N

s

B

=

: TM615

»
*

H

AR : 10363

% 5:2220320181

SR TTIOL P OCIRR L R GRS T T 7T

H

Research on Efficiency Improvement Methods for

Photovoltaic Power Generation Systems under Complex

Operating Conditions

A Wi
R0 - EAR
AR BEEE

SR EINETIE BT ER
WEFLT R (R0 28] TR

W E ;202546 5 H 8 H




TR ITERFANR IR 7

ANBEFEY]: BAETFAAREE, HE™EE N rTR2AMRI, 2
ARNAEFIMEFEF T, HSLHEATH S AR EUS B R o B SCrh B AR TE A
SIS, A SRS AR A N B i g R s S i (AR il
RN E . BXARNEART, BXAIEHAENTT, JFEamilBAs
W RVE S R AR AR AH

SRR AEER L it
Hi: 202545 A 12 H



ZWIIERFF AL ML ERFENH

FALR A E B2 T RARA R . AR S UE, AR AR R
B I 1 [ 50 SR B 1) B LA A2 518 SCI R ENPE AL 11, F0 VR SO ] B
D) o A NI 2R RE K 5 AT A AR 22 07 18 SCIR 4 B BT 70 N 2 2 AN AT R B
PEREATIEZR, T DLCRAISEN . 4 B Bd 4 <5 2 1) - B R AF A S AR A 18 3
R O, £ _ S a G AR .
AR E T
ArE M.

ﬂ%

SN AR E A Wi e FHINEA4
HiH: 202545 H 12 H HEH: 202545 A



RT3

85 TR AL B RGREARI T AR

=

b8 & A Y5 A SR AR EE I G in) JUIN R, K BH A6 AR & BB AR B AR
NN BE VR fE LA B AR AR HE I B B e T Rz — . AR, eIk A
AR RCRAR S o PRI RUS M 7 . B2 0 A 51 R 1 22 W Th 2R Fy
PESEAE . H, FISZIERS B AR R R 2 51 R AP
L, 3 R I BN T B A AR B B R A s BB A
1) 22 e Dy 2 R 1 ) 2 S8 38 RO e K D 2R U BRERRE FE . Ak, #8 AR
IR TR OGAR R G0 K FRL AR O 1% 8 T 5 2

AILENAE TR R, BT MATLAB/Simulink
TG AL T ORREESI R B, B TR ISR . PABEIR R
FhaE e R R . f A SRR EEER TR, ek
B %1 4t T 28 52 [ 52 X 30" IR 5 B AN B 4 25 M 1) SR R 52 el o e X
FEASTE 0L s et e R B, SRA AR (TCT) Z5Mtae
R EIFf HERe . R, ASCHE SRETT TCT 251 RE81 1%
PRI

HK, BT IR R R & SRR AR (MPPT) HIEAJR
B, IR RIEE GRS 2SR BE MPPT SBykEAT T o fr et th. 4
XA G G BN JR BB A WS B 18 D R PR B R AR 1) 1] it
P — R T OO KRR AL (IGWO) FIIEIWEE (PO) HIBIRZE
g MPPT JRGHIE, ReS A RUARRIIZIRY S5 MRS R . 8
iGN T RIZR B AR RS A 7, BRKIRFEE (GWO) H
PG SRR 1, $E8 TR SRR, R T Bk sk
W [FIRR A KB g3, IS I BOK P sl s B
BRI, AR ERER B B R D) S fe, DR 2 1B
AL B AR NN, T3 T ERERAG RS . 7351 6. S
A ASNR =R R T RERET R, TESEREN,
IGWO&PO HiEA N 748 MPPT Bk S B N R BB B i 1.

I



RT3

TEFRF PR ERRE FE A Shod BE I RIS, 9ak/b 1 ARt 72 A 3R 5 i
MM HE T OCIR R B R G Re B R FH 2% .

