11

1.2

11

280

0.220

1.985

11

320
0.280

2.035



1.3
14
2k
3
7.2
74.1 (Replication)
1 Treatment combination
Treatment combination 2 (2 replications)

742 (Randomization)

(Design - matrix)
RunOrder

MINITAB
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(Nuisance factor)

Design matrix
1

16
100 (100 repetitions)
Design Matrix

oo

(Blocking)

16
Blocks 2 1 2

\
(Fixed factors)

RCBD (Randomize Complete Block Design)
(16 runs)
1,600
MINITAB 1.2
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1.2 Design Matrix

%Order _RunOrder ~ CenterPt 'Iock:1| H -

1 4 1) [T 12 U3 U4 15
2 1 11 104 4 N W W U U
3 6 11 414 O O T
4 4 11 1 1 4 & M oM oa3 4 45
5 3 1 1 4 4 1 ¢ 5 52 53 54 55
6 8 {1 1 4 L a6 62 63 64 65
7 7 o1 o4 1t e momomom o
8 2 11 1 1 1 e 81 82 83 &4 85
9 10 12 444 @ 9 W o9 9 9
. 12 144 a1 102 108 104 105
1 3 | =g g WL 1R 13 1WA 115
2 9 12 114 & 1o 1B 1Mk
3 1 1 2 4 4 1 ¢ 131132 133 134 135
TR 1 2141w W M2 U M U
5 1 12 4 11 b B 152 153 154 155
5 1 12 1 1 1 e 151 162 168 164 165

vin = +T+ P eyke (i (y)ks (P + (Tpyiik +0,+ i

| = 12( )
J = 12 )
k = 12 Y )
| = 12( )
=12 )
Y ( )
(
|



1.5

sheet, Hinge sheet, Base plate

carrier

* @ W oo

1.6

matrix

16

Arm, Plate

1G

16

“RunOrder”

11

Y
Formed arm
3
16
design



1.1

) MINITAB

Plate, TG, Arm

" Technician

NS

Design matrix

,"’ \
n
Technician

71

Hinge
gV

Design Matrix

1
1 sheet

15

1
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18
MINITAB
0.05
78.1 Box-Cox (The Box-Cox Method)
Box-Cox
A
y* y
y* A power family
SSE(X) X
A SSHA)
AL 72

Box-Cox Plot for StDev-Lwpitc

95% Confidence Interval

Last Iteration Info

|
0.16 — I lambda StDev
Low 0.056 0.064
Est 0.113 0.064

\ / Up 0170  0.064
[
0.11 — N / |

StDev

7.2 ssf) X



0.113

Box-Cox

18.2

0

IT- —T2=0

Ha :

Ho

'Pi=P,=0

Ha :

Ho

'Yi=Y2=0

Ha :

16-402"0

Ha :

HO

(TR = 0

Ha :

HO

C(TY)ik =0

Ha :

H

(Prv =0

Ha :

Ha :

X

13

1.2

Tj"o

Pj £0

ykEO

A

SSH )
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1.3

Fractional Factorial Fit: StDev-Lwpitch* versus Voltage, Diameter,..
Estimated Effects and Coefficients for StDev-Lw (coded units)

Term

oo oL i~

— AT OO M~
ot OCOOLOODOOD
R ONNMm—ow0n
a NT oo
0000000_

i

*Diameter
*Y-Distan

e

ge
Diamgter*Y-Distan

Voltage *Diameter- Y-Di tan

Constant

Block
Voltage
Diameter
Y-Distan

Volta
Volta

Analysis of Variance for StDev-Lw (coded units)

ay Interactions
Residual Error

2-Way Interactions
Total

Main Effects

3-Ma

0.05

0.05

P-value

14



Pareto Chart of the standardized Effects
(response is StDev-Lw, Alpha = .05)

1
i
1

C—

BC—
ACH
ABC—
AB—
T T T T =
0 1 2 -+
7'3 mn
Y
Y

0.05

i

of Square)

14
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1.4

Fractional Factorial Fit; StDev-Lwpitch* versus Voltage, Diameter,..
Estimated Effects and Coefficients for StDev-Lw (coded units)

Term Effect Coef SE Coef T
Constant 082214 0003443 23880 0.000
Voltage 0.02661  0.01330  0.003443  3.86 0.003
Diameter 0.04204 0.02102  0.003443  6.11 0.000
Y-Distan _ -0.02281 -0.01140  0.003443  -3.31 0.007
Diameter*Y-Distan ~ -0.02003 -0.01002  0.003443 .~ < 0.014
Analysis of Variance for StDev-Lw (coded units)
Source DF Seq ss Adj SS Adi VB F 6)
Main Effects 3 0.0119832 0.0119332 0.0039944 21.06 0.00
2-Way Interactions 1 0.0016048 0.0016048 0.0016048 8.46 0.014
Residual Error 11 0.0020861 0.0020861 0.0001896
Lack of Fit 3 0.0003535 0.0003535 0.0001178  0.54 0.666
Pure Error 8 0.0017326 0.0017326  0.0002166
Total IS 0156741

, Y

Y
P-value 0.05
0.05 4
1.8.3
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7831 (Normality Assumption)
1.5
Normal Probability Plot
3 1 AERESINS [UUSRONS: WSO S
oy
E
©
O
o
(a W
.001 »»»»»» e -----
-0.02 0.01 0.00 0.1 002
RESI1
Average: Anderson- Darllng Normahty Tes
StDey? 00117929 A-Squared:; 0.321
\: 16 P-Value: 0503
14

P-value 0.05
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1.8.3.2 (Independent)

Residuals Versus the Order of the Data

(response is StDev-Lw)

