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Stat=>DOE=>»Response Surface=>» Create
Response Surface Desi=n
Create Rezponsze Surface Design 5[
P 2 Type of Design g A st
= Sﬁ‘ Central composite _ |2 to b factors) %Eﬂ: LrF f 3&
=~ \*/{ ?L " Box-Behnken (3 to 7 factors) ” ET"? ‘% SE {5
Box-
Behnken Mumber of factors: I 3 vI @

ﬁmtabﬁ«‘ %,Eevgﬂgg P

a5
ﬁs:

Create Response Surface Dezign - Dezsigns

T =X Hc fPtf%

Funs Blo

Designs Detault

Alpha 8

Ful 20 3 1.633

IR L F]F g\

> ¥+ F &
Number of Center Points ’xli_ 'fﬂ + g: é.%f!’;-‘!’» g:
" Default T LE ﬁg o

* Custom: [4] in cube, |

|Display Available Designs...

Value of Alpha

v Default é‘é‘g‘é{' X Factors...
" Face Centered Options... Results...
" Custom: | ﬁ 2T gt g e
— 0K Cancel
Help | 0K Cancel
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Create Response Surface Design - Factors x|
Levels Define
+ Cube points
" Axial points
[ x|
Factor Hame Low High
A I‘é‘l 1 1 actors]
actors
E E -1 1 ]
C C -1 1
Display Available Designs...
Qemgns .......... :Eacturs...E
Options... Besults...
(0] 4 Cancel
Help oK Cancel =
Rz 2Hps 1 fiayns =
e Edit Memp Cale Stet Graph  Editor Widow  Help e ———— =l
H & x|@le| o B GEE| E A8 b o] 4 Sl Glhelk=]
c1 (ov] (ox] (o] c5 c6 cr c8 9 c10 c11 c12 c13 c14 C15 c1
StdOrder|RunOrder| Blocks A B [
5 1 1 1.00000 -1.00000 1.00000
16 2 1 0.00000 ©0.00000 0.00000 *
18 3 1 0.00000 000000 0.000000 4
4 4 1 1.00000 1.00000 -1.00000
14 5 1/ 000000 0000000 163179
11 B 1 0.00000 -1.68179 0.00000
4 * — URY U AN
| ] 7 1| 1.00000 1.00000 1.00000 %c i Pou ,%,L'? 5& » L=
17 8 1 0.00000 0.00000 0.00000 *
12 9 1 0.00000 1.63179 0.00000
5 10 1| -1.00000 -1.00000 1.00000
il " 1 0.00000 0.00000 0.00000 *
13 12 1| 000000 000000 -163179
2 13 1 1.00000 -1.00000 -1.00000
10 14 1/ 168179 000000 0.00000
3 15 1 -1.00000 1.00000 -1.00000
9 16 1| -1.68179 000000 0.00000
7 17 1 -1.00000 1.00000 1.00000
1 18 1| -1.00000  -1.00000 -1.00000
: v 1
] e \ﬂﬁt_
) BT Sl
1 E\ ;F :‘\E; f E\ ! Al s

it Worksheet: Worksheet 2 | | |5:D-'-1 PM
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o Stat=»DOE=>Response Surface=>» Create

|

il

Response Surface Design e
Create Response Surface Design - Designs il
Number of runs: 15 Number of center points
" Default: 3

Type of Design Number of blocks: | 17| @ Custom: |4|

" Central composite |2

QL (3 \
Help | - (1] .4 Cancel |
CSEEEEE /S
Number of factors: I 3x Display Awvailable Designs...

2 L S E
Options... Besults... ‘? ,‘ft{-} = ﬁi: E
Help | Ok Cancel E
SHPHAF 1 i mar ey 2

ﬁﬁ:itabéi | 2% 3Kk 3t 4 - Box- Behnkenjz

'HI'”

Create Eezponse Surface Design - Factors |
Factor Hane Low High
A |A -1 1
B B -1 1
C C -1 1

Create Responze Surface Design

Type of Design
" Central composite [2 tc

& Box-Behnken [3 tc
Help | 0K Cancel
MNumber of factors: I 3 "I
Designs... )
Options... Besults...

