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Fig.4.1 I-V curve and 3 points.

A N VNIl S N V1 ol



B4 BE  TEBEMET T U L TR ettt ettt st 27

<42> HEHRR, AlRA BREREHADRTEE

T, EAEEMIEREI ST 2 HBIBRICH 0, BEOREL H 5, KB EMMORERMIT 251°C)
QIBKNZEKHYEL L TEZHDONR— 2D T, WA TEKER I 2 RETS.

I,=A4-H+a(T,-25) (4.1)
A HHIEL, a:HAERIBEREAIC)

SBIER DML 3.2 O H-L FEOEEROEE L0, 4=44x107[A/IX] 45,
KIZ, BABEBEIRRQINEREDOHELERL, KA TRETS,

V
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q

0

mnkTm o
( 7 + IJ + ﬂ(T 25) 4.2)

B M EEREREIV/C), T, &Y 2 —/VRE[TC)

S DI, Dpmax (ZFEAETEIE L A2 L THBIBRTH Y, 74T 72 % FFOEHICER LEKX
BT 2D OB KN IIENEER Ly & BKHNEEEBE Vo 2 KK TRET 2,

—— ' (4.3)
v Pua _ FF-V,. I, -a,(T,-25) @)
ey 1

pmax pmax

K RS EEER-FEE BT
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<4.3> AL V-1 B DR

R A, B R O KR ) ROBRER & RBFE RO E & FAME > 5RO T V-1 Rtk E I
LGB ERY 5. V-,

Q(Vm dule +Rs]modul ) V dul +R ] dul
] :] __] ex 0 e _1 __ _module s~ module
module = 4 sc 0{ P{ mnkT, R, (2.31)

T&)éo Rsh>>Rs’ Vmodule/Rsh<<]module J: D ’ Eﬂ% 3 IE%JE{H Lf@éﬂ% LTb A < & ’

Imadule ~ ]sc - ]0 |:exp{ q(VmOdu1€ + Rs]module )} . 1:|

mnkT,

kT
< Vmodule = _Rslmodule + mnq = {ln(lsc + 10 - Imodule )_ 1n(IO )} (4-5)

22T, RSN Unosttes Vinoaute) = U pmaxsVoma) ZRAL TR ERD S &,

mnkTm In I.vc + ]() - ]pmax _ meax
q 1,
R, = (4.6)
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b,

K(@.5)DEDE 2 EHE BT PR O a1, @, o FFAVTKRO X 5 ICERIT 5,

kT
Vmadule ~ —Rslmoa’ule + (I—Cll—a_ + a3 ] - ek = ln(IO) (4~7)
2

module q

%ﬁ a, ax as %;kbb %) 7‘: bb: it(47)‘: (Imodule’ Vmodule) = (Isc ’0)’ (O’ I/oc)’(]pmax’meax)%'f_%A L’ tﬁi
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LD, BV a—MFEIMEm S 10 L LRSI, D <ca, ThHENMD,

SN R s
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Fig.4.2 Approximation function and measured data.(Illumination 114000[Ix])
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Fig.4.3 Approximation function and measured data.(Illumination 22700[Ix])
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Equivalent circuit
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Fig.5.1 Past dynamic equivalent circuit.
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Fig.5.2 Proposed dynamic equivalent circuit.
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Fig.5.3 Bias characteristics of solar module.
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B4 5.4 BoARFIASE % OBIEREERE 115000[1x])

Fig.5.4 Transients immediately after wiring short-circuit.(Illumination 115000[Ix})
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Fig.5.7 R,LC circuit.
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V,=(R +R,)i(t)+(RR,C+L+ Lw)d;—(:)+ RC(L+ Lw)%gt) (5.2)
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Fig.6.1 Simulation circuit configuration.
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Fig.6.2 Voltage instruction calculation unit.
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<6.3> EEHBEREOVIa1L— 3y

SEEEICBITAER L ZRETHED, BBREKEFLET TV Iab—a & i7H, [
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Solar Module Emulator
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Voltage instruction
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X 63 +Ial—iarEK

Fig.6.3 Simulation circuit.

F2 UIal—iargEt

Table 2. Simulation condition.

