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Equivalent modeling method based on voltage and power distribution characteristics of
a renewable energy station
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Abstract: Equivalent modeling of a renewable energy station is the basis of simulation of a high proportion of renewables
energy power system. For different working conditions and faults of the grid, the voltage distribution inside the renewable
energy station is different. This leads to parts of units entering low-voltage ride-through (LVRT). There is difficulty in
modeling the equivalence of a renewable energy station in different unit states. Thus an equivalence modeling method
based on voltage and power distribution characteristics is proposed. First, based on a general structure, a topology
representation method of stations based on a road matrix is proposed, and the topology conversion method of complex
collector lines is analyzed. Secondly, a system road matrix-based calculation method for converter voltage during faults is
proposed, and the effects of renewable energy power and unit transformer blocking on renewable energy units entering
LVRT are analyzed. Finally, a collector line equivalence method that preserves the voltage distribution characteristics is
proposed, and a renewable energy station equivalence modeling method based on the voltage and power distribution
characteristics is formed. The accuracy of the proposed topology transformation method and the equivalence modeling
method is verified by using a 10-node renewable energy station and an actual PV station example based on PSASP.
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Fig. 1 Network topology of renewable energy station

before and after conversion
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Fig. 2 Structure of renewable energy delivery system during fault
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renewable energy station

HIE 3 WAL, e S B E T 2 IR
SEHEME . HE Y DR eIt iE Ry
Bent, e AT AR A AR A I 37 0 T 2 43 A DA % e
(] FL e 23 A DU IR A T BRI I P L. =L UL



-52- B 2GR 54

FEBRM,
4 {nEIIE

4.1 EEEHIRMELE)

VP 10 25T AR IHLAELR 5 A
RN, — N, AE AL, N, — N, 2kH
A, RO, RN AR R R B
SR, —by,, RGN 4 Fi

O mOnst

& 4 10 T N REIRIA L FRINEHD

Fig. 4 Topology of 10-node renewable energy station
HI TR0 7 AT RO REIEALAL T 2, W, v 7
1710 ZU3ERE, WXGS)PIR.

b,

11100001 01
0110000001
0010000001

T.,=/0 0 01 00101 1] @35
000010T1O0T1°1
0000010001
00000O0TLO0O0 1

FENEBEIIFE N 3.5 MW, VEN IR H &
1N
I=[31 25 19 24 32 12 26] (36)
vk S 2R A 5N ZC-YIV22-26/35 kV 3%
95, £ HLFH N 0.2 QV/km, Z8H&HLHT N 0.12 Q/km,
Wil S B THBUAT &= Z
[0.005 + 0.0032
0.004 + 0.0025
Z = 0.003+ j0.0019
0.009 + j0.0057  0.003+ j0.0019
0.005+ j0.0032  0.003 + j0.0019]
WHRHEH RN 35kV, DR A 100 MW,
FHpTIEEAE A 12.25 Q.
R (9)—(15), THEARHREIEYLH A
FHyTIT I E Z, N
Z, =[0.0550+ j0.0346 0.0470 + j0.0296
0.0312+j0.0196 0.0630 + j0.0397
0.0590 + j0.0372  0.0236 + j0.0149
0.0462 + j0.0291]

EEN ARG S SR 5 ) % A VE T (A S =

0.008 + j0.0050
0.007 + j0.0044
0.004 + j0.0025 37)

(38)

Pi, LR IR AR TN et e r O R an &
5 Fiime

B 5(a) >l H1 22 G038 I B2 308 1) A= RSP B BE VR 3%
st INEL, B SRR S BR TS, B 5(b)
N JE A F 2R B U U AN, R bR
R AP PURAE, SRR i BE B AR A
R MK EREZ AT RN, mn] B3R
& GO REIR AL ZH 5 H X et 1] () 5B B BT

(b) Bt A
Bl 5 $eHnfa kBt ME

Fig. 5 Topology of collector line before and after conversion
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Table 2 Impedance parameters of four types of conductors

B4y i /mm’ HUBEAQ/Am)  HLHT/(Q/km)
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4 240 0.118 0.369
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Table 3 Line type and impedance of each branch
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Table 4 Active power output of each generating unit in the station

F5 WEMW| 5 E/MW |75 IRMW |75 R/MW
1 2.03 9 2.29 17 2.50 25 1.69
2 3.03 10 3.28 18 3.30 26 2.06
3 3.15 11 1.75 19 3.06 27 2.49
4 2.79 12 2.15 20 2.94 28 3.25
5 2.83 13 2.47 21 1.64 29 2.81
6 1.99 14 1.70 22 2.37 30 2.13
7 2.58 15 2.83 23 2.88 31 2.10
8 2.98 16 2.55 24 1.79 32 3.29
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Fig. 7 Detailed model voltage distribution during
steady state and fault
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Table 6 Equivalent unit parameters

24 ZEAHML 1 SEAEML 2
FAIEAR 8 75 H/MVA 66.0 39.6
U R4S HL P /pLu. 0.0127 0.021
HITB RS Up.u. 0.068 0.113
21 HBH/p.u. 0.0394 0.0288
L% HH/pou. 0.0741 0.0671
AMEDF /p.u. 0.007 - j0.006 0.0069 — j0.004
HiSE ¥ pau. 0.5102 - j0.006 0.3107 — j0.004
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Fig. 10 Comparison of active and reactive power of the station

before and after power compensation
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