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ABSTRACT: The Bishop reverse sub-circuit model of
photovoltaic cell was built up in the simulation platform of
MATLAB. The accuracy of the model under different
insolation and temperature was verified by the comparison
between the simulated and experimental results. The influence
of the parameters in the model to the electrical characteristics
of PV module was analyzed, offering guidance to the
parameter extraction and PV array designing. Hot-spot effect
might happen to mass PV array. The reason and condition of
the formation of hot pot effect were analyzed with the reverse
model of photovoltaic (PV) cell. The inhibition to the hot-spot
effect by both overlap and non-overlap bypass diode was
simulated, offering an accordance for the choice of the
topologic structure of paralleling bypass diode. Besides,
multi-peak characteristics of commercial PV array when it was
shadowed was simulated, and the protection effect of bypass
diode to the PV array was verified.
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Fig.1  Bishop equivalent circuit model of PV cells
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Fig. 3 Comparison between simulative and experimental
reverse characteristics of PV cell under different insolation
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cells under different value of parameter n
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Fig. 13 Electrical characteristics of PV module and bypass

diodes under the situation that the 6th and 7th batteries are
shadowed and the bypass diodes are overlap

WK 4. 5 5 E RS, ERERh 0, 25%,
50% , 75%, 100% , i e 3t 34 4 A5 UE % IR

500W/m?, i EL45 R anE 14 Fis.
4

........ 100%
- 75%
—=50%
——-25% |
0

ey FLRIA
N

_________

0
0 20 25
L NITAY)
() JetRdif: U-1 gk
50
AAAAAAAA 100%
----75%
40 - 500
= ——-25%
= —0
bl 30
i
= 20
&
10
0 Ve ;
0 5 10 15 20 25
i E eV
(b) Stk U-P itk
4
< 3 ........ 100% 1
2 [T o -==-75%
2 == 50%
gg 2 SN S
& N —0
1r AN
\\\ .\\ \\
0 NN N ) )
0 5 10 15 20 25
FEARBES it H s /v

(©) JeRAIME 55 s U-1 ihk

E 14 45,5 SHMEN, SR _IRESEFLARAHMN
EHR_IRE RS
Fig. 14 Electrical characteristics of PV module and bypass
diodes under the situation that the 4th and 5th batteries are
shadowed and the bypass diodes are overlap



126 OE B AL

T £ %

31 %

R LUE 255 R BRI N RGBT
HL Tt R il 5 5% s A R B AR DL R A it
SO0 P S DUSRABL, AT EERRS DN (1 U-1, U-P
it £ 5 IR D0 N B I ALARATEL, 2 MRS,
R IR AL, AT 4 AL 55
B W E A O P S R R O B
BRSO P AN, IR R, R
TR R REOR, S H AR R i LA 2, R
B K A 8 A, LI B R D& AU BLAEACH
Fe DX o 5% i AR TS T DU AR 41 AR RS 1 1R B K
HLUT A 2 A5 IR L, 5 2 AT B 0 AT AR AT & o
3.4 FRIMEEZEAXMIER

I DAk o3 B s o i AR T (R &
ey RES ORI 2 8L HL . (E— D
EANBETC BRI I AR i, A7 AE— AN KR 55
B FL R N PS5 I AR E RS AN A 20
JEIX ko

LT LA L Y S R K T 0.8 Uy A LA HE
WA TAEX . WiE 15 Pios, N-2 5 bl
i S HL A Uso

D
N~ U
L1
Us
— e - {2 ——
- U U Us Uy Us Un-2 Uy +

15 FEERZIREZH N RAKLARM
Fig. 15 N piece of single photovoltaic
cells bypassed by diode bypass

S5 AR B K RT 5% s FL It A BT
WER TR SIE, WA
qzm+§m (4)
2 18 B ARG AR Ha It BT BE IA B 1R B K L R A
FFEEHLIE Uper Us B K1H N 0.8Up, NI

Us - Ud + (N _l)Uoc (5)
A%Msl+9§%%:gi (6)

M Uy=15V, Up=0.6V, Ug=1V I, Npax=161".

g b, AR TR T LA R > K T R
K, BINERH R, (H RS A S 80 RA
IR Th &S LR IR X, 378 RAPRAE. vhab
— AN TAEARETCBR IO AR s, A Bk 5%
i P b E PR AR