Condition | [llumination [1051x] Panel Temperature["C] | L[uH]| C[pF]| R[]
1 0.269 25.0 4.05 |0.458 | 4.03
2 0.488 25.0 4.05 10.424 | 5.64
3 0.698 25.0 4.05 [0.380 | 7.84
4 0.878 25.0 4.05 10.303 | 13.8
5 1.15 25.0 4.05 10.183 | 40.0
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Fig.6.4 Simulation result. (b=0.5, Wiring short-circuit)
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(a) Condition 1 (b) Condition 5

K65 Ial—rarfER (b=0.1, ERBERK

Fig.6.5 Simulation result. (b=0.1, Wiring short-circuit)
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Fig.6.6 Simulation result. (b=0.05, Wiring short-circuit)
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Fig.6.8 Resonance frequency.
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Fig.6.9 Time constant.
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Fig.6.10 Proposed equivalent circuit with the load
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(a) Transient characteristics.
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(b) Simulation waveform.
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Fig.6.11 Simulation result. (Condition 5)
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Table 3. Simulation result.
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Fig.6.12 Simulation circuit. (PSIM)
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Table.3 Circuit parameter of boost chopper.

Li[mH] | Co[mF] | R,[Q]
0.1 0.10 500
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X 6.13 EH EFAHEE

Fig.6.13 Voltage instruction calculation unit.
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Fig.6.14 Simulation result. (Condition5, Without C,, Duty=0.5)
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Fig.6.15 Simulation result. (Condition5, C;=10[uF}], Duty=0.5)
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Fig.6.16 Simulation result. (Condition5, C;=1{mF], Duty=0.5)
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Fig.6.17 Simulation result. (Condition 5, C,=1[mF])
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Fig.6.18 Simulation result. (Condition 5, C;=1[mF])
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Fig.6.19 Simulation result. (Condition 5, C;=1[mF])
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Fig.6.20 Simulation result.
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#include "stdafx.h"

#include <math.h>
_declspec(dllexport) void simuser (double Time, double delt, double *in, double *out)

//This is written by Shoichi Adachi in 2006, for the simulatiron circuit of PSIM.
{
A ST h: B E[e-5 lux] tm:/ S % VIR E[C] rnd BIEHLQ]

doublei_s,h,tm,r;

h=in[0];
tm=in[1}];
i_s=in[2];

r=in[3];

HEE DERTE
IRV = U ER qREMNE

double k,q;

k=1.38;
q=1.60;
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BT 2a—NI3T A—Z DRE
Im:Z A A — RHEREIEEL i o:fifafnEHi
Ikk: B K I EMEER — B ERL 7 VT 77 4
Nal: i D EFIRERE o be:tH HEEREREK
double n,i_o,kk,ff,al,be;
n=52.6;
i 0=1.15¢-10;
kk=0.875;
1=0.645;
al=0.0000100;
be=0.0000100;

//RLAE T 1sc, BAMCEIE: Voe, B K H HBIEEM Ipmax, A KHAEEELE Vpmax {ER
doublei_sc,v_oc,i pm,v_pm;
i_sc=4.4*h*(1+al*(tm-25));
v_oc=n*k*(tm+273)/(10000*q)*log(i_sc/i_o+1)*(1-be*(tm-25));
i_pm=kk*i_sc;
v_pm=ff*v_oc*i_sc/i_pm;

v_ref=v_oc;
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/AL R %R D ERL T F M a] B O B FIHRST r_s, B ORI al, a2, EFEE v_s
double al,a2,r s,v s;
r_s=(n*k*(tm+273)/(10000*q)*log((i_sc-i _pm+i_0)/i_0)-v _pm)/i_pm;

al=(r_s*i_sc-v_oc)*(i_sc-(r_s*(i_pm*i_pm-i_sc*i_sc)

+i_pm*(v_pm-v_oc)+i_sc*v_oc)/(v_pm+r_s*(i_pm-i_sc)));
a2=(r_s*(i_pm*i_pm-i_sc*i_sc)+i_pm*(v_pm-v_oc)+i_sc*v_oc)/(v_pm+r_s*(i_pm-i_sc);
v_s=al/(i_s-a2)-r s*i_s+v_oc;

IERESr # BB LIcE RS2 HE
double v_ref;

if(i_s>0.1)v_ref=r*i_s+v_s;

/AT if(i_s>i s ave*0.5)v_ref=r*i_stv s;ICEETHZ &

1B BRI

if(i_s>i_sc)v_ref=r*i_sc;
out[0]=v_ref;

/lend
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