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ABSTRACT

Under the dual constraints of the limited traditional energy depleted and the
implementation of sustainable development, it has become a hot issue around the
world that how to develop the economy. It requires the traditional alternative sources
of energy must be renewable and clean, and solar energy is one of the ideal energy to
meet this requirement. There is a variety of techniques in the use of solar energy. Due
to the many advantages, the research and development of photovoltaic power
generation in the industrial manufacturing technology has become a fierce
competition in the major hot spots of the world today and photovoltaic power
generation has achieved rapid development in the past 20 years. Although the installed
capacity of PV systems is increasing rapidly, the fault diagnosis of the control system
and solar panels is still blank. In the actual project, if the control is not good or
running with failure during operation of the solar photovoltaic system, the actual
effect will be greatly reduced no matter how well the PV modules are.

For the simulation of PV systems, through the analysis of the constitution and
the principles of the photovoltaic system, a brief introduction of grid-connected
photovoltaic power generation system parts, the principle and the corresponding
mathematical model is introduced. Then, according to the various parts of the
mathematical model and the practical problems, 1 use Matlab / Simulink platform to
build the various parts of the simulation model, including the model of photovoltaic
cell, the maximum power tracking model and the grid-connected inverter model.
Among them, the photovoltaic cell model uses a new four-parameter model with a
correction factor to build the model. It not only overcomes the drawback of the
traditional four-parameter PV model of low accuracy, and also achieves fast solution.

For the photovoltaic system fault diagnosis, this paper researches the work of
the scholars at home and abroad by the photovoltaic system fault diagnosis. Secondly,
on this basis, according to my own awareness and the actual situation of the
photovoltaic system failure, | sum up a photovoltaic system failure classification and
do some analysis. Then, according to the established PV system fault classification, |
propose a fault diagnosis algorithm based on energy analysis. The required parameters
of this method are easier to obtain, only the irradiance, temperature and other
environmental parameters and the AC/DC voltage and current circuit parameters of
the system. Finally, | achieve the establishment of the fault diagnosis system using the
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Matlab platform and the entire system of hardware and software system design and
build.

Experimental results show that the simulation model established in this paper
can achieve accurate results and the fault diagnosis system can accurately determine
the fault of the system and the whole system can achieve the design requirements.

Key words: photovoltaic systems, simulation, fault diagnosis
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BAREE | A SR RS R T o '
s s IEH VL H
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% 22 TR 57 5 T 3 53
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i | MR | W7 B
YL1E -
TE IR L E 7 R TR R (Go200W/m2) » I %I,
SRR K P AR M Nma S5 B e e S ARAR 945 s,
AN | [ ARSI, R RO JRETRR. 2ok
W | TR TS, T th 0 7 M 2 2 1
S0 T ey L P AR A T — I T (L /RN , T e
I A B
) et | TR ROV K E S, R B 27, iR
g | TR | TR STREKTAIEIAE, WA R
B A A
TE IR E 7 R TR L R (Go200W/m2) » I %I,
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FES1 H T Z S DP 5% HE T 2R PS4 DPO [ LB {E PR1, H1 PR1=1-
A% | 3. Hh & (1/N)*Nma $+5 ! Nma, #F Nma>0. 5, HAFHEEiE (Nma
RN 0. 1) BN ns, — BTN (5 AHEED
FFEFEER) N B 9 R BB, T MR < 37
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THE AR B PRLE, RN (3K) , fifidk PR1{E<0. 9
LT | I, TR GESS [ PRI
SR (A GEGS%) , MR ISR “ Wl 47 , 6T
Ak,
5. 24 e o »
g e | | TSPICRISTE PRI G, KR (1) PRLGETER Y
0 BSEE CNT 0.9) , MR HNEHR “Hks 57 , FEATICR.
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TR R RGAE RS S HUE R F e 25, A DA AT Wi
FIWr . B E R 2-1 frs.

