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Interface Board 6.1
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COMSOAL
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1 1
COMSOAL
Function Key Board L1 21 L2 23
L3 23
Function Key Board
23
23
COMSOAL
Interface Board
22 26
3
3
1

6.1

3 66

3
5 5

6.1.2 (Balance Delay)
(Balance Delay)

(Idle Time)

Balance Delay (D)
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nl, = F
D i N
T,
= 100 -
Tc =
Tw =
(Balance Delay) 6.2
6.2 Balance Delay
Balance Delay
COMSOAL
« <A “ -
11 L2 13 L1 L2 L3

F“”g’)‘;: dKey 1601% 157% 137% 1517%  1338%  1646% 1691% 137%  157%

Interface
Board 1247% 1019% 1282% 11.83% 12.78% 1247% 11.05% 1447%  12.66%

13.38%

12.91%

848%  116%%  7.51%  9.23% 1025%  848% 1212% 751%  9.31% 11.2%

Balance  Delay

Balance Delay
Function Key Board Balance Delay

Interface Board
Balance Delay

Balance  Delay
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6.2

6.2.1

COMSOAL

3. (Conveyor Speed)

Function Key Board
Interface Board Burn-In
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(Line Efficiency)

(Throughput Time)
L
2.
6.3
Function Key Board Interface Board
, () () ()

() () ()
COMSOAL (c) COMSOAL (c) COMSOAL (c)

(P) () (n)



GO Mmoo

Function Key Board

6.4
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COMSOAL (c) COMSOAL (c)

(p) (p)

(S TR~ ST T O
3,2 TR Y JC R O

2k

Interface Board
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6.2.2 Function Key Board

Function Key Board

6.3 6.4

6.2.2.1 22

Function Key Board

Function  Key Board

(Response)
2 2 2

(Replication)

(Replication)

0la 15
(Power of Test) 0.95 (P = 0.05)
Minitab

Power and Sample Size
2-Level Factorial Design
Sigma = 1 Alpha - 0.05
Eiaoccti?g:s r%one Base Design: 2, 4
Center
Points Target Actual
Per Block  Effect Reps  Power  Power

0 0.95 15 0.9500 0.9511

15 15

2 2 Full Factorial Design

15
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6.5

6.5 MINITAB

Fractional Factorial Fit: utilization versus A,

Full Factorial Design
Factors: 2 Base Design: 2, 4
Runs: 60 Replicates: 15

Estimated Effects and Coefficients for utilization (coded units)

Term Effect Coef SE Coef T P
Constant 0.75762 0.000370 2048.78 0.000
A -0.03694 -0.01847 0.000370 -49.95 0.000
B -0.07630 -0.03815 0.000370 -103.17 o0.000
A*B 0.00524  0.00262 0.000370 7.08 0.000
Normal Probability Rot of the Standardized Effects
(response is utilzati, Alpha = .05)
¢ AB
0.5
(0]
2
w
< 0.0+ e A
=
O
Z
-0.5 -
+B
T T T
-100 -50 0

Standardized Effect

6.1 Normal Probability Plot

113



utilzation

Main Effects Plot (data means) for utilzation

s <

6.2

Interaction Plot (data means) for Utilzation

0.81 —

6.3
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(A)
(Interaction Effects)
(AB)
a =005
COMSOAL (¢
6.2
COMSOAL
e.2.2.2
2

22 Full  Factorial Design
2

(B)

P-Value 0.05
6.5

6.3

Function Key Board

22

Function Key Board

Function  Key Board

15

MINITAB 13

22

6.6
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6.6 MINITAB

Fractional Factorial Fit; Output versus A

Full Factorial Design .
Factors: 2 Base Design: 2, 4
Runs: 60 Replicates: 15

Estimated Effects and Coefficients for Output (coded units)

Term Effect Coef SE Coef T P
Constant 1292.27 0.6659 1940.74 0.000
A -56.67 -28.33 0.6659 -42.55 0.000
B -37.47 -18.73 0.6659 -28.13 0.000
A*B -11.07 -5.53 0.6659 -8.31 0.000