Help | 0K Cancel
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ile Hdit Maup Cale Btat Graph Editor  Window Help B — = =l
H 2| &= o BB B &l 2=k &2z S|z 4|B|E (@51 5] | w
H 8] sl=a o = SEE =
C1 2 3 c4 5 Cb c7 cB o] Cc10 C11 C12 C13 C14 C15 Cc1
StdOrder|RunOrder| Blocks A B C
g 1 1 0 -1 -1
& 2 1 -1 0 -1
13 3 1 0 0 0 *
B 4 1 1 0 -1
15 5 1 0 0 0 *
7 B 1 -1 ] 1
a 7 1 1 0 1
14 8 1 0 ] ] *
16 9 1 0 0 0 *
10 10 1 0 1 -1
12 " 1 0 1 1
11 12 1 0 -1 1
2 13 1 1 -1 0
3 14 1 -1 1 0
1 15 1 -1 -1 0
4 16 1 1 1 0
A B A R EE X
RAEIZEFTISPSH > EF i ELDRK
e ﬂh? B -x Bcd 3 e 4= o ¥y
ngeElex g
I ,
it Worksheet: Worksheet 4 | | |E:QD P
OB IHMLUYBEEPOITHIBTES ¥ a3 [2220
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ile Hdit Maup Cale Btat Graph Editor  Window Help =l
o sl = 4| 5| -3[-5] ol 2| ~] | S|2 &%l
1 c2 3 c4 c5 C6 cr (] (o] C10 cn C12 C13 c14 C15 1
StdOrder|RunOrder| Blocks A B [
= 1 1 -1.00000  -1.00000  1.00000
1 13 2 1 0.00000 0.00000 -1.68179
1 17 3 1 0.00000  0.00000 0.00000
1 3 4 1 -1.00000 1.00000 -1.00000
1 2 5 1 1.00000  -1.00000  -1.00000
1 18 B 1 0.00000 0.00000 0.00000
1 4 7 1 1.00000  1.00000  -1.00000
1 15 8 1 0.00000 0.00000 0.00000
1 12 9 1 0.00000 1.68179 0.00000
1 11 10 1 0.00000 -1.68179 0.00000
1 g " 1 1.00000 1.00000 1.00000
1 1a 12 1 1.68179 0.00000  0.00000
1 g 13 1 1.00000 -1.00000 1.00000
1 1 14 1 -1.00000  -1.00000  -1.00000
1 16 15 1 0.00000 0.00000 0.00000
1 9 16 1 -1.68179 0.00000  0.00000
1 7 17 1 -1.00000 1.00000 1.00000
1 14 18 1 0.00000 0.00000 0 1.68179
I ,
it Worksheet: Worksheet 5 | | |12:15 A}
HOBIWOPERPOTHIBES e @7 | 228
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il

Design

Select Optimal Design

Criterion

= D-optimality
" Distance-based optimality

PP R % |

Specify design columns:

Mumber of points
in optimal design:

Task
* Select optimal design

Augmentfimprove design [you may optionally
provide an indicator column that you created]:

Evaluate design [you may optionally provide an
evaluate column that you created]:

—
—

» Stat=»>DOE=>»Response Surface=>» Select Optimal

x|
=
E; /'% \ps‘a_r? ,%E
BeiE 114
W%

Terms... Methods...
Options... Results...
0K Cancel
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Include the following terms;

Available Terms:

tpo D ) 23—
Bk 2= F
£33 0E
>
s M
R >>
<
L

" Include blocks in the model

Help

Selected Terms:

=

Cancel

4 Minitab & 2 T &K ‘%*%: B
Seect Optimal Design - Torms 8

Full guadratic

Number of points
in optimal design:

iv 2R

—

wou may optionially
n that you created).

optionally provide an
Created):

—

Help |

Methods...
Options... Hesults...
0K Cancel
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ile Hdit Maup Cale Btat Graph Editor  Window Help =l
B 8| i|ne | B GEE Bl A& -2-=[dd#l2] <] Slel & = klfo = Sl eTk=t

1 c2 3 c4 c5 C6 cr (] (o] C10 cn C12 C13 c14 C15 1

StdOrder|RunOrder| Blocks A B [
1a 12 1 1.68179 0.00000  0.00000

1 & 1 1 -1.00000 -1.00000 1.00000
1 11 10 1 0.00000  -1.68179 0.00000
1 9 16 1 -1.68179 0.00000 0.00000
1 14 18 1 0.00000 0.00000 0 1.68179
1 3 4 1 -1.00000 1.00000 -1.00000
1 2 5 1 1.00000 -1.00000 -1.00000
1 17 3 1 0.00000 0.00000 0.00000
1 1 14 1 -1.00000 -1.00000 -1.00000
1 4 7 1 1.00000  1.00000  -1.00000
1 g 13 1 1.00000 -1.00000 1.00000
1 &3 11 1 1.00000 1.00000 1.00000
1 7 17 1 -1.00000 1.00000 1.00000
1 13 2 1 0.00000  0.00000 -1.68179
| £igE R F N14% B
| =Sl > B > = B
I ,
it Worksheet: Worksheet & | | |12:23 A}
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_ g Minitab g 2 § 5%k3% 34 - & i3 (4 &R
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e
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« Condition number: 5.6365E+00

