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Optimization of Multi-Response Problems
for Six-Sigma Quiality Level

Student Cheng-Hsun Liu Advisor Lee-Ing Tong
Chung-Ho Wang
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National Chiao Tung University

Abstract

Taguchi method has been extensively used for enhancing product quality in
industry. More than one quality characteristic must be simultaneously considered to
effectively improve the product quality due to the product design is increasingly
becoming complicated. However, Taguchi’s applications optimize only single
quality characteristic. When mare than one’.characteristic is to be optimized,
engineers usually determine the [optimal ' factor-level combination from their
experiences. Although several procedures”for optimizing multi-response process
have been developed in recent years; these methods-do not consider the deviation of
process yield from the desired target caused by long-term manufacturing process.
Therefore, this study proposes an optimizing procedure to resolve multi-response
problem considering the deviation of process yield from long-term manufacturing
process for achieving the six-sigma quality level. Initially, the effects of control
factors and noise factors are simultaneously considered to construct a response model
to estimate the process mean and the process variance for each quality characteristic.
The desirability function based on process yield is then employed to determine the
overall quality performance for multiple responses and thereby determine the optimal
factor-level combination to achieve the six-sigma quality level. An experiment
regarding to the development of oil-seal demonstrates the effectiveness of the
proposed procedure.

[ Key Words] Taguchi method, Multi-response Problem, Response Model,
Desirability Function, Six-Sigma
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Ribardo ¢ Allen[16]4% e 8 £ % 8 ddlc > 1357 F 411 &R %
xq,g;\;gﬁ ]‘\’“’Fﬂ—gi tmgt7=ﬂ9~£1r'f:

L3 AR S THEE G AR A ERARY Y Badde™

d(u,0,7) = minY (u,0,+7),Y (1, 0,~7)] (2.10)
e Y(,u,O',s):@{USL_(’U—HG)}—Q{LSL_(’LH_SG)}’%\» S AEWA A
(e (o2

T WETHhESso L BTHEEOLF > O(e) A A EREF A fR

A m R Sfic USL S e " LSL S AT " pfro 2 BT &

14 h T Eo e T E RN o USL-(u+s0) |, iy
T olcfe R B e £ R ALK ' Bl O ¢

O

LSL—(u+so)
o

B ik ,gg%%w w\x,gujq{ }ifg_uogxp;og%?ﬁfg_zgg

LR ER Y BE A A WARGSLEREE L e TR 0 2
RTPL5 TRIGEEDG T AL WETIHE K150 - Bl2.45 WA
T o A5 B > BI255 AR L e e T e E o B Bonhl RE -

2. EAT R R HR e n R P RE s E ] T RE
ﬁzﬁﬁlﬁi'ﬁ?—r :

d(Y) = d(z,, —1.5) (2.11)
Ho 7, =15+3(Y -M)/(T-M) > Y &7 & F&HhFr g T47 &
PR E M A7 S FHEh ] 7L @ .

g L SRR S 2 R Sl AT S o

D) =[(d, -d, -..-d,)* (" -d, " .d )] (2.12)

r+l
BV r&dnf rp et e A mis mBpSFHEEAE R

TR PREES ] TRELZE W 1=12,.,rr+l..,m> &7 & SEFFME S

L S:Zm:wr
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®l2.4 WAz T 205 4% B

& o)

BI2.5 ikl £ 18 Sk

Ribardo ¢ Allen[16]#72& fini ¥ 8 3™ M F G & # 2 & & WA T 350k
L5 L F > AT ERY R BRER RN RE L2 SRR o H R
% > 4r# 2297 o Ribardo 22 Allen[16]& 14 & 12 § 358 32 e F % % G|EP > 4
PRz LAY RS AT A RF] I kR L BRI
Harrington[10]#7 4% #) 2 45 83 ¥ 8 S k-2 2 S @ 3 k& o

Fretd o Y Badekiva B AR ETE gk - B ha
20 F R Y sl - B < R (scale invariant)shdp iR 0 3 2 Y B & AR R
PEESAR AT AR - 2 BB ROt o Su3tidld TSTATISTICA; &2 %
B2k 2t A 45 38 TDesign Expertg > & #-3 B adkip » F5%Her » U AE %

FAL o g eb > Ribardo 22 Allen[16]#% f1eh B andic» ¥ R 3 p il ie g 2 2 4

15



fRliaE  Flpt o A P RY RadkE o vE SR REERE > TR laTe
ERTIPHRE SR v RG] RELAFTHOEI PHRE £ R

