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Abstract: Compared with a single wind farm or photovoltaic system, the wind- photovoltaic- energy storage hybrid sys-
tem has the characteristics of multi-terminal source load mixing. The port impedance network and lightning transient
response of the hybrid system are distinct from those of a single system. The PSCAD/EMTDC is used to build the transi-
ent model of the wind- photovoltaic-energy storage hybrid system. Then, the lightning overvoltage distribution of the
hybrid system is calculated, and the effects of lightning location, overhead line length and arrester grounding mode on the
overvoltage level of the hybrid system are analyzed. Results show that, in the hybrid system, the peak overvoltage of the
transformer when the photovoltaic side is struck by lightning is higher than that when the wind turbine side is struck by
lightning. The overvoltage of the hybrid system can be reduced by increasing the length of the overhead line connected to
the bus from the wind turbine side and by decreasing the length from the photovoltaic side. It is suggested that the com-
mon grounding method is adopted in arresters at the high voltage side of the transformers at both the wind turbine and
photovoltaic sides,and the separate grounding method is adopted to restrain the overvoltage at the energy storage side.
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Table 1 Specific parameters of wind turbine
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Fig.1 Schematic diagram of wind-photovoltaic-energy storage

hybrid system
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Fig.2 Circuit equivalent model of lightning current

12 XEHEER

2 R TN B e R R ALY, 2 LT 32
T, RS A RSN R, T
JREANREHL AR S, [, RS AR
HUA BB = AR R 2 RO AR g i IR 021, i A i
Sl R KA AR, JE A NS T2k
AR W= AH SRRk BT RS .
AR RS 7> B AR, 0 3 B BE R



740 i R AR 2023, 49(2)
AR,
Al<0.1¢/, )
Sl ¢ s fu AL L RS, 7R i b
SEIANI, fi B-MHz 5%, FILH  Somm
SR, SRR 3 B 45 2mm
X P31 R, T T Daiozm

RLC HUBERITR, B F AR 51T 445 2% HLFH
Ry WKHEAG)HHHAGR], 7 ARSI FERT R Lo
HEAE G - ALE RGN0, R
Rv=0.243 Q0. Lv=41 pH. Cpy=170 pF.

R, = ﬂbfulb/(zrb\/a) (3)
X o How Al N5 TR FESHIE: n
NEIFENAE: b N K.
X T RS AR R A A, B BUR AT S5 30N
FHE5¢, RATA RLC FR0E RN, HANCRHE
R th @)t AR5,

ol e

X o ABIRERCE R ¢ 22nfunow?s, w S oo
RERH SR SRR, w B EE;
R &R R B FLPH

FRBOBEARI SRR Lo 5B BE G
B G) f6) 15 251, FH a5 R=5.6mQ .
L=9.4 yH. C=1380 pF.

<g=/%h{m3ﬁ_4—ﬁimpJ (5)
n{ n Ho
C, =2ngH / lng (6)
t

KOO : o NESTET R h BB R R
p NEERNANERZ A KK LA S5, B 0.99;
a NEZTNHEER: H KRR EE.

KL B =AH B SR 458 5 RS s 3 B,
r SECEAE, n ABERUEANEAR, o RS
FAte T REBRBS NSRBI, BT RREERH
Riv B2 HIBH Ry RIS R HIFH Ry 2352 BSR4 L
PRSI, DRT I T 3 5 5 Dk 28 FL BEL AR A, | 2 2R 4747
06l TR AR SRR, R HUK L
J3F 2 FRLUER Lo FNAESZE HBJRR L HH 20(7)—(8) 13 217,
HEA1E Ri=862 mQ. R:=180 mQ. R3=193 mQ.
L=201 pH. L»3=7 pH.

L Jo_’%(lﬁ_’%_

1—i1nle (7)
27

) Ho

B3 =AH e &

Fig.3 Section diagram of three-phase cable

Loh, In b

2n  0.7788r;

(N —@) i NELEEWTH, L4000,
T HEAR N BRI 3 A A, BT IR i

KTHGERIM AR, PR RSE RO — I

BCEE AR e B[R] ) 3 A FRAS Co, FE% 25 B = 1)

A C., BEM)ZZ BRI EE G, Bl

BE5GLZ B AAHEE G WO)y—(12)07, it

A 13 Co=301pF. Ci=4247 pF . (C=3241pF .

C3=2373 pF.

2,2 p2
C, = 2n50h/ arcosh (W 9)

Ly;= 3

R

C1=2ngogrht/ln(m +m’ —1) (10)
w2 — a2
Cé_ngﬁaﬁ//mLaaan (11)

p)

C, = 0.02413g,h/ g2 (12)
14

1

KO —(12)H: & NYELGZE 1 H XA B 5L
m=(r?+r>=b2)2rar3; a NPHREL HOIEEE .