Normal Robability Rot of the standardized Effects

(response is Output, Alpha = .05)

¢ AB
0.5
o
(o]
O
()]
T 0.0+ *B
£
O
=z
-0.5
*A
I | | | |
-40 -30 -20 -10 0

Standardized Effect

6.4 Normal Probability Plot
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Output

Mean

Main Effects Plot (data means) for Qutput

1318

1306

1294

1282

1270

6.5

1330 —
1320 —
1310 —
1300 —
1290 —
1280 —
1270 —
1260 —
1250 —

1240

6.6

Interaction Plot (data means) for Qutput
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22 Full  Factorial  Design 1 15
! 2
(A) (B)
(Interaction Effects)
(AB) P-Value 0.05
a =0.05 6.6
6.6
(AB)
COMSOAL (c)
() 6.5
COMSOAL
Function Key Board
6.2.2.3 27
Function Key Board
Function  Key Board
27
I 2 (Replication)

(Replication)

0/a 15

(Power of Test) 0.95 (P = 0.05)
Minitab



Power and Sample Size

2-Level Factorial Design
sigma = 1 Alpha = 0.05

Factors: 7 Base Design: 7, 128
Blocks:  none
Center
Points Target  Actual
Per Block Effect Reps  Power Power
0 0.95 3 0.9500  1.0000
3
2k
3
MINITAB 13
6.7
6.7 MINITAB

Fractional Factorial Fit: Flowtime versus A, B, ¢, ,E F G

Estimated Effects and Coefficients for Flowtime (coded units)

Term Effect Coef
Constant 517.999
A 177.986 88.993
B 58.690 29.345
C -9.858 -4.929
D 7.869 3.935
E 2.006 1.003
F -3.055 -1.527
G -8.902 -4.451
A*B 31.849 15.924
A*c -10.260 -5.130
A*D 14.705 7.352
A*E 2.618 1.309
A*F 1.535 0.768
A*G 1.864 0.932
B*c -7.704 -3.852
B*D -2.304 -1.152
B*E 1.876 0.938
B*F 0.763 0.382

SE Coef

[N T TN TN TN SN N SN N SN N SN N S S
[er¥orlerYerlerleoriaororlorlorlerlorlorlorYorYorTorYop)
OO OO OO OO ODOIODOIODODOOO
OOWOWOWOWWWWOWWWWWWWWOLW

2 Full Factorial Design

wW
oI
—

coOU1—

= 00 RO €O 00 00 = —J €O O ~J U1 RO G1 O = = RO
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Normal Score

Normal ProbE}biIit Plot of the ;ﬁéﬁ‘a”d&ﬁdized Effects

response is Flowtime, =
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T T T T T I
0 10 20 30 40 50
Standardized Effect

6.7 Normal Probability Plot

Main Bfects Rot (data means) for Row time
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Interaction Plot (data means) for Flowtime

C 9 0 ft t \t ft 9
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6.9
RN b3
5 (A)
() 1 (C) 2 ()
5 (G) P-Value 0.05
0C=10.05 6.7
Function Key Board
6.2.2A

Function Key Board
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5
6.8 5
6.8
()
(A) ()
(B) COMSOAL (c) ()
1(C) 15, 16, 17, 18
2 (D) 56,78
5(G) 15, 16, 17, 18
Function Key
Board

5 (Replication)

(Replication)
0/a 15

(Power of Test) 0.95 (P = 0.05)

Minitab
Powerand Sample Size
2-Level Factorial Design
Sigma = 1 Alpha = 0.05
Factors: 5 Base Design: 5, 32
Blocks:  none
Center
Points Target Actual

Per Block  Effect Reps  Power Power
0 0.95 s 0.9500 0.9576
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6.9 MINITAB

General Linear Model: flowtime versus A, B, C D, G

Factor Type  Levels Values

A fixed 2

B fixed 2 cCp

C fixed 4 15 16 17 18
D fixed 4 5678

G fixed 4 15 16 17 18

Analysis of Variance for ilovrtime, using Adjusted SS for Tests

Source DF  Seq SS AGLSS  Ad] ks F

A 1 4471739 4471739 4471739 6013.22 8@88
B 1 1255038 1255038 1255038 1687.67 .

