51

4.3 (Brainstorming)

511 (Process Operating Condition)

512

4.3



5.1.3

4.5

5.13.1

.612-2549

n

60+10 %

Inverter Feed back Control

5.1.1

(Chop Roving)
1 2,3
4.5

15



1( ) 3 cm. A
oC ) 4.5 cm. A
() 6 cm. A
5132
2 . Q1 1 Stroke 24 )
- Inverter
51
Inverter
stroke/
% 321
% y=1.06923x - 0.02545 .
R2=1.00000
25 — < -
20
13.9
15
% 85
TR S i . SO
0 ;
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
5.1 Inverter(Hz)
(Stroke/ )
13 Hz
Stroke/ 8 Hz
8.5 Stroke/ ( )
18 Hz

30 Hz 32.1 Stroke/ ( )

12

13.9



13

«gr
Inverter
1() 8 Hz. 8.5 Stroke/min
0( ) 13 Hz. 13.9 Stroke/min B
+H () 30 Hz. 32.1 Stroke/min B
5133 ‘
450
cPs.
550 cPs. ( )
350 cPs. ( )
IIC”

1() 350 CPs. C

0( ) 450 cPs. C

+1( ) 550 CPs. C

5134 :
27%
30% (
) 23% ( )
1() 24 %
0( ) 27 %

() 30 %



14

5135

(Gel Point)
1.5 /
1.7 / ( )
(Production Capacity) ,
13 / ( )
“gn
1() 1.3 /. E
0( ) 15 Jmin, E
() 1.7 /. E
5136
5 51
5.1
A(C) oC ) #()
A 3 4.5 6 cm.
B 8.5 13.9 321 Stroke/min.
C 350 450 550 cPs.
D 24 27 30 % by weight
E 13 15 1.7 m/min
514

( Aime)



5.2
521
12 2k
Designs
(Runs) 16

5.2

A
(spm)

C

E

6

251 Fractional Factorial
(Random Order)

(Replicates) ].

Stroll

centipoises (cPs)



Std
Order
1

2

10

12
13
14
15

16

5.2
Run  Center
Order Pt
6 1
4 1
2 1
15 1
1 1
1 1
16 1
9 1
5 1
14 1
7 1
13 1
3 1
12 1
10 1
8 1
522
5221

A
Blocks (cm)
1 3
1 6
1 3
1 6
1 3
1 6
1 3
1 6
1 3
1 6
1 3
1 6
1 3
1 6
1 3
1 6

(spm) (cPs)

8.5

8.5

32.1

32.1

8.5

8.5

321

32.1

8.5

8.5

32.1

32.1

8.5

8.5

32.1

32.1

C

350

350

350

350

550

550

550

550

350

350

350

350

550

550

550

550

(Analysis of Variable)

9
24
24
24
24
24
24
24
24
30
30
30
30
30
30
30
30

0.05

E
(m/min)
17
13
13
17
13
17
17
13
13
1.7
17
13
17
13
13

17

Response
(m/time)
10.79
17.00
16.10
20.00
15.09
18.38
22.00
26.29
14.23
21.70
22.00
28.00
10.87
16.40
19.29

23.00

16

i,

5.2



5.3

Analysis of Variance for Result, using Adjusted ss for Tests

(Total

53

Source DF Seq SS
Distance 1 102.010
Velocity 1 170.433
Viscosit 1 0.141
% Chop 1 6.052
H/C Spee 1 0.837
Distance*Velocity 1 1.322
Distance*Viscosit 1 2.856
Distance** Chop 1 1.575
Distance*M/C Spee 1 1.932
Velocity*Viscosit 1 3.478
Velocity** Chop 1 2.220
Velocity*M/C Spee 1 0.181
Viscosit** Chop 1 73.274
Viscosit*H/C Spee 1 0.245
* Chop*MI/C Spee 1 0.548
Error 0 0.000
Total 15 367.103
53 P-Value
Term Error
M/C Speed
M/C Speed

Sum

Adj SS
102)010
170.433
0.141
6.052
0.837
1.322
2.856
1,575
1,932
3.478
2.220
0.181
73.274
0.245
0.548
0.000

of  square)

(Mean Square)

5

Adj NS
102.010
170.433
0.141
6.052
0.837
1.322
2.856
1,575
1.932
3.478
2.220
0.181
73.274
0. 245
0.548
0,000

M/C Speed

(Sum of Square)

M/C Speed

Error Error!l Reference source not found.

