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Lok x1 X2 x3 x4 ANNAUNMUADUTIF
R AGEY
7 (%) (B (%) () (Kg/mmz2)
1 2 3
1 78.73 16.95  3.11 1.21 10.84 10.74 9.4
2 74.87 20 3,24 1.93 12.49 10.83 13.58
3 76.86  19.64 2.5 1 16.2 16.42 16.47
4 80 15.11  2.53 2.36 13.45 14.17 13.08
5 77.37 16,25 _ 3.38 3 13.05 13.48 13.35
6 75.34  19.16 2.5 3 14.83 15.62 13.38
7 80 13 4 3 11.46 10 9.41
8 77.59 18.22  3.19 1 15.77 14.85 12.82
9 76.09  18.39 4 1.53 11.5 11.83 117
10 75 20 4 1 14.65 14.83 14.48
11 75.24  17.76 4 3 8.42 9.67 9.1
12 79.84 15.64  3.42 1.1 22.86 23 23.97
13 77.68  17.49 2.5 2.34 16.15 15.79 16.11
14 73 20 4 3 16.04 16.9 16.11
15 77 16.89 4 2.11 16,27 16.6 13.08
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Glorn x1 X2 X3 x4 ANNUTN
GG
i (%) (%) (%) (%) (HB)
1 2 3
1 78.73 16.95 3.11 1.21 167.86 167.34 174.19
2 74.87 20 3.21 1.93 163.81 156.59 152.92
3 76.86 19.64 2.5 1 231.25 252.84 243.87
4 80 15.11 2.53 2.36 176.37 170.98 172.58
5 77.37 16.25 3.38 3 170.98 143.84 162.33
6 75.34 19.16 2.5 3 201.85 243 218.8
7 80 13 4 3 138.58 147.64 129.92
8 77.59 18.22 3.19 1 190.95 161.84 174.73
9 76.09 18.39 4 1.53 160.87 154.74 148.5
10 75 20 4 1 181.43 190.33 179.16
11 75.24 17.76 4 3 165.82 165.31 165.31
12 79.84 15.64 3.42 1.1 214.38 243 216.57
13 77.68 17.49 2.5 2.34 189.11 171.51 182.01
14 73 20 4 3 203.86 219.55 215.11
15 77  16.89 4 2.11 175.82 179.72 190.95
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1. HaNI2aNUUUEIUNENULUY D-optimal

1.1 ‘itmwﬁgﬂwuuaumsém%whmwﬁmmusiaufnﬁa

Response 1 Tensile strength Transform: None
*** WARNING: The Cubic Model and higher are Aliased! ***
*** Mixture Component Coding is L_Pseudo. ***
Summary (detailed tables shown below)
Sequential Lack of Fit Adjusted Predicted
Source p-value p-value R-Squared R-Squared
Linear 0.0574 < 0.0001 0.1045 -0.008
Quadratic 0.0044 < 0.0001 0.3713 0.25
Special Cubic < 0.0001 0.0005 0.9245 0.894 Suggested
Cubic 0.0005 0.9483 0.9206 Aliased
Sequential Model Sum of Squares [Type I]
Sum of Mean F p-value
Source Squares df  Square Value Prob > F
Mean vs Total 8738.96 1 8738.96
Linear vs Mean 83.84 3 27.95 2.71 0.0574
Quadratic vs Linear 169.35 6 28.23 3.9 0.0044
Sp_Cubic vs Quadratic 226.4 4 56.6 65.14 <0.0001 Suggested
Cubic vs Sp Cubic 9.06 i 9.06 522 0.0005  Aliased
Residual 17.87 30 0.6
Total 9245.48 45 205.46
"Sequential Model Sum of Squares [Type I]": Select the highest order polynomial where the
additional terms are significant and the model is not aliased.
Lack of Fit Tests
Sum of Mean F p-value
Source Squares df Square Value Prob > F
Linear 404.81 11 36.8 61.78 < 0.0001
Quadratic 235.46 5 47.09 79.06 <0.0001
Special Cubic 9.06 1 9.06 15.22 0.0005  Suggested
Cubic 0 0 Aliased
Pure Error 17.87 30 0.6