WEZH. W JeREESIZ AL
AT, SRR HiiEE, &

IRET0, fEiEEG R R BEIEES

Bl 5 2 Bl 912

R A B R
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\ 4
SR it AR -
4135
A\ 4
HERR AR 4

HUE . HLR S Th A

2-1 R AR
JCAR R Gt SN SRS 2 10 Bodle s I S e, e Bl B2 W b e v
Ja, RS OAERIE T, JeREHRIRE 10, FREE 6 fLibgs Yok it iy
BATUME, Rkt SRS s e R R, THEAEZER )R, Jeik
ez g e th BE RS EDR S . IR Z); RIS IREESI S8 (HR
MR T HR, SCURMNZh ) AL an AR SRR, AR AADL0 A8 g Hh .
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AL W2 W A AT S TR AR - RIS WA, 2 SRR R P
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D50V, AP=TOT=—""p{ "1 Py %;ﬁ idknl, DN
- ,

.

B el il —

<TRces > 2
o

n2=0 I e T il —

5>

n0=n0+1
A

Pt

%

i 2
n3=0 [EEBPRSHT# |—»| idFn3, W1 |—

AR R T,

RARIEH
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Inco) <=0. 05Tpco

<

2 R
7=0 7= ‘ R
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9 2 5 R ARG I RE R ST

(RremaiL, &2501%)

4
R B AE AT A IR A R U
EVN VRS e

v

BEHUITA WS PRI (n)

ZE1FPRI (n) 0. ORI A5 K
A1

o] s |
S

5 (AP-APO) /APO, #RF| AL 1K
1B, DA =R A Bt KA Xt 7 ek 1)
Aitl, t2,t3

abs (t1-t2) <5min;
abs (t2-t3) <5min,
abs (t3—-t1) <5mi

i ey a1 S

K 2-4 I P2 R
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55 3 5 JGIR RG0SR 0 EURRY ST

F3E ARRGHNEREERGRAEENEY

3.1 R ARG RY K R IE
3.1.1 RRRGEENA
AR KRG — AT 43 NI EAR K R GE . TR & R G ANE & BB K H
X
1) ALK PBHBEYE AR & HL 2 48 K PHBEYGAR & A S LI IEZE ) R T3, B AYRRAE
N E SRR H B R . N KFHRE SR A BE R VG BN 5 T
T2, IMFRERG . NPORBHGE IR Y, T EE N FEH THEN. T2 #%
AL KPFHBE/KIE, 18H X% AN H 3 X b ] DL R & K L R S, WX )
KH/KPHRERK L HEAN RGSE . ML RGEEME WK 3-1 Frix. Hp, PV RIRHEGRH
T 2H B ) Y AR 2 A4 BB AR 2L A4 B 51

A R
BE§ Bk ol | SR
AN P ajr )
Zem || &%
G

K 3-1 MK FHAEC IR A L R 4t

2) FFWIKFH AE G AR A HL R AR R BH REVG DR R L R 21 [ 2 i IR A iR 5 2, RO
R AN TS, BLRURFE N AN TG 8 it . RATOR PR REDGAR K HL 22 DL BE D9 A, Rk A
EE AN BUF KRS, AL, e, RRERAFEURPRGER A, T
AR UK BRI, A HTH HEFROCIRR R G RAT R, AR Z b A
TR & RIAE il REA 1Y . A & IR T IR DGR B R SRR Dy Rl iR EE O
PR B ARG, KRR G BB 3-2 s o, us Rom L .

X
!
¥ PV

1/

E\‘KE Y
£l EQ% o JIKI.EE .(: )u,

K 3-2 FERKFHAEE IR K L R St
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[FlPF R W2 i S0 SR AN AR R G FURRAUL SR 2
3) WERDEIRK ARG T UL EW ARG AR T — G & K aldl,
HCAREES A AN L BE F i AN 2 i, AT RUR & A LA, ERERT PAE RS 5
TR, O] DL B At Jm 4 & it e
ARG CR RGN T, B RN S8 A SR B BEAT RGN B 7028, SBIRK
AR GUE R ULy P RDSRR R ST NGRS . R ITDEAR K i AR ge AR I Rl
WRE ARG K, RIDURKB ARG R ZL A a A H LB, E3 N
FIAREAR 2] b b 1 H I 2B AR AE; o BRI T B AR T, e 1
VIR A i e, BRAR 7 2SI AERE, A7 & H AT RSB, d. 8782 7 g I &
R, P g R JE BRI AL 2 4 L VO AN BE W HL AR R
3.1.2 HARMHFEERHFRE