*%
*%

ft*

*%

1

*%

1

*%

Term



78

54 (Without M/IC Speed)

Analysis of Variance for Result, using Adjusted SS for Tests

Source DF Seq s$ Adj ss Adj MS F P
Distance 1 102.010 102)010 102.010 136.28 0.000
Velocity 1 170.433 170.433 170.433 227.69 0.000
iSCOSit 1 0.141 0.141 0.141 0.19 0.683
Chop 1 6.052 6.052 6.052 8.08 0.036
Distance*Velocity 1 1.322 1.322 1.322 1.77 0.241
Distance*Viscosit 1 2.856 2.856 2.856 3.82 0.108
Distance*” Chop 1 1.575 1.575 1.575 2,10 0.207
VelocitY*Viscosit 1 3.478 3.478 3.478 4,65 0.084
Velocity*% Chop 1 2.220 2.220 2.220 2.97 0.146
Viscosit*% Chop 1 73.274 73.274 73.274  97.89 0.000
Error 5 3.743 3.743 0.749
Total 15 367.103
5.2.2.2 Effect
52
Effect 53
P-vValue  Error! Reference source not found.
0.05
Normal Probability Plotof the Effects
(response is Result, Alpha = .05)
A: Distance
+B B: Velocity
C: Viscosity
. A : % Chop
1
@
o)
O
2
A=
+CD
T T T
-4 4 6

52 Normal Probability Plot of Effect



Pareto Chartofthe Effects

(response is Result, Alpha =.05)

A: Distance
B— ¢ ] B: Velocity
A— 1 I C: Viscosity
CD— I D: % Chop
D— ]
BC— !
ACH ;
BD— :
BCD— ‘
AD—
AB—]
ABCD—
ABC—
ABD—
ACD—
C—
1 1 1 & T I
0 1 2 3 4 5 6
53 Effect
P-Value
(0 0.05
P-Value < 0.05
1 (Main Effect) A (
;  Distance) (
Velocity) P-Value 0.05
5.2 P-Value
0.05
A ( ; Distance) B (
; Velocity)
2. (Interaction Effect)
C( ; Viscosity) D (
;. %Chop) P-Value 0.032 0.05
5.2
Value 0.05

79



CD (

2)

5223

Distribution)

Normal Probability Plot
Pk= (k-1/2)/n PkX 100

54

80

3)

(Model Adequacy Checking)

(Normal
(Residual)
Pk= (k-1/2)/

(Residual)



8l

Normal Probability Plot

999 <

.99 +
.95 + x

80 ] .

20 -
05 4 ~
01 -
.001 H

Probability
3

T T

-1 0 1
RESI1

Average: -0.0000000 Anderson-Darling Normality Test
StDev: 0.978342 A-Squared: 0.184

N: 16 P-Value: 0.893

54 Normality Probability Plot

(Residual)

5.5



Residual

o=

Residuals Versusthe Orderof the Data

(response is Result)

== "

Observation Order

5.5

(Residual) (fitted Value)

(Predicted Response)

56

82



Residual

83

Residuals Versus FITSI

(response is Result)

1 " .
1 g g U IS CUPRPE S e U
-1 d
-2
T T T T T -~ T T 1 T
10 12 14 16 18 20 22 24 26 28
FITS1
5.6
4. Main Effect Plot Interaction Effect Plot
5.7 5.8 (Effect)
5.7 Distance Velocity
Viscosity, %Chop M/C Speed
Distance / Velocity
5.8

