6.1

(Random Order) 6.1
(Runs) 16

(Rear) (Front)

6.1

6.1

StdOrder RunOrder CenterPt Voltage  Speed Concentricity Torque  Bal-rear  Bal-front
15 1 1 28 23 03 9 124 i

2 2 1 32 19 01 3 259 24.5
10 3 1 3 19 01 9 249 25

6 4 1 32 19 03 3 312 354
1 5 1 28 19 01 3 165 174
2 6 1 32 23 01 9 129 13

16 ! 1 32 23 03 9 235 212
14 8 1 32 19 03 9 312 359
! 9 1 28 23 03 3 118 105
9 10 1 28 19 01 9 171 179
4 i} 1 3 23 01 3 132 125
13 12 1 28 19 03 9 26.5 213
3 13 1 28 23 01 3 55 52

8 14 1 RY) 23 03 3 229 20.7
1 15 1 28 23 01 9 61 5.1
5 16 1 28 19 03 3 259 268



6.2

6.1
6.2.1.

(Total Sum of Square)

6.2.2.

Effect
P-Value

6.2

0.05

(Analysis of Variance)

(Mean Square)

Effect

6.2
6.1
6.2

Analysis of Variance for Bal rear, using Adjusted ss for Tests

Source

Voltage

speed

Concentr

Torque

Voltage*speed
Voltage*Concentr
Voltage*Torque
speed*Concentr
speed*Torque
Concentr*Torque
Voltage*speed*Concentr
Voltage* speed*Torque
Voltage*Concentr*Torque
speed*Concentr*Torque
Error

Total

D

F
1
1
1
1
1
1
1
1
1
1
1
1
!

1
1
15

Seq ss Adj SS Adj MS
148.231 148.231 148.231
591.706 591.706 591.706

174.901 174 .901 174.901
0.331 0.331 0.331
17.431 17.431 17.431
8.556 8.556 8.556
0.181 0.181 0.181
1.501 1.501 1.501
1.756 1.756 1.756
0.226 0.22°6 0.226
8.556 8.556 8.556
0.766 0.766 0.766
0.076 0.076 0.076
0.001 0.001 0.001
0.031 0.031 0.031
954.244

(Rear)

F
4840.18
1.9E+04
5711.04

10.80
569.16
279.37

5.90
49.00
57.33
7.37
279.37
25.00
2.47
0.02

OO OO O OO OO OO O OO

87

0.05

p
009

008
188
027
038
149
090
084
225
038
126
.3 61

910
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Pareto Chart of the Efeds
(eqreeisBares, Afa= B
o] I A \dep
c J
A— ] 8%"’
AB— l
AC_.
ABC—
BD—
BC—
ABD—
D
[or
AD—
ACD—
AB(D—
BOD—
0 5 10
6.1 Effect
Nomdl Probability Plat of the Bfects
(eporeeisBelrea, Afa= B
A \biae
8§Srtr
1 « AB
) * AC
S v
aq
£
.1_
«B
10 5 5
Effect
6.2 Normal Probability Plot of Effect

Value < 0.05
1
(Welding Speed)

¢ (Concentricity)

6.2
6.2

(0

P-Value
0.05 P-

(Main Effect)
P-Value

A (Supply Voltage) B
0.05



89

6.2 3
p (Torque) P-Value 0.188
0.05 Torque Rear
2. (Interaction Effect) Voltage*Speed
P-Value 0.027 Voltage*Concentricity P-Value 0.038
Voltage*speed*Concentricity P-Value 0.038 0.05
Interaction Effect 3
3. Effect 6.1
4 A (Supply Voltage) (Welding Speed)
C (Concentricity) Voltage*Speed Effect
4
D (Torque)
6.2.3 (Model Adequacy Checking)

(Normal Distribution)

8 ik
(8- NID (0, a2 y 3
L (Normal Distribution)
(NOPP)
Residual 6.3 P-Value 0.05
Normal Probability Plot
.999 ‘
99
95
£ 80 e
S 5 g
@ 20 ,4”'/
b .
.05
o014 -
.001 r
\ 5 O 5
RESI1
Average: 0.0000000 Anderson-Darling Normality Test
StDev: 3.50465 A-Squared: 0.249
N: 32 P-Value: 0.726

