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4 (Improve)

(Design of Experiments)

(KPIV)

(2k Full Factorial Design)

(Response Surface Methodology, RSM)

4 (Improve)

(Full Factorial Multiple Variables)

(Fractional  Factorial
Design)

(DOE-Blocking)



(D1)
1.2
g
(DY) 4
71
71
1
(Mesh) 0.077
(Gap)
495
30
1.3

QA. Thermal Checking
25.7

0.14

525

45

(DY)
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7.4

2k k : 2

(Replication)

0/G 1.5
(Power of Test) 0.90 ({3 = 0.10)
Minitab
Power and Sample Size 2-Level Factorial Design
Sigma = 1 Alpha = 0.05
Factors: 4 Base Design: 4. 16
Blocks: none
Including a term for center points in model
Per Block Effect Reps  Power
3 15 1 0.3874
3 15 2 0.9797
3 15 3 0.9990
2
(Power of Test) 0.9797 (Power of Test)
0.90 2
2k 24 Full  Factorial
Design 2 (Center Points) 3
35
(Linearity)

38 12



StdOrder
33
yal
u
20
7
12
6
26
8
24
36
22
2
15
kil
25
32
16
17
13
29
30
19
18
35
9
4
3
28
21
34
38
14

1
10
23

5
37

RunOrder
1

W ©o —~N o o1 B w

GO W LW W LW W W W W R R RN NN NN NN s B e B e B e e e
O N oo Ol B W NN P O o 00 N oo ol BAWw D PO o o 94 o ol B ko

CenterPt

o

e S T T = N T T T T T e T T T e e e e e e e L T o o

1.2

Blocks
1

T T T T T T e e e e e Y e = T S S e N T i

Outer Mesh
0.1085
0.077
0.077
0.14
0.077
0.14
0.14
0.14
0.14
0.14
0.1085
0.14
0.14
0.077
0.077
0.077
0.14
0.14
0.077
0.077
0.077
0.14
0.077
0.14
0.1085
0.077
0.14
0.077
0.14
0.077
0.1085
0.1085
0.14
0.077
0.14
0.077
0.077
0.1085

Gap
Non-Gap
Non-Gap

Gap

Gap

Gap

Gap
Non-Gap
Non-Gap

Gap

Gap

Gap
Non-Gap
Non-Gap

Gap

Gap
Non-Gap

Gap

Gap
Non-Gap
Non-Gap
Non-Gap
Non-Gap

Gap
Non-Gap
Non-Gap
Non-Gap

Gap

Gap

Gap

Gap

Gap

Gap
Non-Gap
Non-Gap
Non-Gap

Gap
Non-Gap
Non-Gap

N2-Baking
510
525
495
495
525
495
525
495
525
525
510
525
495
525
525
495
525
525
495
525
525
525
495
495
510
495
495
495
495
495
510
510
525
495
495
525
525
510

Degassing
375
30
45
30
30
45
30
45
30
30
375
30
30
45
45
45
45
45
30
45
45
45
30
30
315
45
30
30
45
45
315
315
45
30
45
30
30
315
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Dt
178
2
217
19.8
243
24.2
19.2
24.2
174
15.8
20.5
179
22.9
23.3
22
24
19.8
214
218
22.6
21.2
20.5
217
21.5
18.1
253
211
23.3
22.8
20.3
204
204
22
233
25.7
22.9
22.6
18



171

15

38

Descriptive Statistics

Variable: Dt
Anderson-Dariing Normality Test
A-Squared: 0.300
P-Value; 0.565
Mean 21.3868
StDev 23009
Variance 5.29415
Skewness -3.8E-01
Kurtosis -1.8E-01
1 B 0 2 U % N 3
Minimum 15.8000
— R 15t Qud-tle 20.1750
Median . 21.6000
3rd Quartile 23.0000
95% Confidence Interval for Mu Maximum 25.700C
T 95% Confidence Interval for Mi
20.6306 22.1431
205 25 225 95% Confidence Interval for Sigma
- ' pa— 1.8758 29768
Rips s s : 95% Confidence Interval for Median
95% Confidence Interval for Median 20.5000 29,6000
71 (DY)
NID (0,CJ2)

(Model Adequacy Checking)
NID (0,(J2)



(Normality Assumption)

(DY)
(Dt)
0.05 1.2
Normality Plot of Dt
999 -
99
9 -
£ %
0 50 '.,».s"r )
cL WA, Iy =
05 7
(1
01
16 1 2%
Dt
Average: 21.3868 Anderson-Darling Normality Test
StDev: 2.30090 A-Squared: 0.300
N: 38 P-Value: 0.565
1.2 '
(Independent)
(Independent)

13

172

P-Value
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Residuals \Versus the Orcer of the Data

(response is Dt)