Viscosity %Chop '
Viscosity %Chop

5222



84

Main Effects Plot-Data Means for Result

Result

Distance Velocity Viscosity % Chop M/C Speed
22.0
20.5
19.0 ) ‘/"N”
17.5
16.0
o \?b \:~\
5.7 Main Effect Plot
‘IéneractiC\n Plot - Data Means for Result
H g e \b NV
Distance e _NF)
‘ 3 / [ | 1
delocity = ke o e 1
+ 85
Mscosity
[N
1 350
% Chop
[ S—— 1
' o :
MIC Speed

5.8 Interaction Effect Plot



523

5231 ‘

(Solvent)

250 m. 5.9

g/250ml
280.5

280
2795 y= -2E-06x° +0.031x + 269.7

279 R2=0.999

278.5
278

2775
277 ll’r

276.5 1 1 1 1 T

n'J'IN']Wﬁﬂ;cPs

0 100 200 300 400 500 600

5.9



100
76

55

(cPs))
300
350
400
450
500
550
300
350
400
450
500
550
300
350
400
450
500
550

73

(g/cu.cm.)
1.1088
1.1124
1.1156
1.1184
1.1208
1.1228
1.1088
1.1124
1.1156
1.1184
1.1208
1.1228
1.1088
1.1124
1.1156
1.1184
1.1208
1.1228

24%

27%

59

16
16
16
16
16
16
13
13
13
13
13
13
10
10
10
10
10
10

24

24

27

(cu.cm.)
68.543
68.321
68.125
67.954
67.809
67.688
65.837
65.624
65.436
65.272
65.132
65.016
63.131
62.927
62.747
62.589
62.455
62.344

86

76



5.6

1.459 g/cu.cm.

24
24
24
24
24
24
21
21
2
2
2
21
30
30
30
30
30
30

5.5

()
24

24
24
24
24
2
21
21
21
21
21
21
30
30
30
30
30
30

56

(cu.cm.)
16.45
16.45
16.45
16.45
16.45
16.45
18.506
18.506
18.506
18.506
18.506
18.506
20.562
20.562
20.562
20.562
20.562
20.562

87



5.7

(cPs.)
300
350
400
450
500
550
300
350
400
450
500
550
300
350
400
450
500

550

*9

24

24

24

24

24

24

27

27

27

27

27

27

30

30

30

30

30

30

(cu.cm.)

16.45
16.45
16.45
16.45
16.45
16.45
18.506
18.506
18.506
18.506
18.506
18.506
20.562
20.562
20.562
20.562
20.562

20.562

5.8

5.5

(cu.cm.)

68.543

68.321

68.125

67.954

67.809

67.688

65.837

65.624

65.436

65.272

65.132

65.016

63.131

62.927

62.747

62.589

62.455

62.344

/(

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100

5.6

5.7

(cu.cm)
84.993
84.771
84.575
84.404
84.259
84.138
84.343
84.13
83.942
83.778
83.638
83.522
83.693
83.489
83.309
83.151
83.017

82.906

(

/cu.cm.)
1.1770
1.1800
1.1820
1.1850
1.1870
1.1890
1.1860
1.1890
1.1910
1.1940
1.1960
1.1970
1.1950
1.1980
1.2000
1.2030
1.2050

1.2060



5.8

(cPs.) C0) (g/cu.cm.)
300 24 1.177
350 24 1.180
400 24 1.182
450 24 1.185
300 27 1.186
500 24 1.187
550 24 1.189
350 27 1.189
400 27 1191
450 27 1.194
300 30 1.195
500 27 1.196
550 27 1.197
350 30 1.198
400 30 1.200
450 30 1.203
500 30 1.205
550 30 1.206
Viscosity %Chop 5.2.2
5.8
Viscosity @oChop 3
A ( ; Distance) B (

; Velocity)



(cPs) (%) (glcu.cm.)
450 24 1.185
450 21 1191
450 30 1.203
59
“Cll
59
1() 1.185 [ .
0( ) 1.191 |
+1( ) 1.203 |
5.2.3.2
3 5.2.2 5.2.3.1
3 (3k Factorial Design with Fixed Effect Model)
(Replicates) 1 (Random Order)
(Runs) 27
5.10 5.11
A (cm.)
B ! stroke/min (spm)

C [ . . (glcucm.)