C 3 6969 6969 2323 848 .

D 3 19316 19316 6439  8.66 ().

G 3 85727 85727 28576 38.43 ().
A*B 1 685264 685264 685264 921.49 0.
Ac 3 1598 1598 533 0.72 0.543
A*D 3 7737 7737 2579 3.47 o016
AG 3 9890 9890 3297 4.43 o0.004
Brc 3 163 163 54 0.07 0.974
B*D 3 1996 1996 665  0.89 0.444
B*G 3 10975 10975 3658  4.92 0002
C*D 9 8918 8918 991  1.33 0.217
C*G 9 14858 14858 1651  2.22 o.020
D*G 9 13296 13296 1477 1.99 o.030
A*B*C 3 884 884 205  0.40 0.756
A*B*D 3 3497 3497 1166 1.57 8668
A*B*G 3 14102 14102 4701 6.32 0.
A*C*D 9 7676 7676 853  1.15 0.328
A*C*G 9 14601 14601 1622 2.18 0.022
A*D*G 9 10197 10197 1133 1.52 0.136
B*C*D 9 4648 4648 516  0.69 0.714
B*C*G 9 4703 4703 523 0.70 0.707
B*D*G 9 8043 8043 894  1.20 0.291
C*D*G 27 27985 27985 1036 1.39 0.092
A*B*C*D 9 8226 8226 014  1.23 0.274
A*B*C*G 9 4569 4569 508  0.68 0.725
A*B*D*G 9 6952 6952 772 1.04 0.408
A*C*D*G 27 30079 30079 1114 150 0.053
B*C*D*G 27 11430 11430 423 0.57 0.962
A*B*C*D*G 27 10786 10786 309 054 0.974
Error 512 380749 380749 744

Total 767 7142609

6.9
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Main Effects Plot - Data Means for flowtime
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6.10

6.2.3

6.4

Function Key Board

5
(B) 1 (C)
5 (G) P-Value
a =0.05 6.9
6.11
6.10
Function Key Board
(A) ()
(B) COMSOAL (c)
1(C) 18
2() 8
5 (G) 18

Function Key Board

Interface Board

Interface  Board
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0.05
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6.2.3.1
Interface Board
Interface Board
(Response)
2 2 15
MINITAB 13
6.11
6.11 MINITAB

Fractional Factorial Fit: utilization versus A, B

Full Factorial Design .
Factors: 2 Base Design: 2, 4
Runs: 60 Replicates: 15

Estimated Effects and Coefficients for utilization (coded units)

Term Effect Coef SE Coef T (5)
Constant 0.78098 0.000138 5676.54 0.00

A -0.09623 -0.04811 0.000138 -349.72 0.000
B -0.02920 -0.01460 0.000138 -106.12 0.000
A*B -0.00453 -0.00226 0.000138 -16.45 0.000



utilization

Normal Probability Plot of the Standardized Effects

(response is utilization, Alpha = .05)
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6.12 Normal Probability Plot

Main Effects Rot (data means) for utilization
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Mean

Interaction Hot (data means) for utilization
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B
6.14
2 Full Factorial Design
2
(A) (B)
(Interaction Effects)
(AB) P-Value 0.05
a =0.05 6.11
COMSOAL (C)
()
Interface Board
6.2.3.2 22

Interface Board

Interface  Board
22
15
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6.12 MINITAB

Fractional Factorial Fit; Output versus A, B

Full Factorial Design .
Factors: 2 Base Design 294
Runs: 60 Replicates: 15

Estimated Effects and Coefficients for Output (coded units)