5 110 175 20 YA
Observation Order

13

(Variance Stability)
(Variance stability)

14



=22

17

14

Residuals Versus the Atted Values

(response is Dt)

8 19 0 A n B
Fitted Value

NID (0,32

24

25

174
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7.6
Minitah
1 Normal
Probability Plot 15 16
(o
77 (o) 78
19
Normel Proloslality Plot of the standardizedl Effects
(response is Dt, Alpha - .05)
ad ? %&@w
/ o g
.
-
1 e A
-4 -3-2-10 2 3 4
Standardized Effect

15 Normal Probability Plot



Dt

21

20

18

AC

B o» 5

Pareto Chart of the standardized Effects

(response is Dt, Alpha = .05)

e A Quter Me
= e T C: N2'-Bakin
LL. % H - D: Degassin
i
.I’ _“'_
: | |
‘}77 ——r
0 1 2 3 4

16

Main Effects Plot
Outer Mesh ) Gap N2-Baking Degassing

7.7 (0



i Interaction Plot
: @Bﬂ]ﬂ i ? )
Outer Mesh
014 t
L0077
Gap
1Gap
- Non-Gap
N2-Baking
-5
v 495
13
(et Cube Plot (data means) for Dt
40, 1) 26
Gap > AR Z)EB 21.00_~
Gap 21.80 18.55 ]71%7 5160
d » 528 o
F‘J:mr(;apzz‘ss. ) 2 2?;%_8%'“9 24.65
00 Ot Meh 0140 |
I Dy 6
79
Minitab
(Coded its) 73
(Un-coded Units) 74

Degassing

23.50
v

24.95
o

20

21.25
-

230
205

180
230

205

180
230

205
180



7.3 r (Coded Units)

Estimated Effects and Coefficients for Dt (coded units)

Term Effect Coef SE Coef T P

Constant 21797 0.2144 101,68 0.000
Outer Mesh 1569 -0.784 02144 -3.66  0.001
Gap 0342 01711 0197 087 03%
N2-Baking 1856 -0.928 02144 -4.33 0000
Degassing 1531  0.766  0.2144 3.57 0.002
QOuter Mesh*Gap 0581 0201 02144 -136 0190
Outer Mesh*N2-Baking 1669 -0.834  0.2144  -3.89  0.001
Outer Mesh*Degassing 1.594  0.797  0.2144 3.72  0.001
Gap*N2-Baking 085 0428 02144 200 0.059
Gap*Degassing 0381 -0191 02144 089 0384
N2-Baking*Degassing 0069 -0034 02144 016 0874

Outer Mesh*Gap*N2-Baking 0706 0353 02144 -165 0114
Outer Mesh*Gap*Degassing 0781 0301 02144 18 0083
Outer Mesh*N2-Baking*Degassing  0.294 0147 02144 069 0501
Gap*N2-Baking*Degassing 0444 0222 02144 104 0312
Outer Mesh*Gap*N2-Baking*

Degassing 0194 0097 02144 045 065

ct Pt 2597 05395 481 0000

Analysis of Variance for Dt (coded units)

Source DF Seqss AdjSS AdjMS F P
Main Effects 4 61123 671228 16.7807 1141 0.000
2-Way Interactions 6 52367 523669 87278 594 0001
3-Way Interactions 4 11139 111387 27847 189 0149
4-Way Interactions 1 0300 03003 03003 020 0.656
Curvature 1 34074 340737 34.0737 2317 o.00
Residual Error 2 30881 308810 14705

Lack of Fit 1 14.053 14.0526  14.0526 16.70 0.001
Pure Error 0 16828 168283 03414

Total 37 195.883



0.394 (
Effects)

14

0.044 (
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( coded units)

Estimated Coefficients for Dt using data in uncoded units

Term Coef
Constant -123.611
Outer Mesh 1541.87
Gap 47,044
N2-Baking 0.309815
Degassing 2.18537
Outer Mesh*Gap -212.90
Outer Mesh*N2-Baking -3.32011
Outer Mesh*Degassing -17.7646
Gap*N2-Baking -0.075556
Gap*Degassing -2.72333
N2-Baking*Degassing -0.00480247
Outer Mesh*Gap*N2-Baking 0.27778
Outer Mesh*Gap*Degassing 15.5952
Outer Mesh*N2-Bakin*Degassing  0.0414462
Gap*N2-Bakin*Degassing 0.00493827
Outer Mesh*Gap*N2-Baking*
Degassing -0.0273369
ct Pt -2.59688
2 4 Rull Factorial Design 2
(Center Points) 3
3-5
3
(Outer Mesh)
P-Value 0.05
(Gap)
P-Value
0 6.9)
P-Value
7 7.3) (Main Effects) (Interaction
a =0.05