e D-optimality (determinant of XTX): 5.2929E+09
e A-optimality (trace of inv(XTX)): 2.1746E+00
e G-optimality (avg leverage/max leverage): 0.7206
« V-optimality (average leverage): 0.7143

« Maximum leverage: 0.9913
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B No. x1 X2 X3

- BFEREHREST T 1 1 o 626
& f@:“” B FHNauE 5 4 1 0 1752
i = By iot £ o 3 1 1 0 841

4 1 1 0 727
5 1 0 -1 755
6 -1 0 1 -816
7 1 0 -1 -147
8 1 0 1 533
9 0 -1 -1 3915
10 0 -1 1 895
11 0 1 -1 2309
12 0 1 1 626
13 0 0 0 1.2
14 0 0 0 -269.5
15 0 0 0 97.3
16 0 O O 7HWOz#ppigifimamyms




e Hdit Maup Cale  Stat Graph  Edator

MWndow  Help

= E el helkE

| s =l A5 | =Bl 2] <] O]
1 c2 3 4 [ Cb (o) 8 9

C10

c1n

c12 Cc13 Cc14 C15

C16

x1 x2 x3

y

1]
1]
1]
1]
1
1
1
1
-1
1
1
1
0
1]
1]
1]

oloooocooo = =4 484 484
oo o o« -4 44 a0 00 - A b

it Worksheet: Worksheet 5

HOBUWLUPBEEPOFIH R EM

626
175.2
84.1
727
7585
-51.6
-14.7
533
391.8
89.5
2309
626
1.2

-269.5

473
799
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o Stat=»DOE=>»Response Surface=>» Define Custom
Response Surface Design

Define Custom Response Surface Design

Factors:

X

wl-x3

C1 =1

c2 =2

Z3 =3

Z4 v
Select

Help |

LowfHigh...

Designs...

OK

Cancel
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|

4 w

W Minitab® 4 R %34 -5 g

Sl Define Custom Response Surface Design - Designs

]

Standard Order Column
& Order of the data

" Specify by column:

Run Order Column
t* QOrder of the data

" Specify by column:

Blocks
= No blocks

" Specify by column:

0K Cancel

<_ Designs... |:

ok |

Cancel

RS Hfs g1 X1 gmer

SMinit:

‘uul

linitab& 2 R Sk +- % -5 79§ > * i3

Define Custom Responsze Surface Design -

Low and High Yalues for Factors

Q< s

Factor Hame |I.D'W’ High
A =1 -1} 1
B 2 -1 1
Z =3 -1 1
2L & paepr >
2 ¥+ & A
YWorksheet Data Are
" Coded
* Uncoded
Help 0K Cancel

Low/High... Designs...

0K | Cancel
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ile Hdit Maup Cale Btat Graph Editor  Window Help e : =l
B gl i|=al o B GEE B A& -]l 2] <] Slel Q& =@ 51 %]
c1 c2 (o] aa | 6 Cb Ci cs (] c10 Cc11 C12 C13 C14 C15 c1
x1 x2 x3 y StdOrder RunOrder| Blocks
-1 -1 1] 626 1 1 1
-1 1 1] 175.2 2 2 1
1 -1 1] 84.1 3 3 1
1 1 1] 727 4 4 1
-1 1] 1 75.5 5 5 1
-1 1] 1 -51.5 B B 1
1 1] 1 -14.7] 7 7 1
1 1] 1 53.3 g g 1
0 -1 -1 391.9] 9 9 1
1] -1 1 89.5 10 10 1
0 1 1 2309 " 1" 1
1] 1 1 626 12 12 1
0 0 0 1.2 13 13 1
1] 1] 0] -269.5 14 14 1
1] 1] 1] 7.3 148 15 1
1] 1] 1] 79.9 16 16 1
1
I ,
it Worksheet: Worksheet 5 | | |5:45 PM
KOs mugreed i@ i ZE e [ 2T

B e S |

Stat-)DOE-)Response Surface=>» Analyze
Response Surface Design

Analyze Response Surface Design il
N
Z4 v Responses: e ’L’E "

Analyze data: using: %Ki‘] ljyg ﬁ

& Coded units

" Uncoded units _~

Select |
Results... Storage...