0.02 — : “ .
0.01 — ° =
1 e ./ — P e ol L
001— o °® .
x L "
l
0.02 " s 47 AN N
2 4 6 8 10 12 14 16
Observation Order
15
7833 (Variance  Stability)

1.1
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Residuals Versus the Fitted Values

(response is StDev-Lw)

0.02 1 . . ‘ \
|
|

0.01 — B "

| D e e |
0 . |
| |

.0.01 — . ¥ e .
.0.02{ -, e B A , : L : |
0.78 0.]79 080 081 082 0.53 084 08 086 087 088

Fitted Value
7.6 Fitted value
3

184

(Regression  analysis)

1841

MINITAB
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StDev-Lwpitch* = 0.822142

+0.01330 A

+0.02102 B

- 0.01140 ¢

- 0.01002 BC

StDev-Lwpitch*

Box-Cox
1.8.4.2
15
1.5
Summary of Fit
R-Sq 0.866908
R-Sq_(adi) 0.818511
RMS Error- 0.013771
Mean of Response 0.822142
Observation 16
Analysis of Variance
Source DF 8§ NS F
Regression 4 0.01358792  0.003397 17.9124 0.(?001
Residual Error 11~ 0.00208609  0.000190
Total 15 0.01567401
P-value
0.05
R2 82
82
18



16

Lack of Fit

Source
Lack of Fit
Fure Error
Total Error

71.8.4.3
0: (Fit)
Ha :
1.6
DF HS F
3 0.00035354 0.000118 0.5442

8 0.00173255  0.000217
11 0.00208609

P-value

78.44
7841

78

P
0.6657

0.05
0.05

0.220
280
2.035

159

78



280

Optimal Voltage Diameter Y-Distan
D 320.0 0.280 2.0350
Cur [280.0] [0.220] [2.0350]
0.21357 o 280.0 0.220 1.9850
StDev-Lw
Minimum
y = 0.7864
d =0.21357 ||

1.1

0.0039

y* = 0.7864

0.0043

0.0037
7.9

0.0043

7.10

0.119259
y=y< )

280

95

0.0040  0.0047

160

0.12



Descriptive Statistics
Variable: Diameter]

Anderson-Darling Normality Test

A-Squared: 0.307
P-Value: 0.563
Mean 0.250412
StDev 0.003972
Variance 1.58E-05
Skewness 4.61E-02
q i Kurtosis -1.5E-01
1 I I I N 341
0.241 0.245 0.249 0.253 0.257 0.261
o S ews b3
LifSr mal st Quartile .
\ ifsr g Median 0250280
3rd Quartile 0.253284
95% Confidence Interval for Mu Maximum 0.260999
— y 95% Confidence Interval for Mu
: ; 0.249989 0.250836
0.24|98 0.25|03 0.25|08 95% Confidence Interval for Sigma
0.003695 0.004295
— 95% Confidence Interval for Median
YhY% Contidence Interval tor Median 0.249861 0250873

Descriptive Statistics
Variable: Diameter2

Anderson-Darling Normality Test

A-Squared: 0.330

P-Value: 0513

Mean 0.248358

StDev 0.004321

Variance 1.87E-05

Skewness 7.3E-02

Kurtosis -4.3E-01

N 341

Minimum 0.237792

st Quartile 0.245351

Median 0.248548

3rd Quartile 0.251305

Maximum 0.259924

95% Confidence Interval for Mu

; . . ! 0.247897 0.248818
0.2478 0.2483 0.2488 0.2493 95% Confidence Interval for Sigma

! ' = ’ : 0.004019 0.004672
Sl SR S L G 95% Confidence Interval for Median

95% Confidence Interval for Median 0247890 0249210

00141 (37
0.0047



2 0.234
- Y
Y
Y
0.0054 1 2
0.0049  0.0058
0.0059 2 111

162

0.0053
95
1 00051

112

Descriptive Statistics

| | | [ l
1.999 2.005 2.011 2.017 2.023
I

! I I I

——

95% Confidence Intelval for Mu

95% Confidence Interval for Median

7.10

Variable: Y-Distancel

Anderson-Darling Normality Test

A-Squared: 0.381
P-Value: 0.400
Mean 2.01161
StDev 0.00534
Variance 2.85E-05
Skewness -1.4E-01
Kurtosis -3.0E-01
N 341
Minimum_ 1.99719
Lst Quartile 2.00800
Median 2.01183
3rd Quartile 2.01542
Maximum 2.02582
95% Confidence Interval for Mu
2.01105 2.01218
95% Confidence Interval for Sigma
0.00497 0.00578
95% Confidence Interval for Median
2.01093 2.01250
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Descriptive Statistics

Variable: Y-Distance?2

Anderson-Darling Normality Test

A-Squared: 0.439
P-Value: 0.291
Mean 2.01004
StDev 0.00544
Variance 2.96E-05
Skewness -1.6E-01
; Kurtosis 4.1E-01
I | I I } | N 341
1.997 2.001 2.005 2.009 2.013 2.017 2.021
: ] ' | ‘ ! ' M inimum 1.99589
— 1st Quartile 2.00615
. Median 2.01021
3rd Quartile 2.01406
95% Confidence Interval for Mu Maximum 02218
— 95% Confidence Interval for Mu
: i | ] 2.00946 2.01062
20094 2‘0?99 2.0104 2.0108 95% Confidence Interval for Sigma
: ‘ : 0.00506 0.00589
— 95% Confidence Interval for Median
95% Confidence Interval for Median 200948 201080
0018 (  * 3(7)
, Y
0.220 , 280 Y 2.035

0.12



0.234
280
2017
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