StdOrder
1

2

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

510

RunOrder
6
21
3

16

12

19

17
18
15
23
20
24

27
14
25
10
22

13

26

Blocks

A (cm.)

3

4.5

6

3

4.5

4.5

B

8.5
8.5
8.5
13.9
13.9
13.9
32.1
321
32.1
8.5
8.5
8.5
13.9
13.9
13.9
321
321
32.1
8.5
8.5
8.5
13.9
13.9
13.9
32.1
321

321

C

(Stroke/min) (g/cu.cm.)

1.185
1.185
1.185
1.185
1.185
1.185
1.185
1.185
1.185
1191
1101
1.191
1.101
11901
1.191
1.101
1.101
1.191
1.203
1.203
1.203
1.203
1.203
1.203
1.203
1.203

1.203

Response

(m/time)

4.56

9.15

13.42

12.27

10.52

19.6

n

115

20.56

14.15

21

28

21.8

26

31.2

27.6

31

34

13.63

19.62

23.62

21.62

19.62

29.5

24.95

25.31

29.95



5.1

(A; cm.)

( #ime) ('} stroke/min) (; strokesmin) ('} stroke/min)

85 139 321 85 139 321 85 139 21
. 1185 45 1227 1100 915 1052 1150 1342 1960 20.56
E
I

'@.) 1191 1413 21.80 2760 21.00 26.00 3100 28.00 3120 34.00

—-@nwlw

1.203 1363 21.62 2495 1962 1962 2531 2363 2950 29.95

5.2.4

5.24.1 (Analysis of Variable)

5.10

5.12

5.12

Analysis of Variance es Result, using Adjusted ss for Tests
ce
|§Jfa e )

elocl

oSy

Istance\(eloci
stance Dens
elocity*Dens|
[10

ota




Normal Score

Normal Probability Plot of the standardized Effects

(response is Result, Alpha = .05)

1.5
o C

1.0
e A
0.5+
e B
0.0
-0.5—
1.0
-1.5-
T | I T | [
-1 0 1 2 3 4
Standardized Effect
5.10 Normal Probability Plot of Effect
Pareto Chart of the standardized Effects
(response is Result, Alpha = .05)

C—

A—

B—

A B

B C -
ABC

AC—

511 Effect

A: Distance
B: Velocity
C: Density

A: Distance
B: Velocity
C: Density



5242
Effect
P-Value 5.12
P-Value <0.05
1
; Distance),
C(
3
2.
0.05
3.
5243
(Normal Distribution) 8k
ik~ NID(0,<72

51

(90

(Main Effect)

(
; Density)

5.10

(Interaction Effect)

Effect

5.10

P-Value
0.05
A (
; Velocity)
P-Value 0.05
P-Value

(Model Adequacy Checking)



%

1 (Normal
Distribution) ' (Residual)
Pk = (k-1/2)/n
Normal Probability Plot (Residual)

Pk= (k-1/2)/n  pkX 100

5.12

Normal Probability Plot

999 -
99 ~
.95 ‘1 L]
2 80 - B a2
3 R
% 50 g
Q % -«
09_ 20 - . /s ! |
05 #i T
01
.001 -~
-4 -3 -2 -1 0 1 2 3
RESI1
Average: 0.0000000 Anderson-Darling Normality Test
StDev: 2.00771 A-Squared: 0.460
N: 27 P-Value: 0.241
5.12 Normality Probability Plot2
2.