Bha, X REHE TOCRRGRIRE R &, $2H P
1Bk (SA) 5 Ken-Ken EiEML &R G HE (SA-KenKen), HT
JCARBEFN A . ZFIEGE S T SABEERN 2R EEE /15 Ken-Ken H
ARSI A R AT B RE T, BEWENS R B 5235 50 43 A 2D GAR B
I, TR D RS PR FE . X Zig-Zag. Ken-Ken. MS F1 SA-
KenKen VU HE Y FIEAEAR R 26140 T AT L S 1EREXTEL, 45 Rk
SA-KenKen HI% BB A A CARBED B4 AR 1, Sk 7 HAE SR
R TR IR I AR R F T 28 A 2P A g FH 1

R Z g MPPT B3k 5 6ARMES H A B FEAE SR T Kk LR
TN 2k T B A EE AN . A SRR AE S 8 I A
ERAM R G LG, BENMHBLFFRECR KBRS H, AR
R RS Se ta JIER S

KR JCREES, RGN, MR GIREROR, =Y, &
28 T



RT3

Research on Efficiency Improvement Methods for Photovoltaic
Power Generation Systems under Complex Operating
Conditions

ABSTRACT

With the worsening of energy shortage and environmental pollution,
solar photovoltaic power generation technology is regarded as one of the
important solutions to deal with the energy crisis and reduce carbon
emissions. However, photovoltaic power generation has shortcomings such
as low efficiency, high environmental sensitivity, and multi-peak power
characteristics caused by complex shadow distribution. Among them, the
shadow occlusion problem is particularly prominent: local occlusion will
cause heat spot effect, resulting in local overheating, and component loss,
and even permanent damage; The multi-peak power characteristics of
complex shadow distribution will significantly affect the tracking accuracy
of maximum power point. Therefore, improving the power generation
efficiency of photovoltaic systems under complex working conditions has
become the focus of research in this field.

This article first introduces the basic principle of photovoltaic cells,
and establishes a simulation model of photovoltaic array based on
MATLAB/Simulink platform, focusing on the impact of light intensity,
ambient temperature and topology structure on output characteristics. The
simulation results show that the output power of PV array is influenced by
the light intensity and topology of shadow region under constant
temperature condition. By comparing the output characteristic curves
under different working conditions, it is found that the fully connected
(TCT) structure can show better output performance. Therefore, this article
focuses on the efficiency improvement of TCT array.

Secondly, the basic principle of the maximum power point tracking
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technology (MPPT) for photovoltaic arrays is described, and the traditional
single-peak algorithm and multi-peak intelligent MPPT algorithm are
analyzed and compared. Aiming at the problems of local optimization,
slow convergence and low tracking accuracy, a hybrid PV MPPT algorithm
based on improved Grey Wolf optimization (IGWO) and perturbation
observation (PO) is proposed, which can effectively solve the problems of
power oscillation and efficiency loss. By introducing a nonlinear
convergence factor based on cosine function to replace the traditional
linear convergence factor in GWO, the global search ability of the
algorithm 1s improved and the convergence speed of the algorithm is
accelerated. At the same time, the variable step size perturbation
observation method is used to quickly approach the maximum power point
through a large disturbance quantity at the initial stage. When the power
variation is successfully tracked to the vicinity of the maximum power
point, the disturbance quantity is reduced accordingly, and the tracking
accuracy is improved. The simulation results show that the IGWO&PO
algorithm can effectively avoid the situation that the traditional MPPT
algorithm is easy to fall into the local optimal, improve the tracking
accuracy and convergence speed, and reduce the oscillation amplitude
during the optimization process, thus improving the energy utilization
efficiency of the photovoltaic power generation system.

Finally, a hybrid algorithm (SA-KenKen) combining simulated
annealing (SA) and Ken-Ken algorithm is proposed to solve the mismatch
problem of PV system under local shadow. This algorithm combines the
global search capability of SA algorithm with the structured constraint
processing capability of Ken-Ken algorithm to evenly distribute the local
shadows to the PV array, thereby reducing the mismatch loss. Four
reconstruction algorithms, Zig-Zag, Ken-Ken, MS and SA-KenKen, are
simulated and compared under the same conditions. The results show that

SA-KenKen algorithm can effectively improve the output characteristics
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of photovoltaic arrays, and verify its effectiveness and applicability in
improving photovoltaic power generation under complex conditions.

The research of PV multi-peak MPPT algorithm and PV array
reconstruction has important value in improving power generation
efficiency and adapting to complex working conditions. The research
results of this article are expected to be applied to actual PV power
generation systems after algorithm optimization and system integration in
the later stage, and provide strong technical support for the efficiency
improvement of PV power generation.

