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Abstract

To guarantee life time more than 20 years for manufacturer without stopping photovoltaic(PV) system, it is
really important to test the module in realistic time and condition compared to outside weather. In here, we tested
PV modules in highly stressed condition compared to IEC standards. In IEC 61215 and IEC 61646 standards,
damp-heat, thermal cycle(TC200) and mechanical test are main test items for evaluating long-term durability of
PV module in controlled temperature and humidity condition. So in this paper, we have lengthened the test time
for TC200 and damp-heat test and increased the loading stress on surface of module. Through this test, we can
get some clue of proper the method for measuring realistic life cycle of PV modules and suggested the minimum
time for PV test method. The detail description is specified as the following paper.

Keywords : B %% 2] 2.5 (photovoltaic module), W74 (durability, weathering), 412} A ol 4 #] (new&renewable Energy),
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E, : the effective activation energy of degradation
process

k : Boltzmann's constant

T : the sample temperature

el AoA tgdt oz HdAd
AREe] WFAdS H7EsE 23 Ead g
def 11eV7E 7H 54 o= 7Hd o] &
ZE = Ao® YETh

ek Fr1AH RE UFAS Bk ¢
gt o= A deds PHE St o
A xollA Zhesithd ofg 2(2)e Ak 2
o] yoll Al toAlTFE Qb EES 257 Tt =

METh gZhsE AW eE Tl Mo 29
E3to] Algdol Mol 5 & 9l ALk

o

—E, 1

kT, 1= t—t,

exp|

Te @ equivalent temperature

t :time

Tu(t) : the time-dependent module/cell temperature
t; @ time of test start

ty © time of test end

0=

=20 M= Eu(l.leV)el A% An
AR HFAARES] A Fe

e

(
adb)

]

S=Ef ORISR ==& Vol. 30, No. 5, 2010



gz HEAARE WA WS B2 B4 G2 A/ LAS 9

% Aol =2 85COIA 1000413F F
AW AP S04 259 ~50d 7H7tol
WP Brheke 1EYe AN
B AR E S BA 2 E AR
F wael Wyl 4 9% = 5 e o
A AgS Estel B2t AW W) A
NP WReR P19 mEe) UTae 4

i} 5 QlEAE B olo] Halke] A1Y A
P2 B2 MAstel @Y A3 vehd
S ool Aae B BAsAa st

22 A% ¥

H A AL E R HAAARELS AA
AAYE g FAAE Glass/EVA/ SoalrCell/
EVA/BackSheet®] ez gtn|ulolAd A
< o] &3t Az AT
=9 54 WstE #Fsty] fste] Hd &2
Abo] = 2m x 2m7HA] S 7Fs sk WAL

Ax +29%, WAL H =7 £2%<1 AH Solar
Simulator (Pasanlllb)E A}-&3t9ow &4
27 24 % 25T, AM 15 WAEE
7oA 7EAS ol &ste -V
curveE =43t 232U L Xenon Lamp
Hrgl o2 Hof dAMEo A 10msece] Pulse
Duration Times 7F<&= 54d¢] Qlth

Back sheet 9] 5713 F EAS AHR 12}
WVTR(Water vapor transmission rate) 23
< &St

37 7HE A EE Jaskr] 91t AFSE
FA AN = A7) 25mx2.5mx2.5me| ] i1
120Coll Al A2 -50C 7bA] ZZ a3 Ao}
Aow gxo] 7hset A3 et volHEA
(Agilent 34970A)& o]-&3to] 1&wnith 7] 2
25 5A4S EUHHE et

HYAARES] 5% Wie] B 54
SFobw izl At 6000Pa7tA] Aol7} FHsd
4% NY71% o8] mE A - Fuol o

A sEzAdA AHE 1A TH 1A 7S 1A}
o] FZ zleste] F 3rto]ZH S F Y3t

current-voltage 7
of 7FalA &= &8 W

o]

0,

2

Ry

t

i

2 jo

Keithly 2430

8 1. Dark -V &8 A|A” e

3 4% 23
&g BE Jxo] webd t27|% s
gk dubq o2 Back sheet= Ef

W o] A EA i, 7}
2 °] Zolo} atar, thFE7) 7} 1A S ok
o BEgh S o)A 7]7} HNEF= NS vz
3} ﬂ] ob‘ 22 923 Ao A HE B35
g} Back sheetd] 7] A% 54< 923}
7] €3t WVTR(Water vapor transmission
rate) 23S 18 23} 7ro] X &EYG . A
21 5% 85(7RH, S 60Ce] 310l A
Back sheetE &34 ZlEQ: J=lo] o
5.3212g/m” - day 9] =2 HE7} dojFS

o & glglu.

[o

|

1

= Ao AFEE HYFHAREES] Alo]l=
(Im x 1.7m)e] 7§ 7l 9.04g9] ol
T MR, wE W) Fol A%

B AR o] FA(eF 200pum) =
2 7} % o 335.9g9

S
2E Wi o] w4 7}

N oofl rlg A BN Lo

N
N
1o
2

o s 1
1o,

AN pe 22X
N

Journal of the Korean Solar Energy Society Vol. 30, No. 5, 2010 65



e8] Beigel et w8

41
e
mn
ir
o
Bl
i
N
o
o
o

1600

1400 P

1200

= 1000 /

‘Water Yapor [
o ®
S o
o o

a 1000 2000 3000 4000
Time [hour]

]
o
N
w
QO
Q
P
(2]
=0
D
@
mju
Ofm
o
il
N
i
4m
|'|I
o

o

Eetol= =9 Wy 5% oll® ¢

of tigk wAZE Il ot ofF 250041 7kl

A5 94% &9 717 vEdn o]