"Lack of Fit Tests": Want the selected model to have insignificant lack-of-fit.
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Model Summary Statistics

Std.
Source Dev.
Linear 3.21
Quadratic 2.69
Special_Cubic 0.93
Cubic 0.77

“Model Summary Statistics”:

R-Squared
0.1655
0.4999
0.9468
0.9647

Adjusted Predicted
R-Squared R-Squared
0.1045 -0.008
0.3713 0.25
0.9245 0.894
0.9483 0.9206

90

PRESS
510.59
379.9
53.71
40.21

Suggested
Aliased

Focus on the model maximizing the "Adjusted R-Squared”

and the "Predicted R-Squared”.

1.2

Response

2  Hardness

Transform:

‘”3Lﬂﬂzﬂ'gﬂuuuaumsém%”whmwuﬁq

None

*** WARNING: The Cubic Model and higher are Aliased! ***

*** Mixture Component Coding is L_Pseudo. ***

Summary (detailed tables shown below)

Source
Linear

Quadratic

Special Cubic

Cubic

Sequential
p-value
0.0022

< 0.0001
< 0.0001
0.0005

Sequential Model Sum of Squares [Type I]

Source

Mean vs Total

Linear vs Mean
Quadratic vs Linear
Sp_Cubic vs Quadratic
Cubic vs Sp Cubic
Residual

Total

Sum of
Squares
1.50E+06
11870.72
17755.42
5463.25
1652.22
3227.99
1.54E+06

Lack of Fit

p-value

< 0.0001

< 0.0001

0.0005

Mean

df Square
]! 1.50E+06
3 3956.91
6 2959.24
4 1365.81
1 1652.22
30 107.6

45 34321.26

Adjusted
R-Squared
0.2456
0.6747
0.8267
0.8816

E

Value

5.77
10.01
8.68
15.36

Predicted
R-Squared
0.1524
0.5842
0.7567  Suggested

0.8183  Aliased

p-value

Prob > F

0.0022
<0.0001
<0.0001 Suggested

0.0005  Aliased

"Sequential Model Sum of Squares [Type I]": Select the highest order polynomial where the

additional terms are significant and the model is not aliased.



Lack of Fit Tests

Source
Linear
Quadratic
Special Cubic
Cubic

Pure Error

24870.9
7115.47
1652.22

3227.99

"Lack of Fit Tests":

Sum of

Squares

df
11

- o

30

Mean
Square
2260.99
1423.09
1652.22

107.6

Value
21.01
13.23
15.36
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p-value
Prob > F
< 0.0001
< 0.0001
0.0005 Suggested

Want the selected model to have insignificant lack-of-fit.

Model Summary Statistics

Source
Linear
Quadratic
Special Cubic
Cubic

“Model Summary Statistics”:

Std.
Dev.
26.18
17.19
12.55
10.37

R-Squared
0.297
0.7412
0.8779
0.9192

Adjusted
R-Squared
0.2456
0.6747
0.8267
0.8816

Predicted

R-Squared PRESS

0.1524
0.5842
0.7567
0.8183

Focus on the model maximizing the "Adjusted R-Squared”

and the "Predicted R-Squared”.

