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Fig. 1 Equivalent circuit of a double diode model of a solar cell

TERL AR A AR TR P DR BH R b A i Y R I

W
=1, —]01|:exp[vr-: II/R*) - 1} _
1"t (1)
/ V+IR, _1l- V+IR,
0| €XP n,V, R,
Arpr, 1, ——KRBAH AR, Ay R, ——KBHA

AR, Q; R, —— K FHBEHL th I B FH , Q
[ —— K PHE b A A, Ay V —— KA Y
F R, Vs 0y n, T DD, BRI T
Loy Ly ——— A% DD R LI, A V, ——

ﬁm%mm%EWF%Lqu%ﬁﬁﬁ¢my

107" Csk N HIRZE S H 40, 1.381x107 J/K; T h K
FH FE 7 B, Ko
12 BEESHIR

TSP A 0, n, BEELME, T
M A OB RS, n, ARG — L, n,
AN P] R G6 e 8E  HAESEPRIG LT s 35
WSk AR Pl IR n, =1, n,=2 31T
TR

IR, 1=0, V=V, fEARK (1)

V V. V..
]ph = IOI|:eXp( I/"[ j 1:| + 102|:exp(2v j 1:| + ﬁ (2)
Kk 1=1,., V=0 LA ()F:

1.=1, —IOI[exp(I“R‘j - 1} ]02|:exp(125 ] 1:| - I}%Rs
t sh

Vv
(3)
B KR 1=1, , V=V AR (1.

L1, - ’HVVIR) _ 1} _

] V.t LR 1l- V. +I R,
0| €Xp 2V, R,

4%3%(2)1%/@(3)%[1%(4)’5
R.
Iﬁ(l - R;) IOl[exp( }+
V
]Oz[exp(zv’ )} R,
R, V. V.,
]m(l - Rh) ]m{exp( v j - exp[+v' j +
V. V. +I R, V.-V,
I°2|:6Xp(2V[j - exp( X ﬂ + R,

HR, <R, exp(“// j > exp( )ﬁexp(

ﬂ{’&yumuﬁ@ﬁmw@ﬂgﬁﬁz

(4)

(6)

)

2V,
I =1, exp(ll// )+]02 exp(;/vj g (7)
Imzlm{exp(ll//“)—exp V *, R }
‘ (8)
V. V., +1.R,
Io{exp(zvj exp( )}
(7)) RN (8) , AT %?ﬁﬂ Iy 1, E‘J%%l_iﬁ:

V., V.,
V.+1 R, V.,
exp(zv‘ j exp[ zvlj
Vi + 1R, V.. )
exp(zv‘ j - exp( ZVJ
V. V.

[Vm +1,..Rs) (Vj
exp V exp 7
I = t t

101=

= 10
” _V,+LR)\ _V, (10)
exp| ~ 5y v exp| 5 v
B 1 e 1, e B O R (10)7]
sh sh

N

V.+I.R v,
(]s(,—lm)exp( 2V,j I, exp( ZVJ
(1)

[ =
o V,+1,R, V.
exp 2V, —exp 2V



3112 K FH [ S 404
(IS(: - ]m)eXp - Vm : ImR~ - ]s(: exp _ﬁ VI = V| ref L ( 18)
v, vV, "N\ T
o= V.+I.R V. (12) S
. E. T
T, 7] Lit(ls)k I,= IOIM(TT) eXp{V : (1 _Tfﬂ (20)
qniXD o bt
In="3 (13)
T _ T (21)
Seft g —— WA = 1602X107 C o7,
AE R W E, LLEE B, n,=1.02%x 10" em™ R=R_, (22)

X, —HR2XEE, X,=05mm ; t — T
SR A AR, 1= 10 ms o

( V. +I R
X =exp| —

2V,
V,+1,R\_ , % I
V. e

é\

exp(-
e

(]N, - ]m)xz —l,x+1, exp(

j Woow

AR A (12) IF:

Ve j I, exp( II//')=O

2V
(14)
— R, R, BT R AR

A (14) AT F M 0T
ANHORAS « M -

V. v,
102+J]022_4(I ])|:]mexp( 2Vj I, exp( V[j:|

B 2(1,-1,)
(15)

VoHLRY prr o
mj,FJﬂJﬁ*Rs.