12 ak o

22 REpEsE> B L EF o8 R% (Ribardo & Allen[16])

RERE R L Ry i
1.00-0.9999966 AR A g ok R

R

(i

Mg R WL e

Pl
K

B 1

2

P
13 2L 7

z
z

3435 m
%)

e

0.9999966-0.9938 R S R

(48,@.08 B = R £ R )

0.9938-0.9332 TR Fioig iR

(AP seE o R £ ok )

0.9332-0.69 TR R DR E

(A * = ~Z B L vk i)

0.69-0.00 EAE R =Y S g
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PR S
¥=2F 3 i

ARALAELOTRNZ I ETHREFPFRE 2 FERAE AT F LI
FERARBPHIFFEREG T FREN CHER LAY RRPIF R P ERE S
FHREOF B Ko R STt e e g i KR8 {1
Ribardo £ Allen[16]#7# 1 eh> $f# £ ¥ Bk 8 F R LAY g5
B o TR FRS TR R gk o B fS 0 R AT B ok E ST
Flsd o FRRIHES s M- PN S E ST AE R AR F T R RE L .

A TERa ) AR R AR L A L B L
2P 4T
HA- E2 LR R B

B F MBS TEg F RS & b RliEige < &2 9 %y A NEam
B EEF RES T E 2 Jeg Bk R 4T

Y (X, z) = f,(X) + h (X;2) +&; (3.1)

B9 oyi(xz) 27 %0 BRFEEZ AR T=12,..,m > f(X) %7 %iBF B

FOOR e ST A h( DR AT TR F RIS Y 0 f § g A5
LB TS et d I3 L 0T (ER AR g B R R BT

SREREL o ABDNY 0 () (D) L - ST

f.() =8, +Zﬂl kX +ZZﬂI ki Xi kX j +ZIB| kkxlk (3.2)

k=1 j=1
>k

h(X Z) 27|kzlk+zzé‘l kJXIkZI j (33)

k=1 j=1

o

B NAF AT £ nBEHES 0 rAAEAY £FrBEes s o x, 47
BRI THRET AR KBTS 0 7, A7 A F i BERTEET PNk B
S ET Xz AR AR B EET R K B FS R | By B
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1% T fEk I

F
b
|
b
\_.
go;
R
:in

?ﬁ‘%}'}" LRl T2 ToE Rk
7 - L BN EEIN P E AL RIS KRBLET A SR

TR R AN e

,[li,j = Ez(yi,j(xvz)): f, () (3.4)

—Vz(yi’j(X,Z))=O' i{@yu J(X Z)} O_i'gz (3.5)

k=1 0z,
B g 26l 27 i BETHELELY [ BRHRELT > THFEHR R Hhi
0 i=12...,m> j=12,.,p> ol i Ased FF R ol AT LTI B
BT 3L e %R e A7 1 a R F it pF s 4 (mean

square error; MSE) % f 3+ ¢ <% & #icoy, °

HE=Z P ELRFTHFELALIREET 2L B KE -

By B TR T L ST HT S 4 2R L S 0 A N R (210)50 2

4o AT L

L z)y=minlY, (&, 6,;,+1.5),Y, (&, 6;;,-1.5)| (3.6)

Ij’

USL, — & ; +1.55, . LSL, —(z . +1.55, .
H Yi,j(:&i,j’é:i,j’l's):(b[ i (ﬂ’l\] O-l,J):|_(D[ i (:ulj (7|,J):| » % o1

Oij Oij

EW3 AT URTORBLES, o FiBETEEAY [BR%REE T2

F_L

BALF > Q@) ATHREFEARTFIBSTHLLEY [BRKRELETDRH
Wx g R SE 166 AT UARLEED L AL FIBETHELEY BT R
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AT QAT B LS EE £ USL 8 LSL £ 7 B i B 5T e T

, , o usL, —(z, , +156, )
BRRT W EFEFEEARE TR0 - S ES RPN
O-i,j
. e LSL, (4, +156, )
FoTFEERRET L O - J2 s s 0Bk o
O-i,j

FoFRFEERRER L Ll PIRESR VRS ZER PE gRR

Preny 2 Sfic ) 4o Ao L
d;(Yi;) =D(z,; —1.5) (3.7)
Ho 74, =15+3(Y —Mi)/(l'i M) Y EAFIBRETEEAY JBRREE

