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Production Parameter Optimization of
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Student: Jing-Yi Li Advisor: Prof. Shao-Jen Weng

Department of Industrial Engineering and Enterprise Information
Tunghai University

Abstract

The electro-magnetic waves generated in an operating electronics will cause
malfunctioning of the electrics appliances. Thus, Electro-Magnetic Interference; EMI is
required in the electronics, while Sputtering is the most common way of EMI. The adhesion
force between the film and substrate is the main issue in sputtering to overcome. In this field,
without increase cost and difficulties of sputtering process, we use Design of Experiments
(DOE) to optimize the process parameter.

In this research, we investigate the flow rate of Argon, power and other parameter
optimized design in a sputtering process to study the interactions between each parameter.
And then apply Response Surface Methodology (RSM) to obtain an optimum parameter and
its responding value. According to this research, the yield can be increased to 25% when the
adhesion force raise to 5B from 4B, resistance can reduce to 5Q from 6Q.

The result of this research can be as a reference to improve the quality in sputtering
process.
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3.23 4 xr ¥ 'g‘[:,h’—j—r‘a;:—z‘;.l.l

ben? S BEARPE - AR MF SR B ? B IR A
FOAOREL A E G AR o it 2XFIRPE - B
“a*+ﬁ@aﬁ@%ﬁ’a?%@*%’%ﬁﬁfﬁ“ﬁﬁﬂ”ﬂiﬁ

- BRI ESN @D E

y= ﬁo"‘ZﬂX +ZZIB|XXJ'+3 (3.1)

i<j
P31 P WA s iz FHCR] 0 Pl FORERL T T

T Bxx;m g T m g d o
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)

U 31 ¢ - PEHN s mE RiE s PEF RSB K fr g
FEsc 2o tim > B - FEF Y @ B S

y= ﬂ0+2ﬂx+22ﬂ, J+Zﬂjjxf+g (3.2)
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Iy
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Ho pdsh s pEs D S o

@ 3 40 @ BL(Center points) T 2% Y >R 2T P HK B

PR K eniRal gt pEoRAL RF AL - Bl aREL RPE
Fla =2k #2 RE F BRGZERB G 4o r? B E 4B
% =01=12K) EHF N i 755 BREE G A RM e BB
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ERFGH A cBPE S 3 B TF R - MO RE
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SE[ETR @ f D RS g R IRELIES (MSe,) AT 0 LK
BAR S o A0 A ATARERE o 1 22 F]F WP Ao r BB Y LB L B o
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BELBIE > @ Np 5 F]F X 8h2 #icp o

Vgars L;Je : Montgomery, D.C., (2009), Design and Analysis of Experiments,7th Edition
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3] @ i §F 4~ 47 (Regression Analy3|s))ji B— S r i sk 2 3
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BAERIE ) RS SRR G TR R Rk

IR N GRG0 TIUT R AT R RI(F Y A

331 wfFAHi g

ﬁﬁﬁﬂ,\ﬁ{? KT A B Bt SEFOM G 2Pl &P b
iz - iﬁsgﬁﬁ?ﬁ:;“ s BRIEIg— B ¢ B p ¥ #c(Independent Variable) 2
B 0 K IE R AP i % #c(Dependent Variable)z* f & J& ¢ #(Response Variable)
2B o B AR 0 TP REHEREORTS o F- 2T
z ¥ g % He R-Square sniE %3 o PR A p S HEE R FHEOIEE N 4 Axp o
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PRI HL A AL E o V- AR A B AR AR TR MY BT
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=
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2= g o FL5 i H sUi2ae §F(Simple Regression) » F Az~ B 4 b e
= REPE 0 PIAL S 5 s fF(Multiple Regression) o it fF Al & 2
mﬁﬂﬁﬁ’%ﬁw*ﬂg%&%4iﬁ\ 2 I EH IR Wik Y
PRBXTEZZAZT RPN Ty Skl GER
i H s R0 4o B35 0 SR E - p %&xw@%ﬁx a3
RIEAR TR Y2 P F EIE A - B Har o st S
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Yi =B+ Bt & (3.3)
g~ N(O,GZ),i =12,---,n

2d LSy sk o ﬂlﬁ“}’f‘tﬁ"‘gfi’ Ei 7R AIE o

Y
E(Y)=a+8X

\><

X
W35 f ¥ atitie jf il
(FAL ki @ BiE sk > 2009)

Foesthie fER AR RF 0 AT 5 R B Xy Xy Xig TR - B
g By i AT B o AR
= By + X + BoXy ++ B X + & (3.4)

» & ~N(0,6%),i=12,---,n
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T A é@ﬁt gk GEFE es B E ”Lr;a T AL 2 S ey
PLEAPT VRIS CEPE R R L R R b E T EE Rk -
ik RS 2 Hondg iRE R L 0 R-Square™ i & ik FHy LR Y M
A HX X X R L A B o e ARt = 4o(SS-Sum of Square)
¢ T = fo(Total SS)2. 7 A v+ > & #i05¢ e i /& (Goodness of Fit)2. & & 4 1%
H AN e
ge_ SR, SSE
SSTO SSTO
#9¢SSTOLZ 3% B T3 4r» SSRE /T 3 fro
i fFEHCS Y 0 - 2R h R-SquareAX 4 RIHC ARE o T o
R-Squared% ~ » i % — F_& 7 iV ARGF > Fl 5 N35F o p
5am— o EJ ’ﬁéi < ek T_E " M A i N R-Squared 4v enlg & o
‘E%zfﬁfl g HcPF > % 7 ¢ R-Squaresy 4 >
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0<R?’<1 (3.5)
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LB E ik fIhA B3 g M 13 I {8 2] %_th #ic(Adjusted)R-Square
B, 4

SR ERRT VY NES RN S ET T SEEE LTt
) SSE(n-1) 2y, N-1
=1 sstom-k-p R 69

Ray ={1-[(;F4 SS/-4 p d B)/I(% SS/i p o4 B)|Ix100%  (3.7)

R-Sq(adj)¥ it 51t R-SqQBE Y2 B3> ML E A £ 82 T4

AR EA TR RS EF R 4o T ] fd R XA RS
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ZFFREEAPER A - BEF SRR SRS > VAT
PR EE b (3 R > 2004) o

FRVRS AFZ TEERLR TR T § &R
FE A AR LR i * % B #ics 47 (ANalysis Of Variance ; ANOVA) » #1
72 ANOVA i & % 3 5 L ? o Gldr AP F RPN S e/ B8
TS A ST mi’iaﬁﬁ:p E g A R K e SN
PR AT AR T @fﬂbﬁ&ﬂ‘f FEr LT ME
i%”tﬂ!l | 54 s 5 o