Haiting Yang (Electronic information)

Supervised by Prof. Shinong Wang

KEY WORDS: photovoltaic array, fully connected structure, maximum

power point tracking technology, reconstruction, complex conditions
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I
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DA R 3 BT A [5] IR B2 26 A RO AR S R 3 . R, Ken-Ken HUAAEIX J7 TH
[ RIEVE TR AN AL, A LA SR B o i) 2 A8 50 . AL Z TR, BEADR KB
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P, A SCHE MU BEIEE K5 Ken-Ken Hyk&i &, R iR & 505,
PRy SA-KenKen HAYHIL . ZFRAEALIR K FIE ) 2 Jm48 Z 58 /1 5 Ken-Ken
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KenKeni*’]’fiﬂ% ><T7‘c

| RBESIEITEN, £
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ERIFRIET.
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¢ \ NEEMAER

RIBLANEXREINRE, ESMHERSTITE k —
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€l 4-7 SA-KenKen 14 J7 1% i FEHE ]
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AICKE LN 5x5 J6AREEF NG . BARDIRANT
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MM MMM

21 22 23 24 25
Y 0 = 7
Y M NN M
Ml [ e ol el s 31 32 34 35 36
VEVEVEVEY
a| | a2 a3 | | aa as 41 42 3 44 45
- 7 T T T
MM MMM

51 52 53 54 55
1 T 1T T

(a) 5x5 YatkFES| (b) ken-ken #Hf & W%

P 4-8 KenKen $ & A (1) ik it 1ok 72

45



g M N e e 2 VAT

DR YR 5x5 WS, TR E T E AR BT NS AT . AR
KenKen MUWANE T LA %A, HFRMBER T . B0 AL HAEBEDRHEER A AT
REMB TS, EERIIME—F. RTINS T AEE, JFHITA
T T HIFATF AT RN L o ARISARFAF AL —DVIIaME CEM SRS ED,

4-9 Flw .
12x il 10x 2+ 12x 1- 10x 2+
3 4 2 5
2- 2-
4 5 3 1 2

AR R

(a) WILAALPR (b) ken-ken H 4 J5 M #%
4-9 YILEETE S 2

IR = Ken-Ken iEH M 5 ARBES AN 4-10 Fios.
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F= mln(i Irow_max - IIJ (4'4)

HA Low max AEATCAR BRI B 2 A [ONER T . FROERR/N, AR
RAFAT I H L ZE N, BIOGARRE S e 2 21 1) 6 RE B B 7 AT s 2
IRV RE WG IR FE RN BE IR SR B, IR BB K A R O S 4. WG
W B2 TR E T AETF AR I SOV S A ZE MR OO R 2R, T o ek 5% S D) 4 o) 2 e 5 Ok
ANIRJE, DMEAECAG L FE Az ek D e 2 B = MR M 2 . ERENMIRFETS, XY
BB G AR B 2 A Jey 3k AT VB, AR OB O AE o VP Al R R S N AR, KR
Metropolis #E U2 Wi & B 2525 B Fp i T4 mrfd, W EERY; ek
PLfd, T DARs i M2 4252 7% 0# - Metropolis #HE A x0A
P(dE) = exp(dE / (KT)) (4-5)

N

X, dE M APIRES RS Z R REE2; P (dE) N2 HRRA IR
KA—NEEG exp WEARIEEG T AAMTIIREZSHL.
SR R B FO Bl SR SRR, 3 ol i B2 A ol /> 22 52 5 22 i P
o Wl bR B R
T =T,a(cos(z/2(1-t/K)))+cos(7/ (2T, (1-t/ K))) (4-6)

L, TONREVIGSE: o NERE T COVIERREL K bR R K

B AL B ORI AR R SR MG I P R R 26 B S PRI, A 1B SRR IS AT
i RS B G ARBE B A )
4.5 RGN ERE L AES SR
4.5.1 B SIMBAREIEHE

O RS 51 ¥ B S 4208 2 BB PR R B R B A S AT S 8. etz
)R IR BRI /N, R Sl AEAROR BH A B 0L T Cn LR B ), AT HERRDG AR
W] RE S R S HEGARAR . BRI, DK 2 B B S 42 AR AE AR I 31 1 JE T X
o B FOERENL, 7E Simulink {5 EAEE T SXSTCT B8, KK
i 4-110 & 4-13 1B 4-15 o) 3 Fh L. 7 B AR an T

