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Analysis of Solar Simulator's Uncertainty Factor for Photovoltaic Module's I-V curve test
Gi-Hwan Kang®, Chi-Hong Park', Kyung-Soo Kim, Gwon-Jong Yu, HyungKeun Ahn', Deuk-Young Han'
*Korea Institute of Energy Rescarch, 'Konkuk University

Abstract : In this paper, we analyzed the elements of measurement uncertainty on electrical performance test which are
the most important things in photovoltaic module performance test. Repeating the performance test by 6 men, the
measurement uncertainty could be calculated. In this experiment, Solar Simulator (A-Class pulse type) used for domestic
certificate test of PV module is Pasan IlIb (Balval, Switzerland). The possible elements of the measurement uncertain
that could effect electrical performance test of PV module are reference cell, spectrum correction, error from
measurement repetition, test condition, stability and uniformity of artificial solar simulator, To find the measurement
uncertainty, 6 men repeated the test by 10 times. And the results were that numerical average value was 124.44W and
measurement uncertainty was 124.44W=0.75W with 95% confidence level for 125W PV module.

Key Words : Photovoltaic module, Performance test, Solar Simulator, Uncertainty

1.4 &8 HEMW SAXOR HHs0 12 13 20, I 1A
B=HI9 20| HE2s BT B0 IXD, HFAPD
22 XNIPSH2HE SSNUX DY SHE 05
gmwfimoj'i E*HEH‘”O'“L;I:Q u%“ﬂ . j;’: o olag 4AXIZ UEW XS 2% E%Ce 8O,
ENEHCO QUOZM= BFAEZ, AIB & é <ET
MOIUXIO NS JIEHL0l BHHQ 042 SHEHD n N 34 o
ACH 012 I3 ILHUHME JIZHSEE (SLRO ce N -
20128 MTHAOIUX 5% A4S 50 L2510 UCH N
£5, AHANLXIE IR LTS 2D Ys A
BHS 20128 BB T 05 HIAY ¥ ZBAHES
DB S EIAIYS ST 4MS S0 S =

a0 H= =8ED ACH

CietA, B2 28 2 PCS S FRIIXHHOI CHst o
EHE T2 Y AEINFO HHYLN £QXI ARE S
UE NES MBE £ UEE ARG AL

U, SNHEY UBOIE ¥ S5O HHE MB 85 9.5 “15 s
Of ASAIEE SUSICH2E MEEX, A 83 ¢ M O 1. 5% B850 TAXM OH

BT Tetd 3 2E OEA UEte & A0 AEZ
O CHEt 28T E S E26t0h & 4 UL

=Xo WS I 200A 2= 20l 2830
E AI0AE 0128 SHES AT 24832 NE @2N BHE & UL Ol CIYE LABSO xgf 7
o 4S8 IS BIE & ASF GI) ASIK e SN Bt B yAS| BLBHE FOIACH
B 28O QBABUA Y FQE UHASAHON O ‘
50 EXEHT QOIS 2AED, AF AN Z i X T )
A0l IHE BN BHCE MEHAC @ @ ﬂ E> |
Y=L, X,, %5,000)
u@)
2. 58 285 Q0 S R W
X; X X
ZX0I2 OE 24 = BYZ S LHAS0 20 AN Ve N VAN
L SISXI0N CHet AlBSl S5 SRS 2= S0, = ﬂ jl @ l:> y
Ho| = SN & BEO2 HHHN @
Ho EI= 49 = 9= 2 ou_n C P 5o ¢
ENBACH B2 EYY U= OINN A =X
Of SBS D& 2 Y= ASO RTE =S435 [0 08 2. 2% 28T 485 QW