1.3 3@a9eraNudsUTIUEIMIUAIAIHAIUNIUAD UIIAY

Response

1 Tensile strength

ANOVA for Special Cubic Mixture Model

*** Mixture Component Coding is L_Pseudo. ***

Analysis of variance table [Partial sum of squares - Type III]

Sum of
Source Squares
Model 479.58
Linear Mixture 83.84
AB 1.67
AC 42.68
AD 0.14
BC 11.03
BD 100.04
CD 0.13
ABC 48.36
ABD 29.87
ACD 28.06
BCD 8.39

df
13

1

Mean
Square
36.89
27.95

1.67
42.68

0.14
11.03
100.04

0.13
48.36
29.87
28.06

8.39

Aliased
33878.87
16618.89
9723.11 Suggested
7262.97 Aliased
F p-value

Value Prob > F
42.46 < 0.0001 significant
32.17 < 0.0001
1.92 0.1755
49.12 < 0.0001
0.16 0.6884
12.69 0.0012
115.14 < 0.0001
0.15 0.7001
55.67 < 0.0001
34.39 < 0.0001
32.3 < 0.0001
9.65 0.004



Residual 26.93 31 0.87

Lack of Fit 9.06 1 9.06 15.22 0.0005 significant
Pure Error 17.87 30 0.6
Cor Total 506.52 44

The Model F-value of 42.46 implies the model is significant. There is only

a 0.01% chance that a "Model F-Value” this large could occur due to noise.

Values of “Prob > F” less than 0.0500 indicate model terms are significant.

In this case Linear Mixture Components, AC, BC, BD, ABC, ABD, ACD, BCD are significant
model terms.

Values greater than 0.1000 indicate the model terms are not significant.

If there are many insignificant model terms (not counting those required to support hierarchy),

model reduction may improve your model.

The “Lack of Fit F-value” of 15.22 implies the Lack of Fit is significant. There is only a
0.059% chance that a "Lack of Fit F-value” this large could occur due to noise.

Significant lack of fit is bad -- we want the model to fit.

Std. Dev. 0.93 R-Squared 0.9468
Mean 13.94 Adj R-Squared 0.9245
C.V. % 6.69 Pred R-Squared 0.894
PRESS 53.71 Adeq Precision 26.922

The "Pred R-Squared” of 0.8940 is in reasonable agreement with the "Adj R-Squared” of 0.9245.

“Adeq Precision” measures the signal to noise ratio. A ratio greater than 4 is desirable. Your

ratio of 26.922 indicates an adequate signal. This model can be used to navigate the design space.

Coefficient Standard 95% CI 95% CI

Component Estimate df Error Low High VIF

A-A -42.97 1 8.5 -60.31 -25.64 674.32
B-B 58.51 1 5.33 47.64 69.38 339.01
Cc-C 55.33 1 78.28 -104.33 214.98 3158.32
D-D 378.35 1 56.07 264.01 492.7 2565.26
AB -20.65 1 14.9 -51.03 9.73 260.76
AC 1002.04 1 142.98 710.44 1293.64 1544.17
AD -40.94 1 101.14 -247.21 165.33 1369.42
BC -342.78 1 96.23 -539.03 -146.53 1125.67
BD -811.3 1 75.61 -965.51 -657.1 965.15
CD -254.51 1 654.75 -1589.88 1080.86 4135.43

ABC -904.51 1 121.23 -1151.77 -657.26 107.56
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ABD 514.32 1 87.71 335.43 693.2 75.88
ACD -6849.6 1 1205.18 -9307.58 -4391.63 2239.32
BCD 2195.88 1 706.75 754.45 3637.31 976.98

Final Equation in Terms of L_Pseudo Components:

Tensile strength =

-42.97 *A
58.51 *B
55.33 e (&

378.35 D

-20.65 EYA B
1002.04 *A*C
-40.94 *A*D
-342.78 *B*C
-811.3 *B*D
-254.51 *C*D
-904.51 *A*B*C
514.32 A B™ D
-6849.6 *A*C*D
2195.88 *B*rC*D

Final Equation in Terms of Real Components:

Tensile strength =
-1963.06921 *A
-3225.39938 *B

-1.73E+05 *C
-39319.89966 =D,
13217.48817 *A*B
2.52E+05 *A*C
86452.60918 A D
5.20E+05 *B*C
-4.45E+05 EiBi*D
4.05E+06 *C*D
-7.81E+05 A BEE
4.44E+05 SFA * BIED
-5.92E+06 FATCE D
1.90E+06 *B*C*D



Final Equation in Terms of Actual Components:

Tensile strength
-19.63069
-32.25399
-1725.47759
-393.199
1.32175
25.1633
8.64526
52.03273
-44.53403
404.96898
-0.78135
0.44429
-5.91694
1.89688

*A

*B

=E

*D
*A*B
*A*C
*A*D
SBE.C
*B*D
(CHD)
*A*B*C
*A*B*D
*AIC* D
& Bi* ™D

The Diagnostics Case Statistics Report has been moved to the Diagnostics Node.

In the Diagnostics Node, Select Case Statistics from the View Menu.

Proceed to Diagnostic Plots (the next icon in progression). Be sure to look at the:

1) Normal probability plot of the studentized residuals to check for normality of residuals.

2) Studentized residuals versus predicted values to check for constant error.

3) Externally Studentized Residuals to look for outliers, i.e., influential values.

4) Box-Cox plot for power transformations.

If all the model statistics and diagnostic plots are OK, finish up with the Model Graphs icon.

1.4 Sanzvaninudsusiudmsuaianuud

Response 2 Hardness

ANOVA for Special Cubic Mixture Model

*** Mixture Component Coding is L_Pseudo.

Analysis of variance table [Partial sum of squares - Type III]

Sum of
Source Squares
Model 35089.39

Linear Mixture 11870.72

AB 1017.16
AC 1412.57
AD 3148.28
BC 7830.03

df
13

* kK

Mean
Square
2699.18
3956.91
1017.16
1412.57
3148.28
7830.03

F
Value
17.15
25.13

6.46
8.97
20
49.74

p-value
Prob > F
< 0.0001
< 0.0001
0.0162
0.0053
< 0.0001
< 0.0001

significant
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BD
CD
ABC
ABD
ACD
BCD

Residual

Lack of Fit

Pure Error

Cor Total

6835.43
2052.62
367.96
1386.73
112.04
2106.72
4880.21
1652.22
3227.99
39969.6

1 6835.43
1 2052.62
1 367.96
1 1386.73
1 112.04
1 2106.72
31 157.43
1 1652.22
30 107.6

44

The Model F-value of 17.15 implies the model is significant. There is only

a 0.01% chance that a "Model F-Value” this large could occur due to noise.

Values of "Prob > F” less than 0.0500 indicate model terms are significant.

43.42 <0.0001
13.04 0.0011
2.34 0.1364
8.81 0.0057
0.71 0.4053
13.38 0.0009
15.36 0.0005 significant

In this case Linear Mixture Components, AB, AC, AD, BC, BD, CD, ABD, BCD are significant

model terms.

Values greater than 0.1000 indicate the model terms are not significant.

If there are many insignificant model terms (not counting those required to support hierarchy),

model reduction may improve your model.

The "Lack of Fit F-value” of 15.36 implies the Lack of Fit is significant. There is only a

0.05% chance that a "Lack of Fit F-value” this large could occur due to noise.

Significant lack of fit is bad -- we want the model to fit.

Std. Dev.
Mean
C.V. %
PRESS

The “Pred R-Squared” of 0.7567 is in reasonable agreement with the “Adj R-Squared” of 0.8267.

12.55
182.85
6.86

9723.11

R-Squared
Adj R-Squared
Pred R-Squared

Adeq Precision

"Adeq Precision” measures the signal to noise ratio. A ratio greater than 4 is desirable. Your

ratio of 14.826 indicates an adequate signal. This model can be used to navigate the design space.

