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ABSTRACT

When the energy shortages, rising oil prices, environmental pollution and global
warming have become worst, the alternative energy development is the necessary
approach for each nation.-In-which solar industry is the most appreciative choice
in each country. This research topic is to improve solar module yield; however,
the bottleneck of general solar module plant process as one of the mast important
lamination process and it Is longest operation time in whole the solar module
production process. Otherwise, lamination process complete EVA(ethylene - vinyl
acetate copolymer) cross-link process and could detect some potential failures
such as “bubble” or “EVA curing incomplete” existing inside EVA layer by next
inspection station. These failures cannot be repaired and need to execute scrap
process. Furthermore, the solar modules are generally the warranty period up to
20 years in the market, but in the past off customer complaint cases often have
reliability failures which are come from potential problem of lamination process.
Therefore, this research is to find out related defects of lamination process of solar

factory and use DOE to find optimal process parameter to improve its production



yield and increase company’s competitive ability.

\ 1896

Key word: DOE -~ Solar module ~ Lamination process ~ EVA(ethylene - vinyl acetate
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PEB-Z FF (HPMREL ~ §F i R A% I E S8 Rivh)s KRR T %
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Fe 45 (2010) Ji * &l fi#t5# 45 0 TFT-LCD sh 4 1E2 B8 51 eh
FlF A4 BB R R S RS S BREFFE UVREER > Li8% 24 7+
FEHRKFERPT & DA RBEASTHR AR E TSR
B B F 22T 0% e e A E o e Bt W el
RN SRR = SGRRRES -2 WEEVER EMC RS R S X

Tk A A .
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S B AR N R S L84 B k3t (fractional factorial
design) > B & B Ljg* *t L 482 v 2 B 42 2x L 4f 3 (Montgomery» 2005 ) -
A F|F BB E I NG E TS B iR BAE % s B
DFFF R - IR RBEFFHRELNI AT P ORI RS P %
Il 2 F)F R FAR I A 4T B o 2K BAFRS L BT Bb F U > F]F K
Pl Fie 724216 % o FIIRAFE R o LT R 5%
(Half-Faction) » £ 3 24-1an i w5 F 3kt > PR Z 28 F 2% » w72 2KP
FlFRFAGELRTFFINEEE I AL > F FL enfe o
ErcE(2009) J* RnA FF R R EEF D G227 LED B2
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EVA Gel Contact Trend Chart
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EVARBAEW 27 pni* 433 FPEVAERF @ 27 RTESER
TEhMoEN R EY - FRFOEVARER % -
EVA %32 BRipF R D EVAH ARG 5 - A3 88 g & & > p enpsh
R EVA ek Ry R RLOEFHH T LR REEAYVIVARN
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Variable Name Level 1 Level 2
A el 100 & 150 &
B Ly 4 i 6 A
C dv g 8 4~ 10 ~
D EFRES 70 kpa 90 kpa
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E ok B & 0.5mm 1mm

TR ERE A S 205 TS R AR R FY g B
FREZET XS RREFEFIPFILLAFT > bEhRaT &R
BEER Y B TR T AT NS TS P skt 27 A Flded 32

P 3 e e 32

Fractiona
Factors:
Runs

Bloc

Design C

Alias Structure
| + ABCDE
A + BCDE
B + ACDE
C + ABDE
D + ABCE
E + ABCD
AB + CDE
AC + BDE
AD + BCE
AE + BCD
BC + ADE
BD + ACE
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BE + ACD
CD + ABE
CE + ABD
DE + ABC
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% 3-3 B Hwenfpet

StdOrder |[RunOrder A B C D E
14 1 1 -1 1 1 -1
11 2 -1 1 -1 1 1
3 3 -1 1 -1 -1 -1
1 4 -1 -1 -1 -1 1
5 5 -1 -1 1 -1 -1
4 6 1 1 -1 -1 1
16 7 1 1 1 1 1
6 8 1 -1 e -1 1
13 9 -1 -1 1 1 1
10 10 d: -1 -1 1 1
7 11 -1 1 1 -1 1
9 12 -1 -1 -1 1 -1
2 13 5 -1 -1 -1 -1
15 14 -1 1 1 i -1
12 15 1 1 -1 1 -1
8 16 1 1 1 -1 -1

Model :

Yikt = M+Ti +Bj+yk +77 1.0 o+ (TB)i +(TY)ik +(T 7 )it (T 6 ) int(BY)ik (B 7 ) j+(B 6 ) jm
Y 7))k (Y 8) kn H(1 6 ) F(TBY 7O Jijim HEijiim,

T=5e AR BB E TR, y=n B R =R iR HEER

Eijkim » LIS FAL IR

Assumption: gjjm ~NID(0,62)

e T Tl EVA i E 5 B

Ho: (tBynd)ijum =0  for all i, j, k, I,m

Hi: at least one  (TByNnd)ijkum#0
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4.1 ® {7 BERAAE
SRR S B R f AR & EVA B AREAR T i R 27
DY 6 R ARA | RRAR AT R ARG A G

PP R RIRS AR el RARE A R AR R TE S R 4R
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PR TG AT REKTALG A RFERTRIF R o EFH Gk 40T

241 B S b TR

StdOrder | RunOrder | A B C D E AR
14 1 1 -1 1 1 -1 84
11 2 -1 1 -1 1 1 80
3 3 -1 1 -1 -1 -1 80
i 4 -1 -1 -1 -1 1 78
5 5 -1 -1 4 -1 -1 79
4 6 1 iE -1 -1 1 85
16 7 1 1 1 1 1 87
6 8 1 -1 1 -1 1 83
13 9 -1 -1 1 1 1 81
10 10 1 -1 -1 1. 1 84
7 11 -1 1 1 -1 i 79
9 12 -1 -1 -1 1 -1 79
2 13 1 -1 -1 -1 -1 82
15 14 -1 1 1 1 -1 81
12 15 1 1 -1 1 -1 86
8 16 1 1 1 -1 -1 84
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42 FHAH
421 B &