Rt o ANOVA maE 2 s 2Bt Flaid* tieg o pF

] Jufrlg Rl A A RO R BRI INAE 7 ANOVA &2 %8 #ic
FARE DFRT D s 4T o

FU* A 4 2w §F 4~ 47 ANOVA 40 33 #17 » 5d S
(Coded units) e~ 382+ & dize 3 % # (Coefficient) ~ R hF % o 8 22 (SE
Coef-Standard of Coefficient) ~t » fechie(T)% t 4 fic B s 5 B (P) o
w2 BiEi PiE § PO05=ap» RIzZ%Ey BFLE o

% 3.3 i jF 4~ 172 ANOVA 4 7 & Bl

The regression equation is
y =-6.32-9.26 A+0.0158B +0.0135C + 4.24D —0.0061E + 0.65F
Predictor Coef SE Coef T P

Constant -6.315 8.728 -0.72 0.493

A -9.256 9.080 -1.02 0.342

B 0.01583 0.02593 0.61 0.561

C 0.013531 0.009211 1.47 0.185

D 4.237 8.410 0.50 0.630

E -0.00614 0.01326 -0.46 0.657

F 0.646 2,671 0.24 0.816

S=1.06176 R-Sq=54.2% R-Sq(adj)=15.0%

PR v e k3 AL(2009) o i AF A R R HE e Six Sigma B aES F o SR 2 ERY -
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3.35 #igtem
232387 @rg 2T I it 0¥ BRI A2 BT %2
A GBI E o Tt WA E T S 8 SS o i IR A L
(3.9)

SS, =SS, +SS

H ¥ SSpg 5 ¥HEA T > e SS oF 5 4 i (Lack of fit) L = v o
ks > S PRETE R R T FE A PTHC Y K At B ¥ K
X, i=12--m2 T 5 n B F BEPIE y, £ x,i=12- me% jBE BEP
n, BRPIE > =&r()BR LG

Vi =Y = YD)+ = ¥) (3.10)
54 310 A ET 2 S0 e |
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=i
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en, B LR & T 30 o

Pt 53, 18

Zegs 9 lel(y” xa +Z”(y. 9° @
1=1 J=
WL R i

i=1 j=1
SR LTS oo BN LRSS

4311 F o BN LA
Moo F L2 B AT Aol !

SSPE = ZZ(yu _yi)z (3.12)

i=1 j=1
PR32 A R A X2 L BORET  EAFRRIESRE T2 oo
Xemp -Ri#Ese i m Fod 0 AE B -KETHHEL 30 -1Bpd & >

HAEAT Ao B d R

i(ni —)=n-m (3.13)

i=1

AT Ao s

SLOF - ;ni(Yi - BA/i)2 (3.14)

WEER X RET > TIF Ry ETEHEREEF L2 AL S oo

M L;Je : Montgomery, D.C., (2009), Design and Analysis of Experlments,7th Edition
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LERAF RSBEEHE > BN F REREL L L) FHIF A

¢ L3 IR SRR A SR

e S BE TEAFR RN Ak

F Y 9 5 ipif o 52 REFAIES L g iR - L H R e

I R e N A ] S ARG E L = S et

EIET

R S S LR TR = L S S

R F B D ﬁp-x Lhod b AR F,4’<§‘_(Path of Steepest Ascent) » 1 # 2

M%@Wﬂ)ﬁﬁ°7ﬁ37ﬁ@iﬁ@my¢muﬁma’m 2800
F B E R4 B 0w (), x) = 5 AT B(ERF ¢ 2005) -

A (.x5)

‘/> ¥ bt b AEsAE

(¥ =x,.x,)
Bl 3.7 B3 AREFHT - B S BETREAR

(FAL %R : i 4p A > 2010)
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Derringer and Such(1980) & !} B = & & it F ¥ (Simultaneous
Optimization Technique) » # * % &JZ 5 ELEF b i 120 B RE > gt 22 A
* fg 3 o die(Desirability Function) i 2| %7ikdg o BB Sl AR 5 = P
S e Y B0 12 AARTLIATERF RE mﬁﬁéi\ﬂ °

BAE-BFREyEESBREY SEE
Y& B iR RBld=1>F2 » yRE7TELFRE M=
BoxitBEEY D

(3.20)
He miF piEy Bk
MBSk > AR EY [ aFF RE > HEA 4T B 3.13
BRI 314w o FE AL REYyNPRES T B

0 y<L
d= ( ) L<y<T (3.21)
1 y>T

fEdcr =1 FF Slic s A Fr>1fF o o REARZIT T eanyE;m § 0<r<l
o R EARBIT Ty @ o P F BBy DR HRELS T A

1 y<T
d= ( ) T<y<U (3.22)
o y>U
1 0<r<1
“\ r=1
d
—_ r=>1
0 |
L T
y

B33 F~F BEYPHST

S Y N HURAE(2008) o F B E B AT o SR F 2
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r=1

d
—p 0<r<1
r>1/ S
0 |
T 4]
i
B 314 Z ) F ey apiRa T
FHRA Y Sl BRPERALEUZF > 2 BA540@ 3.15 #7577
PR .’533
0
y_l—rl y<L
d- G0 Lsys<t
Y=Yy T<y<u (3.23)
Uu-T U
0 y

r =1

B 315 R Sl F REYy P &5 T

48



4.1 R AP

AR RARE A I A AHI (DR G EErfF (22°FF %
3 (QRSM - Fp iV feif (4RSM = FE s feig (B)B 2 it 485 4 47 (6) %
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BRI RFREZFEREURLETE BN KEFFENE
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S HREEFED DL ERFF > RS ERA L SEE > 23 h

{ij\/gﬂ;z Poerig h 2@ B2k 2kt g8 L Minitab o Minitab ¥ - & ¥
Z BP R EEW o FLiF R B SR R T RAIE > B AR

MERORY A6 o D SRR LEY T A o Bk A
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42 Bz p L
421 YAz $¥kiF3
A

ﬁ%

ook o X B R ORI

5=
At

Rate)» C: = ®(V)> D:
& (DB i) o

GREERY R E E o TRV)E R A()