2E9 9 A5 A8% = Backsheet
=]

doolorfr Beomy > o lo

100%

——————p————8

95%
y = 6E-05x® — 0.0008x? + 0.001x +0.9988

90%

85%

Power change[%]

80%

5%

70%

0 250 750 1000 1500 1750 2000 2250
Timalhaurl

O3 3. 2EAt0|2 AEo mWE ZE 3 H5H(1)

100% f
90% [

80%

70%

60% <~
50% g
40% | \
30% F

20% [
10%

Power change [%]

0%
0 500 1000 2000 3000 4000
Time [hour]

a2 4 2ZAOIZ AEo wE 2E &3 WAk

ZNABtsA R A BEY uE, =,
AR FF = A8 FFd g TS
ZAVE AL BAHOR Fle Ao B =R
o] A= 2400Pa®] %713} 5400Pa o] 4] %71
Aol WA B7HE et 1" 5%
Zol 7tEe oA BE 8 AUt R
EAA Eobd S & & ASdH o=
A ko] wjg- F 2dA F71H BE AA
A w8 gRE 9t A =49
2400PaX.t} o & s} 2717

3, ol
2
X
Lo
>
)

o7 AgFojop & HoF Hlt}

B5400Pa

Power change [%]

3 V+ IR, @)
nkT B RSH

series resistance Cument
Shniles

NANN\—
R

S
shunt

IL (D ! resistance
Ran

a2 6. EfATIX|S| STtE 2

\oltage

S=Ef ORISR ==& Vol. 30, No. 5, 2010



J o

of ¢

=1
=

&b vhebom 4714

W3} &

1

A&zA949) o

T

olo

™
pg

ol

ﬁo

oy

wir

p—

0

"
o
)

— High Temp

== Standard
Interconnect B

R R ——
.

2000 2500

500

-
1

# of cycles

1000

- o S
#
.

500

115

R
.

& 3k

o] 1100Pa°ll A 1182, 2000Pacl A

=
=

]
1
1
1
1
1
1
1
i
}
&
=)
-

180% === ======~-

a @oue}s|say sajues

LE g
_/ﬁEUﬂ/_»l
Njo s
dﬂmi
o 2= T
S EN
R
B ST
X 5R gy Jn
WK
™, o
Nﬂ%
T S
ME,FA T %O
oR o) ¥
(XX OF
LT RN
oW Bo B0 )
o T Ow W
Ao Bk

80% == ===
80% = ===
20%

93} o] 2004}o]

(UL1703 Aol 45 %= 907)¢]

e P —

0,0002x" ~ 0,0023x" + 0,0051x +0,8948

¥

3850

[e]

300

280

Aol A o]

27

150
Temperature Cycle(ea]
7}
=
=

100

.

1

50

100%

2
=3
&

9¢
=3
=

=i ol A

B0%
50%

[%]d01Q xewy
o 5 ook %o
T TR AR o ]
wjr 1. o mwm T s
< ‘Ur Wﬂ_ i~ Ayl .m
4 % ~ §
R Y m_m
7ok KB
R LN
he 1J__/|| W’r o4 50 -
Lt u_Muo :ﬂAu ,X|~| Bo ‘_ﬂ_l a
ol s N E
LBy P
2 of & Tt &
ritsn f
1 o .
o o W A !
o Wi T
TEYETl
ol e
o e or o

7}

3

Dz

@ Axel U7

3

[

W+

o

L e e e

]_

sl

°©

, 71AA
o &

==
QLA

9

<
=

A 7]

Apo] SA]
=

IEC A

=

=

17}

)
JO

59 %

A%
A3y sh

=
K2

600 700

400 500
4 24, 92, /e

300
Minutes

(TC200)>

9

<
=

200

REER

o
a

o
Ho) wpel dofiti @

oF
i
_

ﬁo

)|

)

"
Hr
el
™

X
i

il

200AFo] F ©]

&

54 A
67

R

A9l

Apel & Aol A A7) 4, o 5

ot 19 939 Zo] Hdf 3504t0]

Journal of the Korean Solar Energy Society Vol. 30, No. 5, 2010



2007 & & 5004 1= 1 ,
o] A} 717410% AE
1

D
a1
S
)
>,

i

i
2
w0 o i E
o
£
o
NO
(L

ol ox rlo nl

ok &t jo

o b
tlo
rl

oF
2,
r2
ol
ol
X
40 of
3% o
s

& 7

o
rot

1. GH.Kang, G.J.Yu, HG.Ahn and D.Y.Han,
"Consideration of Electrical Properties in
Field—aged Photovoltaic Module”, KIEEME,
vol.17, no.12, p.1289, 2004.

2. GHKang, KS.Kim, CHPark, G.J.Yu, HK.-
Ahn and D.Y.Han, "Analysis of Photovoltaic
module’s Phenomena of aging with Acceleration
Test”, Proceeding of KIEE Annual Summer
Conference, 2006.

3. Dixon PR, "Thermal aging predictions
from an Arrhenius plot with only one data
point” IEEE Transactions on Electrical
Insulation EI-15, 331 (1980)

4. Y. Meydbray, K. Wilson, E. Brambila, A.
Terao, S. Daroczi Krauter, "SOLDER JOINT
DEGRA -DATION IN HIGH EFFICIENCY
ALL BACK CONTACT SOLAR CELLS”,
SunPower Corporation

5. Y. Meydbray, K. Wilson, E. Brambila, A.
Terao, S. Daroczi Krauter, "Evaluation of
High- Temperature Exposure of Photovoltaic

68

Modules”, Conference Paper NREL/ CP-
520-45986 June 2009

S=Ef ORISR ==& Vol. 30, No. 5, 2010



