079 | 2122 | 2132 | 2120 | 2075 | 2084 | 2092 | 21.15 | 2053
RMSE 494 453 477 4.14 7.02 6.31 6.13 6.71 6.88 4.50
R* 0.96 0.96 0.96 0.97 0,83 0.86 0.90 0.84 0.83 0.96
R* 0.85 0.87 0.86 0.88 0.71 0.75 0.78 0.72 0.71 0.87
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EEEHEE Y = 301209 % 21, 20, 23 DIRBFD
MATIHED L, £2TR (3) IZBVWTN
A DOR e & MERMER OB % 2N EN4A0 L
8 LI BHIMEEMZRE LTz NAIAHRTE
B EREMICRIT. 3 XD L ahiE A 2
bo BREIINETEL LML, RETES
NS B NEDOIHIZ L 5, ZOTTY =
30& 7% 55| & Ea OREHE KD & x=7015
TdH b, FAkIZE (4) ZBWTx=40,23= 8
DEE, Y=30k%b2=7095Td5b,

INSDOEEREEY I 2L —%— 12/ A L,
30 shots DBk Z 1T o7& X ORIEBEY &K
%o T DHAREAHEDTIGME & BEAER 2 % s
5o
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6.2 mEEDOHED

K (3) okOAEAE 1 IZBIT 530D
shot DFEFZX 9 12, K (4) 75k 72
212817 %5 30H D Shot D#EF % 1012 R T
PR TR O I & MR 2= HAE % 30
£ 23L LIEBADC, Cu BB ORREI A%
PERE T %o LRERENI CulZ DV TIZ1330ED
WET5THHH, 1.00% Tl 554613 TR EE
DDA 53 & HE S U S 2 OUESLETH
5

9 OTHRREINECr=128TH D ITTT45
THbo Lo THMAE 1 IZBWTIEZ DRESM
TIRAT 2 el T % R ) BASHOR BS54 T 51
IR,

[ Al

6.3 M[EIRHEBD:HDRE L EE

JAH 2 O F CHOEMEIC X 5 301 0 shot D F
YR VIZHAE D 508N E v D72y
% 5okiEL ) #MHEL 2 & L7210 Run DFEER
ATV, Yo & OEMERBERE AT 5 EER
S & FORERER 9 IIRT, MEL 2 ¥
5 2L CHIMGRAEDTHICTE 5, & 512 5 K
ETDHIETHD 2 ROFBFEDHEALEIFE L
729 Z CTHIMEREL L, HTEE Y OES
(LOF) #&HMli§ 52 LASugEL 720 % L0l

LOF O R % 2101277896 pliiat0.96 T
HYHEIZIEZEY (N/A) Thb, DR,
Rk I 2L —%—121Eno 2 KEITZELEE

—HR 10D TAERETI & Cp = 0.68 T ) KJE %0 DRBEERONELEER
LTwb, Zoz®, BIEORBEEMNTRITE -
B, 2%0BE TR T, o e L w | R R
TREHDEREO 1 2 @500 H L | 675 | 401 8 | om0
B FRTD b Th % SAORLEH 2 | 675 | 40 | 8 | 2806 | 135
HEOHIZE D % % 21T 2 (X TAERE /1132 3 70 40 8 2903 | 045
£ %o 4 | 70 10 | 8 | 2899 | 047

5 | 725 | 40 | 8 | 3109 | 030

st 6 725 | 40 8 | 2924 | -149

7 | 75 10 | 8 | 3295 | 054

8 | 7 10 | 8 | 3101 | 078

9 | 775 | 40 | 8 | 3359 | 035

25 26 27 28 29 30 31 32 33 34 35 10 | 775 | 40 | 8 | 3378 | 003

(Y,sd, Cy, Cop, RE) =1(29.2,0.38,1.99, 1.28, 0.0%)

X9 JEE 1. Trial 7 DE&EME T30 ShothFDIE
HONH

SL N\ EjE sL

25 26 27 28 29 30 31 32 33 34 35

(Y,sd, Cyp, Cor, NE) = (292, 0.71, 1.08, 0.68, 2.1%)

10 [EE2. Trial 16 D&EAE T 30 shotBEDiR
B®ONH

®10 HTRFYDOES (LOF) DA

Factor | ¢ | SS MS F p | HE
LOF 2 1 0.060 | 0.030 | 0.04 | 0.96 | N/A
FiReERE| 5 | 3623 |1 0725 | — — —
st |7 (3683 — | — | — | —
#=11 EIRFAEREBREROVRAHE
Factor| ¢ | SS | MS F D HIE
E70V| 1 | 4130 |41.30| 775 | <0.0001 | **
|8 427 053] — — —
LK |9 | 4557 | — — — —




[ R & BRI 0D 72 &0 D FERRET I 25

IOREEEYVIZERIHE D 1 RIED S S
1 RETIVCIENTY Bo TEIIITFR 2 FK1LIZ
ZNER

6.4 [FABEOREL
Ml A TR S NLREEBED 1 RE TV I
X (9) &%%,

Yiune(x1) = 30.57 + 0.575(x; — 72.5) (9)

