6.1
2
6.2
2 * (One-Half Fraction of the 2 Design)
4.3
6.1
6.2.1 (Varience Analysis)
2
(High Order Interaction Effects) (Effect)
2
251 ' (Defining Relation) 1= ABODE

A + BCDE AB + CDE BD + ACE

16
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CD + ABE
CE + ABD
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6.1

2 1 Design for Chip&Crack

Basic Design

Run A B C
1 -1 -1 -1
2 1 -1 -1
3 -1 1 -1
4 1 1 -1
5 -1 -1 1
6 1 -1 1
7 -1 1 1
8 1 1 1
9 -1 -1 -1

10 1 -1 -1
11 -1 1 -1
12 1 1 €L
13 -1 -1 1
14 1 -1 1
15 -1 1 1
16 1 1 1
1 (Main Effects)

21

2.2

2.3 (©)

24

2.5 (E)

(A)

(D)

()

18

16
Treatment
E=ABCD chip&crack
Combination
1 e 2
-1 a 17
-1 b 16
1 abe 35
-1 c 25
1 ace 6
1 bee 12
-1 abc 29
-1 d 22
1 ade 29
1 bde 14
-1 abd 5
1 ede 7
-1 acd 8
-1 bed 27
1 abede 33
2
BCDE
ACDE
ABDE
ABCE
ABCD



21

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

(Effect)

6.2

AC

AE

BC

BC

BE

CD

CE

DE

16

(Interaction)
AB
CDE
AC
BDE
AD
BCE
AE
BCD
BC
ADE
BD
ACE
BE
ACD
CD
ABE
CE
ABD
DE
ABC
3

Estimated Effect

9

AB



6.4

6.2 Effect
Variable Regression Coefficient Estimated Effect
Overall Average 17.938
A 2.313 4.625
B 3.438 6.875
c 0.438 0.875
D 0.188 0.375
E -0.688 -1.375
AB 1.813 3.625
AC -1.688 -3.375
AD -1.688 -3.375
AE 6.188 12.375
BC 3.438 6.875
BD -1.813 -3.625
BE 2.813 5.625
CD 0.188 0.375
CE -3.188 -6.375
DE 3.313 6.625
Estimated Effects 6.2
6.3
6.3
(NOPP)
(ANovA Table) (

Sum of Squares

6.3
[1]

85.56

189.06

3.06

0.56

7.56

52.56

45.56

45.56

612.56

189.06

52.56

126.56

0.56

162.56

175.56

37

55

-11

29

-27

-27

99

55

-29

45

-51

53

80

Contrast

Estimated Effect
(PK

6.1

6.1

1

15

NOPP



Order
1

O OO N O O &= LW PO

HHHHI:H
O &~ LW PO o

percentage

6.3 Effect (PJ
Factors  Estimated Effect Plk=(k-1/2)/15*100
CE -6.375 3.33
BD -3.625 10.00
AC -3.375 16.67
AD -3.375 23.33
E -1.375 30.00
0.375 36.67
CD 0.375 43,33
¢ 0.875 50.00
AB 3.625 56.67
A 4,625 63.33
BE 5625 70.00
DE 6.625 16.67
B 6.875 83.33
BC 6.875 90.00
AE 12.375 96.67
Norm alProbability Plot for E ffect
99.9 e
99 .
i /./ =
2 e
50 A
20 :,,/ -
5 Pt
D
1
o | ‘
7 3 1 5 9 13
E ffect
6.1 Normal Probability Plot ~ Effect

6l



source of
variation
A
B
AB

AE

BE
DE
Error
Total

6.2.2

6.4

sum of squares  Degrees of Mean Square

Fo

1.5187
3.3557
0.9329
10.8726
2.2464
3.1161

a

82

P-Value

0.2490
0.1002
0.3593
0.0093

0.1682
0.1113

0.0093

(Model Adequacy Checking)

Freedom
85.56 1 85.5625
189.06 1 189.0625
52.56 1 52.5625
612.56 1 612.5625
126.56 1 126.5625
175.56 1 175.5625
507.0625 9 56.3403
1748.94 15
6.4 AE

[1]
(Error)
eij ~ NiD (0,32

3

(Normal Distribution)

(Independent)



6.5

Residual

Treatment Combination

abede

(Residual Plot)

6.5

Residual

abe

ace

bce

abc

ade

bde

ahbd

cde

acd

bed

(Normal Distribution)

6.6

y

17
16
35

25

12
29
22
29

14

27

33

11

11

24.

24.

24.

24.

11.

11.

24.

24.

11

11

11.

11

24

24.

