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Abstract

In this study, the second-order Response Surface Method (RSM) is
used to analysis the quality factors of Ethylene Vinyl Acetate(EVA), i.e.,
filler material, during the encapsulation process. Through systematic
experimenting and regression analysis, the relationship between quality
characteristics and quality factors is found in order to establish
approximate responses. Looking at the encapsulation process on the
lamination machine, these quality factors(variables) are, heating
conditions, vacuum time, cure time, hold pressure and the kind of EVA
used. We set the level in each factor to reflect data from industries. The
levels were chosen three standard values from low to high. In addition,
the peel strength of the frontsheet/EVA, the peel strength of the
EVA/backsheet and the transmittance of EVA are set up as quality
characteristics (response). Then, through systematic experimenting and
regression analysis, the relationship between response and variable is
found in order to establish approximate responses by the Central
Composite Design (CCD).

The results are shown that the impact factors of the peel strength of
the frontsheet/EVA and the transmittance of EVA are heating conditions
and vacuum time; while the impact factors of the peel strength of the
EVA/backsheet are heating conditions and cure time. Through the
optimization of RSM, the peel strength of the frontsheet/EVA is up to
9.544 N/cm and the peel strength of EVA/backsheet is up to 116.193
N/cm. The transmittance of EVA is 68.686 % under average range of the
spectral between 200 to 1100 nm. The optimization results have been
tested again to verify the reliability. The uncertainty analysis of these

experiments is less than 10%. The result of the study shows that the



conversed power of the solar cells can be increased from 3.877 W to
4.013 W, which has a 3.51% power enhancement! Therefore, the RSM
for the optimization of encapsulation parameters can improve the quality

of encapsulation process efficiently.

Keywords: Flexible Solar Modules, Encapsulation Process, Response

Surface Method, Peel Strength, Transmittance.
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A | Temperature (C) 130 ~ 150 ~ 170
B | Vacuum time (min) 4-55-~7
C Hold pressure (kpa) 60 ~ 80 ~ 100
D | Cure time (min) 9-11-13
E | EVAtype Bridgestone ~ Mitsui Chemicals
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Peel strength{Frontsheet)

17 2644
4 3884

1 =4 Temperature
2 = B Vacuurm tirme

Actual Factors

Z: Hold pressure = §0.00
O: Cure time = 11.00

E: EVA type = Bridgestane
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170.00

146.00
13800 A Temperature
4.00  130.00

5.20
B: Vacuum time 40

(a)Bridgestone

Peel strength(Frontsheet)

17 5644
43884

®1 = A Temperature
2 = B Vacuurn time

Actual Factors

C: Hold pressure = 80.00

D Cure time = 11.00

E: EvA type = Mitsui Chemicals

Peel strength (N/cm)

170.00
B40 162.00
500 154.00
500 146.00
B Vacuum time 480 13800 A Temperature
4.00  130.00

(b) Mitsui Chemicals
B13 AFEFREREREZTFRFHLE MM ERERPELF B 5 B
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2.

Factor Coding: Actual Perturbation

Peel strengthiFrontsheet)
16 —
Actual Factors
A Temperature = 150.00
B: vacuum time = 5.50
C: Hold pressure = 80.00 A
D Cure time = 11.00 14
*E' EViA type = Bridgestane
Categoric Factors 'g
E K C
= 12
=
D
2 B
g
B wd &
©
[ ]
o
g —
B —|
I I I I I
-1.000 -0.500 0.000 0.500 1.000
Deviation from Reference Point (Coded Units)
(a)Bridgestone
Factor Coding: Actual Perturbat|0n
Peel strength{Frontsheet)
11—
Actual Factars
A Temperature = 150.00
B: %acuum time = 5.50
C: Hold pressure = 80.00
D: Cure time = 11.00 10 | A
"B EWA type = Mitsui Chemicals
Categoric Factors g D
E L
2 e B
=
=
g
S B
—
w 8 —
©
@
o
7 -
B —
I I I I
-1.000 -0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)

(b)Mitsui Chemicals
B 14 # & H &3 & 2 Fl5 3§ & B

445 R EVAZ 4145 R

Bl15% 3XEVA2. 7]+ 3§ & @] - ¥ ¥ =vBridgestonez EVA# 4% +
AL Ae R X KRR FIFREEF & LRy R FAES
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Bridgestonez EVAs: { 3 »x" & TPE# 4 » ¥ £ B :£13.32% -