(Residual)

5.13



Residual

Residuals Versus the Order of the Data

(response is Result)

5 10 15 20
Observation Order

5.13

(Residual) (fitted Value)

(Predicted Response)

5.14



Residual

o7

Residuals Versus the Fitted Values

(response is Result)

4
L]
3 o
2 o« ® é
1] L] . .
° i ®
(1 R
_1 =) e [} .. .. [ ]
-2—
-3 s
L ]

4= °
2 T T ] T T I

0 5 10 15 20 25 30 35

Fitted Value
5.14
4, Main Effect Plot Interaction Effect Plot
5.16 (Effect)
5.15 Distance,
Velocity ensity Distance, Velocity
Density

5.16



Main Effects Plot - Data Means for Result

Distance Velocity Density
26 -
23 —
P
w
&
17 <
14 <
> » e o N ORI
5.15 Main Effect Plot
Interaction Plot - Data Means for Result
B o2 5 .\T‘@ R 5
Distance TR D
« 60 ’—’/ > S AT
o = iy ~~ i
£56 L% ;/\q
*30 /
Velocity /:\\,
«3R21 ,// =
///
+139 /\
'
* 85
Density
5.16 Interaction Effect Plot
1.185 cu.cm 5.17,

1.191 cu.cm



5.18

1.203 cu.cm

cm

g/cu.cm

%9

5.19

321 / 1191

m/time
40

35 ¢
30 -
25
20 ——
15

Interaction Plot-Density (1.185) for Data means of Response

g VelOCIty 8.5
----j--- Velocity 13.3
—~ 4 - Velocity 32.1

10 -

Distance (cm.)

5.17

1.185 g/cu.cm

Interaction Plot-Density (1.191) for Data means of Response

m/time
T

35 |
30
25 -
20 +

........

——p— Velocity 8.5
-+ Velocity 13.9
~ & - Velocity 32.1

5.18

45 6 Distance (cm.

1.191 g/cu.cm



Interaction Plot-Density (1.203) for Data means of Response

100

) oy - st VeiiCRY 0.3
M R N ----fl--- Velocity 13.9
35 Velocity 32.1
30 - &
25
20 +
15 4
10
s SN TESE
O |
3 45 6 Distance (cm.
5.19
1.203 g/cu.cm
5244
3
3
Stepwise Regression MINITAB
R2 5.12 Distance, Velocity Density
P-Value 3
Stepwise Stepwise 5.13 Step
4 R2 94.89% Distance,

Velocity, Density, Density2, Velocity2 Distance?2

( fime)

= -199,638 -4.65(Distance) + 1,666(Velocity) + 333,815(Density)

-0.839(Distance*Distance) - 0.0331 (Velocity*Velocity)
-139,542(Density*Density)
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5.13 Stepwise Resression

Stepwise Regression: Result versus Distance. Velocity...

Alpha-to-Enter: 0.05 Alpha-to-Remove 0.05
Response is Result on 7 predictors, with N= 27

Step 1 2 3 4 5
Constant -556.2  -199627 -199638 -199623 -199427
Distance 2.90 2.90 290  -4.65
T-Value 3.24 6.79 826  -1.39
P-Value 0.004  0.000 0.000 0.180
Velocity 0278 0278 1.666 1666 1666
T-Value 2,50 5.31 4.06 4.44 435
P-Value 0017 0000 0.001 0000 0.000
Density 468 333815 333815 333815 333815
T-Value 3200 -836 -1018 -11.13 -10.89
P-Value 0.004  0.000 0.000 0.000  0.000
den? -139542  -139542  -139542 -139542
T-Value 889 1082 1183 1158
P-Value 0.000  0.000 0.000  0.000
vel2 0.0331 -0.0331 -0.0331
T-Value 340  -3.72  -3.64
P-Value 0.003  0.001 0.002
dis2 0839 0327
T-Value 2.20 9.01
P-Value 0.035  0.000

10 2.12 2.23 2.04 2.09
R-3q . 5424 9004 9358 9489 9439
R-Sq(adj) 4827 8823 9205 9335 9306
Stepwise
Response Surface Regression MINITAB
(Term) R2
R2

R2 5.14 5.15
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(Coded units) Response Surface
Regression ( Aime)
= 31.580 + 4.348(Distance) + 4.505(Velocity) + 5.291 (Density)
+1,888(Distance*Distance) - 4.002(Velocity*Velocity)

- 11,303(Density*Density)

5.14 (Coded units)

The analysis was done using coded units.
Estimated Regression Coefficients for Result