JeAR H it A G IR L I e R e as AF, FL R AR AEARIT RN . 2 R FHOE (B At
i) JEST 2 IR Bt B, SRR OLEE, AR O . ERI A &
FIERITS, e s A R B, DR B s tE IR 5 AT AR R, A “OedE e
J7, X OCERITRN 7. F54E AR I PII 51 B AR B, Bt
“GerEmm” mid, MMERME IR . Zd bR i n) “ORERITRN 7, KEHIE
REMLBFZ ALK 1 HLAE o

JeAR B I FAR TR SRAR 22, e AITARAT % H I R ERTRG R o AEIX 25 0l AR 7Y
T, AR TR IS B R R A i) SR 1 R AR R
CHLH U R B A, R X R A Rl i MU R XU AR ) o v B 4
BRI N AR S AR (RS R MBS HRAR (R B R AL

IS HOEARE R R B I ] 3-3 Foms:

D :
I

D

Bl 3-3 DU HOE RAR T S5 2 R it
HA A RIE AN
V + IR,
nv,

=l =1, —1,(exp( )-1) (3-1-1)

ph

Hoef, 1 BRI IO B (A, | A T R FMEATE (A), 1 il AR

B (A, Rt R i S BRI (Q), n S B AR R T,
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3 R R G R A AR TR ) g ST
PREOARIE (V), Hh k =1381x107VK | gy kg 2 gy, q =1.602x107°C |
MR, T ABREERE (K.
T B B R 25 2 e B ) 34 T

K 3-4 TS B0 R S R0 1 ]

V+1-R V+1-R
S) -

szlph_lo(ex p( (3-1-2)

p
E¢,&%ﬁﬁ%m%ﬁﬁﬁ%m<ﬂx
L W e R 7 22 o B 1 P 35

Y~

RS
A

HEF I
‘[Dl ]D_ I

Ry

B 3-5 XU AR ARG 2 20 e ]

ﬁ
%

LHERRIE SN

—1,,-1,, -1
ph D1 D2 Ry

V+I1-R V+1-R V+I1-R,~ (371-3)
ph — Iol(exp( nv s)_l) - Ioz(exp( ) 1)_

17t 27t p

sorp, Tor, Tooygmat s g mom v, oy oo ymias g i A
B (A, M A R A T

3o R BT AR T T A AR B DU SO A4 R
B MR S D UL R BRI o 62 FELIAE R — W BRI T DU R B K, TR 5 4 e
SRARPUE, (HILAER AR, (SRR T & I KA 2 . T B MO L DU S8
T2 AN HEIE LB, R My ot PR LY TR T I8 P 55 %5 (MR, LA
SR OR IR PE 2R, (BT R AEAY, SRARH RN . W MR AR 5 KU
SR ERN T — A TR P LA AR TAERERRIK (05 Ak, T R I B AT 4T
FeAR M P ORI, (LR TSR RS RO A BT L, SRR R A, %
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[FlPF R W2 i S0 SR AN AR R G FURRAUL SR 2

s BEAT A AR IR P 5 SRS HUA e X R AR

FEAR I AE — e YR IR SR BN e R AR R 2k 1 3-6 P, HpP R = ANEEN S
O DL N YA ZHUE, X =S H A 9 R B FR A R D3R ORI i e
JE R, IX DY SEUE 2 0l o R FRIRUE Ise SR T s FRLE Imp, S K36 pi H R AR
Vmp, JTEHEE Voc.

MPP

P(V)
— V)

Vmp Voc
P 3-6 AR HL At e i 4G

3.1.3 RANEQIRERARIBN LM

JEAR HIB I -V Rt 2 ARG, — DIAEERAT T BB AR f i B SR Th 2 5
HAE, XA RS U2 IR R SR It i s R Dh 2 A S IB AR Fa it H B
R, RRIIRSIREE (MPPT) SN GIR KR AL & IREZ —. HAETA Z M
MPPT 5%, Hl s WHIAE L. gk S EE% . LR =R
AT R B A .