THERBECTEATRIBSFHALEOPERE MEZT¥IBETHELE]T

R

HFIe FEERRELET IR TREL R BESKE -
R e R REHA S PER AR B 3 E I 2 & B
Baficie > #2213 7P » 22 F R HFPE2 Ay ok FHP 5 rB e

FHEFRERL mMBETHEERER T Al 2 A ST !
W, W1 W, o w, S
D,(x.2) = [(d,, -dy -ord, )" Ay, d, e d )] (3.8)

Hew i SaEraojEs » S= Zw o

HAI P RRAY BIEEELFIFF OF B 6 FRIH o
EEES N3-ET IR R

D(x) = p(x)+¢ (3.9)

BY DX) 2 7RY EadkiE > Hig2 < VHEHEL21A F B WA gFk
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Boop(x) A AR R E G I TIF A 0 o LR B S E T g

WAoo BN v p(X) 2 - AT AT AT

p(x) = ﬂo"‘ZﬂkX +ZZﬂij X +Zﬂkkxk (3.10)

k=1 j=1
1>k
He nd 7857 £ nBEdFF o x 27 5k BidlF5 o

HFA A F B B RIS AR KRN RHRFRA B D EAGFS
KEE o
el F S R B OR RPN o {1 @R B G TR ER R LY
BoBcEd < enFF R FESHGFF RFE TREFIORTBELRT LR
SRR L SR A (£22) ROt KA B Ar R E TS kR ET
BAES T2 A5 0GB r| b8 L R ez R - FRF A LR R
Y RETFHEE LR TS AN FRHRALP KB BRI E Y

WIS L RETFERT &

TS AT T B i AR A At R g i TS ORI B R 4 A
RAAPE G AFNE M R FRFARRT R OVRTEDE REEF Y 5
RIS hfp i iE > Bded FAFV RGP AT RFHREELF LRI Bdod F
ARG REATEEFERLRM s hopt s X FERTRYFTH FHEITERT
EASHET R O THEE-SHFFER] F3 2 U hagFF ke o

=S BT URI3LA 2 o

20



—— e

gi%}-:ﬁ: g ﬁ‘li
Z R R4

HHEAELTHRELT®
BET2REHEHER

HERELERHRAELT S
meTLEMARA

IHHETRMSTSE
o HASTE 2 A B8 HHMA

MR TS E T
th iy 78 B 45 X,

HEsy
&4 B

[%Eﬁ&ﬂ%*iﬂ%j

31 A3 278 nAem
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A = 20 )\
Yy oAt
jk_q_l»l#ﬁ’ﬂ-q- FoAri 2 RAT A E -5 R Bk ’?'JQ*—EQ%"@
FEERP HEIREAFIREYN KA BB AT SR TE R

AL R FRTHFEREREL ) FEARR LG 2T

X

3

4.1 § t|3p

BoAe oo B3 EF O AH(O-Ring) e * >Hiv B 5182 F it > 51 H 0 e &
PREFAFI RN - BREBELWERRETRY B R TR AR
(hardness) ~ #4353 & (tensile strength) 2 © £ = (elongation) % #% it » F &t S ‘adF o F

MARPBGEF I od AR SRR E D & FP o o T anE R

R e s L A R T RSl
5 'f%%%&lhm'ﬁT’iﬁF@ﬁ

n‘nﬁ" JI-')! ~f§ A RTERERERN S B

H 4E @42MPMWAﬁT&@¢“”

"2 e

B4l 318337 LR W42 UM HT LR
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TAEFF a it ATERF R RN S AR RT 0 B R AR da e g
FLEEHRER GENT By A RPETHLOEL 475 285 Rk
o (Xy) ~HE A K B (X,) S E Ak B (X,) ~ A3 B A R B (X,) AT k(X)) o
A - BEPIFF ERG G Z R B oD NN F BT AT P R LR MR
TR F S F AR R ST (TR RS ) F o AP R R (2,)
BR*FER(Z)AB A BRESTRE DRI FF B B e fa 2
" TA; #7ASTM No.1OIL~TB; %« 7ASTM IRM 903 OIL ~TC; # 7+ ASTM
FUEL-A¢2 D, 4 77 ASTM FUEL-B > & & f8§ & 3%k ¥4 %| 5 125°C{r23°C - ¢

B F|F ] 0 ek 41T e

L AL R E AR T A

Feg ¥+ z) k- kKB | k= | ke
o aE A B C D
P e K- =
R R Y 125° 23°
B4 Fl+ 48 k= 3 =
B %%k B (X,) -1 0 1
A 5 (X,) -1 0 1
X A B (X,) -1 0 1
dv 1 B4Rk B (X,) -1 0 1
itk BL(Xs) -1 0 1

SESELENEETIRE AN O FINE LY PSP

SRS R R RE A A B D E A 5D FS Bl R o

A

FAAY O RSB EARA29TF o g rh o AR SE A

VR E S
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Z_F

7

PILFR LS 0 3

2L

’ 1_:E.