2 A SR
o e 'mﬁ
GRS SRS S Ak
%E:ﬁz(l),Ew

SRR ER ;,;u

BT, 0 A

AL E

£ 4

-;:‘

A3~ i TR (VD)

degt = R R TR 2B g BRI B A TR A
& %‘if&%’?;m#g%” 3 :4—, (Power) ; g & eha ¢ % A7 &7
F‘ e & T VB BRGRALR P ARk AR NB ¥
2V A vﬂ?* B ;7 WA e F90 B B R E e
AR BLBREWR T R KRB EREE A T2 ER Y R o
AP %A BB G2 51 é:*r;@uiz;egz.ﬁf: b E B (e A) 0 i 74
HBdr g o 'lﬁ“‘&i%%‘*i?ﬁi%ﬁiﬁ * IH‘r“ 2Bz FEe
WA I EFEASE T4 41 53 l[%rﬁpxgc~ RN
FE o F R-Sq(adj)rs«?;”"—fé WAl iz k2 g 2 HEF AR S R-Sq &
BT 2 pt ’pt’f g it 2 2 (28 R-Sq(adj) w5 &7 E B & B4 2 Sdk
gy o 4 ¢ ¥ 5 1 R-Sq(adj)$ B 5 62.3% > " A~B~C $dcle & > A1
A he S B E G E S 0 HT_ AT Power~B:FlowRate~C:V 7 & % % #c -
2417 fHcz BT B o
Best Subsets Regression: Y:DP{E versus A:Power, B:Flow Rate,
Response is Y:DE{E
E
E
1
!?LD
pw
o R E
wa D
Mallows = S
Yars FRE-5g R-Salfadj) C-p re V¥ In
1 50.9 495 16.4  1.0943 X
1 z22.9 21.3 52.6 1.3717 X
2 59,2 57.5 7.7 1.0080 XK
S5A bt | 11§ 1[4 = =
| = B4.5 AZ. 3 2.8  0.94987 X X X |
ERLLN:] TR 3 L LA I S S
4 64.9 6l.8 4.4 0.95549 X X X X
4 B4.5 Gl.5 4.8 0.95999 X X X X
5 A5.1 Gl.3 6.0 D0.9621% X X X X X
PRAT AL T A A2 2RFEANTE RFATEY F A b Sl
WEFP AN E LS P E P B AN S HA T F L Ry o L
2P VFE ARG F LA EL L HFSFEHACB-C2FERIR A
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%042 T $d i et &

Regression Analysis: Y:DBfE versus A:Power, B:Flow Rate, C:¥, D:I, E:¥p

The regression equation is

Y:DBfE = - 1.53 - 10.1 A;Power + D.0196 B:Flow Rate + D.0116 Civ + 2,33 D;1
- 0.00601 E:vp

Predictor Coef SE Coef T P

Cons tant -1.533 4,087 -D.37)0.710

A:Power -10.114 3.813 -2.65)] 0.011

B:Flow Rate 0.01965 0.01059 1.86 ) 0.070

[ 0.011632 0.004241 2.7 | 0,009

D1 2,334 3,882 0.60) 0,551

BE.vp -0.006011 D.00&TRY 0,89 0,379

5 = 0.962194 B-5g = 65.1% R-5gladj) = 61.3%

BTk RBRGR h2 B A R e ORI G A e AR (S
?Mw%ﬁﬁfﬁé%ﬁﬁﬁﬁmUlwwﬁﬁf%pﬁé 7

TR AR LN » T * SR L i % kB ETERK ol FE i 2

ﬁ¢07@42é1%r%@ﬁ%ﬁimg AAB o T
AU K EBSIEEE R Y KRR L OV R LR ALRG
Bl * RfgRIAR L2 RB 8- R A TRAETREAZARLR
BRI A 2 Bl A A8~ iy

\v

g
s
>
i
|m
|~
o
A
)
4
=
A=
=

=+ Residual Plots for Y:DBE
Residual Plots for Y:DB{E
Normal Probability Plot of the Residuals Residuals Versus the Fitted Values
99 - —g 2 .
a0 § H 4 :
- g 3 . - SR
5 = 01-*® > * o
5 & B .. e
a e -1 : 2 .
10 5 .
: 5 ¢
1le = : : | . o . . : . *
-2 -1 0 1 2 1 2 3 4 5
Standardized Residual Fitted Value
Histogram of the Residuals Residuals Versus the Order of the Data
16 T 2
=
$om A, M
12 @
> U
g £ |1 I m M 1 i i
: s EN
S -
E o, E ,
=
]
] 7]
-2 -1 0 1 S 10 15 20 25 30 35 40 45 50
Standardized Residual Observation Order

B42 7 iz & - A LR
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4.2.2 éﬁ ¥ a‘»&.@_(—: A ¥
REFI o S = B Sk
(% 43)> £4|* Bz nﬁﬁg%f@&im‘; 51 £ F#
4.4 9775 o J3% fF A &PV
Y =-0.75-8.10A+0.0260B +0.0103C

Y =-0.75-8.10Power +0.0260FlowRate +0.0103V (4.1)
#?¢ Y:DBE-A:Power~B:FlowRateC: V- titfF> 25883 2
@3%%&&%%%%1&%0%ﬁ1ﬂ’ﬁvﬁﬁﬁ%$&1@¥ﬁ’
F]% R-Sq(adj) = = m HAlpig AR 2 £ R dpfk > ¥ HEV AR50 R-Sq &

BERT 2 B3 &l B0 K 2kl R-Sqadj) i b HE B B4 2 Sk
gy 4 ¢ BT ASB C SdcenP ¥ [ >0 0.05° 5 & ¥ 4% 2 R-Sg(adj)

B 5 62.3% 0 % kg 2 feif ARA i 62.3% -

43 = Sl FOUEP S ETERR TR

Number | A:Power | B:Flow Rate| C:V | Y:DB i
1 1 75 842 2.5
2 1 75 1120 5
3 1 75 1076 5
4 1 75 855 15
5 1 75 843 15
6 1 75 832 0.5
7 1 75 1072 4
8 1 75 1087 4.05
46 1.2 75 1123 4.65
47 14 75 1167 11
48 1.6 75 1200 1.2
49 1 50 1200 2.5
50 1 100 965 4.5
51 1 150 822 2.5
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Regression Analysis: Y:DB{fi versus A:Power, B:Flow Rate, C:¥

The regression Equatlnn is

Y:DBfE = - 0.75 - 8.10 A:Power + 0.0260 B:Flow Rate + 0.0103 C:¥
Predictor Coef  SE Coef T F

Cons tant -0.754 1.521 -0.50 ) D0.622

A:Power -5.0098 0.9198 -8.81 | 0.000

E: Flnw Rate 0.025%71 0.00782d  3.32 | 0.002
cv 0.010335 0.0013%4  7.42 | D.000

S =0.949970  R-5q = 64.5% | R-Sqfadj) = 62.3% |
F%#ﬁéim@*ﬁiﬁuﬁﬁﬁﬁﬁﬂiiﬁﬁ%ﬁMS%ﬁ°
ECRlIT & TR ERY

s

i fies B s £ 8L T ;;ﬂﬁ ipiqp/\l]i
2
f

ﬂ%&#é*%<’#ﬁiﬁiﬁﬁﬁiﬁiﬁzﬁw#%%,ﬁ@gg
Ao d RLAITF ARG FRLES PRI IHAL S FER
) Rk GFHCAI PR B OR L A