Help 0K Cancel
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:5 Analyze Response Surface Design - Terms EI_ x|

Include the following terms: |Full quadratic ==
Lin=ar TR F e Ja—
: = A
Available Terms: Linear + sguares > ﬁ v I8 }\‘ %3:—_1
Linsar + interactions |

sing:

ts

J Results... Storage...
OK Cancel
PIE 1= = > il
;)
I" | Include blocks in the model P [—] =+ ’}'&E =

Help | 0K Cancel

LEERE Y ER e TR
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Analyze Response Surface Design - Graphs ﬂ

C1l xl Residual

s for Plots:

o . (O ar " Standardized " Deleted
za =3 H
4 v
5 StdOrder .
Ch RunOrder Residual Plots L. ,
€7 Blocks ~ Histogram AL Wk 2
[ Mormal plot
4 [~ Besiduals versus fits

[T Residuals versus order
[T Residuals versus variables:

Select |

Help | 0K Cancel
| I——
Select |
Graphs... | Results... Storage...

Help | 0K Cancel > ZHARA SR 1 XA F e
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3 5 ¢ ,u,‘!;é‘;;f}em:’z?ﬁg ) ;,zﬂ)g % B #-56]326.1:0
Y1ficip 3 » R %ARF AP o TDEGFF Y B N2

RS Hfs g1 X1 gmer

= FRYZF IR

. # kxCreate Response Surface Design# w

dow L Ap el
v X E (= -
WE\?%_J-‘?J%E

Create Response Surface Design |
Type of Design Create Response Surface Design - Denigns
&+ Central composite [2 to 6 factors]

" Box-Behnken (3 to 7 factors) Designs Runs Blocks Tntgfntg[lt?gin;sxial EITJfI?:"

Mumber of factors: I 3 *I Display Avail:

? ; Qemgns
umber of Center Points

i%w 3 TB; q_—] _3‘ Options...  Default
- * Custom: |4| in cube, | in axial block

Help | (0] 4
—_— alue of Alpha

& Default
" Face Centered

" Custom: I—
‘:1 " ﬁg\'!:'é— #’54:’7\‘ -? '%E Help | 0OK Cancel
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! = \é 75 ] &2
A) -
v m ? V'J o 24
v
x
Create Response Surface Design - Factors X|
6 factors]

Levels Defineﬁg‘ S qE b 3 .
& Gubs poinig ok € & LRI actors)

il

" Axial points

Display Awvailable Designs...

Options... | Besults... |
E =7 -1 1 —

7__1 1 [1]4 | Cancel |

v

Create Rezponse Surface Design - Ophons il

[” Randomize runs;
Help | —| Base for, randumm
— I¥ Store design in workshegt ﬁja v g%j\ {}'J %E-'? "P’:ﬁ iﬁ-‘%
g R Bl NS T A

Help | 0K Cancel |

ile Hdit Maup Cale Btat Graph Editor  Window Help =l
H 3| & [mlel o B @SB = als] 26 o] Slel
1 c2 3 c4 c5 C6 cr (] (o] C10 cn C12 C13 c14 C15 1

StdOrder|RunOrder| Blocks x1 x2 x3

1 1 1 -1.00000  -1.00000  -1.00000
1 2 2 1 1.00000 -1.00000 -1.00000
1 3 3 1 -1.00000  1.00000  -1.00000
: 4 4 1 1.00000 1.00000 -1.00000 i" g‘!:._'ﬁ %E

= 5 1 -1.00000  -1.00000  1.00000 "~ ?\ !
1 5 B 1 1.00000 -1.00000 1.00000
1 7 7 1 -1.00000 1.00000 1.00000
1 a 8 1 1.00000 1.00000 1.00000
1 9 9 1 -1.68179 0.00000 0.00000
1 1a 10 1 1.68179 0.00000  0.00000
: 11 " 1 0.00000 -1.68179 0.00000 %m ﬁ %E

12 12 1 0.00000 0 1.68179 0.00000 f\\‘\'!:' F‘ )
1 13 13 1 0.00000 0.00000 -1.68179
1 14 14 1 0.00000 0.00000 0 1.63179
1 15 15 1 0.00000 0.00000 0.00000
) 16 16 1 0.00000 0.00000 0.00000 ‘:J 'U cid -ﬁ %f