THL 1 ESRFESRIAIE T /NI B SR . ikl 4-11 (@) FiR,
IEH IR N 1000W/m?, JERA A EIERE A 400W/m?, K& 4-11 (b) K Zig-
Zag IEFEMERAR A E, K 4-11 (o) FE4-11 (D) 454 Ken-Ken A1 MS #
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21 22 23
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(d (e)
F4-11 TH1F (a) TCT, (b) Zig-Zag, (c) Ken-Ken, (d) MS, (e) SA-KenKen 4

Ja AR o A

N5 UE B A SRR B A, AT AT TR BUE AL GMPP. FIEAE TCT
B %A1 SA-KenKen 5% 14 J5 B 51 AT BLRTHRE R N 12047121 2
JR TCT BEFAT BRI B Wik 4-11 () Fion, BTFESIA N MBIy,
MITRTER 43 SATHIR= BRI, 26 54T HAT IR
G 1000 400

3y o 23,2000 Lo,
. . 1000 1000

55 44T AT
|
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1000
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1000 400
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1000 1000
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| (4-9)

m

x|, =441, (4-10)
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9 3ATRRCIERS, AT RN

row3=5x1000x|m=5|m (4'11)
1000

Zig-Zag. Ken-Ken. MS H 4 J5 FEFIAT iR BT R AT EE DL Bt R ER
Mk 4.1 PR, KBRS SATBRER TP A, RIS 5 HE 25
XS L R AR B B GMPP A .

MFE 4.1 FafUEH, f£TH 1T, J& TCT B3 GMPP {HA 79Vnln, Zig-
Zag Al MS B )5 % 51] GMPP 15~ 82.2Vmlm, 11 Ken-Ken Al SA-KenKen H 4 5
f%1 GMPP BN 93Vinlm, FJ WLE T4 1~ Ken-Ken Al SA-KenKen [ #1430 L
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RALTO T NATHF. ST ZRIIS T EAE
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A v W A v W A vV W A vV W A A\ w
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%, Ken-Ken M SA-KenKen 54 J5 B GARIE 51 it B8 s HLBEAGE .

T 2. BEAE K BH R A B AR AL, R e 2 AR, 1 A R
HIRA SRR I AR K. i8] 4-13 Fios, 34 R TCT 5 4 MEE ) 575 T E
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Ja AR o0 A
A2 TH 2 FATHIL. BT Z IR T 5
TCT Zig-Zag Ken-Ken MS SA-KenKen
A vV W A v W A vV W A V. W A vV W
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M TCT. Zig-Zag. Ken-Ken H%iH I HRAE AN 57.4Vimlms 61 VinIns 61 Vinlo
43 T3 TATHN. HUEAZh RIS T

TCT Zig-Zag Ken-Ken MS SA-KenKen
A vV W A vV W A vV W A V W A vV W
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11 12 13 14

21 22

31 32

41 42

51 52

(a)

21 22

31 32

41 42

51 52

(d) (e)

DQOO\NIm2 .700\N/m2 .400\/\//m2 .300\N/m2

K 4-17 KT (a) TCT, (b) Zig-Zag, (¢) Ken-Ken, (d) MS, (e) SA-KenKen
14 J5 B8 o A

N Y ST I TR SR A S MR A A A S DR O, [FIAREEAT AT R
WEARTHE, IR S BEEEMERESIR B R, MR ERHAER 44T,
PL TCT BEFIAT SA-KenKen FE A4 GBS 9%, 1HEEFEWT:

J& TCT BEAAT RTHS: BT 20 3ATHISZEEEEAHIE, B LA e 147 B iRt o AH

[ :
Ir0w23 =2X 900 +3X 700 =3-9|m (4-12)
’ 1000 1000
5 AATHAT RN
Irow4 =2x 900 +3X 400 :3|m (4-13)
1000 1000
5 SATIAT RN
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900 700 300

I o2 = 3% +1x +1x =3.71, (4-16)
’ 1000 1000 1000
5 3ATHAT RN
lowzs = 2% 900 +2x 700 +1x 400 =3.61, (4-17)
’ 1000 1000 1000
5 AT IAT RN
lowns = 2% 900 +2x 700 +1x 300 =35I, (4-18)
’ 1000 1000 1000
S ATHAT RN
lowas = 3% 900 +2x 400 =3.51, (4-19)
' 1000 1000