Residual Plots for VDB
Residual Plots for Y:DB{i
Normal Probability Plot of the Residuals Residuals Versus the Fitted Values
EE] -
5 ° : .
= - -
[0 T 1 -
- 2 s . 3 e,
£ Z o 2
g so S ote e
T s -
Z £ st .
10 E >
2
1 & -
-2 -1 o] 1 2 1 2 3 4 5
Standardized Residual Fitted Value
Histogram of the Residuals Residuals Versus the Order of the Data
12 3 2
S
’ g A, M
= <
g £ .V 1M M 11
5} =
g . g “ ot H
g .0 N
[ 5
N[ e
o @
-2 -1 o 1 1 5 10 15 20 25 30 35 40 45 50
sStandardized Residual Observation Order

Bl 43 = ffc2w & - & L F
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432 A3 %3
4312° >3 P &%k

I GEEL 2 3BHF SHe 7 2B Skt R T2k E) 2T IR

Fed 0 AR SHMAEL B ERKEL
Pefie B oy o o T Bl 44 A7 e de r P BE2 PG RS A ALE S
WM YR F D R REAAW g A - e s 33
BeoBLE RR]  AfBEATRSRME SRR A E AR SEOFER ) T
Bz P TR AT R A5 R A F S L SERPRIEER LT ARE
TE A A Sl AR TEA W 5 A(Power) @ 1.2(kw)  B(Flow Rate) :
100(sccm) » C(V) : 1000(v) -

» Adex BV L £ 138

7
B

5
%

Create Factorial Design - Designs

Resalution 2% kp)
||Full facrorial 5 Full P |
Ltumier of center pointz. 577 - 1| (per block)

Mumber of replicates 1 -

{for corner points only)

MNurber of blocks: 1 =
Help 0K | Cancel

B 4428 275 @

i B

Create Factorial Design - Factors !
Factor Hame Type Low High
A A4 Power Numeric ™ 0.8 1.6
B E:Flow Rat Num =~ 50 150
C (o5} Numeric il 820 1200
Help | DK Cancel

2 P

P %Ak
2°=8(Base Design)§ & = &
d AT HRARXTEMEREKR ~

B 4.52° S dcd Rl %

M 4c B 4.6 #to1 o %#ikc(Factors) 3
» by~ b TB"\:J IU%‘!;’—"'";'JY—‘E'—:

2

f

3> A2
13 & #dx (Runs) »

liif& e Ee &3t #712 Replicates &

Blocks % z_%

P e loX

=3

s

\AL

B okpe s Bdh (% 45)> @ Y

TE'LE]JKF} "’\‘417“3’5’?? %i;(\i;i*,rﬁz
RunOrder B 5 7 % " B o j& 3 ¥

Full Factorial Design

2. StdOrder 4 eh & & g 5
TR Y BELi55 3173 -

Factors: E] Pase Design: 3, 0B
Runs: 13 Replicates: 1
Blocks: 1 Center pts (totall: 5

B 4.62° > 7]+
55
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% 45 = $dc2 13 49 ek idy

StdOrder | RunOrder | CenterPt | Blocks | A:Power | B:Flow Rate | C:VV | Y:DB &
3 1 1 1 0.8 150 820 5.116
13 2 0 1 1.2 100 1010 | 2.533
6 3 1 1 1.6 50 1200 | 0.317
5 4 1 1 0.8 50 1200 6.43
12 5 0 1 1.2 100 1010 | 2.487
2 6 1 1 1.6 50 820 0.854
4 7 1 1 1.6 150 820 | 1.2154
10 8 0 1 1.2 100 1010 | 2.854
1 9 1 1 0.8 50 820 2.516
11 10 0 1 1.2 100 1010 | 3.103
9 11 0 1 1.2 100 1010 | 2.247
8 12 1 1 1.6 150 1200 2.55
7 13 1 1 0.8 150 1200 5.03

I 33 (Y) 3.173

432 %504
BR O JIF RTOR SR R EPp TR Y ST 0 K FE AR 0T
F ik oprws s dY AVB-C2x AC P
B 47 S cfE2 ¥ BB BlY A
o A SBHARIFF OPEREAR > AiE
2 AC%%T%%““\@E’E?%‘%%W“;’@ -

St

pa)

Aot
&
L
E}:

%

g

&
f“mkx

Factorial Fit: Y:DB{ versus A:Power, B:Flow Rate, C:¥
Estimated BEffects and Coefficients for Y.DB{® (coded units)

Term Effect Coef 5B Coef T P
Constant 3,504 0.1489 23,52 | 0.000
A Power -4.539 -2, 289 0.148% -15.24 | 0.000
B: F"lnw Rate 1.9409 0.974 0.1489 .51 | D.001
C: 2.156 1.078 0.1489 7.24| D.001
A PDwer*E- Flow Rate -0.651 -0.32a& 0.1489 -2.19 | 0,080
A Power*C:¥ -1.758 -0.87Q 0.1489 -5.90 | 0,002
B:Flow Rate*C:V 0.468 0.234 0.1489 1.57) 0.177
Ct Pt -0.859 0.2401 -32.58| D.018

5 = 0.421240 E-5g = UE. 71% R-Saqlfadi) = 96.50%
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= Effects Plot for DB - O
Normal Probability Plot of the Standardized Effects
(response is Y:DB{#, Alpha = .05)
99
Effect Type
+ Mot Significant
954 m Sigrificant
a0 e Factor  Mame
A AiPOwer

50 B EiFlaw Rate

04 1 C (s
L)
5 60+ .
o S04 Symbol; Term= BC, Standardized Effect= 1.5709, Percent = 57,5125
@ 40 . T
a 4 symbol: Term= A8, Standardized Effect= -2,1853, Percent = 42.1875

mAC
204
10-4--=A
54
1 T T T T T
-15 -10 -5 (1] 5 10
Standardized Effect

Bl 4.7 = S8z > ¥ 35 5 B

PR €42 RREA174 (% 47) 4 s (Main Effects)z 2 3
T % (2-Way Interactlons)i PEFt- 22005, #r A »a)g® 23 (8% g%
FEFRE DN 0 P Bkt 2 ¢ ¢ 2 4 o 5 (Curvature) > o
22 PE 3005 2478 M- RBE2 Fenk BRIEFASY LG T2L5 R
R4 ¥ Rk g i (Lack of Fit)ie > ¥Rl feig 3% > % ¢ Lack
of Fitz PE <3005 £ {Ale 22 LR FHr a3 LBy r8
LI L FlaZfFzZ PiEY 530050
Rtz dhs A2 DR(p 4 B) S 13-1212’;—‘1_?:9:),1’?.573 3 BA~B-C)>
13 0E* 3 3FABBC~AC)> 7 ¢ F3adpd &5 1 #A2%
pd A 123 '*f ik =48 p d & (2 (3+3+1)7 # Residual Error p d & 5 5>

F Ao~ ? B T ¢ & 4 Pure Error(a 3 4) > @ MR A B AR
B #p4e T % Residual Error g & A&

47 = 82 BB 1T

fmnalysis of Yariance for ¥:DBE (coded units)