1) 8 H %

H H, 592 (Constant Voltage Tracking, CVT) FUFISIK IR, 9IRS AR KA A8 i,
JEAR I AEAN [FDG R 254 R B K D 26 s AR i Y B R AH ZE AN K, IR e e, 29
Xof B R fR 76%, FER IR BEANFDEIER , AR B B K T S LR A R —
TR E L PIMIARIT, XA AT REAE i R D3 U PO A AU B B FE s U=const 1]
—IREEE 2, JFRI R ELORRR R [ A R S R Dy R AR HL T I R R TN AN T
BRI U H T, 3t AT DAR SR UEAE 2R AL N K BH H it tH B R Th 36, Tl i 4 |
DC/DC A& 45 Hy B A G AR it ) e ORFFAE Ump 1B B, AT B K D) 28 R R
Ak e F R PRER (CVT) .

FHE R e V% SE T A K D AR BRER AN s sl oy B, A0 B 5y SeI, WIEMESR, 1k
PR EIRE G B LB S SN A BT CVT VEERRE— el FREBRELRE B R
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%3 & SR RGN R B A BT () g T
Surttn TR, EE VAT 25 RS 21 RN AR A Sk P X K BH B oK T %6 skt Hh F R 11
s, JUHE IR FE ORI, JCRBES [ B R T # sl e AR M, BRIk CVT ¥
ARBEIER X ERRRIR IR T CVT S5 HkE 2, AN S BB A
R ThEedi e, bR b A B AL SR A R AR &, B DAE R R T4 () 4
fih 4% i SR TR IR

2) PBhWLER:

B ML (Perturbation and Observation, P&0O) X MYJ€ 3, HLmEg—1N H S
AR, @ AIIAE — € RS HCN G RBES 4 e S 5 B, A RIRES T
i Thae; SRIG4 RE—A RSN, KIS 5 FE S A4 H A S R At
122N fa i 2 B ThR, 50— 2 e D R AT LR . G R T, )4k
SRR RENIA s AT Rz, WEZRRE JFRR30 7 oM R 7 gk AT . itk dz
BT R 2, BREDCREES TAEE R R Ih R S ha ™ . HimfEE e 3-7 fios.
€D
B J’: o

ZBV, I,
Pk:Vk'/k

A

| ig )t‘ Vref

Pk e >
\
Vool i ol N<1i;
= Mgy

(v | (A [

K 3-7 MM EERIFRE A

Forp ref At AR D K.

B EFAAIIN A e - — RO R R S8 MPPT 2 ik, HAE R
Pl ml, BRERAMS, 5Tl SMRRER R ER A . HBh e 6k
FEB i KPR R LR 1817, 2 ERIIRIRK; BB KB B IO iR Eir
FEAMME N TE T s AEIIE S HRACRIE IO, B 5 HBLRHA

3) HSHEL
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[5F RS w2200 S0 @A/ R K R G B, A 12
H 5835 (Incremental Conductance Algorithm, INC) & ) Y AR 7 B 4 H i i 5
SHSE [ddV) SFEIEXTRIES B SIS VD) AT, BLAIWRE T R 75 B

FE SR 7 1) () —Fb MPPT 541 850922 . 4 RS BiA I KT 5,
dP _ d(VI) L dI i,
dv — dv av

dpP _oo I Iy

= — =0
v |1=ty dV | 1=ty Vinp
V=V mp V=V mp

Hor Vmp 2GR Bt B K T 28 AAR R H FRUE, Tmp A2 AR H i A R T 2R s A P

H L
S8 BV R4 ) L SR R

a. 4 d/dV=- 1V 8¢ dI=0, dV=0 I, SufRrbIARE RINE L, V=Vmp, V=V,

b. 2 dl/dV>- IV 83 dI>0, dVv=0 i}, Jefhkel TAEER KIR s A M, V<Vmp,
V=V+Vref;

c. X di/dV<- I/V B3 dI<0, dV=0 i}, JefkrEith TAEFE &R KT s M, V>Vmp,
V=V-Vref;

Horr VR B se PR LR, Vref S2HH RIS K.