I,

H5 2430 (16) 1 45 RACA S (1), TR A3 1o
O

st (7) AT (17)

R, =

. exp(-

R =- (16)

Vi

V, V.
1.-1, exp(v ) I, exp(zvj

7 = {7 N S S N1 I ot (O S 1 B
Iph 01> 02 R R Bﬁ%ﬁﬁ
1.3 £TREZFHTSHEWEE

AR BES T b T K A AR TSR R 7
AN SEAD SR R A AR, SOk 14 ] i B AR A
BB A FDER R E NS BBIE, 1
TXBEI,. 1, 1, R R, V, (BRI

or™

(17)

A, o — R R A A/K; E, — PR
(R BT AT B 5 s oI TR B T, =298 K, iz 4 R i
S, =1000 W/m*, i ik K"
E,=E, [1-0.0002677(T-T,,)| (23)
X REFTIARE SR FIREHTRIBRE,  =1.121 eV,
18 1IEZ 5 S EARA K (D), BTR fig AS [F)
AR LR VR B L T

2 SERAHHEES

2.1 KPHAMATEZER

LT PR B AR AR SCHE Matlab 9 Simulink
P85 R SR AR A R S L Sl AR Y )y B B
MR SE T, =8.02A,V, =061V, =739A,V, =
0.49 V. HAF EEAINE 2 Fs .

TR BH H b LAY B A i e A (A,
TR UE AR A ARG B TSI AY A SCHE AR [R] %
PF T B AR AR A R S B I B s S R S
XL AR 174 O BH R b i o R il SRR T T L
w3 fE 4 fis .

3 4R IR EE S 1000 W/m? H 2 i), 278 K BH
MR 25 IR 200 -V ithZe. M 3 AT, KIH
b 174 8 5% R I A2 U E S e /) L AELATH I A T B T
AT BG5S A7 IR R Y S e A B A IR
JE R BEININTI8 /) o

XoF b B R A I R R AR A i e A S 6 3K
T £ 3 BT b o 1 i R I R ) T R R A
e s gt th 2 — BB A B & R E E
T B TR A ot 4 5 S e K i £ A T i H R R
(iR 2R A, ik nl f3H FEm RS T,
AR SR g 1A R b A A AR A T B R S R O b
R AR AR Ty, T A



114 AZEFESE: RS ORI Matlab/Simulink £ A 5 R 434 3113

0.003 a
a
Ish ] Iph
1121 Egref
Eq,ref
1000 5
2 Rs MRz 1 @
1000 Sref
v
Sref
298 T
T Rsh [ Rsh
P Trel
350 P Tref Iph, e F—piph =
101 {101
et §.02 Iscref
Rsh, re f—» R sh, refl
Isc ref —
Voc ref 739 it 101, re f—p 10 1ref
' 0z w0z _.EI
M Im,ref it
102, re f—W» 102ref p
Vm,ref t
t Reef—Reref
WA, re f—ei Vit ref
ni
T FER1 TR FHHI

B2 KB b A RS A

Fig. 2 Simulation model structure of a solar cell
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Fig. 4 Solar cell output characteristic curve, under change of

irradiance and constant temperature
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Fig. 6 Power curve of module with different proportions

Fig. 5 Simulation model structure of photovoltaic module
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shadow of single solar cell

Table 1~ Part of data in figure 6
BRSO Uy SHEP/W PR PIW A S SR 2% AR PIW AR S S (R 25 /%
PR 5.0 40.12 39.99 0.32 40.03 0.22
TR 10.0 81.11 80.63 0.59 80.66 0.55
TR 15.0 119.13 117.53 1.34 118.04 0.91
TR 17.6 133.23 131.67 1.17 131.87 1.02
TR 20.0 120.12 118.07 1.71 120.47 -0.29
TR 219 4.19 4.68 -11.69 4.29 -2.39
50%iHE+Y 5.0 40.22 39.98 0.60 39.99 0.57
50%iERS 10.0 40.43 40.67 -0.59 40.15 0.69
50%3RE 15.0 61.07 61.96 -1.46 60.45 1.02
50%iER  17.6 71.23 72.16 -1.31 70.43 1.12
50%iERs  20.0 82.28 83.58 -1.58 81.36 1.12
50%H Y 21.9 4.62 15.63 -238.31 4.93 -6.71
8093l 5.0 40.12 39.89 0.57 39.98 0.35
80%iEFY  10.0 22.39 22.59 -0.89 22.29 0.45
80%iERE  15.0 25.51 26.34 -3.25 25.19 1.25
80%IERY  17.6 30.19 32.22 -6.72 29.58 2.02
80%iER  20.0 33.94 36.63 -7.93 32.96 2.89
80%iERS 219 4.67 20.36 -335.97 5.02 ~7.49
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Fig. 7 Power curve of module with different proportions