6.3 Normality Probability plot



2.
(Scatter Plot)

6.4

(Independent)

RESI1
® o A N O N & &0 ©
1

Fitted Value

6.4

6.5

Residual Time

(Variance stability)
(Residual)

(Megaphone)

90



Residuals Versus the Fitted Values

91

(ereeisRa)
10
1 0_ ...............................
.]Q_ ;
10 2 3
Fitted Value
6.5 Residual Fitted Value
Main Effect Plot Interaction Effect
6.6 6.7 (Effect)
Speed Voltage Concentricity
Torque
Main Effects Plot (data means) for Bal_rear
?K e e s o (o

Voltage

6.6 Main Effect Plot



\oltage
)
B
6.7
6.2.3
Front
6.3

Analysis of Variance

Source

Voltage

speed

Concentr

Torque

Voltage*speed
Voitage*Concentr
Voltage*Torque
speed*Concentr
speed*Torque
Concentr*Torque
Voitage*speed*Concentr
Voltage* speed*Torque
Voltage*Concentr*Torque
speed*Concentr*Torque
Error

Total

Interaction Plot (data means) for BalLrear

for Bal_fron,

DF
1

1
1
1
1
1
1
1
1
1
1
1
1
|

15

o
Concentriv
.03
(01
Torque
Interaction Effect Plot
(Front)
6.1
6.3

Seq ss Adj SS
161.926 161.926
641.356 641.356
178 .891 178 . 891

4.306 4.306
20.026 20.026
14.251 14.251

0.001 0.001

0.276 0.276

2.641 2.641

0.391 0.391

1.756 1. 756

0.016 0.016

0.076 0.076

0.601 0.601

0.076 0.076

1026.584

Adj
161,
6ul.
178.
4,
20.
14.
001
276
641
1391
156
016
076
601
076

OO RO Do O

using Adjusted ss for Tests

MS
926
356
891
306
026
251

(Front)

2141,
8480.
2365.

DO O OO OO OD OO OO OO

92



Pareto Chart of the standardized Effects

(egeeisBiio) Ava=0

|

”é%

T T

6.8

T T T T T T T
0 10 20 30 40 50 60 70 80 90

Effect

Normal Probability Plot of the standardized Effects

93

(ereeis 3
R
14 . A8
-1
h 7STO = ([) 510
Standardized Effect
6.9 Normal Probability Plot of Effect
6.3 6.9 P-Value
(0 0.05
P-Value < 0.05
1 (Main Effect) A (Supply Voltage) B
(Welding Speed) c (Concentricity) ~ P-Value 0.05
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6.9 3
(Torque) P-Value 0.084
0.05 Torque Front
2 (Interaction Effect) Voltage*Speed P-Value
0.039  Voltage*Concentricity P-Value 0.46 0.05
Voltage*Speed  Voltage*Concentricity
3, Effect 6.8
5 A (Supply Voltage) B (Welding Speed)
c (Concentricity) Voltage*Speed, Voltage*Concentricity
Effect 5
(Torque)
6.2.4 (Model Adequacy Checking)

(Normal Distribution)

£k
(8j- NID (0, G2 8j 3
Normal Probability Plot
999 |
.99
95
g SU 1 - v " ‘.‘
g 50 //
2 .20 B //
.05 - A
o1 4 °
001
8 6 -4 2 0 2 4 6 8
Average: -0,0000000 RESI Anderson-Darli ity Test
Qi3 aLb1 ”e“"r}&-safu'a”%&“"&”z‘%s”y 8
N 32 P-Value: 0.7%

6.10 Normality Probability plot



L (Normal Distribution)
(NOPP)
Residual 6.10 P-Value
005 '
2 (Independent)
(Scatter Plot) 6.11
10 — =
-10 — .
0 10 0 30
Time
6.11 Residual ~ Time
3, (Variance stability)
6.12 (Residual)
Fitted Value

(Megaphone)

95
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Residuals Versus the Fitted Values
(recense is Fror)

8--
6-
Q_
| .
A
-6-
8 \
! 7y
Fitted Value
6.12 Residual Fitted Value
Main Effect Plot Interaction Effect
6.13 6.14 (Effect)
Speed Voltage
Concentricity ~ Torque
Main Effects Plot (data means) for Bal_front
7 [ « b {
# > \\ \
o2 // \\
N T
o Jios . \ )