17 17 1 0.00000 0.00000 0.00000 " \
1 18 18 1 0.00000 0.00000 0.00000 T
i Ny ] . - » -~ 2, [
I VE B T ‘?, “"}%,Lfi’;%dxmj,ﬁ6.lm?
' Rl S L A ) RN
! . e T 1T fP Z2R & e Fk

-~ . 4 - Y2 2

| VE B é l—}‘]_—} 7J\Z%‘-——€’ 1
it Worksheet: Worksheet 2 | | |ID:5? PI\:
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e Hdit Maup Cale gStat Graph

Edator  Wimdow  Help

= E e ElElhels!

| s =l A5 | =Bl 2] <] O]
1 c2 3 c4 (] Cb () (] (]

c10 cn c12 c13 c14 C15 C1

StdOrder|RunOrder| Blocks x1 x2 x3 y1

1 1 1 100000 -1.00000 -1.00000  49.75

2 2 1) 1.00000 -1.00000 -1.00000  58.06

3 3 1100000 1.00000 -1.00000  47.04

4 4 1, 1.00000 1.00000 -1.00000 -288.53

5 5 1, -1.00000 -1.00000 1000000 8576 o . = Y sL

B B 1) 1.00000 -1.00000 100000 390.50 i—,E-'- » U"J ‘E&Glg”ylﬁ },@‘ 1B

7 7 1 100000 1.00000 1000000 78.98

B 8 1100000 1.00000 100000 GG.S6 |:|

5 5 1 168179 000000 000000 71.48 I

10 10 1 188179 000000 000000  72.30

11 11 1) 000000 -1.68179 000000 172.40

12 12 1 000000 168179 000000 -97.95

13 13 1 000000 000000 168178 7633

14 14 1 000000 000000 168179 24534

15 15 1 DO00OO0 000000 000000  93.23

16 16 1 000000 000000 000000 7962

17 17 1 DOO0DO0 000000 000000 67.34

18 18 1 000000 000000 000000  94.29
| ,
it Warksheet: Worksheet 2 | | |ID:58 Pk

Rz 2P+ F 1 $1fesymer

MO IHLUPHCPOSEBIBES Ha0)7 | 2287
2 SRR R ——
= B -1 = 49.75
o 5|286.1:y1F %% By 11 . j iigj
1 1 -268.53
-1 -1 1 85.76
1 1 1 390.5
1 1 1 78.98
1 1 1 66.86
-1.68179 0 0 71.48
1.68179 0 0 72.3
0  -168179 0 172.4
0 1.68179 0 -97.95
0 0  -1.68179 -76.33
0 0 168179 24634
0 0 0 9323 §
0 0 0 7962 &
3 0 0 8724 §
0 0 0 9429 &
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-+ B FzxAnalyze Response Surface DeS|gn
|

|

7w L i
355 ﬁ E }ﬁéi f.E'_>/:|- Available Terms: Selected Terms:
w1 ]
P ‘S vy 4
P AN i Y -
Analyze Response Surface Design > | cC

AE
BNSES: >>| AC
— EC
71| £ |

e e [T Include blocks in the model
& Coded units

" Uncoded units Help | (0] 4 I Cancel

e

S Terms... 2|

Results... | Storage... |

Select
Graphs... |

Help 0K | Cancel | CEESEEEY EEER T F L

2

S TR

Tern Coef SE Coef T F Hchy E
Constant g8.61 £.637 33.606 | 0.000
w1l -0. 97 1.4z89 -0.679 | 0.516
M -81.60 1.4z89 -57.102 | 0.000
K3 93.61 1.4:z48 5. 508 | 0.000
ml¥ul -5.85 1.435 -3.940 | 0.004
HaFME -15.11 1.435 -12.1594 | 0.000
HaFM3 -1.:21 1.435 -0.8l18 | 0.437
ml¥wa -80.05 1.867 -42.897 | 0.000
m1¥%w3 74,98 1.867 40.161 | 0.000
MaAWES -0.14 1l.867 -0.07%5 | 0,942
5 = 5.281 R-Sq = 99.9% R-Sqiadi] = 99.8%