4

ehipe 78 Fr

i SR A
BIBAF & 1

”

b Y
]

CEPETEIE

2. $id 5 B (y,)
+

B

LA & (Y1)

R

. U

¥

&

S

-
ol

N

Fl kgl &

=
T

&
e

% 4.2

Ys

z,=D
z,=23°C
Y>

Y1

Ys

z,=C
z,=23°C
Y>

Y1

Ys

z,=B
Y>

z,=125°C

Y1

Y
24

A

Zl =
=125°C
Y,

Z,
Y1

X5

e ) B

Exp.
No.
10
11
12
13
14
15
16
17
18




4.3 7 gy A A7

kAT g o BenF o BB A RE2 F R E ZFY
Bo R s®E AT BB b T
BB L RTRELE RHS -

dReg T L R E(Z,) R R P R R T HETEEE B
SRR L BRSO Ft o g AR 5 R #E % B(dummy variable) - 41 * (3.1)5% &

WA R AN LR BETHELF RS RS R AT

. {1 » #JIRASTM  No.l OIL
1:

0 » AHM
y :{1 » ZAPRIASTM IRM 903 OIL
P00 s REH
y :{1 » FJHR[ASTM FUEL-A
Polo o kP
Jc BAESEE T AR s e 43977 o

#43 LR FHE S e A PR A

V, V, Vs

ASTM No.1 OIL 1 0 0
ASTM IRM 903 OIL 0 1 0
ASTM FUEL-A 0 0 1
ASTM FUEL-B 0 0 0

M T N F] S R B an ¥4 B (coded value) o 1 :‘zﬁﬁﬁﬁ%/} Y72 > R fes

B(y) s didsh B (y,) 8 # £ F(y,)= B 58 #1452 # §f #5% (reduced model) »
B 4T o
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¥, =65.29985 — 3.78366x , — 2.44458x, —1.56494x,X , —5.7065%,X,
+3.31416x, X — 7.07164x +0.80609xX,X ; + 2.46802x ,X; +3.60166X ; @)

—1.05054x,X, +2.85354x: +4.611117, +1.875X,V, +1.54167X,V,
~1.21247x,V, + 7.38889v’ +16.27778V;

(R? =0.9282)
§, =129.98413 - 26.95024x, —13.23643x,, —12.81563x, + 30.220714X X,
4.2)

— 44.0415x X, -19.96326x X, +19.19608x,X, — 9.11284x,X,
—8.08769X,X,, +32.35714x2 + 49.27778z , +5.4375x,,z,, + 37.83333v,

(R? =0.8929)
§, =145.27357 + 28.47012x, — 16.44992x,, — 29.50758x,, — 21.00589x, + 30.625x 2

— 44.75168x X, + 63.4133x2 — 39.30976x ,X, —17.55471X, X, — 27.68519x >
+21.74242x2 + 42.26852X X + 7.74411x +10.83333z,, + 6.45833x,,Z,

(4.3)

—12.5x,V, + 4277778V

(R? =0.9281)

HF=
v B 2 F RS I (BA) 2 (BB)aNaE 2 & B BB T om e B
Be 230 o d RS R REC P A A W E L S TR 0 g
FRE N EEAoT AT

- A5 ASTMNO0.1OIL2z T i5E 22 % B #c2. o N

[, =72.68874 -1.90866x, — 2.44458x% , —1.56494x,x , —5.7065x, X,
+3.31416x,X, — 7.07164x5 + 0.80609% ,X; + 2.46802X ,X; + 3.60166X> (4.4)

—1.05054x,X,, + 2.85354x
(4.5)

67 =67 x(4.61111) + 67,

f1, =129.98413 — 26.95024x , —13.23643x , —12.81563X, + 30.220714X,X,
— 44.0415x X, -19.96326x X, +19.19608X,X, — 9.11284x,X, (4.6)

—8.08769x X, +32.35714x
(4.7)

67 =67 x(49.27778+5.4375x, )’ + 67,

26



j1, =145.27357 + 28.47012x, —16.44992x, — 29.50758x , — 21.00589x,, + 30.625x
— 44.75168X, X, +63.4133x2 — 39.30976X ,X , —17.55471x X, — 27.68519x>  (4.8)
+ 21.74242X? + 42.26852X X, + 7.74411X?