Component
A-A
B-B
C-C
D-D
AB

Coefficient
Estimate df
278.9 1
410.35 1
6924.53 1
4748.94 1
-509.67 1

Standard 95% CI
Error Low
114.41 45.56
71.76 264
1053.75 4775.4
754.7 3209.72
200.51 -918.61

95% CI
High
512.23
556.7
9073.67
6288.16
-100.73

0.8779
0.8267
0.7567
14.826

VIF
674.32
339.01
3158.32
2565.26
260.76
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AC
AD
BC
BD
CD
ABC
ABD
ACD
BCD

Final Equation in Terms of L_Pseudo Components:

Hardness
278.9
410.35
6924.53
4748.94
-509.67
-5765.01
-6088.13
-9134.95
-6706.35
-31824.58
-2494.92
3504.09
13685.89
34801.93

-5765.01
-6088.13
-9134.95
-6706.35
-31824.6
-2494.92
3504.09
13685.89
34801.93

Final Equation in Terms of Real Components:

Hardness

-461.68979
27123.80016
4.77E+05
1.17E+06
-22618.412
-3.61E+05
-1.24E+06
4.44E+05
-3.57E+06
-1.54E+07
-2.16E+06

1 1924.57 -9690.2
1 1361.4 -8864.72
1 1295.28 -11776.7
1 1017.75 -8782.06
1 8813.47 -49799.8
1 1631.89 -5823.19
1 1180.64 1096.16
1 16222.66 -19400.4
1 9513.46 15399.1

*A

*B

= (@

*D

*A*B

*AYC

AL D

* B¥C

=B 2D,

*CHD

AR BatC

*A*B*D

*A*C*D

*B*C*D
*A
*B
e
*D
*ARB
*A*C
*A*D
*B*C
*B*D
*C*D

*A*B*C

-1839.82
-3311.54
-6493.21
-4630.63
-13849.4
833.35
5912.03
46772.22
54204.77

1544.17
1369.42
1125.67
965.15
4135.43
107.56
75.88
2239.32
976.98
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3.03E+06 *A*B*D
1.18E+07 *A*C*D
3.01E+07 *BrC*D

Final Equation in Terms of Actual Components:

Hardness =
-4.6169 *A
271.238 *B

4774.9515 *C
11726.98459 D
-2.26184 *A*B
-36.09508 SPARC
-124.12765 *A*D
44.41 *BRC
-356.95518 *B*D
-1542.51457 *C*D
-2.1552 *A*B*C
3.02697 *JARSB * D
11.82239 *AEC*D
30.06322 SBEICEID

The Diagnostics Case Statistics Report has been moved to the Diagnostics Node.

In the Diagnostics Node, Select Case Statistics from the View Menu.

Proceed to Diagnostic Plots (the next icon in progression). Be sure to look at the:
1) Normal probability plot of the studentized residuals to check for normality of residuals.
2) Studentized residuals versus predicted values to check for constant error.
3) Externally Studentized Residuals to look for outliers, i.e., influential values.
4) Box-Cox plot for power transformations.

If all the model statistics and diagnostic plots are OK, finish up with the Model Graphs icon.
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Constraints

Lower Upper Lower  Upper
Name Goal Limit Limit Weight  Weight  Importance
AA is in range 73 80 1 1 3
B:B is in range 13 20 1 1 3
C:C is in range 2.5 4 1 1 3
D:D is in range 1 3 1 1 3



Tensile strength

Hardness
Solutions
Number A
1 80
2 76.753
3 79.484
4 80
5 76.433
6 78.045
7 78.699

1.6 a;ﬂuaé’mwdmﬁmmzauﬁqmﬁ'lﬁ'mmws'nszmﬂmmﬂmmmﬁaufiaﬂnqm

is target = 23 20
is target = 250 220
B C D
15.622 3.378 1
17.747 2.5 3
14.517 4 1.999
13.811 4 2.189
20 2.567 1
16.455 2.5 3
16.58 3.721 1