(Main Effects)

(Mesh) (Outer Mesh)

(N2-Baking)
(Degassing)
(Interaction Effects)
(Mesh)
(Outer Mesh*N2-Baking)
(Mesh) (Outer
Mesh*Degassing)
(Center Points)
(Curvature) Lack of Fit P-Value 0.05 (
)

Y = -123.611+1541.87 Outer Mesh+0.309815 N2-Baking + 2.18537 Degassing
-3.32011 Outer Mesh*N2-Baking -17.7646 Outer Mesh*Degassing

(Curvature)
2k 24Rl
Factorial Design i1 (Center Points) 3
3
(Mesh) (Outer Mesh)
(Curvature)

(Response Surface Method)
(Central Composite Design with Center Points)
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1
(Central Composite Design with Center Points)

(Center
Points) 6 (Linearity)

2k 24 Rl Factorial Design
(Center Points) 3

(Modkel)
(Curvature)
(Center Points) 6
(Second Order)
20 15
15
std Order Run Order Blocks ~ Outer Mesh N2-Baking Degassing Dt

13 1 1 0.1085 510 24.8866 21.2
7 2 1 0.077 525 45 20.7
5 3 1 0.077 495 45 2M5
9 4 1 0.055524 510 31.5 22.4
3 5 s 0.077 525 30 17.8
6 6 1 0.14 495 45 23.7
20 7 1 0.1085 510 31.5 20.7
14 8 1 0.1085 510 50.1134 23.1
18 9 1 0.1085 510 31.5 19.4
19 10 1 0.1085 510 31.5 19.2
4 1 1 0.14 525 30 22.4
2 12 1 0.14 495 30 22.7
12 13 1 0.1085 535.227 37.5 19.5
10 14 1 0.161476 510 31.5 19.3
16 15 1 0.1085 510 31.5 17.8
8 16 1 0.14 525 45 24.7
15 17 1 0.1085 510 31.5 18.1
17 18 1 0.1085 510 31.5 20.5
1 19 1 0.077 495 30 21.1
1 20 1 0.1085 484.773 31.5 20.4
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(Center Points)

Descriptive Statistics

Variable: Dt
Anderson-Darling Normality ~est
A-Squared: 0.275
P-Value: 0.623
Mean 20.9600
StDev 2.1162
Variance 4.47832
Skewness 0.213245
Kurtosis -8.7E-01
N YA\
Minimum 17.8000
1st Quartile 19.3250
Median 20.7000
3rd Quartile 22.6250
Maximum 24,7000
95% Confidence Interval for Mu
- 19.9696 21.9504
195 A 25 25 95% Confidence Interval for Sigma
I 1.6094 3.0909
\ ] 95% Confidence Interval for Median
95% Confidence Interval for Median 19.4235 22,4000
7.10 (D)
NID (0,62

(Model Adequacy Checking)
NID (0,G2)
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(Normality Assumption)
(DY
(DY) P-
Value 0.05 711

Normality Plot of Dt

999
9 -
%
E 8
L 20 . '.!{ |
05
01
001 -
B 99 20 2 2 2B U 5
Dt
Average: 20.96 Anderson-Darling Normality Test
StDev: 2.11620 A-Squared: 0.275
N: 20 P-Value: 0.623
111
(Independent)
(Independent)

1.12



Residual

Residuals Versus the Order of the Data
(response is DY)

1.12

4 6 8 10 12 14 16 18
Observation Order

(Variance Stability)
(Variance stability)

7.13

20
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Residuals Versus the Fitted Values
(response is DY)#

2
]_.
g
-2
18.5 19.5 20.5 215 225 235 24.5
Fitted Value
1.13 il
(DY)
3

NID (0,G2)



Points)

6
(Coded Units)
(Uncoded Units) 1.7

1.6

Minitab

1.6

Estimated Regression Coefficients for Dt

Term Coef
Constant 19.2474
Outer Mesh 0.3065
N2-Baking -0.5795
Degassing 0.9369
Outer Mesh*Outer Mesh 0.7889
N2-Baking*N2-Baking 0.4707
Degassing*Degassing 1.2485
Outer Mesh*N2-Baking 0.9750
Outer Mesh*Degassing -0.3750
N2-Baking*Degassing 0.1000

SE Coef
0.6863
0.4553
0.4553
0.4553
0.4433
0.4433
0.4433
0.5949
0.5949
0.5949

(Coded Units)

