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4.1

Time

Type |Temperature| Moisture | Operation

10
11

12
13
14
15
16

Run| &d

10

15

11
16
12

14

13

16



e P

4.2 Design-expert

421 (Estimation of factor effects)
4-2
Term Effect SumSq% Contribution
A 156. 98172 98.37 Significant
B 0.43 0. 7 @00072 Insignificant
C 0.11 0 . O50d1E-05 Insignificant
D -11. 534. ¢ 0.535 Significant
AB -1.83 13. 3@3 Insignificant
AC 0. 48 0. 9 0.0009 Insignificant
AD 3.82 58 . 40059 Insignificant
BC 8.8 313.°¢t 0.314 Significant
BD -5.97 142 0343 Insignificant
cD 0. 47 0. 8 9.0009 Insignificant

Lenth'sME 4.51

Lenth'sSME 9. 17

17



=

DESIGN-EXPERT Plot

Half Normalplot

Time
A: Type
B: Temperature 99
C: Moisture B
D: Operation 97 I
z "A
2 "
g 907; L p)
T
© % IB C
g 70 = |
o E| )]
z ° g
CRNE
=
2 =
= 2
0= B
I I I I I
|E ffe ct|
4-1 Half normal probability plot
4-1 4-2 4-1
4-3
Coefficient Sandard 95 %C|
Factor . 95 %CVIF
Estimate Error Low .
Hi gh
I nter cept 128.50 1 2.02 124. 09 132.
A-Type 78.33 1 2.02 73213 1
D-Operation -5.78 1 2.02 - 1038181
BC- (Temp.)*(Moisture)  4.43 1 2.02 0.8825 1
4-3 Design-Expert
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DESIGN-EXPERT Plot

One Factor Plot

Time 219.633
X =A: Type
Actual Factors 173.725 |
B: Temperature = 0.00
C: Moisture = 0.00
D: Operation = 0.00
()
E127.817
'_
81.908
36.000
I I I I I
-1.00 -0.50 0.00 0.50 1.00
A: Type
DESIGN-EXPERT Plot Interactlon Graph
) C: Moisture
Time 219.633 —
X =B: Temperature
Y = C: Moisture
B C--1.000 173.725
A Cc+1.000
Actual Factors
A: Type =0.00
D: Operation = 0.00 °
E127.817 — — -
'_
81.908
36.000 —
I I I I I
-1.00 -0.50 0.00 0.50 1.00

B: Temperature

DESIGN-EXPERT Plot

Time

X = D: Operation

Actual Factors

A: Type = 0.00

B: Temperature = 0.00
C: Moisture = 0.00

)
E
[

DESIGN-EXPERT Plot

Time
X =B: Temperature
Y = C: Moisture

Actual Factors
A: Type = 0.00
D: Operation = 0.00

C: Moisture

19

One Factor Plot

219.633 —
173.725 —
127.817 | I\I
81.908 —
36.000 —
I I I I
-1.00 -0.50 0.00 0.50 1.00
D: Operation
Time
1.00
125.545 131.447
[127.020]  [128.496]  [120.971]
0.50 —
000 128.496| [128.496
-0.50 129.971 127.020
[131.447 125,545
-1.00 T T
-1.00 -0.50 0.00 0.50 1.00

B: Temperature



4-4
+
* + High level High
level
4.2.2 -ANOVA TABLE(Statistical analysis)
ANOVA for Selected Factorial Model
Sum of Mean F
Source  Squares DF Square Value Prob > F
Model 99020. 35 3 3300 6 <00@1 s50bk/.f4@ant
A 9817240 1 98172.40 1503. 21 <0.0001
D 53438 1 534.38 8. 18 0.0143
BC 31356 1 313.56 4. 80 0.0489