_—7

IR 3 03] 1249 4 -
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- ! = \é 75 ] &2 );
A ) -
__% o o2 | B|IP
= I EFIHBFE —------
2 » y S
SXIFAREFE - H
2 13 I
2 _'_ 2 % 18 e - - _ _ 1
MM TE kR E B =1y
S ), = |
XL ¥ Al ke & g N I
Atalysis of Variance for vl f{‘:— E; %B— -iJ m" o B 11 :
11
Source DF Seq 55 adj 33 adj M3 F p L1 :
FRegression 9 311246 311246 34562.5 1E+03 o0.000 -0 00 I
Linear 3 2l062d 2l062d T0z0s.1  3E4+03 0,000 - = 1
Souare 3 4321 4321 l4a40.2 5l.64 0,000 == = |
Interaction 3 95301 95301 32100.2 1E+03 0.000 = = =4
Fesidual Error g 223 223 27.9
Lack-of-Fit 5 a7 a7 17.4 0.38 0.836
Pure Error 3 136 136 45,3
Total 17 3114609
5 L e — 4+ - 1 - & 7= _\» 2 A > L =
HERLiHEE > A7 F Ry G 578556 571 8P~
2 — 2 v 12 - .
- fE-’y- N T ;,\"vj:ét o %”ﬁ ;:i - }EZ %ﬂﬂt-# 9 E'J;JS}E-@‘?’

-
F]Analyze Response Surface Designs & » “ilerm »
7 “,f R FI o EATE T

RS Hfs g1 X1 gmer

—— = SRS AR
H

—0.41X,X, —5.85%, —18.1x5 —1.22X;
e B X >HAEEH W ITerma » :E & M

Analyze Response Surface Design - Terms x|
N 2/ y 3
+ 3 0t g A
? Include the following terms: |IEER R e S e
2 > e Terms: Selected Terms:
el — == = o
Plig = =x = &
1 B:=x2
Co=3
AB
AC
> | BC
> |
2 <
s e ) |
<<
I Include blocks in the model
Help | OK Cancel
ELis

3] 5 y1=88.6—0.97x, —81.6x, +93.6x, —80.1X X, + 75X X,




© | Tern Coef SE Coef T
Constant B9.51 4,790 14.510
x1 -0.97 5.500 -0.177
xa -3l.60 S.500 -14.537
®3 a93.6l1 L. 5o 17.022
L R -50.09 7.186 -11.14a
®1¥x3 74,99 7.186 10,435
XaFud -0.14 7.186 -0.01%2
o= 20,32 R-53q = 95.5% F-a3gladl) =
Analvsis of Variance for ¥l
Source DF Seq 33 Adj &%
Fegression B aJ0e9:25 J0e9:25

Linear 3 2l0e24d z2l0ez4d

Interaction 3 96301 96301
Fezidual Error 11 4544 4544

Lack-of-Fit g 4403 4403

Pure Error 3 136 136
Total 17 3ll4e9

o oo o o o O

7.

I3

.Oon
. 063
000
.Oon
.Oon
.Oon
. 9585

Adj M3
51154.
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Factors:

* Select a pair of factors for a single plot

X Axis: Ié:xl
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Y Axis! |B:x2
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" Generate plots for all pairs of factors

Display plots using:
{" Coded units
* Uncoded units

Help |
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Stat=>DOE=>»Response Surface=>» Response
Optimizer

Select up to 25 response variables to optir Select up to 25 response variables to optimize

Available: Selected: Available: Selected:
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Rezgponse Optimizer - Setup x|
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S e 100> & | £50 | | .
:s to optimize

Desirability functions for different goals - how YYeights affect their shapes

Minimize the Response Hit a target value Maximize the Response
Weight YWeight Weight
1 F Tl 1 01 0.1 1 0l 7;
d 1 d 1 1 d yl
a 10 a 10 10 0 10
Target Upper Loweer Target Upper Loweer Target

Help | OK Cancel |
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&SgtD Options... |
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Rezponse Optimizer - Options 5[

Factors in design Starting walue
=l —-1.68179
w2 -1.68179
=3 |-1.68179
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T3 Dptimlgatmn plut ‘#7

[~ Store composite desirability values
[~ Display local solutions
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Help 0K Cancel |
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al +5646 +5648 +-65646 2 F13 & £, !_g_
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No. x1 x2 x3 yl y2 y3 y4
1 -1 -1 -1 6722 6792 77.62 78.32
1 -1 -1 3713 3765 6321 63.73
-1 1 -1 -65.76 -47.98 -61.31 -43.52
1 1 -1 -24252 -224.92 -222.39 -204.79
189.84 199.83 199.57 209.57
1 293.25 303.07 318.67 328.48
-1 1 1 5943 86.51 63.22 90.3
1 16.18 43.07 35.64 62.53
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29325 30307 31867 32848
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il