shadow of two solar cells
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Table 2 Part of data in figure 7
- oV A B TR f:ﬂ‘i%’s’% R X%z:ﬁ‘i%& Lﬁ
PIW PIW SEMME IR 2/% PIW SR 22/%
RS E 24 AR A 5.0 40.22 39.98 0.60 39.99 0.57
WEPSTE 2 A4 10.0 40.43 40.67 -0.59 40.15 0.69
RS 24 AR 15.0 61.07 61.96 -1.46 60.45 1.02
JEPEAE 2N A 17.6 71.23 72.16 -1.31 70.43 1.12
TP 2 20.0 82.28 83.58 -1.58 81.36 1.12
PR 24 A 21.9 4.61 15.63 -239.05 4.93 -6.94
EPHAE 1A A 5.0 20.53 20.49 0.19 20.48 0.24
PSR 1A AR 10.0 40.63 40.77 -0.34 40.25 0.94
WEPSTE 1A% 15.0 61.17 61.93 -1.24 60.53 1.05
TP 1A 17.6 71.23 72.16 -1.31 70.43 1.12
R 1A A 20.0 82.26 83.58 -1.60 81.31 1.15
WERSTE 1S AR 21.9 4.61 15.63 -239.05 4.93 -6.94
RS 2 4 A 5.0 40.22 39.98 0.60 39.99 0.57
WEPSTE 24 A 10.0 40.43 40.67 -0.59 40.15 0.69
WERUE 2 15.0 61.07 61.96 -1.46 60.45 1.02
RS E 24 A A 17.6 71.23 72.16 -1.31 70.43 1.12
EPILE 24 A 20.0 82.28 83.58 -1.58 81.36 1.12
RS 24 AR 21.9 4.61 15.63 -239.05 4.93 -6.94
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Fig. 8 Power curve of module with partial shadow
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Table 3 Part of date in figure 8

o o BRIl B %:*;é%% XA Xf(:*)%i%’sﬁ
PIWV PIW SR 22/% PIW SR 24/%
4 F 20%3E Y 5.0 39.87 39.72 0.38 39.74 0.33
4 i 20938+ 10.0 65.39 65.95 -0.86 65.12 0.41
4 7 20%304Y 15.0 96.77 97.63 -0.89 96.23 0.56
4 F 209034 17.6 115.87 117.14 -1.10 115.04 0.72
4 F 2090384 20.0 122.83 124.79 -1.60 121.63 0.98
4 F 20%3E Y 21.9 4.37 10.52 -140.73 4.56 -4.35
2 Fr 40%3E 4 5.0 38.26 38.33 -0.18 38.21 0.13
2 K 40%384Y 10.0 49.22 49.58 -0.73 49.13 0.18
2 A 40931 15.0 72.29 73.35 -1.47 71.82 0.65
2 F 40%38 4 17.6 86.25 87.94 -1.96 85.33 1.07
2 i 40%3H+Y 20.0 98.52 100.45 -1.96 97.35 1.19
2 Fr 40%3H+Y 21.9 4.57 13.25 -189.93 4.85 -6.13
1 7 80%38E4Y 5.0 40.12 39.89 0.57 39.98 0.35
1 F 80%3E Y 10.0 22.39 22.59 -0.89 22.29 0.45
1 J 80%itE+Y 15.0 25.51 26.34 -3.25 25.19 1.25
1 /i 80%3HE+Y 17.6 30.19 3222 -6.72 29.58 2.02
1 Fr 80%3E+Y 20.0 33.94 36.63 -7.93 32.96 2.89
1 A 809+ 21.9 4.67 20.36 -335.97 5.02 -7.49
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MATLAB/SIMULINK SIMULATION MODEL AND CHARACTERISTIC
ANALYSIS OF PV MODULE UNDER PARTIAL SHADOW

Zhao Taixiang, Liao Hua, Ma Xun, Li Jingtian, Yin Junchuan, Liu Zuming
(Solar Energy Research Institute, Yunnan Provincial Key Laboratory of Rural Energy Engineering , Yunnan Normal University

Kunming 650500, China)

Abstract: The influence of partial shadow conditions on the output characteristics of PV modules has been simulated
and analyzed. The mathematical model of the improved double diode solar cell model has been established. The inverse
saturation current Ip, of the diode D in the model is calculated using the performance parameters of silicon material.
Except the value of the ideal factor n,, n. of the diode is the empirical value, any another parameters of the model are not
estimate value . Based on the mathematical model of the double diode solar cell and the simulation model of the double
diode solar cell has been established by Matlab/Simulink. Based on the model of double diode solar cell, the electrical
model for PV module under partial shadow has been established. The complicated mathematical modeling work of
building PV modules has been avoided. The model has been used to simulate the output performance the solar cells and
PV modules under different partial shadows, and the simulation data were compared and analyzed. The results show that
the output characteristics of PV modules are effected by the number and distribution uniformity of shadows.

Keywords: Matlab/Simulink; partial shadow; PV modules; output characteristic