Zig-Zag. Ken-Ken. MS H 45 FEFIAT B ) THE B ARIENE DL BB IR .
F 44 KB TATHE. BRI RS

TCT Zig-Zag Ken-Ken MS SA-KenKen
A vV W A v W A vV W A V W A vV W

Iis 2.7 5 135 Ip 29 5 145 Is 32 5 16 Iy 32 5 16 Iy 35 5 175
Iy 3 4 12 Iis 33 4 132 I 32 5 16 In 34 4 136 Is 35 5 175
I3 39 3117 Iy 3.8 3 114 I 37 3 111 Ls 36 3 108 I3 36 3 108
I 39 3 117 Iy 3.9 2 7.8 Iy 38 2 76 Ly 37 2 74 Iy 37 2 7.4

I 45 1 45 I3 4.1 1 4.1 I 4.1 1 41 Iy 41 1 41 I 37 2 7.4

R 4.4 WAL FEREBRT SA-KenKen HEH4J5 HIRE S B8 4 t D) %
60.6Vimlm, TCT. Zig-Zag. Ken-Ken. MS [ % tH Th ZAH 43 5N 48.4Vimlm-
51Vmlm~ 54.8Vimln~ 51.9Vmlmo FH, SA-KenKen 445 I HL i H D R e i,
M EAKHITI N TCT FEg. BRSTHERE, o RISt Dh 3 AE & B A 5L T 1
B3 7T BEETF, SA-KenKen HER I .

4000 T
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M 4-18 BB P-U i HRF Pt 26 v LA H, TCT FEFI P-U R ith
2k R S IG(ERE, OKIIFE AME N 3196 W. Ken-Ken. Zig-Zag 1 MS 4[4
F BANAFAE N B =AMEE 1L (B ECRIIRE 2 55T 2 3670 W, 3408 W Al
3629 Wo MHLEZ T, SA-KenKen SR E A MR S fd, oA R it 28 2 0
WEAERFIE, B KD GERE, X5 3841 W,

KRR ERXFEEN, DGAREE S B AT RO 50 R85 70 B8+, 32 900
W/m?, 600 W/m?. 500 W/m>. 400 W/m>. 200 W/m?> 5 Fh/N[F] 6 8 56 B 254 11 5
Wi, @il 4-19 for, &R 7 TCT. Zig-Zag. Ken-Ken. MS Fl SA-KenKen 514
JEHIEA R A B e KRBT OUARBES B R . R DI AUE R
45%H.

1 12 13 14 15 11 12 13 14 15 11 12 13 . 15

21 22 23 24 25 21 22 23 24 21 22 23 24 25

31 32 34 35 36 31 32 34 35 36 31 32 34 35 36
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AR PR IR B R A o D AR AE AL R A BT AU N 40.9Vindm s 45.9 Vil
45.1Vmlms
R 4S5 KUMATATHRIR, AR ATh R HEIR TR

TCT Zig-Zag Ken-Ken MS SA-KenKen
A vV W A vV W A vV W A V W A vV W

Iis 2.1 5 105 Iis 2.1 5 105 Iis 2.8 5 14 Is 26 5 13 I 29 5 145
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I 35 1 35 Iy 3.1 3 9.3 I 29 3 87 Iy 28 4 112 Is 29 5 145
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KB T OGBS P-U SRRt 2 th ] 4-20 45 H . BT sEA
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££ 900 W/m*. 600 W/m?. 400 W/m> =Pl $4 5 B2 N 1 52 70 A Bl R iR T
SeARBEF BTt NAT HLE . R AT SR S TR R 4.6 A
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11 12 13 14 15 11 12 13 14 15 11 12 13 14 15
21 22 23 24 25 21 22 23 24 25 21 22 23 24 25
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(d (e)
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K 4-21 BT (a) TCT, (b) Zig-Zag, (c) Ken-Ken, (d) MS, (e) SA-KenKen

T4 BH 5 A1
4.6 FL AT IR R A DRI T
TCT Zig-Zag Ken-Ken MS SA-KenKen
A vV W A vV W A vV W AV W A vV W

Is 2.4 5 12 I 2.7 5 135 I 34 5 17 I, 32 5 16 I3 35 5 175
I 2.4 5 12 Is 2.9 4 116 I 34 5 17 Ly 34 4 136 Ig 35 5 175
I 39 3117 Iy 3.7 3 111 I 35 3 105 Iyn 35 3 105 Is 35 5 175
Iy 45 1 45 I3 42 2 8.4 Is 35 3 105 ILs 37 2 74 I 36 2 72
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B 4.6 AT A1, TERITERLUN, TCT FEFI M H DB B, AN 44.7Vinlm
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