Perturbation

(VAR

f-x\

Peel strength{Backsheet)
140 —
Actual Factors
A Temperature = 150.00 A
B: vacuum time = 5.50
C: Hold pressure = 80.00
O Cure time = 11.00 130 — B
*E: EVA type = Bridgestone c
—_ D
Categoric Factors = B
E =
= 120 —
=
=
o
=
@
=
@ 110 —|
@
@
[«
100 —
a0 —
T T T T T
-1.000 -0.500 0.000 0.500 1.000
Deviation from Reference Point (Coded Units)
Perturbation
Peel strengthiBacksheet)
126 —
Actual Factors
AL Temperature = 150.00
B: “acuurmn time = 5.50
C: Hold pressure = 80.00
D: Cure time = 11.00 116 —
*E: BV type = Mitsui Chemicals BC
Categoric Factors E D
E =
é 107 —
=
=
=]
=
2
@ 28 —
@
@
(=
89 —
80 —
T T T T I
-1.000 -0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)

(b)Mitsui Chemicals
B15 % 4% Ml 4] 4eas & 2 75 3 6§
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Transmittance

69 3482
®1 = A Temperature |
=B i SH
%2 = B Vacuum time 570 S
: e
et
Actual Factors R,
C: Hold pressure = 80.00 e T,
: : i 676 e
D Cure time = 11.00 P
e o R R e ety i,
E: EVA type = Bridgestone SRR "“.s‘:}‘ -:}ss.“sk i ‘a‘.o\g.};k.‘:t:““‘ i
W

Transmittance (%)

7.00 170.00

580

5.20

B: Vacuum time 480 13800 Al Temperature

4.00 13000

(a)Bridgestone
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Transmittance

£9.3482

66.59232
1= A Temperature
=2 = B Vacuum time

Actual Factars

C: Hold pressure = 80.00

D: Cure time = 11.00

E: EWA type = Mitsui Chemicals

Transmittance (%)

B: Vacuum time

ey
R e
P e
iy
S
SRR
e
St

7.00

5.80 154.00

520 146.00

4.60 138.00

4.00 130.00

(b)Mitsui Chemicals

RI6 AR RAENEZBRHELRT B FP T2 F R

Transmittance

Actual Factors

11.00
~E: BV type = Bridgestane

Categoric Factors
E

Transmitance

Actual Factors

A Temperature = 160.00

B: “acuurn tme = 5.50

C: Hold pressure = 80.00

D Cure time = 11.00

“E EWVA type = Mitsui Chemicals

Categoric Factors
E

Transmittance (%)

Transmittance (%)

EERE

68.2 |

67,9 —|

67.3 —|

57 —|

T T T T T
-1.000 -0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)
(a)Bridgestone

Perturbation

170.00

A: Temperature

59 —|

55,4

-1.000 -0.500 0.000 0.500 1.000

Deviation from Reference Point (Coded Units)

(b)Mitsui Chemicals
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dmin > BB 4 60kpas? % WP Omin e A F & & 1 4 AT IR E 2
Fo K AL deg B o~ W) 59,544~ 7.932 N/em > KA R A B ss B e
W 5 116.193 ~102.95 N/cm > 47 3 5 & %] 5 67. 944 ~ 68. 686% -
RHREET IS SRR S R 2R ST KRBT
FPARFHRELTAM B SR T2BREEE > LBy 2B
RIzFETIOE L Ry AETHREY TR EMFRITR kS
B R R AR DE LG c ATS B E A TIEREE R EHRER
2 £ B > %% K Bridgestone*t & & HAl 4 a4 & £ 8 58.91%

KR A R 59, 28% 8 kT iE % 5-0.01% > Mitsul
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Chemicals™t % & #fl&|ggse & £ £ 5 1.28% ~ A MR F14E% R &
11.24%82 5 £ 5 5-0.46% 0 B FERFL RS L2538 5

Mitsui Chemicals* # L 4ds R F % » 2 LMFTHFF %

%2 Ri~Rp¥® TL%iﬁ&E%‘”ﬂfr
F Rk E TS

Rt : Peel Strength(Frontsheet) A~C~E~AB- AE
» © Peel Strength(Backsheet)l A~ C~ D ~ E ~ AE ~ BE ~ A’ ~ D?
T : Transmittance B-~E-AB- BE- B? D?