Source oF Seq 53 Adj 33 Adj M3 F
Main Effects 3 58.0974 58.0974 19,3658 109.14 |0.000
2-Way Interactions 3 74048 7.4648 2.4BE3 14.02 |o.o07
Curvature 1 2.2691 2.2691 2.2681 12.7% |0.016
Residual Brror 5 0.8872 0.887Z2 0.177%
Lack of Fit 1 0.4379 0.4379 0.4379 .90 |b.120
Pure Brror 4 0.4484 0.4454 0D.112
Total 12 BAE.T71EA

Estimated Coefficients for Y:DBf# using data inm uncoded umits

Term Coef
Comns tant -10. 8487
A Power 7.63366
B: Flnw Rate 0.0141554
C: 0.017087Y
A PDwer*B Flow Rate -0.0162850
A Powmer*C: ¥ -0.0115632
B:Flow Rate*C.¥ Z.462A3E-05
Ct Pt -0. 858750

A

F b AR ERE T Y F RRY T F bt iRk
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LARE > TRIA8 2B 49 5 3B LA ARERIITIEYF Rl &S
BRERF T E IR LB BT AT - FERF REVYARX (LA
SRR E 4 AXE) 0 B A EAR | AR > B2 C EAR L 4XF o

Main Effects Plot (data means) for Y:DB

Main Effects Plot (data means) for Y:DB{#
P APower B Flow Rate Point Type
BN —e— Corner
—=— Center
J __©
[ ] / L]
% 2 \
o
B T T T T T T
"5 0.8 1.2 1.6 S0 100 150
= W
g °1
=
. @
5 / -
82‘0 10‘10 12‘00
- 3 - Vs
B 4.8 = 2z 32k F R
Interaction Plot {data means) for Y:DB&T = | '?
Interaction Plot (data means) for Y:DB{&
SP IE‘)O 15|0 EE?O 10|10 1290
8 AcPower Point Type
—a— 0.5 Correr
— - 1.2 Center
T -4 1.6 Corner
] u \
A >Cax< > Pl Y 4% =
/ -8 B:Flow
Rate Point Type
X1 X 2 —— S0 Corrmer
A 3\ J 'B A\“ B:Flow Rate i 100 Center
B Y A% 4 / 150 Correr
L o
/—
Bas+ »CAx+
(3%
ALY A% <

=
N
©
i
9

Bz 23 KRR
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441 B 23

qF ‘mw‘;ﬁg RRE AW VIERE Pk R BEF - IR S
T P DA R B2 AT R AT ﬁx"{i Ayz#;l MEFEz ¥
“*@’ﬁﬁﬁi¢“1’/r%w B b2 a S N E R ek
Pz 2w i pfeact WA S P RIEL P o

TEAB LR AR FRRA RS Rl R A e LER A
&&m&!@J’mﬁaﬁAm’énF@@ PlEATR T2 P HRE Gk
B3 Bz Fr 2SN 4A0ASL - KK ESHDBEY A
o APHRBEEEHFN G B 25%:E 5 Ut &R kRE BPRE
KT d WA AERFERFL X3 €RFOE6M 2 DB E » 2yt
THEF MEARE 6 7R A FgEL S 2 G o I Bt A E A S ATeh

.A«

“

SN 3
_‘\
wf

Zw T ABE A105°B: 112 C: 1120 -
# 48 B P A2 FRED
5k F i
A:Power B:Flow Rate C:vV | Y:DB &
Base 1.2 100 1000 2.43
JAN -0.05 4 40
Base+/\ 1.15 104 1040 3.351
Base+2A 1.1 108 1080 4.272
Base+3A 1.05 112 1120 5.193
Base+4/\ 1 116 1160 6.114
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4.4.2 &g} %&%ﬁl » fe B AT S
i & 2R3 FTOF SRR RME 0 ORI LE R AR L W
1 cT B 410 A F o R 22 2 F S P s
o AR e E R AR 411 A4 2 13X P ek Scdpicd 490
P T FERT] 0 L SBPERS R HE REY 2 BB R A
3173 %< 1 520 -

She
=5
i
A%
=

100 124

C [s8} Numeric ¥ 1040 1200

B 4.10 Hgit S-dcd B £ AT

Full Factorial Design

Factors: E3 Base Design: . B
Runs : 13 Eeplicates: 1
Blocks: 1 Center prs [(total): 5

Bl 411 379 2 fie B R
%49 379 %2 1359 %k ihh

StdOrder| RunOrder | CenterPt | Blocks| A:Power |B:Flow Rate| C:V | Y:DB &
11 1 0 1 1.05 112 1120 5.193
12 2 0 1 1.05 112 1120 5.213

3 1 1 1.2 124 1200 5.342

4 0 1 1.05 112 1120 4.987

5 1 1 0.9 100 1200 5.92

6 1 1 0.9 100 1040 5.272

13 7 0 1 1.05 112 1120 5.457
3 8 1 1 0.9 124 1040 5.896
10 9 0 1 1.05 112 1120 4.867
2 10 1 1 1.2 100 1040 2.842
4 11 1 1 1.2 124 1040 3.466
6 12 1 1 1.2 100 1200 4.49
7 13 1 1 0.9 124 1200 5.544
T 35 (Y) 5.20
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T <k

(e A 45 S PR 4(% 4.10) 0 £ ¢ 7]

+4 4%

q _ VE 4 [ 2L b A ~ = = 4 . > e
SBa-ffels > HY ANB-CaPiEy 300050 2 8% S8ic; BT R
- i R L 0y 22N R J
B HA A (R 410)F 7 F Ak P ] 0.050 451 F f A ki

A - 2 4en — LI 7L AL + = 5 7 , o s [ PN -
¥ RHFREE AL F2ZPEA005 A7 B Mok Bk BREF T

24 v L g N -
EEW LG SERFP S Vg2 PEA3005 A HEAe =

A A B 17 . ,':5 _T 2 2 ~ 2z 7 — - 2 272 N\ - ;: ):/ P
Eolt p“ﬁj\’r{,"rﬁ,?—Lfi‘é“iiif_-Fé%:f‘Fﬁk*%°m1¥]4-12ﬁ"i)@@_
N ; oa- % — 28 v — 4 ks 4L [
ZF BT E B FEABCREF L AR Rpe s 0
+ > 52 2 s 4 N )