Concentriv

6.13 Main Effect Plot



Interaction Plot (data means) for BaLfront

) e o 03 3 9

Voltage R P ) 2 =
IR R g ==
speed / .——‘~30
Concentriv o ) g
Torque
6.14 Interaction Effect Plot
3 Supply
Voltage, Welding Speed, Concentricity Voltage*Speed
(Torque)
6.3
3
21
3 6.4
6.4
std Order  Run Order Blocks Concentricity  Voltage Speed Balance
23 1 1 0.30 30 21 25.43
4 2 1 0.10 30 19 2290
9 3 1 0.10 2 23 10.70
1 4 1 0.10 28 19 1334
17 5 1 0.15 32 21 20.90

14 6 1 0.15 30 21 14.78



std Order

8
26
12
15
24
19

5

2
21

n

1
25
20
18
16
3
6
21
22

10

13

6.3.1

Run Order Blocks Concentricity ~ Voltage

1
8
9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
2

64( )

1

1

1

6.5

0.10
0.30
0.15
0.15
0.30
0.30
0.10
0.10
0.30
0.15
0.10
0.30
0.30
0.15
0.15
0.10

0.10

0.30
0.30
0.15
0.15

3
32
28
30
30
28
30
28
28
28
32
32
28
32
32
28
30
32
30
28
30

Speed
21
21
23
23
23
19
21
21
23
21
19
19
21
23
19
23
23
23
19
19
19

6.4

Balance
20.73
25.53
9.05
10.43
19.30
25.50
16.20
8.58
13.25
14.29
28.90
35.65
1750
11,08
31.90
4.85
1.20
21.38
32.38
20.06
26.65



6.5 ANOVA TABLE (Analysis of Variance for Rear)

Analysis of Variance for Balance, using Adjusted ss for Tests

Source DF Seq ss Adj SS Adj MS F p
Concentr 2 396.151 396.151 198.075 81.43 0.000
Voltage 2 364.248 364.248 182.124 74.88 0.000
Speed 2 944.594 944.594 472,297 194.17  0.000
Concentr*Voltage 4 24.316 24.316 6.079 2.50 0.126
Concentr*Speed 4 12.500 12.500 3.125 1.28  0.352
Voltage*Speed 4 39.368 39.368 9.842 4,05 0.044
Error 8 19.459 19.459 2.432

Total 26 1800.636

Estimated Effects and Coefficients for Balance (coded units)

Term Effect Coef SE Coef T p
Constant 19.581 0.3390 57.76 0.000
Concentr 8.994 4.497 0.3915 11.49 0.000
Voltage 8.823 4.411 0.4152 10. 62 0.000
Speed -14 317 -7.159 0.4152  -17.24 0.000
Concentr*Voltage -0.631 -0.315 0.4795 -0.66 0.519
Concentr*Speed 0.791 0.396 0.4795 0.82 0.420
Voltage*Speed -3.244 -1.622 0.5086 -3.19  0.005
Concentr*Voltage*Speed 2.078 1.039 0.5872 177 0.093
Analysis of Variance for Balance (coded units)

Source DF Seq SS Adj SS Adj MS F p
Main Effects 3 1692.51 1619.91 539. 970 180. 67 0.000
2-Way Interactions 3 41.99 33.72 11. 240 3.76 0.028
3-Way Interactions 1 9.36 9.36 9. 357 3.13 0.093
Residual Error 19 56.78 56.78 2. 989

Total 26 1800.64

Pareto Chart of the standardized Effects

(egoeeisBiae Ade=0

—

BeEF



Normal Probability Plot of the standardized Effects

(egreeisBiae Aje= 0
R
* A
1.0 g
B
© 05
o
A
= 0.0+
€
o
Z 05
* BC
-1.0
o C
-1.5- RN 7
.\ T T
-10 0 10
Standardized Effect
6.16 Normal Probability Plot of Effect
6.5 6.16
P-Value
(0 0.05 1 P-Value < 0.05
1 (Main Effect) A (Concentricity) B
(Supply Voltage) C (Welding Speed) P-Value 0.05
3
2. (Interaction Effect) Voltage*Speed
P-Value 0.005 0.05
Voltage*Speed
3. Effect 6.15
4 A (Supply Voltage) B (Welding Speed)