Row Statishcs x|
C1 =l Statistic
E% i% & Sum = Median
C4 vl " Mean " Sum of squares
Eg $§ " Standard deviation " M total
C7 wa  Minimum " N nonmissing
 Maximum " N missing
" Range
Input variables:
]
-

Select | Store resultin: |
Help | 0K I Cancel |
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X
i Median
: " Sum of sguares
Eg g% " Standard deviation " N total
C7 wd " Minimum " N nonmissing
T Maximum " N missing
" Range | . s
p Ty F B ER =
Input variables:
v1l-vd = ]
5 >l 5 4+ |
B2t 8 28 3 3 MeantF I
Select | Store result in: [Hean
Help | 0K Cancel |
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ile Hdit Maup Cale Btat Graph Editor  Window Help =l
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2 (o} o'} (0] C6 or) 3 9 C10 C11 C12 C13 C14 C15 C16 C1i
x2 x3 y1 y2 y3 yd Mean STD

67.22 B7.92 77.62 7832\ 72770
73 37.65 B3.21 B3.73 | 50.430
576 47598 B1.H -43.52 | -54.643
24282 22482 22239 20479 ||-223.655
189.84  199.83 19957 20957 | 199.702
28325 50307 31867 352845 | 310888
59.43 86.51 B3.22 90.30 | 74.865
16.18 43.07 38.64 B2.53 | 35.355
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C1 =l Statistic 2L ¥ W E Y
E% i%  Sum i *Tvg Z £ IMedian
C4 7l  Mean / " Sum of squares
Eg 5% + Standard deviation; " N total
C7 w4 " Minimum " N nonmissing
Eg E?En " Maximum " N missing

" Range

fhEr R ERe
Input variables:
wl-vd ﬂ
42k B kB 5l 5] STD A =
T

select | Store result in: [STD

Help | 0K Cancel |

CEER Y R SR L E L

LT




ile Hdit Maup Cale Btat Graph Editor  Window Help =l
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c2 c3 c4 5 C6 cr ] 9 C10 cn c12 13 c14 C15 C16 c1i
x2 x3 y1 y2 y3 yd Mean STD
-1 -1 G722 B7.92 77 B2 7832 FLY70| 60180
-1 -1 3713 3765 B3.21 6373 50.430 | 15.0603
1 -1 -E5.76 -47 .93 -51.3 -43.52 0 54643 | 105854
1 S 2A2A2) 224090 22239 20479 -2U3B55 ) 1543578
-1 1 189.34 199.33 19957 20957 199702 | 5.0554
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o Stat=»>DOE=>»Response Surface=>» Define Custom

Response Surface Design

Define Custom Response Surface Design

X

C1 =l Eactors:
c2 =2

3 =3 wl-23
C4 vl

C5 v

Ch w3

C7 vd

cg Mean

ca STD

Define Custom Response Surface Design - Lo EI
L ow and High Yalues for Factors
Factor Hame |l|:|w High
4 xl =] 1
E ¥ -1 1
(5 H3 -1 1
x

Standard Order Column
(ol a

e \Specﬂy by golurul;n:

—

Run Order Column
& Order of the data

" Specify by column:

—

Blocks
& Mo blocks

" Specify by column:

—
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o Stat=»DOE=>Response S
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urface=» Analyze

Response Surface Design

o Lz T ol xq
Analyze Response Surface Design x||ng AU E-HliEul]l guadratic
C4 vl Besponses: /\— Selected Terms:
cs g2 el SENEEE
& ﬂ tean B TR *3— _:tJ B =2
Cca M=an &
c9 STD gg
2 | cC
= s I Y 2 a)
in TR & BT BdEf S
Analyze data using: < |
&+ Coded units
= <<
 Uncoded units )
Graphs... Results... | Sturage | 0 the model
Help | 0K | Cancel | 0K Cancel
B s s
e S=1.287 R-Sq=100.0% R-Sq(adj) =100.0%

» Analysis of Variance for Mean

e Source DF SeqSS AdjSS AdMS F P
e Regression 5 176940 176940 35387.9 2E+04| 0.000
 Linear 3 157271 157271 52423.8 3E+04|0.000
 Interaction 2 19668 19668 9834.1 6E+03|0.000
* Residual Error 2 3 3 1.7
e Total 7 176943
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z4 3l Hesponses: y
S v Ful]l guadratic
C ¥3 STD /\_
EE ﬂéan N Selected Terms:
cs ST AT
Fr | 0.X
B "T F f-ﬁ—ﬂ] B.x2
C:=3
ip TF BEFRE R 5
Anal dat ;l °E
nalyze data using: AE
b |
& Coded units Al