YT HE ARG, R AP A S T B
A BRI R . 7R3 HT i A I AR, B
e B )R P e b e BH A RLUS) . AR E K bRl GB/T
36490—2018, ASCHKH ML N 4 Q.

gi b, AFEM L R, IS DL R
BHEM RN A M IR B ] 4 R
1.3 HREGEE

EIR R G, BREEZ B AR IAR. 2
ITTEFF R IX e i, G2 H . MEARFES
2R SN, H RS RS BIR RS
Ik H 28 ) e X 100 AR R A B AL



741

RO AR & 2 4 10 i L i

KB, TR, MAM, 5.

|
.}
l_
B[
N

0
—
|
_“_
C
]
G
—
|
_“_
0.5C,

0.5C,

XL 2 23 W L A

K4

Fig.4 Transient analysis circuit model of wind turbine

1 AANS ¢ AAAS L 4 . 1 \AAAS L 4 L J
% < 3 M < 8 M NG H
2T ST © R
c 1 =]
¥ re & = =
) ) Mme 1 R T+ AAAS 1 /\(/“L .
— zﬁ 1S4 = H ; = i;% R QH |
L Q= A U =0 = 8 2 T2
00 b s H g ﬁ .ﬂ H ﬁ
1 AANAS 1 AANAS {1 AAAS
' 5 ' < < 5
: < 1 i
= . . . S . 7
O 0¥ ; = = = -
hE ___|_ <@ 1 AAAAS 1 AAAS 1 AAAS
; ;<] | I |
3 Q Hﬁ w S—ta &} )
: s | il i
o 1 = 3 i 4 1 =
~ fr— - -
9670 H % w.R ~ [ SRS ~ Oox ~
- S . B -
! == O = U=y = QO
T T e : ik
- . y
HH:CJ. ) &) _||||O| |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| <
< M 960 5 K L 4 1 \AAAS 0} \AAAS 01 AAAS “
K < ~ 3 ~ 9 5 i
= = = o R I R R
e R e R 1 < S Lo Lo SE=
o o wy .
= S
i —
= S} e e 1
5 “ 1 AAAAS 1 \AAAS {1 AAAS “
I 3 ~ 3 ~ 3 ~ 1 H
Rl ] o ] !
. wl T O - U el &) 1
q . 4 al I
080 I ! H
___|_ “ = = = 1=
I I
g g g
P Ao O oS KON S J
o on o
N I N



742 i LR AR

2023, 49(2)

FARFEFI 2 A FeARAAE . R, Horp
AR LA AT SR 8 T 5 WA e AR Fe b 5l L
HATEARDY), ZEUE RS — NS R T
FIHEIRIR, — NS BB — AN S e H PE, HLH %
Wk 5 fros.

T IEAR S, AR W 6 Fion i H R AR S I
JEEFAS /T HTRO, For, FEFHAHFE Racs FNZR B HLIEK Lacs
FAF AR E B 1) Al 7R E s EIRBERS
A Ak AR EAE Coc Links HEBHATIRE Res FNZE 1B
JK Lgs FRAEAZ M 04228 Aot FHFAE; 233 FEBH Rn
FNT AU HLZS Con ARFAK T FRL IS 1425 1] HB, B 0 3K
B B Co ARSI R B A 2.

PR, W PVI-f A ] B 45 %
FOLRBES S BRILRAR, (H ZR-YIV22 Bl
EHERBRICRA S IEM YA, PVI-f A
ZR-YIV22 RIS 55 7% PSCAD 3 A H i) (=] il
HZE 5 E A, TR | m, TIEHEAER
9 100 Q-m. AR HL A5 i 1 B R AE T LRI B
R/ B AR, W3R 2 Fivw.

XM R, HRNREMERERE. "k
M =MAFEREN 35 kV ZAAE R 28, M3 ka8 7
T, AR R SR SR A X b H 7R 5 SR ] H
BT B T, A8 28 184S 7 b FE R B 55
FIBIERAESHCY, mE 7 k.

1.4 HhiEEERFEIR

LG RE RG22 WHAEEN, E2HBETM
REK, B RA S 2 FE R EdEo. B
M fid Be RG22 A b i BE TS PCS
Boxt )7, Horp, g RE s Tl RC HLIBAR
R, i 8 Fis. iz EETE. NEHE
Ri=0.1 QH RC £ 4H i, Horp RC W28 R AIE HL XL
HZ Y B A (Ry=10kQ, Co=1F).

fiife PCS B i AR a8 R P AR 4L, For,
LCL BY i8I 48 vT A 24008 B v R 0 BLEE AR oA
R, B TASGH L AR a2, B9
9 PCS Ik, HA Rpes=0.05 QN PCS €
W HB Loes(0.35 mH) 552N FH, Re=0.05 Q9 HL I
I HLJR Lgr(0.007 mH)AZE XL M BH, CLei=260 pF
9 LCL BUJE A8 1 FL 2
1.5 TR

KOGREIR S R G0ET 35 kV a2 30 N4,
B R 258 S 509 LGI-240, 55 sk il =
N GI-3504, g2 fE LR B SR AR P, 1%

;o la) o+ Ly, R, 4+
e YU, R, U

(SIS RN RV SV ek

Fig.5 Equivalent circuit of photovoltaic cell
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Fig.12 Overvoltage of wind turbine generator at lightning
intrusion position (a) and overvoltage of photovoltaic inverter at

lightning intrusion position (b)
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at lightning intrusion position (b)
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Fig.16 Transient voltage at high voltage side of transformer
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