241 FHREPEATRERZF RREL B icek RUlELS  F
s EVA 784+ £ (Gel Content) > #7241* MINITAB it 7 % £ #c 47 > 5%
e 42 STRET o JEOT % 3N i Alick 427 svi > FLF) S ABD
BATE T K F R B E 0 on S GRE ok F BB 4107
# 0 ABD = Bl & LR T ST gk BN L A e

E7FE i PRELS TS R

3

2
1

Y

242 kP e wg

B

)

Factorial Fit: Response versus A, B, C, D, E
Estimated Effects and Coefficients for Response (coded units)

Term Effect Coef
Constant 82.0000
A 47500  2.3750
B 1.5000. 0.7500
C 0.5000 - 0.2500
D 1.5000 + 0.7500
E 0.2500 0.1250
A*B 0.7500  0.3750
A*C -0.2500 -0.1250
A*D 0.2500  0.1250
A*E 0.5000  0.2500
B*C -0.5000 -0.2500
B*D 0.0000  0.0000
B*E -0.2500 -0.1250
C*D 0.5000  0.2500
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C*E 0.2500 0.1250
D*E 0.2500 0.1250

Normal Probability Plot of the Effects
(response is Response, Alpha = .05)

Lenth's PSE = 0.5625

Effect

Bl 4-1 ¥ i 18 5 Bl

9
Effect Type
® Not Significant
95 4 mA B Significant
90 Factor Name
A A
80 1 B B
o 707 c c
5 60 4 D D
O 50 E E
@ 40
a 30
20
10
5 -
1 T T T T T
-2 2 3 4 5

L P R4 ABD 2 815 F R B it 2 H L B F

A‘:‘—E;‘ 5 'S,if'zft\' 4'3 o4
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£ 4-3 ABDZ F+ PR

B ZREF(B)4 A 5P (B)6 A
b R
#H 3z E4 (D)
(A)
70kpa 90kpa 70kpa 90kpa
78 81 80 81
100
79 79 79 80
82 84 85 87
150
83 84 84 86

f1* MINITABE £ 72 A1 H 2540k 4-4 9787, =2 F]F 2 3 it®
s P-value & 0.529 4 *t 0=0.05, #7M = F]F 15 R I AFH o BB R - E T
PERF 23 (8% cfg € P-value 5 0.088 %85 d15 — BL2 3 i8% ofe 4e 8 B -

E R - E 3 R4 A EePvalue 37 3t ¢ =0.05 - AFr 4 gt TS 4

Jin

EVA chzdf e & L4 8 5o

7 4-4 R AT

Multilevel Factorial Design
Factors: 3 Replicates: 2
Base runs: 8 Total runs: 16

Base blocks: 1 Total blocks: 2

Number of levels: 2, 2, 2

General Linear Model: Response versus Blocks, A, B, D
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Factor Type Levels Values

Blocks fixed 2 1,2

A fixed 2 1,2
B fixed 2 1,2
D fixed 2 1,2

Analysis of Variance for Response, using Adjusted SS for Tests

Source DF SeqSS AdjSS AdjMS F P
Blocks 1 1.000 1.000 1.000 1.75 0.227
A 1 90.250 90.250 90.250 157.94 0.000
B : 9.000.9.000 9.000 15.75 0.005
D 1 9.000  9.000 9.000 15.75 0.005
A*B 1 2.250 2.250 @ 2.250 3.94 0.088
A*D 1 0.250 0.250 0.250 0.44 0.529
B*D 1 0.000  0.000 0.000 0.00 1.000
A*B*D 1 0.250  0.250  0.250 0.44 0.529
Error 7 4.000 4.000 0.571

Total 15 116.000

S=0.755929 R-Sq=96.55% . R-Sq(adj).=92.61%

422 KA EEEASH

AEGL R B EA T RS AR Y A R S o F] 42
= & - i g s TR
(1) 5% f& 4% % B(Normal Probability Plot) — B2/ % - s> 2 7R £ B &

FEAT B B B
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(2) & £ @ nE > Bl(Histogram) — k7 A £ & 5 ¥ A fe o

(3) #& £ e @ W (fitted values) — 2 L'~ #30F 0% F > % 8 fodn
B A 2 oo o

(4) 7 £ $pF 5 A B (Residuals versus order) — B17)¢ 7 1§ B 52
AR T2 TR R T O RLTRAP RS AR TR TR

B g An R B i 2 o

Residual Plots for Response

Normal Probability Plot of the Residuals Residuals Versus the Fitted Values
» 0815 0 0
90 0.4
2 o ° ° ° ° °
o =3
O 50 2 00
2 &’ ° ° ) °
10 -0.4
1 0.8 ° ° °
-1.0 -0.5 0.0 0.5 1.0 78 80 82 84 86
Residual Fitted Value
Histogram of the Residuals Residuals Versus the Order of the Data
4.8 08
g 3 - 7"\/A\/N
c
7] =]
T 24 g 00
£ L V V
1.2 -0.4
0.0 -0.8
-0.8 -0.4 0.0 0.4 0.8 123456 78 91011121314 1516
Residual Observation Order

Bl 4-22 & - 3§ 12237 H
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Interaction Plot (data means) for Response
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EVA Gel Contact Trend Chart
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