Residual 783.70 12 65.31

Cor Total 99804.05 15

20



=

Root M SE 8. 08 R-Squared 0.
Dep Mean 128. 5 AdjR-Squared 0.
C.V. 6. 29 PredR-Squared 0.
PRESS 139 3. 2 AdeqPrecision 4 3.
ANOVA A D BC
A- D-
ANOVA R
4.2.3 (Formulate model)

Time=128.50+78.33A—-5.78D + 4.43BC

A

12

Time=12850+ 78.33A+0.21B + 0.056C — 5.78D + 4.43BC

(High level) (High level)

55 84 )

21



4.2.4 (Model adequacy check)

gES'GN-EXPERT Plot NormalPlotof Residuals
me
99 —
1 o
95 o
2 90 3 =}
= g
] 80~ g &
-g 70 = o =
o 7 0@
s o
T 30 - DD
E 20 = =
5 ]
z 10 3 m
53
18
1
T T T T T
1.83 0.89 0.04 0.98 1.91
Studentized Residuals
4-3 Normal probability plot of residuals
DESIGN-EXPERT Plot Residuals vs. Run
Time
3.00
]
K] 1.50 — .
g 5] 5]
3 -
2 ]
- 0.00 =
g ol : =
c =
]
2 o
2
O 150 =
]
3.00
T T T 1 1 1
1 4 7 10 13 16

Run Number
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=

DESIGN-EXPERT Plot Residuals vs. Predicted
Time
3.00
=
» 1.50 —
] ]
=] L ]
o
.g =
@ ]
o 0.00 =
]
8 o
o B
°
=
0 150 |
]
3.00
I I I I I
39.96 84.23 128.50 172.76 217.03
Predicted
DESIGN-EXPERT Plot ReS|dua|S VsType
Time
3.00
]
%) 1.50 —
= |
©
=] o =
=}
8 ]
@ ]
o 0.00
) g =
N m
c
o
5 E
2
2] 1.50
3.00
I I I
1 0 1
Type
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=

DESIGN-EXPERT Plot

Time

Studentized Residuals

DESIGN-EXPERT Plot

Time

Studentized Residuals

Residuals vs. Temperature

3.00
5]

1.50 —

- 5]

5]
[

0.00 El E
5]
=

B

150 | ©®
5]

3.00

I I I
1 0 1
Temperature
4-7 B
Residuals vs. Moisture
3.00
5]
1.50 —
= B
5]
5]

0.00 Q El
5]
=

B

150 ©®
[

3.00

I I I
1 0 1
Moisture
4-8 C
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=

DESIGN-EXPERT Plot
Time

Studentized Residuals

4-5 4-9

Residuals vs. Operation

3.00
=
1.50 —
=
=]
0.00 = 5
]
B
150 | B
]
3.00
I I I
-1 0 1
Operation
4-9 D
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5.1

5-1
3.5 12
0 0
0 0
0 0
0 0
35 12

2(Q)

L5V) L 50.165(min)x1( ) = 37.624A— min
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=

%:f:)x2068270mn)xﬂ ) =155.120A— min

37.624 _ 10.750(A— mln)

155.120 _ 12.927(A— mln)

5.2

A-hr  A-min

block) ( )
(Hill and etc., PV Battery Handbook, 1992)

A-hr  A-min

(P=12xR)

Cut-Off Voltage

27




-20°C~70°C)

(R._ A. Powers, “ Advances and Trends in Primary and Small Secondary Batteries,

1994)

300mA

(C. L. Mantell, “ Batteries and Energy Systems, 2™ Ed., 1983)
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6.1
2K
1.
Time=12850+ 78.33A—5.78D + 4.43BC
A
12
Time= 12850+ 78.33A+ 0.21B + 0.056C — 5.78D + 4.43BC
(High level) (High level)
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level

High level

High

300mA

L. Mantell, “Batteries and Energy Systems, 2™ Ed., 1983)

(C.

(R. A. Powers, “Advances and Trends in Primary and Small Secondary

Batteries, 1994)

5.1
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16

(Full Factorial)

31

(Fractional Factorial)

main effect
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