=3 E% TO! FAdiME O 30 THE
o 20| B SH0 o) L0 BHFU2 A(1HE 08

5101 MEX BIY z S NSO, AQE 01850 =
HEEMI s8 F6HH =Ch

| ——bs O

Ll

X X X

8 3. BEEXA 28 Random Effect

i

HEZHHS AG)N 02 Atpe BE 28c
ulz, )8 MBI S0, BEE B0 O IS
2 AW s e & UCH

_ 4 d=n F Tyt oz,

"E:%j;m’; T % :;3 I, 1)

o= \/(TiT)]il = L 2)
pa

ulzy) = s(z)= \;}{ ................................. (3)

U;™ N1 coriieeeeeiiireeee et (4)

A~y B A0 O S4B & 2= US A-type
EF EYUT2M, B 2 0l LIENY & U= Btype =
HEEBX ulz, )= 250 2 28 + ATk 018
A0 oIt BHEE 28 o, (y)8 HAGD, A7)
At REXNRE v,y B HAMBIH ¢ 2X B 2Ash &
(8)2 && B&: U2 #HR2XHCoverage Factor) kzt
S ME 8 4 Ul

u(xib)= ——;3—_ ............................................. (5)

c(y): \/u(xw)z-l—u(mib)? ........................ (6)
4

vegy = _“u(y()v .................................... (7)
i=21 Vi

U= ktt, () oot (8)

3. &8 Y

2 A 0AM= Pasanlllb Sun simulator(Baval S.A)2 AIE
St H 10lA 2eHie 201 AIBX 6201 DUE 108

£ BlE AMESIACH

I8 JIE2 2 25T, ¥
L,OOOW/m 2| AEZAH0M AIESHA SIH, 2 280 A
88 s ZRY LT 20.5% FE2 EE +03%
Z e S8 A8 ZFI0ICH

M B DEo Ay
4

oo
>

03

H1.PVY 28 g5 U= 5F 2

. Qper. ni n2 n3 nd n5 né

Time
Tt 124,41 {123.92 |124.43 1124.39 1124.82 |124.77
T2 124.22 1124.00 [124.41 {124.41 |124.90 |124.86
T3 124.30 |123.98 [124.41 1124.39 |124.90 |124.86
T4 124,22 1123.92 [124.32 |124.39 |124.82 |124.86
T5 124.30 {124.01 [124.32 |124.39 [124.80 [124.75
T6 124.23 |124.11 124,32 |124.30 |124.82 |124.86
T7 124.32 1124.03 [124.41 |124.39 |124.82 (124.75
T8 124,32 [124.01 124,30 |124.39 |124.79 |124.86
T9 124.32 {124.01 {124.32 |124.39 1124.73 1124.77
T10 124.26 {124.03 {124,31 |124.30 {124.79 |124.77
Ave. |124.29 [124.00 [124.37 |124.37 [124.82 |124.81

4. 210 ¥ N

4.1 EFEST Q¢ 24

EHgd Do YHSYSAEUNA Solar simulatord EF
EC Roez H8E £+ U= A2 I8 40M 2=bt
2t 20l 3H Reference cell ® HR2 Spectrum, 2l1d
NBEZ2Z Lis $ QUCH. SYE Reference cell X %’
S MBSO, AESA0 25T2 SLGIC JIEE o
AMEXH T2t +8 S= $435 Hi=SE3Fg S8oll,
HEERT o X TP 0l At B5F BHTE &
8 2 ULCL

' 28 Y]
Ref cell
Spectrum — Random en;\
| N\
€ == Bas &y

ec / | |

M' . s T 1 / oniformity  Stability

 cel ample L . i
A / Light
AYaY

218 4. Solar simulator®) X &L R0

42 £¥gs: 2N

H 10K 2=Hig 200 Al8X 630 8y 28 &
eSS AES 1084 HISAES 2UE EBZ A1)
oo sl BIZUE PO 2UACH