BRI Y = 3012 LT (9) 2645
ND L =7151 CThH Do =40, 3= 8
DOHREHO T THOREK I 21 -4 —T
30\ D Flight% 2 MI%ER L 72 ZO#ERE X
11 (a), (b) /R To F10 & ik L C ik
PHEIZIZIZAE Lo $72Cld (a) 270.74.
(b) 28072& 2D HI0 L W HETUEEL TR
A5 TH B, TIIEERFEIMRINE L TR
EVWLOTHDE, TOZLLY, 50X %/
S LABRVIRY CuOREW U, Thabb
R, BRI L 2 v,

5. % &
5.1 JFEXE1ICH T 3m:EL
JAGH 1 QBB EI/PN S VL) FifEs
HTHb, TOTTHEMLALS ERERD 10
0] Trial DGR, 56 NREBEYDOET IV
RO 3 A TH - 72,
1. 32OD1RIE 2, 40, DA ETH S,
2. 2ODMH 125, 0203 VA BT, nin lIAE
Tl vy,
3. BHFEL TNV OGS EH 4 Trial T
JETH 5D,
BonzHERTYOFIYHEY, EikEE

SL gl SL

/
IIIII/IIIIIIIIIIIII

25 26 27 28 |29 30 31 32 33 34 35
B (a) #FET% Trial 1
(¥ ,s1, Cp1, Com, IR = (30.2, 0.94, 0.82, 0.74, 1.8%)

RMSE. HHEMZEFFGHER 1L Triallz & %
ENITEAE RV, £ 2T Trial 100HEER %
REGIE L, =40, x3= 8 DREIRSFMHDOTT
1 DIRER % KD, T OEIEE T 30 shot & E i
L Cpk = 1.28 137,

PR XD, BRIV VB CHEBETEE ©
R IUL, EBRT LIS N D HEER DD
% BOoNDRBHSTAELEICHS T 5,
AU TR R R S L 2 SR T B 2
LTl iEnmon bR e mR LTV 5,

5.2 JER2ICHTBmEEL

JEGE 2 OBFIIRAESKE VW E W) it
HTh b, JAM 1 LFRICLS BELERED 10
WO Trial DG F. 156 N7-TREHEY D€ TV
WZIXRD 3 SO D - 726
1. 32O0FHE 21, 10, 3 DHETH So
2. 2 O0DMH 11, 2203 WHEEL 1 DO

nxVEE. BERBEEN RV, O 3 D0

Ed 5
3. FBHEIG L CETFNVOFGRNRL L,

& Trial l2 oW THE LN YOHER b fH
WG LT 3D . FIEAK A 1T L RMSE
WRELR*B/NEL B otze Z T CRED
. Trial T TIZRMSE AR K TR /& W
Trial 15 DHEENZAEBI & L, A# 1 & [k
12y 22 =40, x3= 8 DHIRESMHED T Tx ORHE
fif % R 720 FedfEx = 70.95 T30 shot % i
LCrn=063%17c ZO& &FIHYHIZ292T
HIEM LN 08/NEholzizd, T OIRE% R
HWTBLENRH o720 T Tmk b AKEL L
2 O U EERZ AT ) MG Z TV, 1=
7151 #1572,

HRAAIIZIE (n, 22, x3) = (7151, 40, 8) %

LI N B B | ) B B B
25 26 27 28 29 30 31 32 33 34 35

B (b) FH41% Trial 2
(% .52, Cpo, Cpio, ANE) = (30.3, 092, 0.84, 0.72, 1.8%)

11 A% 2B O Trial &R
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W4t & LC 1 Trial, 30 Shut% 2 Trial £ L
TR DN & Codli 21T 5 720 A X L
728 Cpuld0.72, 074 & 2 VEGERIESIT LA L
. REBUEBIIODBRDB O L h o7,

DEORGHAZ#E LT, SAEOREVWLIET
FERRETEE 2 LG oMEN 2R L7,
bbb, BONLMEERDPERD ), Th T
NOHETEREIELDH B 2 &, HEEHE DMK
WHEERD SRR T Y TAROUEDH 5
BEMRETH L &, RAFEICITREDRET
MR & B ER OB IE D I L 2R L
720

5.3 IfEDIE5D2&FETRRENICONT

THRIIZEDEND 256, B Z DRI
Dihd, HEROKEZFEELZH)ZT12OH
TR & L CRRIREE 2 AT X B
EhLEILIENTRTHL, LIL, 5D
ENRE VG EIARENZUEICIE % 5T
BN DU Lo MRV T2 —4—12X5%
FEEBEELEOT 70 —F13, ZORE 2 BT
%) A THMTH 5o

6. HHVIC
KIFZeTIX, JMPIZT KA ¥ ER2RER Y
Iab—F— %ML CRHERI L BEREERK L
BEEGERFELEOGA LR Lz RED
KEVERBS Cl TRENFo i3 sk
WZ ERIRLTZ, EHIZERICBIT A EEDY
EH R R ER I CEETH L 2 L RN
L7z
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