.
28.045
0.673
-1.273
2.058
1.780
1.062
2.817
1.639
-0.630
0.168

= 1683  R-Sq=667% R-Sq (adj) = 36.8%

Analysis of Variance for Dt

Source DF  Seq ss

Regression 9 56.772
Linear 3 17.857
Square 3 30.104
Interaction 3 8810

Residual Error 10 28.316
Lack-of-Fit 5 21.208
Pure Error 5 7.108

Total 19  85.088

Adj SS
56.772
17.857
30.104
8.810
28.316
21.208
7.108

Adj MS
6.308
5.952
10.035
2.937
2.832
4.242
1.422

P

0.000
0.516
0.232
0.067
0.105
0.313
0.018
0.132
0.543
0.870

F p
223 0.114
2.10 0.164
3.54 0.056
1.04 0418

298 0.128

186

(Center
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( coded Units)

Estimated Regression Coefficients for Dt using data in uncoded units

Term

Constant

Outer Mesh

N2-Baking

Degassing

Outer Mesh*Outer Mesh
N2-Baking*N2-Baking
Degassing*Degassing
Outer Mesh*N2-Baking
Outer Mesh*Degassing
N2-Baking*Degassing

1.7
(Second Order)
(Curvature)

Y = 742,620 - 1155.65 Outer Mesh - 2.42963 N2-Baking-1.82086 Degassing +
795.047 Quter Mesh*Outer Mesh + 2.06349 Outer Mesh*N2-Baking -1.58730

Outer Mesh*Degassing

Minitab
(Steepest Ascent)

Coef
742.620
-1155.65
-2.42963
-1.82086
795.047
0.00209194
0.0221956
2.06349
-1.58730
0.000888889

187
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(Curvature)
Minitab (Model)

(Contour  Line)
7.14 7.16 7.18

.15 1.17 7.19

Contour Plot between Outer Mesh & N2-Baking

535 /8 RN —\\“_W N

\\
525
515
505

495

485

0.06 0.11 0.16
Outer Mesh

Hold values: Degassin: 375

1.14 (Mesh)
(DY)
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Surface Plot between Outer Mesh & N2-Baking

26 1
251
24 1
231
21
211
20 1
191 e
18~ ‘ _<ass :
e R | 505 N2-Baking
.10 == L<"485

0
Outer Mesh 0.15

Dt

535

Hold values: Degassin: 37.5
7.15 ' (Mesh)

Contour Plot between Outer Mesh & Degassing

50 ' 22
24
26
2 40
(&)
30
0.06 011 016
Outer Mesh

Hold values: N2-Bakin: 510.0
7.16 ' (Mesh)
(DY)



Surface Plot between Outer Mesh & Degassing

bt 3]

<50

A0 .

0.05 === = | <% egassing
1 .

O -
Outer Mesh 0.15

Hold values: N2-Bakin: 510.0
.17 (Mesh)

(DY)

Contour Plot between N2-Baking & Degassing

50 -j 2
24
26
£ 40
0 -\

485 4% 505 515 525 53
N2-Baking

Hold values: Outer Me: 0.1085
7.18

(DY

190
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Surface Plot hetween N2-Baking & Degassing

Dt 21

~< 50
191

yoa ~ * Degassin
485 4957' ;95.7 . <30 g g

N2-Baking " 5% s

Hold values: Outer Me: 0.1085
7.19 ' 71

Overlaid

Minitab
(Curvature) Overlaid

1.20 121 1.22
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Overlaid Contour Plot between Outer Mesh & N2-Baking

............ Lower Bound
,,,,,,,,, Upper Bound

535 — — -

515

N2-Baking

505

495

485 —LEEEETRE e

White area: feasible region

Dt — 168
------ 19.8

0.11 1/
Outer Mesh

0.06

Hold values: Degassin: 37.5

7.20 Overlaid

N LA AN A

0.06 on
Outer Mesh

Hold values: N2-Bakin: 510.0

7.21 Overlaid

0.16

Lower Bound

= —  Upper Bound

White area: feasible region

Dt ]ﬁg

0.16



\ Overlaid Contour Plot between N2-Baking & Deééssing

.............. Lower Bound

; 50 - e S Upper Bound
: ; eiai ' White area: feasible region
Dt — 168
------ 19.8
|
o 40 —f
£ s
o 7/
)] 7
Q ‘
i z
30 — \'\.._ -
............................. ;
|
485 495 505 515 525 535
N2-Baking
5Ho|d_ \@Iues: Outer Me: 0.1085 X ==F0NN\Y
1.22 Overlaid
(DY

¥

7.23
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1‘ 1 Outer Mesh N2-Baking Degassing
- o 0.1615 535.2269 50.1134
g Cur [0.1085] [510.0] [34.6213]
By 0.0555 484.7731 24.8866
| | |
| Dt
| Minimum |
|y =19.0717 |
| d=0.69761 \/
723
7.23 18

(Mesh)

(Mesh)
34,62

510

0.1085
510

34.62

19.07

165



79

Full Factorial Design
3

195

(DY
24
(Center Peints)

(Mesh)
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