62 =67 x(10.83333+6.45833x, )’ + 62, (4.9)

= ~# 4 5ASTMIRM 903 OlLz T 32ip &2 5% & #icz. o> 5%

[, = 65.29985 — 3.78366X , — 2.44458X , —1.56494X, X, — 5.7065X, X ,
+3.31416X X, — 7.07164x7 + 0.80609X X, + 2.46802X X + 3.60166x2 (4.10)
—~1.05054% ,X, + 2.85354x>

67 =67 x(4.61111) + 672, (4.11)

f1, =129.98413 — 26.95024x , —13.23643x , —12.81563X, + 30.220714x,X,
— 44.0415x X, -19.96326x X +19.19608x,X, — 9.11284x X, (4.12)
—8.08769X,X,, + 32.35714x

67 =62 x(49.27778 +5.4375x ;) & 62, (4.13)

[l =145.27357 + 28.47012x, — 28.94992x3=29:50758x , — 21.00589x,, + 30.625x>
— 44.75168x, X + 63.4133x2 —<89.30976x , x4 =~17.55471x,x, — 27.68519x2 (4.14)
+21.74242%7 + 42.26852x X, + 7.74411X>

62 =67 x(10.83333+6.45833x, )’ + 62, (4.15)

= ~ i 5 ASTM FUEL-Az T 35iE &2 5% 8 #c2_ o 50

[, = 49.02207 — 2.24199x , — 2.44458x , —1.21247x, —1.56494X,X,,
—5.7065X,X,, +3.31416X,X — 7.07164X2 + 0.80609X, X, (4.16)
+ 2.46802X,X +3.60166X2 —1.05054X ;X , + 2.85354X>

6 =67 x(4.61111) + 67, (4.17)

[, =167.81746 — 26.95024x,, —13.23643x, —12.81563x, + 30.220714X,X,
—44.0415x,x, -19.96326x X, +19.19608x ,X, —9.11284x,X (4.18)
—8.08769x X, +32.35714x

27



67 =62 x(49.27778 +5.4375%, )’ + 62, (4.19)

[1, =188.05135 + 28.47012x, —16.44992x, — 29.50758x, — 21.00589x,, + 30.625x>
— 44.75168x, X, + 63.4133x2 —39.30976x ,X, —17.55471x,x, — 27.68519x2 (4.20)
+21.74242%? + 42.26852X X, + 7.74411x>

G2 =67 x(10.83333+6.45833x, )’ + 62, (4.21)

z ~ b 5 ASTM FUEL-Bz. T 3218 &8 % 8 #icz. o

[, = 65.29985 — 3.78366X , — 2.44458X , —1.56494X, X, — 5.7065X, X ,
+3.31416X X, — 7.07164x? + 0.80609X X , + 2.46802X X + 3.60166X’ (4.22)
—~1.05054% ,X, + 2.85354x>

67 =67 x(4.61111) + 672, (4.23)

i, =129.98413 — 26.95024x , —13.28643x, ~12.81563x, + 30.220714X,X,
—44.0415x, X, -19.96326x5X +19.19608x ,X; —9.11284x,X (4.24)
—8.08769x,x,, + 32.35714x?

G5 =62 x(49.27778 +5.4375X, ) 4 55 (4.25)

[l =145.27357 + 28.47012x, —16.44992x ,  29.50758x , — 21.00589x; + 30.625x
— 44.75168x, X, + 63.4133x2 —39.30976x ,X, —17.55471x X, — 27.68519x2 (4.26)
+21.74242%7 + 42.26852X X, + 7.74411x>

62 =67 x(10.83333+6.45833x, )’ + 62, (4.27)

Kt R T TR, AR R BRI R KER
% 23°C 1 125°Cenfe P+ iE & RBPRCT 3085 T4 R £ 5 15850 A e
PR B 2RO 23°Cer 125°CHE e 5 s -12 115 0 30 B U8 B h¥sb B 5 PRI
Tyoag i 00 L L0316 F B AR > 2 KBy FS TER, R Rk

=010 ptoh > A2 g ek R 35 24 (mean square error; MSE) &

Tite %R ﬁs:a v F G , =6.13571 ~ 0,, =372.79504 £ 5;, = 341.60509 -
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MeGi Gl B LR FF R L2 Bk L G THEEF RN F

e a2 T 2 ST HFEAI8R kLT hTOE R FR o $hirtk

443 #4757 o

244 @ ZASTMNOLIOILZ A & ~Faid g R W & F2 Topd R
R b R R F
Exp.No. = ~ - ~2 ~ ~2
H <! H, 0, Hsy O3
1 74.69183 | 8.26194 | 183.58207 | 564.99206 | 220.25885 | 343.51915
2 72.68874 | 8.26194 | 129.98413 | 615.625 | 147.42845 | 353.34119
18 69.41494 | 8.26194 | 158.07302 | 564.99206 | 358.34175 | 343.51915