Z 13 ;:—Bl %}ﬁi—’»‘g’/—g‘)ﬁﬁi“ o
+ > 5 - = 17 N\ +
410 3T B2 D FER 3 IE 24T 4
Factorial Fit: Y:DB{ versus A:Power, B:Flow Rate, C:¥
Estimated Effects and Coefficients for Y:DBf& (coded units)
Term Effect Coef SE Coef T F
Constant 5,222 0.07297 71.55) 0.000
A:Fower -2.373  -1.187 0.07297 -1a.2n| 0.000
B:Flow Rate 0.6E1 0.340 D0.07297 4.67| 0.006
(SR 1,705 0,852 0.,07297 11.68| 0.000
A:Power*B;Flow Rate 0.057 0.028 0.07297 0.39)0.712
A Power*C:Y 0.057 0.02% 0.07297 0D.35)0.712
B:Flow Rate*C: V¥ 0.057 0,028 0.07297 0.2u)0.712
Ct Pt -0.078 0.117a7 -0.66 | 0.536
5 = 0.206400 F-59 = YE.E3% E-5gladj) = 97.20%
+ > 5 2 N\ +
% 411 37 %2R AT 4
dnalysis of Yariance for Y .DBAE (coded units)
Source OF  Seqg 55 Adj 55 Adj M3 K F
Main Effects 3 18,0035 1%.0035 @/.00128 140,87 | 0.000
2-Way Interactions 3 0.0195 0.0185 0.00650 0.15 | 0.524
Curvature 1 0.01RE 0.018E 0O.01E77 0.44 | 0.536
Eesidual Error 5 0.2130 0.2130 D0.04260
Lack of Fit 1 0.0065 0.0065 0.00&50 0.13 10,741
Pure Brror 4 D.20DA5 0.2065 0.05163
Total 12 18.2551
+ Effects Plot for ¥-DE# =13
Normal Probability Plot of the Standardized Effects
(response is ¥ .DB{&E, Alpha = 05)
o2 Effect Type

95 o
S0

e hot Significant
m Significant

Factor

Mame

-
& Poveer
a0 - B B:Flow Rate
c [alil)
-0 =B
€ o
8 =04 Symbol: Term= AC, Standardized Effect= 0 3006, Percent = 57 8125
=
, -
g 9o [Fomabal: Teom= BC, Stndadized Effect— 0.7006, Percent = 42.1675
30+ -
20
[Symbol: Term= A, Stndardized Effect= 03906, Fercend = 36 5625
10 4 -
5
1-7 T T T T T T
-20 -15 -10 -5 o 5 10

Standardized Effect

Bl 4.12 A7F B2 > E W S5 B
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LELE PR AR RY MK g A4 20 L7 Hidp(R 4.13) 0 HiEwpe
B RAeT B 414 957 > 20runs ¢ & 5 2°=8 B 2 FF X6 B P i ELE
6 i hgk o

-0

Create Response Surface Design - Designs

Desizns Runs Blocks Center Points Diefanlt
Total A AMn

B 4.13 CCD 4 ke &

Central Composite Design
Factors; 3 Eeplicates: 1
Base runs: 20 Total runs: 20
Base blocks: 1 Total blocks: 1
Two-level factorial: Full factorial
Cube points: B

Center points in cube; ]

Axial points: fi

Center points in axial; 10

Alpha: 1.6E179
B 4.14 CCD z fie % %

A 22 204 CCD F 2ape ¥ #icypdc™ £ 412 %771 « EF LR o

W CCD eh= 2 &% 5 F REhERT  a A9 5 hidi

* DOE L2 #amtr Y e - F Rid T REHED

BIEE 41 CCDV R F BREZF kBN v » 1 T

e

K
B ﬁﬁ@ﬁi%%%°?mﬁﬁniﬂ*3??%éw$1£,%
RERZLLASETRR  FRIE A FDEDTH - LR PR AR
AU A S BT I ER LS S PR 5 2 T A

dAd Far, Y, T 5 5200 24 40 FE B4R 5 Yod N H @

OB AR S 10 0T 0 50T 5 R PR 0 AR SRR B
Y, Lo ;5850 E AR REEN
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% 412 CCD 2z 20 4 4 s pe & #¥h

StdOrder|RunOrder| PtType |Blocks| A:Power |B:Flow Rate| C:V || Y1:DB & | Y2: R [EE
12 1 -1 1 1.05 132 1120 || 5.717732 5
2 2 1 1 1.2 100 1040 2.842 4
18 3 0 1 1.05 112 1120 5.193 6
1 4 1 1 0.9 100 1040 5.272 5
19 5 0 1 1.05 112 1120 5.231 8
20 6 0 1 1.05 112 1120 5.108 6
10 7 -1 1 1.3 112 1120 | 3.149613 5
4 8 1 1 1.2 124 1040 3.466 7
13 9 -1 1 1.05 112 985 || 3.807238 4

10 1 1 0.9 100 1200 6.92 8
11 1 1 1.2 124 1200 5.114 5}
12 1 1 0.9 124 1200 6.544 8
13 -1 1 0.7 112 1120 || 5.236387 7
16 14 0 1 1.05 112 1120 5.348 6
11 15 -1 1 1.05 91 1120 || 4.668268 5
17 16 0 1 1.05 112 1120 5.279 4
14 17 -1 1 1.05 112 1254 5.987 7
18 1 1 1.2 100 1200 4.49 5
19 1 0.9 124 1040 5.896 8
15 20 1 1 112 1120 5.412 8
TioiE 5.20 5.85
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452 Y,(DB i) % A 4%

% L%+ Yy(DB ig)iz 7 4 47 CCD 4 2 lﬁ@ﬁmﬂ&%&“\4ﬂ
A ANBC2 P iE ] » 0050 588 % %dc
SRR F AR T IEY 5 @ 5 _CCD 2 % B #i A ’}’?%(% 4.14)» ¥ B B

#

“t70d A9 TR AR

~=h

)

s (Linear) s g F 44 2 (P E<0.05) » H 42 - = (Square)¥ % 3 iF
(Interaction) ¥ »c s 2 B ¥ > A S B % & F o 6 2 jF & A5 %40 1

L
v

% 413Y;2 CCD & o & it ff 4

Response Surface Regression: Y1:DBff versus A:Power, B:Flow Rate, C:¥
The analysis was done using coded units.

Estimated Regression Coefficients for Y1:DBfE

Term Coef SE Coef T F
Cons tant 5.26170 0.03151 167.001 | 0.00D
&:Power -1.21500 0.02080 -58.122 | 0.000
B.Flow Rate 0.31200 0.02090 14,925 ) 0.000
[ 0.52400 D0.0Z0%0 39,417 | 0.000
A:Power*A:Power -0.02345 0.02035 -1.153 | D.276
B:Flow Rate*B:Flow Rate -0.02345 0.02035 -1.153 | 0.276
Cov*CY -0.02348 0.02035  -1.153 | 0.278
4:Power*B:Flow Rate -0.00000 0.02731  -0.000D | 1.000
A:Power*C:¥ -0.00000 D,D2731 -0.000 § 1.000
B:Flow Rate*C:V¥ 0.00000 D0.D2731 0.000 ) 1.000

% 414Y,2 CCD % 8 #ch 5 4

Analysis of ¥ariance for Y1:DE{E

Source DR Seg 55 Adj 55 adj M3 F F
Regression O 30.7824 30.7824 3.4203 573,12 | 0.000
Linear 3 30.7626 30.7626 10,2542 1718.24 | 0.000
Square 3 0.0198 0.0198 D.00D66 1.11) 0.351
Interaction 3 0.0000  0.0000  O.0o000 0.00§ 1.000
Residual Brror 10 0.0587 0.05e7 0.0060
Lack-of-Fit 5 0.0001 0.0001 0.0000 0.00§ 1.000
Pure BError 5 0.05%a 0.0598 0.011%
Total 1% 30.8421
Unusual Observations for Y1:DE{E
Obs StdOrder Y1;DBE{E Fit 5B Fit FResidual 5t Resid
6 20 5.108 5.262 0.032 -0.154 -2.18 R
20 15 5,412 5.262 0.032 0,150 2,13 R

E denotes an observation with a large standardized residuoal.