Term Effect Coef SE Coef T P
Constant 1292.22 0.6073 2127.70 0.000
A 4137 -20.68 0.6073 -34.06 0.000
B -38.37  -19.18 0.6073 -31.59 0.000
A*B 157 0.78 0.6073 129 0.202
Normal Probabjlity Rof of the standardized Effects
(resporse s Qutot, Apra= ()
0.5
Q
S
[9)]
< 0.0 B
=
O
<
-0.5 -
e A
| | | |
-30 -20 -10 0

Standardized Effect

6.15 Normal Probability Plot
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Mean
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Main Effects Rot (data means) for Output
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interaction Rot (data means) for Output
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(A)
P-Value
6.12
6.2.3.3
6.13

22 Full  Factorial Design 1 15
2
(B)
0.05 a = 0.05

COMSOAL (c)
() 1

Interface Board

27

Interface Board

Interface Board
27

MINITAB 13

6.13 MINITAB

Fractional Factorial Fit: Flowtime versus A, B.C.  E F G

Estimated Effects and Coefficients for Flowtime (coded units)

Term
Constant

OTMMoOUO >

A*B

A*c

'
—

Effect Coef SE Coef T
674.129 0.6349 1061.81 8§88
76.937 38.469 0.6349  60.59 0.
72.987 36.494 0.6349 57.48 (.000
-7.620 -3.810 0.6349 -6.00 (.000
-6.640 -3.320 0.6349 -5.23 0.000
0.452 0.226 0.6349 0.36 0.722
-5.508 -2.754 0.6349  -4.34 (.000
9.211 -4.605 0.6349 -7.25 (.000
6.869 -8.434 0.6349 -13.28 0.000
1.116 0.558 0.6349 0.88 0.380
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flowtime

Normal Probability Rot of the Standard|zed Effects

(response is flowtime, Alpha = .05
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6.18
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Standardized Effect

Normal Probability Plot

Main Effects Rot (data means) for flow time
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652.971

631.813

6.19



137

Interaction Rot (data means) for flow time
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14 <4 600
F
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+ 600
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6 (A)
(B) 1 (C) 2 (D)
4 (F) 5 (G) P-Value 0.05
a =0.05 6.13
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6.2.3.4
Interface Board
1
6
1 2 4
5
6.14
()
(A) ()
COMSOAL (c)
(B) (p)
1(C) 15, 16, 17, 18
2() 56,7, 8
4 (F) 67,89
5 (G) 15, 16, 17, 18
Interface Board
6 3
MINITAB 13
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MINITAB

General Linear Model: flowtime versus A, B,C. | F,G

Factor
A
B
C
D
F

Analysis of Variance

Source

Type
fixed
fixed
fixed
fixed
fixed
fixed

DF

OO OO OVOWVOOWOWWOWOWWWWWOWWWWWWLWWWLWLWWWWWIPWWWW = =

(NS S &)
—~—J—

Levels Values

2 ms
2 cCp
4 15 16 17 18
4 5678
4 6789
4 15 16 17 18
Seg SS Ad% SS
7162134 7162134
1823935 1823935
36918 36918
41403 41403
11414 11414
111252 111252
24427 24427
628 628
597 597
2954 2954
1168 1168
227 227
26 26
181 181
351 351
1053 1053
1919 1919
707 707
1134 1134
1305 1305
1094 1094
663 663
440 440
1176 1176
325 325
1753 1753
1033 1033
476 476
809 809
369 369
522 522
529 529
1278 1278
1680 1680
974 974
2212 2212
1486 1486
2532 2532
2989 2989
3915 3915