403 BoiE g 2L

Constraints
Lower Upper Lower Upper

Hame Gaoal Limit Limit Weight Weight Importance
A Temperature minitnize: 130 170 1 1 ]
B:acuum time minimize 4 7 1 1 3
C:Hold pressur minimize G0 100 1 1 3
[ Cure fime minimize 9 13 1 1 3
EEYA type izinrange  Bridgestone Mitsui Chemical 1 1 ]
Peel strengthiF maximize 4.3884 17.5644 1 1 3
Peel strencthiE maximize 60902 136 265 1 1 3
Tranzmittance maEimize BE.5232 £9.3452 1 1 3
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Sohntions for 2 combinations of categoric factor levels

Humber TemperatureVacuum timeHold pressur  Cure time EVA type Peel strenigthPeel strength{BTransmittanc Desirability
1 192.45 4.42 60.00 9.00 Bridgestones 9.54374 116193 679435 0.660
2 152.49 4.43 B0.00 9.00 Bridgestone 955278 116272 67 94958 0660
3 152.458 4.45 B0.00 9.00 Bridgestone 9 55567 116336 67 95958 0660
22 15093 4.00 E0.00 9.00 Mitzui Chemica 789351 102 BES B3 654 0.E59
23 15128 4.00 60.00 9.00 Mitsui Chemica 79313 102.95 G5 6562 0639
24 150053 4.00 50.00 9.00 Mitsui Chemica 7.851 102.341 656513 0659
# 5 B i Bridgestone k& & $¥cF % B
@ 5 % e Peel Strength of Peel Strength of Transmittance
e Frontsheet (N/cm) Backsheet (N/cm) (%)
1 12.7148 125.7104 67.888
2 8.0736 128.2356 67.986
Average 10.3942 126.973 67.937
% 6 Sz i1t Mitsui Chemicals & & $-#cq % &
@ 5 4 Peel Strength of Peel Strength of Transmittance
8 Frontsheet (N/cm) Backsheet (N/cm) (%)
1 8.2192 116.7472 68.417
2 7.8468 112.2892 68.323
Average 8.033 1145182 68.370

27 B Gi-IpplES R

ez A3

Peel Strength of

Peel Strength of

Transmittance

EVA type Frontsheet(N/cm)|Backsheet(N/cm) (%)

o Bridgestone 9.54374 116.193 67.944
Optimization |~ "=
results Mitsul

Chemicals 7.93151 102.95 68.686

validation Bridgestone 10.3942 126.973 67.937
results Mitsui

Chemicals 8.033 114.5182 68.370

Bridgestone 8.91 9.28 -0.01
Difference P
Mitsui

Chemicals 1.28 11.24 -0.46
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BB as P FAuEA3.01%%23.49% 2% 5 SHBR P&
Bridgestonz EVAR /& ¢ j& 17 #2 B ek T e oa s > ® flle b
# 3+t { ®*Mitsui Chemicals °

=~ B

AETAIF e Gk L S AR T REE FHABR
PO A EVA S K R ElAz2 F15 B 4 8 20 ETFE e
EVA 2z 4 B ~ TPE #4282 EVA 2. 2|3 % B 2 4 28 ETFE % ~
EVA~PET k2 £RFZF =T - FRATE5Fpe

LI

L 2RETFE W EVAZ H @ ik HE£2 7+ 5 A K
FERE -CIUBPFRFMZ ABAFERERE ZPFF LI F% 55 &
2. EVA % Bridgestone ; TPE # 422 EVA 2 #3595 > 2 &
B2 %+ 5 AKRFER CHRBRRS MZE DIBFRE 2. EVA
% Bridgestone ; kM FHEF %K  HE B2 FF LA BRIFTER

2 AB R EREREZTERFIIEYIE > ik EVA i Mitsui



Chemicals -

2.4 AT %«ﬂ:rranggfs EVA & f # B MAET] S » k8 %5 iFr

2 ‘}Piif 2 # (Nisshinbo) 4| 5. Lam1222S 2 E 3

THTA e a2 H BT T F o
e P XA fehkkBRAEULEEET S R mFL T E LT
FlF 0 TRALEITTERKEL B TIRKBE - FHAMPI AT E

~F2 5 z_ Bridgestone EVA £ = & 2 100 ~/m> & Mitsui Chemicals
EVA & & 5 85 &/m . #ed A ig vt 4 ML R 17 WEE
#| %25 & Bridgestone EVA % 9.62 = > @ Mitsui Chemicals EVA %
10.58 ~ o L AE"R & fH e & A 5 3F * Bridgestone 2 # L L 1T X B

T e vt (Cost-Performance Value) i >+ Mitsui Chemicals -

3.5d A2 EVARITh B R s Hegd e Frf fi
i# * Bridgestone EVA z_ #2372 # F ¥ % 2 351% > @ & * Mitsui
ChemicalsEVA z_ #ice 4 =2 349% » 528 T M e~ X A g

# & > i % Bridgestone 2. & S EF R E Y A ATE o
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