Estimated Regression Coefficients for Y1:DB# using data in uncoded units

Term Coef
Constant
A:Power
B:Flow Rate
cY

A Power*A: Power

oooo—ogwmw
[=]
>y
]
Fy

B:Flow Rate*B:Flow Rate ooz
Co*CY oooo
A Power*B:Flow Rate oooo
A Power*C: W noon

fopre i & - AL R kR FHCA 2L B K doR 415 47 o
P BREIALFEFLEE  FRIVEAR v RERPRLES
FREALIRBE- R S ET RGP FRE A LTRAT I
Wik AFARA T2 3 IMG aRALEE B2 wRy TR 2
BRI AL = BB R FE

i
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+ Residual Plots for Y1:DBE&

Residual Plots for Y1:DBf&
Normal Probability Plot of the Residuals Residuals VYersus the Fitted Values
99 =
. e -
90 . & .
= &
g 5o B ot et ——
5 5 .
a =
i) . 21 *
s
2 -1 i 1 2 3 4 5 6 7
Standardized Residual Fitted Value
Histogram of the Residuals Residuals Versus the Order of the Data
™ EE
=
&
:. A
E: Eo <t
=3 =
o ]
= 4 é B \/V
5 2
ol s N s | &
-2 -1 a 1 2 2 4 6 8 10 12 14 15 18 20
Standardized Residual Observation Order

B 4.15Y,
453 Y, (RIEE) L% A H

2

BTk
415 #75% o d £ P F
fen 5@ R
H 3 - X B3

o R A~ — -

¥ Yo(R FL i)

2 CCDw & - & £ B
447 CCD 22 2 F o

A AZP
B #ea 47 & (4 4.16)=

LT EfL AR

¥ H i

~ 7N

% 415Y,2 CCD & i & it ff 4

Term

Cons tant
APower
B:Flow Rate
[

A;iner*A:iner

Cov*Cy
&:Power*B:Flow Rat
A Power*C:V
B:Flow Rate*C:¥

B:Flow Rate*B:Flow Rate

=

Coef SE Coef T P
6.30749  0,5342 11.80%) 0,000
-0.83208  0.3544 2,348 0,041
0.43833  0,3544 1.240) 0,243
0.5158% D.3549 1.456) D176
0.05108 D.3450 0.145) O.BES
-0.30246 0.3450 -0.877) 0.401
-0.12569  0.3450 -0.384) D.723
-0.00000  D.4631 0.000§ 1.000
-0.50000  0.4631 -1.080) D.306
-0.75000 0.4631 1.6200 D136

The analysis was dome using coded units.

Estimated Regression Coefficients For Y2:ZERH{E

Response Surface Regression: Y2:EMH{# versus A:Power, B:Flow Rate, C:¥

# 416 Y,z CCD % & #c» 47 %

Source

Total

Regression
Linear
Sguare
Interaction

Residual Error 1
Lack-of-Fit
Fure Brror

ODF  Seq

15,

O O g
[=TETv .

F .

23,796 23,

1.
500 6.
521 3.

fnalysis of Variance for Y2 SEE{E

55 Adj

15,

17.
11.

Adj M5 F F
2.68440 1.54) 0,255
5,24920 3.06) 0,079
0.5233 D.31) D.831
2.1667 1.26) 0,339
1.7154

1.1642 0,51 0.759
2.2667

¥2;HFEfE using data in uncoded units

Term Coef
Constant -194 . 6716
A Power 36,3520
B:Flow Rate 1.3821
civ 0.1817
A Power*A  Power 2.2703
B:Flow Rate*B:Flow Rate -0.0021
CIVECY -0.0000
b Power*B:Flow Rate -0.0000
A Power*C:V -0.0917
B:Flow Rate*C:¥ -0.000%
AL Ny hQ N £ L3 > .
P pFe K & - 7 4 B i%ﬁﬁé}ﬁﬁﬁﬁ_ﬂlaiﬁﬁ. 4o 4.
: ¢ I S ol Y AR AN Fa e 2 =
O BRETARLIGEFNRE TR TLAAR v R
2 . 2 Y, X 2 2, 2, 7L s_ s
T2 RNk BEALRREE- R FHET 3 KR
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Residual Plots for Y2:EFH i
MNormal Probability Plot of the Residuals Residuals Versus the Fitted values
== g )
=R .
o0 § - -
- - .
= .
S =0 E © . ¥
4 g .
[-% =
g -1 .
10 g . .
1 52 .
=1 u] 1 4 5 &} a8
Standardized Residual Fitted Value
Histogram of the Residuals Residuals Versus the Order of the Data
4 =
£ 1 /\
z
= 3 &
£ A A .
Z2 & ¥
] .
! -
=
5
52
-20 -15 -10 05 00 05 10 15 2 4 &6 8 10 12 14 16 18 20
Standardized Residual Observation Order

B 416Y,52 CCDw & - 5 £ B
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Contour Plot of Y1:DB{i# vs B:Flow Rate, A:Power