%45 W ZASTMIRMO03OILZ A B s Fudap B v ¥ £ 2 Tio@ay R #ie

MR Fid e B (LIS Wi
Exp.No. - ) s ~2 ~ ~2
Hy op} H 0, Ha O3
1 69.17794 | 8.26194 |183.58207 | 564.99206 | 232.75885 | 343.51915
2 65.29985 | 8.26194 | 129.98413 | 615.625 | 147.42845 | 353.34119
18 60.15105 | 8.26194 | 158.07302 | 564.99206 | 358.34175 | 343.51915

4.6 P SASTMFUEL-AZz f & ~ i R W & F2 Tiop i g2 #k

A R ko B W E 3
Exp.No. = ) - ~2 ~ ~2
H 0 Hy o M O3
1 85.12652 | 8.26194 | 221.4154 | 564.99206 | 263.03663 | 343.51915
2 81.57763 | 8.26194 | 167.81746 | 615.625 | 190.20623 | 353.34119
18 77.9705 | 8.26194 | 195.90635 | 564.99206 | 401.11953 | 343.51915

29




247 HH EZASTMFUEL-BZH & ~ b BB W £ 2 T i %R ik

i P & W E &
Exp.No. = ) - ~2 ~ ~2
H o, H o, Ha O3
1 69.17794 | 8.26194 | 183.58207 | 564.99206 | 220.25885 | 343.51915
2 65.29985 | 8.26194 | 129.98413 | 615.625 |147.42845 | 1271.283
18 | 60.15105 | 8.26194 | 158.07302 | 564.99206 | 358.34175 | 343.51915
HBz PFEERTRELEIREE T2 BodkiE -
AP R AL AT O WAERMLES  DEHIRT O HET R BB (D

Pt ERRE) THFIH2ZAR - FRPRAEEV EFZ BETHELZRRER

ERETF AR ET BE T

"o 4ok 483 £ 411577 > & H AT DL

MehT o o B &S » A YA NGO L LY ol > B3 L

EERR AL R L T 2 R ol ds O, 2l Bk 40241273 241557 -

%48 ASTM No0.1OIL&125°C™ jd 3248 i 2

AR b R W E
USL 80 #£ R #£ Rk
LSL 70 124 215

#4.9 ASTM IRM 903 OIL#2 125°C™ 4 34242 % *2

AR b R R &
USL 80 g #£ R
LSL 60 129 220
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4410 ASTM FUEL-A2223°C™ b 4242 12

H R o & LR

USL 80 £ £
LSL 60 119 225

4411 ASTM FUEL-B2223°C™ 4 24242 % *2

AR bR (LA i

USL 70 £ £k
LSL 40 84 190

%412 ASTMNO.1OILTHE ~faifm BE N £ F2 F BiE

Exp.No. d; d, d,
1 0.5522194 | 0.8429495- | 0.11194229
2 0.286154197['0:10404784 | 1.746x10°"
18 0.044233 | 0.47347905 | 0.00070558

Y 7 7L
23 EE

%413 ASTMIRMO03OIL™H & ~ =y R E W £ &
Exp.No. d, d, d;

1 0.95477582 | 0.78707143 | 0.07825389
2 0.63451547 | 0.07209885 1

18 0.07388558 | 0.39093603 | 0.99999999
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#2414 ASTMFUEL-ATH R P RE v L 52 F B E

Exp.No. d, d, d,
1 0.0005126 | 0.99751274 | 0.70960545
2 0.02023775 | 0.67993265 | 0.00040261
18 0.21361818 | 0.95867361 1

#2415 ASTMFUEL-BTH E iy B8 W £ F2 X BE

Exp.No. d, d, d,
1 0.11237341 | 0.99642181 | 0.5527409
2 0.55377272 | 0.63807482 | 8.335x10°°
18 0.97297807 | 0.94698497 1

HEe FEERRELT I ETARL AT ESKE -
PR ARACFRERREVESF ZBRTHFEDERER AR FI LY

231 @O T E e B R AR T A RE L LAY sk (D) 4ok

4.16%7157 :
1416 wAEI FART ERHEL LR L SHKE
Exo.No ASTM No.1 ASTM IRM ASTM ASTM
p-NO. OIL 903 OIL FUEL-A FUEL-B
1 0.3735102 0.5391129 0.071323 0.39555735
2 0.00173236 0.00123768 0.01769453 0.03088236
18 0.27564433 0.30682339 0.58943555 0.97308037
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ot R L ER AL AR FI M T LAY SIS T

Bl RN AR HE LT 5 R TEEL A RadE 0 2% oR 41T R .