DRl , 2 7 SR R R FELR L s K 5% B LT
KN e AL RN, ) DU HE55 i A A K40
FhEGHE, RN EARK AR B, I HA RS 2
IESRECKIIHTE R A, TR IO, IR
TR R 3 b g T,

4 KBRS ARETEEZEHTHAE
DT

RS TN S N SE RSy AP e e
Ji e

X T B 7 SO BE T 97 B AR 6 AR B 5
P OOHAT O B o HopotRALPE 1 By, Jel
S 4100 Wim®, At 41 1F Ol R B B B Ok
500 W/m*. ##: 7 R 16 Fior.

fhiE 2 F i 17 s

[ [
25°C, 25 °C,
wowm? | & 600 W/m? 7N
%ﬁﬁﬁl}____ SetRALE 4
25°C, 25 °C,
soowim? | 4 600 W/m? 7N
%ma#zl____ DLARZLLEE 5
25°C, 25 °C,
soowim? | 4 600 W/m? 7N
FetRAAE 3 SEARALE 6

B 16 AEFR_RENEALRAHEREFR

Fig. 16  Situation of commercial PV modules
with built-in bypass diodes
350 .
250
3 —= JeRAAE L
-"_"? 150 --=- ekt 2,3
S e
& [/ TIUEA
50 e -,
................... N
-50 L L L L L
20 40 60
gAY

B 17 AEZR-MRENHARKEAFEZLERL U-PE
Fig. 17  UP characteristics of shadowed commercial
PU modules with built-in bypass diodes

WG R, T AR T SR R, AR
HL ) P AN 2 I BILOK R S L S o IE RS DL T —
P S, AT, WA TR 2t
AR AR AR A B L /N P R P R,
PR I, EAR A it S P PR S A AR R, PR
TGRS i, AN S RS2 TR S



%5 23 1

U5 R ML 1 B8 0 LT S S5 127

{INPRCEEST A

U, R 5 RS L T T KA
G, HRFES] U-P BT S MRS A
R B K B B AR T R
K,

5 %51t

AICAE MATLAB i 5P 6 LS 7GR it
2 li1) Bishop A6 J2 LA 5 LR AR Y , G B S0
Haxstt, s bl TR A . et T
JCIRIE L IR AR AR S S HO R AL I
W RF R TSI s AT DGR it S 1 B2, 3 BT 45 H
246 AR LTt PR ReL % FEL /D T 90 40 F i 1) RO I
SRERPERV IS5 TS e — B AR -]
ABERN L ROV E B BE M. 5585
CAREE AT BRI A S AP,
M 55 i A AN R AN ST .
JFIR S5 % S PRI AR AR PP TR S
TEARFEZ PR A P 1 D0 T H DL T 22 e A
55 i —AE REEAR P S 2R (K R R

B2 3k

[1] B, XIEs, FMpEEE, 4. RBHAEGAR A L R H N
MIM]. dbst: BlosHifiet, 2005: 34-35.

Zhao Zhengming, Liu Jianzheng, Sun Xiaoying, et
al. Generation and application of solar photovoltaic power
[M]. Beijing: Science Press, 2005: 34-35(in Chinese).

[2] lonso-Garci’aa M C, Ruizb J M, Chenlo F. Experimental
study of mismatch and shading effects in the -V
characteristic of a photovoltaic module[J]. Solar Energy
Materials & Solar Cells, 2006, 90(3): 329-340.

[8] R, SKEREF, MRAEHL. KPHAE R I AR i A B
ZHM]. dbnt: Bl HARAE, 2009: 9-25.

Wu Caifu, Zhang Jianxuan, Chen Yukai . Solar
photovoltaic power generation and lighting[M]p. Beijing:
Sinence Press, 2009: 9-25(in Chinese).

[4] Meyer E L, Ernest van Dyk E. Assessing the reliability
and degradation of photovoltaic module performance
parameters[J]. IEEE Transactions on Reliability, 2004,
53(1): 83-92.

[5] Jaboori M G, Hanafy S M. A contribution to the
simulation and design optimization of photovoltaic
systems[J]. IEEE Transactions on Energy Conversion,
1991, 6(3): 401-406.

[6] Koutroulis E, Kalaitzakis K, Voulgaris N C. Development

of a microcontroller-based, photovoltaic maximum power
point tracking control system[J]. IEEE Transactions on
Power Electronics, 2001, 16(1): 46-54.