¥1:DEAE
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3 - 4

Aea: ¥ LDBI > 7 Wi - s
WS -6

e -7

Ares, YIDEfE: 6 - 7 L] =7

Hold Yalues

v 1120

B:Flow Rate

Aves, Y1.DB@E: 4 - 5

Ares, YI.DBIH: 3 - 4

Area: ¥1-DBIE < 3|

A:Power

Surface Plot of Y1:DB{i vs B:Flow Rate, A:Power

Hold Values
8
6
4
135
2 120
0.8 105 B:Flow Rate
1.0
12 9
A:Power

Y1:084

B 417Y,2. A~B % % SE

B 418Y, 22 A~BF &d 5 B

Contour Plot of ¥ 1:DBf#i vs C:V, A:Power

Azea: Y1.DB4H > 8
Axes, YI-DB(@: 7 - 8

1.0 1.1
AcPower

Surface Plot of Y1:DB{di vs C:V, A:Power

Hold Values
B:Flow Rate 112

B 419Y;2 A~C % 3 AF

B 420Y,2 A~CF &Y & B

Contour Plot of ¥ 1:DB{ii vs C:V, B:Flow Rate
1250

Aves, YI.DBIE: 6 - 7

Ares, YIDEFE:5 - 6

C:v

|wes, V1 DBI@: 4 - 5

Area: Y1 'DBIA < 4]
95 100 105 110 115 120 125 130
B:Flow Rate

1000 4

Surface Plot of Y1:DBf{g vs C:V, B:Flow Rate

vum.
L uoo cv
5=

B:Flow Rate

Hold Values
AiPower 1,05

B 421Y,2. B~C %3 5MH

Bl 422Y,2 B~CF v & B

67




46.2Y(%

BTk B¥ Yok

E)F ¥ & W %3 AW
&%“%#bﬁo

X8 4.23 11§l 4.24 ¢ F) ;4 BOF o PTIIEELETA S B B2

EWLﬁ'ﬁ4%ﬁﬂ4%kﬁ& Gl G0 X EEH A B CEm
%75 ™ B 4.27 BB 4.28 a2 H|%T B @2 C w2 AB% o L 6 1B B
2 AT 0l A R T el G MR 2D Ed R M
Az wgd &&waﬁ’wuf—ﬁﬁiﬁﬁé AP RPFERGE
it SEEZEHFE BE

Contour Plot of Y2:55FH i vs B:Flow Rate, A:Power
=]

Surface Plot of Y2:&pH{d vs B:Flow Rate, A:Power

Hold Values
v 1120

vz R
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Contour Plot of Y2: 55 M vs C:V, A:Power
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Response Optimizer - Setup

Response Goal Lower Tazget Tpperx ¥elight Importance
Cc8 Y1-DB{H Maximizejljl 5.5 1 1
Ca v2-EMH Minimizej 3 fi 1 1

Desirability functions for different goals - how Weights affect their shapes

Minimize the Response Hit a targetwalue hMaximize the Response

YWeight Weight YWyeight
! 0.1 1 04 0.1 ! 0.1
d 1 d 1 1 d 1
0 10 0 10 10 0 10
Target Upper Lavwver Target Upper Lot Target

Help Ok Cancel

B 429 S-#cp HFEX T

Response Optimizer - Oplions E
Factors in desizn Starting value
A-Power | 1.E|5|
B:Flow Rate 112
C:-¥ 1120

B 4.30 SHAzdn B R T

69



472 g flkiE
&ﬂiﬁﬁ@&%ﬂiﬁﬁﬁ
FEY BT ARG & P R ¢

212

&

FEREOE AR o R AT RS WY A R BTk o T
#2417 S A2 2 B S lcEREHRA > d AP VEE G S KE
2 A:099°B:9182>C:112065> = B F BiEA Y & $5.19109 0 Y,
500328 » @ H #1A 4 2 & XEEY Soficit 0848525 A 7 p ek dfRd A
e e WFE R
% 417 B id v S#ciE
Response OptimiZzation
Farameters
Goal Lower Target Upper Weicht Import
Y1 :DE{E Ma s imum 4 5.5 5.5 1 1
12 EIEE Minimum 5 5.0 fi.0 1 1
Starting Point
A Power = 1.05
B:Flow Rate = 112.00
Y = 1120.00
Global Solution
A Power = 0.55
B:Flow Rate = Gl.E52
Y = 1120.65
Fredicted Eesponses
t1:DBfE = 5.19109, desirahility = DO.7%0A
Y2 BIEE = 5.09328, desirability = 0.90a72
Coopnsite Desirability = D.84852]
oiks 7% Bl 43145 iE izt Slicie » BR B4 4184p77 & o @ [
TR NREBEAN T OB R T P ALERY U LEFAE LB
SO R T AT S SN BN Y
Optimal bL:Power B:Flow R C:v
i L 3023 132 1820 1254 540
D ' B Sl
: oy o : Cur |[0.9860] [91.8180] [1120.6496] | £ 2
+ L A
B g 0.84852 | 4 T7o77 OT.5T50 095460
FEY Sl
71 :DB{E \ / /
Maximow | [~ I
Yid iz B8 8 = 5.1011
g S i d = 0.79406
72 B E i /
Minimum ;ttfthq;;:::::;- -------------------------
Yzﬁxii o o g = 20893
Id = 0.,90672
FRF S diciE
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AT FEZ R RS o FCEBRRTE
Number | A:Power | B:Flow Rate| C:V | D:lI | E:Vp |Y:DB i&
1 2 75 842 1.2 100 2.5

2 1 75 1120 0.9 100

3 1 75 1076 0.9 22

4 1 75 855 1.2 100 15
5 1 75 843 1.1 100 15
6 1 75 832 1.2 100 0.5
7 1 75 1072 0.9 15 4
8 1 75 1087 0.9 25 4.05
9 1 75 1023 0.9 35 4.1
10 0.8 75 912 0.8 25 4.15
11 1 75 1009 1 25 4.2
12 1.2 75 1123 25 4.25
13 1.4 75 1167 1.2 25 0.6
14 1.6 75 1200 1.3 25 0.7
15 1 50 1200 0.7 25 2.5
16 1 100 965 1 25 4.3
17 1 150 822 1.2 25 2.5
18 1 75 842 1.2 100 2.5
19 1 75 1120 0.9 100

20 1 75 1076 0.9 22

21 1 75 855 1.2 100 1.5
22 1 75 843 1.1 100 1.5
23 1 75 832 1.2 100 0.8
24 1 75 1072 0.9 15 4.35
25 1 75 1087 0.9 25 4.4
26 1 75 1023 0.9 35 4.45
27 0.8 75 912 0.8 25 3.8
28 1 75 1009 25 3.85
29 1.2 75 1123 25 3.9
30 14 75 1167 1.2 25 0.9
31 1.6 75 1200 1.3 25 1
32 1 50 1200 0.7 25 2.5
33 1 100 965 1 25 4.65
34 1 150 822 1.2 25 2.5
35 1 75 842 1.2 100 2.5
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Number | A:Power | B:Flow Rate | C:V | D:I | E:Vp |Y:DB &

36 1 75 1120 0.9 100

37 1 75 1076 | 0.9 22

38 1 75 855 1.2 100 1.5
39 1 75 843 1.1 100 1.5
40 1 75 832 1.2 100 1.3
41 1 75 1072 | 0.9 15 4.7
42 1 75 1087 | 0.9 25 4.75
43 1 75 1023 | 0.9 35 4.8
44 0.8 75 912 0.8 25 4.7
45 1 75 1009 25 4.9
46 1.2 75 1123 25 4.65
47 1.4 75 1167 1.2 25 1.1
48 1.6 75 1200 1.3 25 1.2
49 50 1200 | 0.7 25 2.5
50 100 965 1 25 4.5
51 150 822 1.2 25 2.5
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