L3 1 BRI L R ARSI B B R IR G BB SR/ s & Tt s R 2218
&M G KBk m: REGEMA TR RINRE A RIEIRRG : WAL RS R T
KBS, NEHT/NZRFDCR KBRS,

15— FITERERIR B A, etk FR et il i i 32 B8 o S AR B 41 B £ 4
KA CARFEF A RS i A A 8 S R B e KD 2t R R R DTG, R
AEGARBES 4 e KD . AR RSl KDY IR A% — 2 — > DC-DC e #y (IR
PRERPTIAR ), AT LAEDGARBES S5 R B L), DC-DC AR #4545 %ZESZ_IEE%E’WI\*B
TR, SCARFES P32 25 25 113872 DC-DC AR 2 1 5 25 bE D AT Bl 6 28k 1) 66 4
AR MR I o5 2 PR AT DA AR B A PR S A AR EﬂTb@ﬁ')‘Mﬂi?JB&ﬁiﬁJi?ﬁ
W ILDGR R B R4t DC-DC A ik 3247 [ #eds (Buck Converter). JhH
X AFHeds (Boost Converter) FIF: [ & AF#e#% (Buck-Boost Converter) 2545, DLR X
X =Fh DC-DC Az ¥ #5 HEAT I ZE 1 4H o

1 s LS (Buck Converter)

Pl 3-8 ARk I TUAS e L %, FL HY H TSP Vo SR/ TR N LK Vin. 78 FELE AL
TR LR

V, =2V, =DV, (3-1-4)

(0] in in

H, D AT

20



353 ' GIR ARG S ) FUS Y AT
L
SNV +

1]
11
o)
=
<
S

7N
Vin QF? y U

B 3-8 [ & AR 4 2 Ha % 5]

Bt e SRR e 8 HOAE m2 FRLER fRT B, B R PERESF . LR A TN IR I KB 22 5
X N IR T8 RS R KN T 1, REEMEE; oo bR e R A1
H, (E1SHIRBN RERIRE .

2) JHEAA#3s (Boost Converter)

P 3-9 ATFE 2 0AR He L %, o LR ST R4 Vo B KT FELIE Vino 76 HEL Ak
F RS TAER

V =—= (3-1-5)

Vi

B 3-9 T He 2UAR e 2% Fi % 1]

THE R BB 0 5L BN FIRES:, X FL B FELRE T BN s TR R
RGTR B, IRB) R TR B . LR R AU R ) R KB I, e SO
K FdSHENKZKT 1, HEgftE.

3) JFpEERA B s (Buck—Boost Converter)

B 3-10 AT R R AR AR Sl . 75 LB A TS TR

v, - DY,
1-D

(3-1-6)
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[FlPF R W2 i S0 SR AN AR R G FURRAUL SR 2

. ) . K i

- RS |

Bl 3-10 F P4k AR e 7 HL 3% P

TR AR A5 A s s i H F R T DAYEAR 58 9YE Rl AR, W1 DRI o088 |5 =
e T 153 3 m T o T N R . R SR BN BRI ks & 5l X
PR LT

3.1.4 HRELEE

AR Cinverter) 2B A REF ARSI BB 1k & . @, KM pEReL
e 5 B L AR (P FE RO, HE 58 BORE R D RE I FE B RO BT R, ST SR R
(2% B RO BV % BRI A o 5 2 AT R, RN B F e AR 4 RS I L RE IR I AR AR N
AR, 05T RIS D) B8 IR B PR A0 AR R, SN AR G R (1) 2 B R O I AR 1 % B
5

PR AR B8 7E AR L R G0 IR F I mT 0 9 5 D0 FH R D oo 2 X AR 2R A 4
T H @R ML, RERERE S RGN EE, YT EER. I
WA A B E RS B b, BT LB RS R . AHAL, AT AN ERE .
FME A BT BN RE, HEEEATEE, SRR Z DA EmN L%z,

FRYE PR G 7 ] o3 R AR A . BRI AR . IE sz AR AR A A =
FHIS AR o X T H T I KRG AR SR, MRYEAA oA A8 AT 73 A8 I #8 B 0 AR 38 A1
AR RN AR RS

3.2 MRAGHERBNES

AT E T R G2 B FE B GAR K R S, EEHYCRFES . P AR 3%
WA RGN, X% & TR S Shae AR R . BRI IREE, AR, FF
WX RN H i A 5 WA 4% . AR BB MR 70 75 B v DA B 4 e T AE A4 A, A DAL FE AR
BT RGIBITIRES R FRARH 25 R

3.2.1 REFIRBIRE T

KBHEENCAR A HL T LT AR MR L 6 IRIE T 75 G LRI 5 R AR AL A f s R
B, TMFFEE2 3% EH k. A0 E N SR it & KOGtk RS = AR T IR
K. BEE AR RGN BRI Z , Bk, etk dth i ig v prid At i e 544 (i
PRAEMGUIRZES, R G=1000W/m2, Yotk e iR T=298K, KAJH & AM=1.5) HITERE
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55 3 5 JGIR RG0SR 0 EURRY ST