Term Coef SE Coef T (5)
Constant 31.580 1.3488 23.413 0.00
Distance 4348  (.4813 9.034 0.000
Velocity 4505 05781  7.793 0.000
Density 5291  0.4813 10.992 0.000
Distance*Distance 1.888  0.8337 2.265 0.035
Velocnx*Veocn -4.002 10756  -3.721 0.001
Density*Density 11,303 0.9551 -11.834 0.000

= 2.04216  PRESS = 152, 012 |
R-Sq = 94.89% R-Sq(pred) = 90.68% R-Sq(adj) = 93.35%

Analysis of Variance for Result

Source DF Se% $$ AngS Adj M5 F 6)

Regressmn 6 1548.06 1548.06 258.010 61.87 0.00
Linear 3 884.90 109755 365.851 87.73 0.000
Square 3 663.16 663.16 221.054 53.00 0.000

Residual Error 20 8341 8341  4.170

Total 26 1631.47

(Uncoded units)
( fime)
= -199,638 -4.65(Distance) + 1.666(Velocity) + 333,815(Density)
-0.839(Distance*Distance) - 0.0331 (Velocity*Velocity)
-139,542(Density*Density)



(Uncoded units)

103

Estimated Regression Coefficients for Result using data in uncoded units

5.15
Term Coef
Constant -199623
Distance -4.65444
Velocity 166641
Density 333815
Dlstance*Dlstance 0.839259
Vel omtije ocity -0.0330755
Density*Density -139542
( Aime)
( ) y
5.20
(Distance)
(Density)

5.8

500 cPs.

Response Optimizer

(Velocity)

MINITAB

6 cm.

25.23 spm.

1.196 g/cu.cm.

27 %
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m/time
A Distance Velocity

Density

vy + a6 o

Maximu

39.0721

™ © g c(‘;) g %
5.20 (m/time)
(m/time)
Contour plot 5.21
1.191
1.200 15 30 stroke/min 34
39 m/time 5.20 39 m/time

Contour Plot of Result

1203 - -
1201 — e - /"//_,.,- ------------ -
1199 — g
1.197 — i
£ ' 39
= 1195 —
g \34
2 1193 — = o
“~. 29 -
1.191 — i | e
1.189 — ‘»»2\4\ |
1187 — 19\~ ST et
o N O o A
T T |
10 20 55
Velocity
Hold values: Distance: 6.0
521 Contour plot

6.0 cm



5.3

5.22 Surface plot

105

Surface Plot of Result

Result

20

2 Velocity

1185

Density 1205

Hold values: Distance: 6.0

5.22 Surface plot

6.0 cm

531

5.16

5.17
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5.16
(cm.) (Stroke/min) (cPs.) (%
4.5 13.9 450 27
6 25.23 500 27
5.17
No.
( ) ( 7 .- )
1 26.14 48.02
2 34.10 39.00
3 39.00 37.60
4 29.11 47.33
5 16.87 44.14
6 34.88 39.67
7 27.10 37.88
8 30.06 47.00
9 33.03 45.00
10 36.00
n 30.08
30.58 42.85
5.3.2

(Test of Two Parameters)

, (Test of the hypothesis that the means of

two normal distributions are equal, assuming that the standard deviations are unknown

and not equal.)



H: K=K

(Suitable Condition; )
5.18

5.18

Two-sample T for Current vs Suitable

N Mean StDev  SE Mean
Current 11 30.56 5.00 1.6
Suitable 9 42 .85 4.29 1.4

Difference = mu Current - mu Suitable
Estimate for difference; -12.27
%% upper bound for difference; -8.13

107

(Current Condition; x)
( Aime)

5.23

T-Test of difference =0 (§’5 <). T-Value =-5.14 P-Value = 0.000 DF =18

Both use Pooled StDev = 5.31

Boxplots of Current and Suitable

(means are indicated by solid circles)

50—

40 —

30—

20+

Current

5.23

|
Suitable
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95 %
P-Value 0.000
0.05 P-Value
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