Ad% MS
7162134
1823935
12306
13801
3805
37084
24427
209

199

985

389

76

9

60

117

117

213

79

126

145

122

221

147

392

108

F
4.2E+04
1.1E+04

72.65
81.47
22.46
218.92
144.20
1.24

OO OO OPRP OO OO OOORRPONO PO OO RO OOOOONUIE-
OO UTO RO LWWNUTIWDI P OOWOOLWI0O IR PN WO RS LWOoo
OCUIOTNOT PR OPRPROOITEREPRERWRFRLOCUITRPFP, OO RO OWONUIUIO 00

for flowtime, using Adjusted SS for Tests

OO OO OO OO OO OO OO OO ODOD OO ODODIODODIDODIODDDOO
OO, JWUOIOOWOOOONWUTIORPNDOOUIOOON NUTJO—
~NF, U1 oY UI00UTOY 00 UTIWN O JUITJOOODHOWUI— U10000
OLWOOFFRPUIOORFRPORFRPOOWHROPROPRRORF WA OOWUICOoOUTUT

139



flowtime

700

680

660

640

620

Main Effects Rot - Data Means for flow time

6.21

Interaction Plot - Data Means for flowtime
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2 (D)
P-Value
6.15

6.16

6.2.4

6.4

Interface  Board

6
B) 1 (€
4 (F)
0.05 @C=0.05
6.22
6.21
Interface Board
(A ()
(B) COMSOAL (c)
1(C) 18
2() 8
4 (F)
5 (G) 18

Interface Board

6.3
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6.2.4.1 22

22

MINITAB 13
6.17

6.17 MINITAB

Fractional Factorial Fit: utilization versus A, B

Full Factorial Design
Factor 2 Base Design: 2, 4
Runs: 60 Replicates: 15

Estimated Effects and Coefficients

Term Effect Coef SE Coef i/ p
Constant 0.84088 0.000320 2624.88 0.000
A -0.02588 -0.01294 0.000320 -40.40 0.000
B -0.01794 -0.00897 0.000320 -28.00 0.000
A*B 0.00518 0.00259 0.000320 8.09 0.000

for utilization (coded units)
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Normal Score

Utilization

Normal Probability Rot of the Standardized Effects
(resfXDTtseis utilizat, Alpha = .05)

¢ AB
0.5
0.0 - *B
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| 1 } | | |
-40 -30 -20 -10 0 10

6.23

Standardized Effect

Normal Probability Plot

Main Effects Rot (data means) for utilization

143

0.854

0.848

0.842

0.836

0.830

6.24
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Interaction Rot (data means) for utilization

0.865 —

0.855 —

G 0.845 —

0.825 — ~

6.25

2 Full Factorial Design 15
! 2
(A) (B)

(Interaction Effects)
(AB) P-Value 0.05

a =0.05 6.17

COMSOAL ()
(m)

6.2.4.2 22

15



MINITAB 13 6.18

6.18 MINITAB

Fractional Factorial Fit; Output versus A,

Full Factorial Design
Factors: 2 Base Design: 2, 4
Runs: 60 Replicates: 15

Estimated Effects and Coefficients for Output (coded units)

Term Effect Coef SE Coef T P
Constant 1268.63 0.7518 1687.47 0.000
A -73.93 -36.97 0.7518 -49.17 0.000
B -47.40 -23.70 0.7518 -31.52 0.000
A*B -31.40 -15.70 0.7518 -20.88 0.000

Normal Probability Rot of the standardized Effects
(response is Output, Alpha = .0)

¢ AB
0.5+
o
o
O
wn
< 0.0 e B
E
o
Pz
-0.5
e A
| | 1 | | 1
-50 -40 -30 -20 -10 0

Standardized Effect

6.26 Normal Probability Plot
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Main Effects Rot (data means) for Output
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Output
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Interaction Rot (data means) for Output
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(A)
(Interaction Effects)
(AB)
a =0.05
6.2A.3

6.19

147

22 Full  Factorial  Design 15
2

B)

P-Value 0.05
6.18

COMSOAL )
()

25

25 5

MINITAB 13
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MINITAB

Fractional Factorial Fit Flowtime versus A, B EF, G

Estimated Effects

Term
Constant

A*B

A*c

A*D

A*E

B*c

B*D

B*E

C*D

C*E

D*E
A*B*C
A*B*D
A*B*E
A*C*D
A*C*E
A*D*E
B*C*D
B*C*E
B*D*E
C*D*E
A*B*C*D
A*B*C*E
A*B*D*E
A*C*D*E
B*C*D*E
A*B*C*D*E

Effect

439.
230.
-5.
-1018.
-47.
14.
19.
-16.
-42.
-4.
-11.
-17.
1

41

31.
-8.
-23.
-23.
4.
44.
27.
8
54.
30.
-35.
11.
57.
28.
-33.
-31.
-29.