3417 LRHRELET S RTHPELAY EakE
X

Exp. No. | X; X, X, 4 X D
1 -1 -1 -1 -1 -1 0.2745398
2 -1 0 0 0.00585059
3 -1 1 1 1 1 0.04389385
4 0 -1 -1 0 0 0.16262397
5 0 1 0.02775812
6 0 1 1 -1 -1 0.27165492
7 1 -1 0 -1 1 0.10834779
8 1 1 0 -1 0.38193137
9 1 -1 1 0 0.11399718
10 -1 -1 1 1 0.1332843
11 -1 0 -1 i 1 0.05639692
12 -1 1 0 -1 0.08466048
13 0 =l 0 1 =1 0.21749887
14 0 I =1 0 0.00471603
15 0 -1 0 0.02977801
16 1 -1 1 0 1 0.04616613
17 1 -1 1 -1 0.24891019
18 1 1 0 -1 0 0.4693055

HET L FRAY B IEEHEH TS OF B G RS o
VLR R A A 0 1Y S TR T RN 2 BT S liE

TR S B 0 4 R R S S ] RER  B ko T AR

D(x) = 0.14076 + 0.15475x,, + 0.03899x, — 0.02566x , — 0.09398x , + 0.01231x?
+0.04623x, X, — 0.01677x,X, + 0.0641x ,X, — 0.0518x,X , + 0.14911X,X,,

(4.28)

(R? =0.9981)
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R R B BoA 4 4 > 402418477 o d 2tF-Value=376.39 > H P& | 3t

0.0001 » 4 it ff 5% 24

B oM g iR

T JEA IR R R LT S T
B () E AR M FHE Y Rl B L a

VR RE -

li 7 N
A e

My o féer ALy Ealice ¥ R 23R H

ﬁr;v}g_*\ SR NP sk P I

4 |E¢' f\f’“% 7

X2 (R ¥ehz

S gt B SRR

7)) HHES

SR E KR -

%418 ol B E S I T 2w RS B s 5 £
FEHRR| T4 | pd R o= Fig P &
Model 0.31 10 0.031 |376.39 | <0.0001 | & ¥
X, 0.11 1 0.11 1345.6 | <0.0001 | % %
X, 0.013 1 0.013 - | 160.54 | <0.0001 | % ¥
X, 0.00303 1 0.00303- [.36.83 | 0.0005 | # ¥
Xs 0.035 1 0:035 |423.24| <0.0001 | % ¥
x? 0.0002391 1 0:0002391 | 291 | 0132 | *H%¥
X,X, 0.012 1 0.012 141.21 | <0.0001 | % ¥
X;X; | 0.0008152 1 0.0008152 | 9.91 | 0.0162 | % ¥
X, X5 0.014 1 0.014 |168.85| <0.0001 | & ¥
X,X, 0.013 1 0.013 | 152.35| <0.0001 | % ¥
X3X, 0.033 1 0.033 | 405.64 | <0.0001 | & ¥
@£ 000057584 | 7 | 0.00008226
& fr 0.3102
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HFA A F B BRI AR KRN RHRFRA B D EAGFS
ke L o
dO | E S A A R AL e AT I R

3% 3 4 37 388 -Design Expert % 35 ) & & F] 5 -k B o2k 2_iE o Design Expert:2 #

#4;2 (simplex method) @ %% £ & D 5 B~ Sug 52 BT 5 A frd| F I KB hF

(\x
F

.%E%L?]F\ CERWE N eV R 2R REE AT ERI0eT L 2 K iEF
G LITREPRREFF KB L2 2 > 40k 419977 > l%‘x’-‘b‘%\&j{ﬁ&ﬁiuﬁ
AAFDRAEP5- BRHREESKGFF LFRLE X =1 X,=1"