[7] Bose B K, Szczesny P M, Teigerwald R L. Microcomputer
control of a residential photovoltaic power conditioning
system[J]. IEEE Transactions on Industry Applications,
1985, 1A-21(5): 1182-1191.

[8] HLE, MOKA, sk, KBHAEGAR b RV

05 CYITP ERFARAR R Bk, (ivER s,
2008.
Du Hui, Lin Yongjun, Zhang Shaowei. Analysis and
simulation about PV cell output characteristics
[C]//University Press of Science and Technology ,
Taiyuan, Shanxi, 2008(in Chinese).

[9] Chihchiang Hua , Jongrong Lin , Chihming
Shen. Implementation of a DSP-controlled photovoltaic
system with peak power tracking[J].. IEEE Transactions
on Industrial Electronics, 1998, 45(1): 90-107.

[10] Azttt BAgeng, SCPRE, 45, JE 05 FUBTRY AR FHfE

TEAR BT BES R R AT O] W AR BARRRE
i, 2007(7): 1109-1112, 1117.
Zhou Dejia, Zhao Zhengming, Wu Libo, etal. Analysis
characteristics of photovoltaic arrays using simulation
[J] . Journal of Tsinghua University : Science and
Technology, 2007(7): 1109-1112, 1117(in Chinese).

[11] X8R, & H T2 A ¥ 1IGBT B S KA DGAR 1
HFHTFID]. Jbat: R, 2010: 23-52.

Deng Yi. Complex circuits for IGBT model and modeling
of large photovoltaic arrays[D] . Beijing : Tsinghua
University, 2010: 23-52(in Chinese).

[12] Simon M, Meyer E L. Detection and analysis of hot-spot
formationin solar cells[J]. Solar Energy Material & Solar
Cells, 2010, 94(2): 106-113.

[13] XE&EA. AEahfE K b R A R[], HEEAR,
1999, 23(1): 29-32.

Deng Zhijie. Recent progress and prospect of a Si solar
cells[J], 1999, 23(1): 29-23(in Chinese).

[14] 3KA). oK iR ERTSE[D]. fRoE: AR,
2008: 13-15.

Zhang Li. Research on photovoltaic cell character
[D]. Baoding: North China Electric Power University,
2008: 13-15(in Chinese).

[15] 55 F A 8T S, KB H it B se vk M. bt 52
WtipsL, 1987: 22-76.

Rauschenbach H S. Solar cell array design handbook
[M]. Beijing: Astronavigation Press, 1987: 22-76(in
Chinese).



128 S R <E 1 R R = SO 4 %31 %

[16] Xz, SetRTT FERICELZBEFEID]. alisk: alisk Ko,
2008: 15-22.

Liu Sumei. The study of mismatch in PV array
[D]. Shantou: Shantou University, 2008: 15-22(in
Chinese).

[17] X%, SIERG SN 5. AR RS R iIR &R 4
[M]. dbxt: 2Tk fRA:, 2007: 24-27.

Liu Hong, Wu Dacheng,, Yang Zhigang,, et al.. Household
solar photovoltaic power system[M]. Beijing: Chemistry
Industry Press, 2007: 24-27(in Chinese).

[18] Silvestre S, Boronat A, Chouder A. Study of bypass diodes
configuration on PV modules[J]. Applied Energy, 2009,
86(9): 1632-1640.

[19] Karatepe E, Boztepe M, Colak M. Development of a
suitable model for characterizing photovoltaic arrays with
shaded solar cells[J]. Solar Energy, 2007, 81(8): 977-992.

[20] Fldlaft, BA4ng, 3EaTR, A5 B Stk K DA R
SRERDGARIE T R G0 S S BU ). v [ rE B A 2

%, 2008, 28(31): 94-100.

Zhou Dejia, Zhao Zhengning, Yuan Ligiang, et
al . Implementation of a photovoltaic grid-connected
system based on improved maximum power point
tracking[J]. Proceedings of the CSEE, 2008, 28(31):
94-100 (in Chinese).

Yr¥s HEA: 2011-01-20.

EEEN:

H5§(1988), %, W54, FZM
HKRBHAE AR Z L RGEWFF, tgtiangi@
yahoo.com.cn;

. R FHIE(1959), 55, Hd%, P,
B gy KAty i A e
KBARES R K RS

(RfERE KER)