BC

" Uncoded units < I _

Select
—I Graphs... | Results... | Storage... |
Help | 0K I Cancel | e model

0K Cancel

EFr Bw 525 %0

Analysis of Variance for STD

. '”""

Source DF SeqSSAdjSS AdMS F | P
Regression 5 137.165 137.165 27.4330 11.34|0.083
Linear 3 127.150 127.150 42.3834 17.52|0.054
Interaction 2 10.015 10.015 5.0074 2.07 |0.326
Residual Error 2 4.839 4.839 2%

Total 7 142.004
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) \:;I’ p"' ;IL 737’ #ﬁ_‘ E{E Analyze Response Surface Design - Terms x|
Include the following terms: Ilinear j
Available Terms: Selected Terms:

B
C.x3

C4 Al Besponses:

s w2
Ch w3 STD > |

e sl

Analyze data using:
' Coded units
" Uncoded units T

model
0Ok I Cancel

Select
—I Graphs... Results... Storage...
Help | oK Cancel

RS Hfs g1 X1 gmer

BFE R BB

. AnaIyS|s of Variance for STD

‘,,,,,"

Source DF Seq SS AdjSS AdgMS F | P
Regression 3 127.150 127.150 42.3834 11.41/0.020

e Linear 3127.150 127.150 42.3834 11.41 (0.020
e Residual Error 4 14.854 14.854 3.7135
e Total 7 142.004
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Stat=»DOE=>»Response Surface=>» Response

Optimizer

Response Optimizer |
Select up to 25 response variables to optimize
Avrailable: Selected:
STD
s
>> |
<< |
I
=
Setup | Options... | =
Help | 0K Cancel | E
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Select up to 25 response variables to optimize
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Responze Oplimizer - Setup

Responses |G|:|al ower |Target |Upper |Weight |Importance |
CE Mean Jlliey % 1 1
C9 STD / 1 1
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Desirability functions for different goats = how Weights ant:[:l theirshapes
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target value

Maximize the Response
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d 1 1 d 1
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Help 0OK Cancel |
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= Response Optimizer - Setup |
Fezponse Goal Lower |Target |UTppexr . gight |Importance |
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Desirability functions for different goals - how YWeights affect their shapes

Minimize the Response

Hit a target value

Maximize the Hesponse

Wyeight Weight Weight
1 0.1 1 0a 0.1 1 0.
d 1 d 1 1 d 1
10 0 10 10 0 10
Target Upper Lowwer Target Upper Lowwer Target
Help oK Cancel
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Response Ophmizer - Ophions

Factorz in de=sign

Starting walue
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¥ Optimization plot

[~ Store composite desirability values

[~ Display local solutions

Help 0K Cancel |
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§g - % ShBc(Desirability functlon)

e Mintab=RSM > é_; 5EFRY o B iF 1L anRAg o
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Responze Ophmizer - Setap il
Feszpon=e Goal Lower |Target |Upper |Weight |Importance
Ca Mean Haximize I {200 1 1
C9 STD Hinimize 1] 10 1 1

?c—} 4 J.&(Deswablllty functlon)

E. S E if y, <LSL,
LSL, :
TN e sl <y <T
T. — LSL,
d, = =
—USL, | .
| JiTh | T. <y, <USL,
T, —USL.
weeight= 0,1 weight = 0.1 O I.I: y >USL
& | 1
weight =10
° loweer bound ? upper bound °
target
e W# 5t weight
Response Oplimizer - Setup |
Feszponse Goal Lower |Target |Upper ||Weight |[Inportance
Ca Hean Haximize 0 200 1 il
C9 STD Hinimize 1] 10 |1 i




?A, ; -5 S Bc(Desirability functlon)
~ FlE

fO if y,<LSL,
W weight = 0.1
g, =1 LB i st <y <,
T, —LSL, :
1 If y >T lovwer bound target
(] i:‘é /J\ j}’;‘g‘ l}i
1
1 if y, <T,
di = yi _USL| if Ti S yi <USLI weight="10 weight= 0.1
T —USL,
0 if y, >USL,
S target upper hound

Derringer, G., and Suich, R., (1980), "Simultaneous Optimization of Several
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