¢ (Concentricity)

Effect

Voltage*Speed, Voltage*Concentricity
4



6.3.2 (Model Adequacy Checking)

(Normal Distribution)
8 ik
(8y- NID (0, a2 8y 3
1 (Normal Distribution)
(NOPP)
Residual 6.17 P-Value
0.05

Normal Probability Plot

999
99 A
95 i
£ 80 /
9 50 Py
0
g 20 4 /
054 =
01 A
.001
2 T 0 i '
RESII _ _
Average: 00000000 Anderson-Darling Normality Test
StDev: 147784 A-S(1uared: 0.450
N 27 P-Value:  0.256
6.17 Normal Probability plot
2. (Independent)

(Scatter Plot) 6.18
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6.18 Residual Time
3. (Variance stability)
6.19 (Residual)
Fitted Value
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Residuals Versus _the Fi‘tted Values
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6.20

Concentricity

6.21

Main Effect Plot
(Effect)
Speed
Speed

Interaction Effect

Voltage

Main Effects Plot - Data Means for Balance

Concentricit Voltage
26
23
+]
© 20
o
]
[+9]
17 4
14
< ) > ‘Q j’L "
> s &5 ) kS B
6.20 Main Effect Plot
Interaction Plot - Data Means for Balance
2 D < K e
Concentricias A1l nNnpDae 2 )
. 0.30 AT

. 0.15 /

*0.10

Voltage
.32

- 30

28

Speed

6.21 Interaction Effect Plot
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R

t Ratio
2.53
11.18
10.66
-17.25
-3.50

MS
432.792
3.158

0.4
1
4
6.6 6.22

6.6
Summary of Fit
R-Square = 96.142%
R-Square (ad)) = 95.441%
Root Mean Square Error = 1.7769
Mean of Response = 18.8318
Observation = 27
Parameter Estimate
Term Estimate std. Error
Constant 19.486 7.712
Concentricity 44.971 4.024
Voltage 2.2319 0.209
Speed -3.6122 0.209
Voltage*Speed -0.4487 0.128
Analysis of Variance
Source DF SS
Regression 4 1731.1697
Residual Error 22 69.4663
Total 26  1800.6360

(Regression equation)

6.20 6.21

egression

P-Value
0.0192
<0.0001
<0.0001
<0.0001
0.0020

F-Ratio
137.0655

P-Value
<0.0001

Balance = 19.48 + 44.97Concentricity + 2.23Voltage - 3.61 Speed - 0.44Voltage* Speed



Optimal

0

y
d

.97878

Balance
Targ: 10.0
10.5518
0.97878

10.5518

40
35 Py i
&
=30
5
525
a
o 20 -
o — —
15 -
a2
10
S ‘.-" ,»”.
0 <= — T T T T T T
0 5 10 15 20 25 30 35 40
halance Predicted P<.0001 RSg=0.96
RMSE=1.777
6.22 Acta | by Predicted Plot
10
Concentr Voltage Speed
[0°1436] [28.5036] [2220191]
0.1000 28.0 19.0
6.23
6.23
Concentricity = 0.1436 mm.
(Supply Voltage) = 28.5036 Volt

Welding Speed

= 22.0191 Sec/round

6.23



6.5

6.5.1
1
(Regression equation) 36
6.7
N = (a + Up)x(G202)
= (1.282 + 1.645)2(a20.5G2)
= 35.26
6.7
Current Condition Purpose Condition
Concentricity 0.2 Concentricity 0.1436 mm
Supply Voltage 30 Volt Supply Voltage 28.5036 Volt
Welding Speed 21 Sec/round Welding Speed 22.0191 Sec/round

Rear Front Rear Front
1 15.8 19.7 9.7 6.8
2 22.8 34.4 6.6 12.2
3 21.3 25.2 10.1 4.5
4 22.7 22.8 15.9 2.8
5 36.5 15.9 115 15.3
6 25.7 23.0 10.5 10.5
7 24.6 115 2.8 8.3
8 20.1 21.3 12.6 57
9 17.5 33.0 4.9 10.2
10 28.7 22.7 54 133
n 20.5 10.5 8.0 145
12 15.8 25.9 114 9.7
13 10.5 12.6 5.6 5.7
14 15.5 18.8 14.7 12.3
15 26.0 23.1 7.7 7.5
16 25.2 20.1 11.0 11.6