N O NN O 0ONNNNPRPEPORNNDOOO OO wDwoo o gk, o

Coef

7927.
219.

115

-2.
-509.
-23.

7

9
-8.
-21.
-2.
-5.

20.
15.
-4.
-11.
-11.

22.
13.

27.

15

-17.

28

-
~

N16.
Al 5
-14.

and Coefficients

for Flowtime
SE Coef T
8.892 891.53
8.892 24.69
8.892 12.94
8.892 -0.31
8.892 -57.27
8.892 -2.67
8.892 0.83
8.892 1.09
8.892 -0.92
8.892 -2.38
8.892 -0.25
8.892 -0.65
8.892 -1.00
8.892 0.11
8.892 2.33
8.892 1.76
8.892 -0.46
8.892 -1.30
8.892 -1.29
8.892 0.23
8.892 2.48
8.892 1.56
8.892 0.49
8.892 3.05
8.892 1.73
8.892 -1.97
8.892 0.63
8.892 3.23
8.892 1.61
8.892 -1.89
8.892 -1.79
8.892 -1.67

0.

O O OO OO0 0000000000000 O0O0OO0O0OO0OO0O O OO OoOOo

(coded wunits)

000

000

.000
.757
.000
.009
L4009
.281
.361
.020
.803
.518
.319
.914
.023

084

.646
.199
.200
.818
.016
.124
.627
.003
.088
.053
.531
.002
.113
.063
.078
.100
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Normal Score

flowtime

Normal Probab|l|t Hot of the s

%andardued Effects
(respanse is flawtime, Alpha= .05
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Interaction Rot (data means) for flow time
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6.20
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MINITAB

General Linear Model: flowtime versus A, B, | E

Factor
A

B
D
E
Analysis

Source
A

B

D

E

A*B
A*D
A*E
B*D
B*E
D*E
A*B*D
A*B*E
A*D*E
B*D*E
A*B*D*E
Error
Total

flowtime

Type
fixed
fixed
fixed
fixed

Levels
2

2
3
4

Values

m

cp

5 6 7

13 14 15

of Variance for flowtime,

D

D OO WNOWNWNEREREWNRRT

©
(<]

143

seq SS
5040624
1462729
90699464
110357
15310
142908
35983
17931
10313
17033
2390
14851
15815
14829
20564
937696
98558797

Adj SS
5040624
1462729
90699464
110357
15310
142908
35983
17931
10313
17033
2390
14851
15815
14829
20564
937696

16

using Adjusted SS for Tests

Adj MS
5040624
1462729
45349732
36786
15310
71454
11994
8966
3438
2839
1195
4950
2636
2472
3427
9768

516.
149.
4642.

w

O 0O 0O OO0 OO0 Ok N P

F

05
75
84
77
.57
.32
.23
.92
.35
.29
.12
.51
.27
.25
.35

0.013

0.304
.403
.788
.940
.885
.679
.950
.957
.908

O O OO0 O o o o

Main Effects Plot - Data Means for flowtime

A

D

9400 -

7900 -

7400 —

-

6.32
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Interaction Plot - Data Means for flow time

A o
A e
" B
S e e —— g
; ————y
E
6.33
4
(B) 2()
3 (E) (Interaction Effects)
2 (AD) P-Value
a =005 6.21
6.33

6.32

0.05
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6.22

(A)
(B)

2()

3(E)
6.3

1
(LCD)
COMSOAL

Function Key Board
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Interface Board
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16
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