20 I8 S0 Sstiel 200 Al8X 6300 53
&b 2101 123.92W~124.90WTHXl BED0 M&SE BD g
2 12444WE UEHHACH. A 22)0 sl HFate
¥ HFUXE FYOL, I 60N ==ttt 0l
£0.31WE UEIIA20, Al3)M 2ish =0 et &
E ETE AL, 2% T0AM E=ttet 20 +0.13W
g LIEHHRULCEH

-6 -



Ol 2 S MNESAMM SFgt BXIL +05W 0l
L2t JINE O AG)H 6 EE 288 Alost &
o 029WE LIEHHA2O, Al6)0 28 X et=Es5F0
o|gt BIMEHE SEHTE HAS I 0.32WE LIEHHRY
3, ANl sk FEXNSRESE AHAS 2D 7.038 LIE
LHO t2 X2 Z0| 2o ¢ XHCoverage Factor) kat8
IE AR 2368 EE £ UALL

Tetd, A@8)2 OIBTI0 T EHTE AHME B
+0.75WE LUIEILHO & A E0IM Solar simulator® AIE5t
O 2XdsE MBS 21 108 SUHA Z=dter 20l
95% {MZISFEUA 124.44Wx0.75WS EZTEBEHT HYE
2E 2> URALL

LF
8 mean (X} = — 2 X;
iy (¥)=~; 2 i —
7
=124.44
6 _

o
.,

123.70 12390 12410 12430 2450 12470 12490 12510

measured value

OB 5 BEEAN 2D AN OE S I

Jrequency
£
|
1
\
|
i

123.70 123.90 124.10 124.30 124.50 124.70 124.90 125.10

measured value

¥ 6. PV 2E2 240 et 58 BEEBX

+s5(Xx)

s(F)= jn_ =013

JSrequency

*,
S 3 B AN

123.76 123.90 124.10 124.30 124,56 124.70 124.90 125.10

measured value

8 7. PV 282 LILS0 LE HE &%

9% VY TEAN e,
Lo 20.75W 4 ~,
2 a
7 b ] r ~
£ \.\’
6 7 4
/ 90% &5 FE A4
g' 5 7 eI LA S
S %
a' 4 f "-
& Vi N\
3 7, -
; \,
S N,
2 7 .
Ry *..
1 — l I <
o’ e,
P . . | e.

123.30 12360 123.90 12420 124.50 124.80 12510 12540

measared value

J8 8. PV 282 ZTLSAEH HE 2% SHE

2 =R0As BH2EZ 2SS dSAMENAM HE BR
8t %@QEAIEOH oM =3
ABX 620l BHEAEE >8E 2

B RDES LYHLSSAMENN ST BEHIN SES
= Q012 3 Reference cell ¥ Spectrum
= 2 AEEE ¥ ogdd

o YT Y AUTE FHE & UULL

LHLASMEN AIEE Solar simulators

EANEE 36| -‘?—!6}04 +E5E A

UHO OJ\

S

I'

class Solar simulator2M, AIEEXIS LT
5101, 2 =20lAE AEX 682 BHEAIE ".L}Oil st
&N BHLCE DUAN A MESHALL

0 ZD125Wa BN R 2EUM AEX 632 BHEA
B 200 9B At BDR U2 1244WE LIEHHUS
O, 95% &AM 124.44W0.75WS & 28T =
g 28 &= UAULL

a0 28

HD

[11 ISO, "Guide to the expression of uncertainty in
measurement”, 1993.

[2] KOTRIC, "Uncertainty in measurement”, 2006.

[3] EURACHEM/CITAC Guide, Second edition, "Quantifying
uncertainty in analytical measurement”, 2000.

[4] UKAS, "The expression of uncertainty and confidence in
measurement”, 1997,

[5] KRISS, "Guide to the expression of uncertainty in
measurement”, 1999.

[6] G.HKang, C.HPark, GJ.Yu, HK.Ahn and D.Y.Han,
"Electrical Properties of Photovoltaic Modules with test
condition of Solar Simulator”, Proceeding of the 36th the
KIEE annual summer conference(in Korean), 2005.