SRR IR RGBT 5 TR, RIRES £E 2 PR B T PR TR
HUBEITLHE e R B S a4 T R AS 1 e (RAS R — B2 U E 9 S 9038 i D™ s

TR AR R DL T Ok Lt B W B A AT S5 A FL B O A ST, B e IR s
E S EEN RN e S O R INCER Y U SiCN T S/ Ol VNG SR R CYS S0 G4 = Sl VN R RIS

VU B R & R R P . AR S RO AT A 6 IR AT AR AR A 1 DO A
FHASE, R GE R T, SRAEPE, (HILAERBEEUIR, EMOEIRIE T & mMIECR
i%%é[%], [26] 3

Se 2GRt U S g Rt 21 W1 DS N IR PR U RiED o ra & NG E Y LY Rt iy AR e
2B, AR BRI B OGOk bR e dh 28, (R H TR R A, SR AR

AR AR TS B R R B At B0 1 — A SRR DURAE B T AE AR X
IR SR, IZBAR R e A T RADGR R R R, (P RR RS H0v-EE
EWL, XAFHORAFCN A, 185 T AT TR BT RIS EOT B HoR g™

AT 73 A BLE =R R AT 1, IR L BRI B, 3R
TR U S HO R, IR R AR AR vy, (RTINS T SRR

(1) WWSHOGRBR
P S HOCRRE L S B I ] 3-11 s

R I
AN

1

D

] 3-10: T2 M0 o T o B
HE 2R IR N

VIR, g (3-2-1)
nv,

I=Iph_|D=|ph_|0(eXp(

e, Dottt A (D, o RERR AT (D, o s
kq
ﬁ:ﬁ%%%ﬁxw,&%%ﬁ%m%ﬁ$ﬁ%@KQLnﬁ:mﬁmﬁﬁﬁ?,M_T

AR AR (V), For k =1.381x107°UK | gy ks @i gy, o =1.602x107°C
R, T AR R (K,
3B 3 SR FE R O R 25 1 B AR AR AR R (3-2-1), LASRAB IR

HARRE TR, X8 ON R FRBRIRA TORR IR it (1=l V=0) Frigily
s (1=0, V=Ve) fugkahg s ([ =le, V=V,
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[FlPF R W2 i S0 SR AN AR R G FURRAUL SR 2

IR IR,
. N Isc = Iph - Io(exp(%)_l) Iph = Isc+ Io(exp(T )_ 1)

150 2% L U AL v, , HIEAE R v, , T

I_R

IO(eXp(SC_VS )_ 1)<< Isc ,
n t ’ Fﬁuﬂ’f%
Ly~ 1, (3-2-2)
V
0= 1y~ L(exp() - )
Eﬂ%%)ﬁ/ﬁﬂ\ Ve ’ ﬁzﬁexp(vi)>>1’ F‘ﬁw\ﬁfﬁ"
nv,

Vv
I, =1_exp(——= (3-2-3)
0 sC p( nV)

t

Imp = Iph - IO(eXp(\M) _l)
TE R KT % i, v, ,ﬁ%q__i§>i,mumﬁz

nV, In( 5°| mp) Voo

R, = | 0 (3-2-4)
mp
dpp_d(v) =(1+V d—') =0
o e av|l — av | av’|
TE BRI AL, mp mp

me ’ EIU\%H:':

V_+1_ R V. _+1_ R
N = th = (w) . |o exp(%) (3-2-5)

mp t

ARG S, BN ="VOyEIE R E T
¥ (3-3) ARE (3-4), (3-3). (3-4) RF| (3-5) A[{5:

| —
NIty by
R = e | (3-2-6)

mp

V,, —1.R
N = ()~ ) (3-2-7)

KRR (3-2-3). (3-2-6). (3-2-T) Eééjﬁﬁﬁfﬁi?%ﬁﬁﬁ'%%%&'o\ RN,
a. NFEIABDIRE T etRim NS E R
MIAERIRS KA, R ARG ITIRE S KA, HddE IR 55 &
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