6.7 ( )
Current Condition Purpose Condition
Concentricity 0.2 Concentricity 0.1436
Supply Voltage 30 Volt Supply Voltage 28.5036 Volt
Welding Speed 21 Sec/round Welding Speed 22.0191 Sec/round
Rear Front Rear Front
17 23.0 18.3 13.0 19.3
18 33.0 19.6 12.3 135
19 33.4 26.6 23.0 11.7
20 25.7 24.4 21.3 12.4
21 19.7 20.4 12.7 4.3
22 28.8 21.3 4.0 5.9
23 17.7 30.9 6.2 6.5
24 30.2 17.6 31 9.8
25 19.9 12.0 7.0 11.6
26 18.7 28.3 155 35
27 38.3 25.5 16.0 5.2
28 21.8 23.8 4.3 7.6
29 48.6 23 29 10.3
30 30.9 19.8 8.9 8.1
3 25.3 15.5 9.5 7.1
32 16.5 21.4 5.8 16.3
33 24.6 14.2 6.2 10.9
34 20.3 16.5 11.5 11.6
35 17.2 22.2 7.7 8.7

36 15.6 28.3 8.4 74



6.5.2
2 'l
6.5.2.1
Response Balancing Test Rear
Factors Subscript

Confident Level 95.0000

Bonferroni confidence intervals for standard deviations

Lower Sigma Upper N Factor Levels
6.15531 7.97441 11.2164 36 Current
4.01352 5.19965 7.3136 36 Purpose

F-Test (normal distribution)
Test Statistic: 2.352 P-Value - 0.024
Levene's Test (any continuous distribution)

Test Statistic: 2.458 P-Value 1 0.122

Value = 0.000 0.024 P-Value

6.24

Test for Equal Variances for Rear

95% Confidence Intervals for Sigmas Factor Levels
. Current
* Purpose

F-Test Levene's Test
Test Statistic: 2.352 Test Statistic: 2.458
P-Value  :0.024 P-Value  :0.122
Boxplots of Raw Data
Current 1
Purpose
0 10 | K} {0 5
Rear

6.24



6.5.2
P-Value = 0.000

0.05

6.25

Two-Sample T-Test and Cl: Balance

Two-sample T for Balance

Subscript N Mean StDev SE Mean
Current 36 24.63 7.97 15
Purpose 36 9.65 5.20 0.95

Difference = mu (Current) - mu (Purpose)
Estimate for difference: 14.68

95% CI for difference: (11.18, 18.17)

T-Test of difference = 0 (vs not =): T-Value = 8.44 P-Value = 0.000 DF =

Boxplots of Rear by Subcript

(means are indicated by solid circles)

50‘ - 5 |17 - Vil
1
\
[

Subeript

6.25

P-Value

49



6.0
6.6.1
1 (Concentricity)
2. (Supply Voltage)
3. (Welding Speed)
4,
6.6.2
36
9.65
6.6.3
6.6.4 (FMEA)
Mode 4
RPN
Failure Mode
Detection 3
6.8 RPN 3
RPN 245
RPN 3 27.96 % RPN
6.8
0D R
ece P
vce N

6 6 7 252 DOE
179 a1 DpOE

[ 7 8 392 DOE

24.63
10
RPN Failure
RPN 4
55.93 %
3
RPN 100
0D R
ece P
vcce N

15/02/2545 6 6 5 180
15/02/2545 [ [ 5 245

15/02/2545 [ [ 5 245



6.6.5
3.26
3 Cpk = 0.59 Cpk = 0.80 Cpk
38,549.17 PPM 8204.44 PPM
Process Capability Analysis for Purpose Cond
R 2} LSL USL
L8 L) e
5 = s
Snge N K5)
i) 48
STY 48T
TGy
28
@ D
Gk ® —
@m * 40
Qad Gty 'Oad’ FRefonare
% 13 13 %
13 i ® B
1 (053] M 2880
pk 033

3.26 Process Capability
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