.750

.750

125

125

125

125

750

750

125

125

.750

.750

750

.750

.125

125

-9.750

5.250

-8.125

10.875

0.875

-18.125

0.250

17.250

-2.125

4.875

2.250

-6.750

-4.750

-3.750

2.875

8.875

Residual)

83



Order

6.6

Residual (PJ

Treatment Residual Pk=(k-1/2)/16*100 Order Treatment Residual

percentage

ace

abd

cde

acd

bee

999
99
95
80
50
20

6.2

Pk=(k-1/2)/16*100

-18.125 3.125 9 c 0.875 53.125
-9.750 9.375 10 bde 2.250 59.375
-8.125 15.625 11 bed 2.875 65.625
-6.750 21.875 12 ade 4.875 71.875
-4.750 28.125 13 5.250 78.125
-3.750 34.375 14 abode 8.875 84.375
-2.125 40.625 15 abe 10.875 90.625
0.250 46.875 16 abc 17.250 96.875

Normal Probability Plot for Residuals
/o
/‘/"’
R |
el |
L
/’/f
.
-19 -9 1 11 21
Residuals
Residual (PJ
(Residuals)

6.2

NOPP

6.2



2. (Independent)

Residual
Plot of Residuals vs Time
21 D
in 0 [1 E
1 D o . 0
(]
” 4 8 12
Time
6.3 Residual
6.3
(Residual)
6.3
(Independent)
Plot of Residuals vs Predicted Value
21
2 1 B
Sy :
-19 n
il 14 23

i 20
Predicted Value

6.4 Residual ~ Predicted Chip&Crack

16

26



3.
6.4
6.2.3
6.7
8,500
11,000
6.7
6.8
Taper - Pole
Pole - Taper
6.8
E

86

AE
AE AE
(rpm)
12.625
20.25
(A
8,500 rpm.
11,000 rpm.

15625
11.25

Taper Pole



AE

6.24

6.9

Taper - Pole
Pole - Taper

6.9

8,500 rprrd

Taper

8,500
165
8.75

6.10

Pole

AE
(rpm)
11,000
1475
25.75

Pole

(Interaction)

8,500 (rpm.)
35 mi
4 inch/min
6 Pass
Pole - Taper

87

Taper

AE



88

6.2.5 [9]
6.10 20
Pallet 52,000 142
0.00273
0.003
HO: P=10.003
H1: P<0.003
X-npQ 0.00273 -52000 *0.003  _ A

o Jnp (-p ) Vv52000*0.003(L-0.003)

a=0.05 -2d =-7 o= -1-645

20 < -z 00 Ho

6.2.6

AE

Wafer

Slider
3 3



6.3

6.3.1

6.3.2

89



1
300 3
2.
600
Levels)
3
1
2
3
(1 Cut
6.3.3

90

3 Pallet
8 (Pass)
1 column
1 3
(Levels)
(Levels) (Fixed

1 Column 3
1/2 Column 3
1 Cut 1

Slider 25 1 )

(Response Variables)



6.34

(Single-Factor Analysis of Variance)

3
1 (Randomization)
2. (Replication)
5
Fisher
(1]
Yi = P+ 1 | = 12.a
] = 12.....
Ho : "M = 2= -13
U i i

Ho : T -T 2= 3=0

Ho :Ti ~ O i

(Residual Plot)

4.3



6.3.7

AWIAINTalunIIng1ae
CHuLALONGKORN UNIVERSITY

6.11

92



6.11
1
2.
3.
3.1
10
3.2
1
2
|
3.3
1.
2, 1
3,
4.
4. 1
2
5.
6.

1 Column
1 Column
1/2 Column
1 Cut 1
3x2 =6
6.12

(Complete Randomization)

93

6.13



6.11

(ANOVA)
(Response Plot)
(Residual Plot)

9%



N

6.4

Source of variation

0C > 0.004

1 Column
1/2 Column
1 Cut

1 Column
1/2 Column
1 Cut

6.14
Sum of Square df

6.12

1 Column
3
3
1

6.13
1 Column

3
1

0c=0.05

nt 2
3 3
114 5

17

Mean Square
55.5

1

95

15
12

[1]

Fisher
6.12

P-Value
0.004



6.4.2

(Residual Plot)

< Cenc

(Model Adequacy Checking)
[1]
(Residuals)
eij ~ NID (0,(32)

3
1 (Normal Distribution)
. (Independent)
3

3

1 (Normal Distribution”

Normal Probability Plot for RESIDUALS

999
99

95 -
80 —
20 =-————

6 RESIDUALS 6
6.5 Residuals

6.5 (Residuals)
NOPP
6.5
(Normal Distribution)

96



6.7

97

2 (Independent”

Plot of RESIDUALS vs order

1f T
R 6 0 1]
= 4
ﬁ e m o ]
1 i
T 2 3 45 6
order
6.6 Residual
6.6 (Residual)

Plot of RESIDUALS vs Preticed value

1 1=
L

S
1
8

1

5 7 9 11 13 15 17
Preticed value

Residual



9%

(Megaphone)

6.4.3

Time Sequence Plot

17
15 [;\
w13 \
% 11 \“\
g B
7 \
: ™~
1 2 3
level
6.8 3
A
3 6.8 6.8
1 cut ( 3)
6.4.4 9
1 Cut
25 Bar 600
20

pallet 52,000 60



0.001
0.003
H: P=0.003
I P<0.003

X" npQ 0,001-52000%0.003 19, 87
0 \]np ( -p ) al/52000 *0.003(1-0.003)

a =005 -2a=-Z700b=-1-645
2 < -Z0B Ho
6.4.5
6.8
0.3%
1 Column 3 1 Cut
Bar 25 Bar 1 1

0.1%



6.5

AWIAINTalunIIng1ae
CHuLALONGKORN UNIVERSITY

100
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