X;=-1>x,=-12x,=-099 » # %% 8 S#iz 50665375 -

#.4.19 Design Expert 45,1110 % 5 thid it 9 2% e &

No. D X; - X

1 10.665375| 1 1 -1 -1 | -0.99

2 | 0.663954710.99 | 0.99 | -1 -1 -1

3 10663279 | 1 (096 | -1 -1 -1

4 10.663052 | 1 1 |-099| -1 |-0.98

5 | 066262 | 1 1 [-097| -1 -1

6 |0.661614 | 1 1 |-09 | -1 -1

7 10660612 | 1 1 -1 -1 [-0.94

8 |0.660501|0.99| 1 -1 -1 ]1-0.95

9 10.659153 | 1 1 -1 |-0.99]|-0.95

10 | 0.658816 | 0.97 | 0.98 | -1 -1 -1
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HF= R FRGRE R

Wb T T 2 B ik TR 4 2 Y 8 Sl i80.665375 Y 8 E e
AR L R R A (£22) Botd Faek G FFRE R £ T 2 51 H 0 4t
ST AL BREL SR AT - B AURSELD 2 A S
ALl L ~O5RIEEL NZE & R = BT > P E A S BIERE
HE% k420907 c $REY BB > B L ST OB A (122 Bor

EEHAATET > FREATHORBLISHREFLMN > AR THLFE- ~2 4

Ji

BLnE R §FUAT DRS00 EEL S WUETIBA BB AL F

o

2 A FE AR L O ORI o FP o R A AT Dl b it Fl G ok e
£ ST AT R 7 b T A R L R KR 8 el el A RRE
o BT o i A R g R R L SRS RS AR E A
TR E AR RO R o AR G A B A2 F S R B A
2 AR

%420 WRFBSIZESE R Y E S HE

Wi lopp e | LY EakE
A5 15 R E L 0.665375
WAL AR A 0.830528
A 05 L8 1 1
£ # 1

ARG - RS SRy AT S RY BER MR R R
Bfp? § SRR kReESETHEES BE ¢ B AR R L& o ERA
GERBCMESCELN: S R EN S 5.1 S L R T R

FHEARREE AP E IR THEL A BadE > 7001k R A
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BETARREANT ) BFx AR 421077 0 8 E421° ¥ 00l G R R ¥

b

BHCTRFIZ AL RS E B AMFR L0150 R R B2 A

Flen@ Y Bl o T H FE o352 R taaly » K&K GIE

* [oy,,(x,2) ]
I Jeg FlF 2R R ERE R TELR ﬂm,%i“(?rvaiz,z |: 2, }>

ETEWIELT (o) HN S THERE ARE LS T BA R
T2 BRBREES > FRGrz a0Y CH R PR gE RS R
Ba 'O R BRI EREF NPT < od WEPF LA 2 F R T

FEREEDHARHSTEEREPRT L RERAFSE R e F e
FEFEETRFERERTOL & [ B Ay RSe FlS e o~ Bt
(AT NP ME R - ¢ WA B MEiElbesLE F) S R ER T E -

AT AR ERE MR AR T T MW A T G

Ky

w
=

w32 g AL ORI B T RBIRERR R R A Bl ke & B
BRAFT AR Ad S B L S TREC R TR 5 B s BRI
HOR -~ sg R i L Smin & ank Ko AT g F - e R R T
FRBR EPRA BRGFIREEL T HIFDH RENEERRKA
(dynamic test rig)p &7 7 R FH% > A B FIH2Z T EIRPIFESF LM
1490 -] pF{r15101 -] B » ¥ AZ:B IR A & 1000 pFene F A £ 70 31 i % 6
ZRFEFELIAI AN ET R AT AR F L LG KPR R A5 4
e Bl o R o pETREAT IR RET E-HFELT R
B LR R AR H 0 T R LR A R S

KBS UER- BEF EPEREAUEST -

37



4y

%421 37

(BR) REPEGFEHIY BB ER PL g R A
X3

Exp. No. | X, | X, X, | X; | 2 #5012 D% | %85 0012 D&
1 -1 0.2745398 0.26495498
2 0 0.00585059 0.00580957
3 1 0.04389385 0.0446016
4 0 0.16262397 0.16510875
5 1 0.02775812 0.02673747
6 -1 0.27165492 0.27059736
7 1 0.10834779 0.10175366
8 -1 0.38193137 0.39926516
9 0 0.11399718 0.11064084
10 0 0.1332843 0.13128603
11 1 0.05639692 0.06010467
12 -1 0.08466048 0.07828036
13 -1 0.21749887 0.22563692
14 0 0:00471603 0.0046953
15 1 0.02977801 0.03054256
16 1 0.04616613 0.04789068
17 -1 0.24891019 0.2502537
18 0 074693055 0.49401513
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