30
250

Tensile strength

23.2586
23
27.9368
28.1198
20.182
28.2976
29.436

SIHSUANINAIUNUA B UTIAIULAZAIINUT

Constraints

Name

AA
B:B
(&6
D:D

Tensile strength

Goal

is in range
is in range
is in range
is in range

maximize

POE(Tensile strength)  minimize

Hardness

POE(Hardness)
Solutions
Number A B C
1 76.78 17.96 2.5
2 75.49 20 2.5
3 80 14.09 3.04
4 75.62 20 3.38
5 78.53 15.63 2.95
6 73 20 4
7 74.52 18.79 3.69
8 17.2 17.2 3.4

maximize

minimize

Tensile
D strength
2.76 19.99
2.00 16.85
2.87 20
1 18.68
2.9 19.99
3 16.21
3 10.27
2.2 10.80

Lower
Limit
73
13
2.5
1
8
1.01275
100
12.7208

POE
(Tensile)
1.24
1.05
1.20
1:16
1.28
1.32
0.97
0.95

Upper
Limit
80
20
4
3
20
2.05188
250
15.176

Hardness
204.84
200.45
161.49
173.00
173.57
211.10
178.32
142.77

Hardness

235.717
223.263
228.676
228.592
243.542
221.013
222.497

Lower
Weight
1
1

I T T = T

POE
(Hardness)
13.34
13.26
12.70
12.96
13.07
13.17
12.89
12.55

98

Desirability

0.71
0.33

0.292

0.277

0.218

0.091

0.082

Upper
Weight

1
1

e e e

Selected

]
<

Importance

3

W W W W W w w

Desirability

0.79
0.77
0.76
0N
0.74
0.73
0.55
0.50

Selected
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1. dunannldluniig

1.1 AMRanvas

ANA A. 1 AYNENYaD

1.2 AMBaNHILED

NN A, 2 WEvanwitlen

1.3 waAIsUaY

AN A. 3 HASUDY
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1.4 asls3anau

2NN A. 4 (Waslsdanau

2. YUADUNITLATTNNITHED

[

x =) o L ° \ 4 L4 -l dv
FuapuMIeIzIidguargunsaldmiumuvundanse Fvidauazaunsel TGl
2.1 NETEHANNNITINUNSAAN

NN A. 5 NTELEANNNLSANUNSHANY
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2.2 wulnlud

MWD A. 6 twulnlue

2.3 iuviasuuu

NN A. 7 AUNasLLUU

2.4  nszaula

NN A. 8 nzaIuly
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AINN A. 9 LUUYdINIY

NNN A.10 Fununaanleannuuunasnse

3. BUNUNAFY

3.1 FUNUNAFTDUANINAIUMUADUTION

NN A, 11 FUNUNATAUANNMUMUADUIION
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3.2 FUNUNATBUANN LL%QLLE%%NQWNG\?)QHBUTF\‘NE{%"N

MuN A. 12 %uﬁ'lu“{l(ﬂaallﬂ'l'mLL‘?NLLGZ%u\ﬂuWTJQﬂﬂUIﬂ‘NE{%’N

4. (@3a9NaN g lunsnadau

4.1 PINNATDUANNAM UM UABUTIN

NN A. 13 1AT2INAdaULSIaaIunUsEeNA (Universal Testing Machine)
SHIMADZU 3;14 EHF-EG10-20L
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4.2 1ATAINATIUANINUIN

MR A, 14 (A3NTNATBUANNUTNMDEIALUUUSIUE JU CMC 06250101

4.3 I.ﬂ%ENG\TWGEJUE]\IF]JU'izﬂE)Uﬁ'lGlﬂ'Nlﬂﬁ

AW A, 15 1A3BI0E Spectrometer 71EATI90UBFSENBUSIAMAUAT $1 Thermo
ARL3460
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4.4 naavyanssmildasadeulasdingame

i A 16 naswganssadiildlumsiengiilasaaigama OLYMPUS 3u BX60
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