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Equivalence modeling method for multi-machine aggregation identification of direct-drive
permanent magnet wind farm considering LVRT power characteristics

ZUO Jiaxin', YANG Xiu', ZHAO Xiaoli', XIONG Xuejun’, ZHANG Yajun?, FENG Yuyao®
(1. School of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. State Grid Shanghai Electric Power Research Institute, Shanghai 200437, China)

Abstract: Aiming at the problem of low accuracy of wind farm equivalent models under fault scenarios, a multi-machine
aggregation identification equivalence modeling method for wind farm considering low voltage ride through (LVRT)
power characteristics is proposed. Firstly, the wind farm is initially grouped based on the typical differences in active
power dynamic characteristics during LVRT of wind turbines. Secondly, the Ng-Jordan-Weiss (NJW) algorithm based on
dynamic time warping (DTW) metric is used to realize the secondary division of the cluster, and the final two-stage
clustering results are obtained. Then, for the aggregated multi-machine equivalent model of the wind farm, parameter
sensitivity analysis is used to determine the key parameters to be optimized. The aggregated values of each parameter are
taken as the initial values, and the overall equivalent parameters of the wind farm are optimized using the three strategies
of single-machine step-by-step identification, multi-machine sequential identification, and equivalent impedance
identification. Finally, the fitting curves and equivalent errors of different methods are compared, and the results show that
the proposed method effectively improves the accuracy and adaptability of the equivalent model.
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Fig. 7 Detailed model structure of wind farm
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Table 4 Search range of parameters

S HRIH/%
K, 96~104
o 95~105
R, 50~150
K, K 50~150
K, K, 50~150
Ry~ X 80~120

=5 FENBFSHYHRER
Table 5 Parameters identification results of

equivalent wind farm
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Fig. 10 Wind speed distribution of wind turbines
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z syt
= *=o BREZ. =B8R
R Table 6 Clustering results of Scenario 2 and 3
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Fig. 9 Power response, voltage and current curves at the PCC of

wind farm before and after equivalence
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Table 7 Parameters identification results in Scenario 2

SH WT,, WT,,, WT,
K, 1.5063 1.4976 1.4974
I,./p-u. 1.2000 1.1973 1.1959
R/p.u. 0.0291 0.0396 0.0288
K, 2.3453 2.7256 2.9296
K, 22.6782 38.4389 24.7380
K, 2.0758 1.9811 1.4703
K, 11.4918 11.4274 13.1053

R, +3X/Q  0.1198+j0.5801  0.0995+j0.3352  0.2359+j0.9187

*k8 BR=ZSEIHAER

Table 8 Parameters identification results in Scenario 3

2 WT, WT, , WT,,,
K, 1.5100 1.5031 1.5000
I, /p.u. 1.2018 1.1923 1.2000
R/pu. 0.0391 0.0408 0.0272
K, 24329 2.4985 25000
K, 22,6145 22,4403 27.0000
K, 4.0000 25268 2.0000
K 11.9276 7.2907 10.0000

i

R, +1X,/Q  0.0669+j0.2577  0.1407+j0.4487  2.4966+j6.4511
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Fig. 11 Power response, voltage and current curves at the PCC
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of wind farm before and after equivalence in Scenario 2
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Fig. 12 Power response, voltage and current curves at the PCC

of wind farm before and after equivalence in Scenario 3
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SRR, WEIhINZEE AR H & 5wl JHAE
ERRS S ES SR REEIRE, Wk 10 Fin.
FHER 10 AJ 5, TEMBEARRASEY B, ASCHFRE ok
Eguse N 7.1159x 107, AHXTEEE 77725 1 R0 2 [k
Epysp IR T 79.67%- 87.06%; TEMKFEE M

B, ASCHFRRIERIIK Epyge 9 0.0039, FIXTEE T
T2 BIRK By 70 AIFRAR T 63.21%+85.50%
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Table 9 Full process equivalence error of each equivalence method under different scenarios

pm Fk BIUR%E TIhiRzE HURIRZE IR %
ERMSE EMRE ERMSE EMRE ERMSE EMRE ERMSE EMRE
AR 9.5422x107 0.0019 9.1312x10™ 0.0316  1.8508x10™ 2.4053%10™ 0.0025 0.0034
R — S 0.0037 0.0072 0.0031 0.0557  3.4249x107* 5.7730x10™ 0.0042 0.0053
SAE T 2 0.0077 0.0144 0.0040 0.0685  5.2025x107* 9.1496x10™ 0.0083 0.0102
AR 0.0010 0.0015 7.6894x107 0.0262 1.3475x107 1.7126x10™* 0.0028 0.0034
R S 0.0032 0.0051 0.0010 0.0317  2.2020x10™ 3.0957x10™ 0.0031 0.0039
EX W) 0.0056 0.0086 0.0042 0.0622  4.0297x10™ 6.1432x107 0.0056 0.0067
A SCHERE 0.0010 0.0026 5.6246x10™ 0.0135  1.4824x10™ 3.4057x10™ 0.0024 0.0039
HR= Sk 0.0034 0.0098 0.0016 0.0574  2.6199x10™ 6.1952x107 0.0045 0.0058
AT 2 0.0070 0.0171 0.0030 0.1071  5.8701x10™ 0.0014 0.0075 0.0113

R 10 FRIBR TEFELEAEMRERSS
ASEEPHENINRIRE
Table 10 Active power errors of various equivalent methods in

steady-state and transient fault processes under different scenarios

- S YRR WP A
ERMSE EMRE ERMSE EMRE
AHFRYE 6.0863x10*  0.0013  0.0034  0.0066
m— SEAEI 0.0035 0.0077  0.0106  0.0198
SE 2 0.0055 0.0123  0.0269  0.0473
ACHR: 7.1159x10* 0.0012  0.0034  0.0052
Hm= HEHAEL 0.0035 0.0056  0.0075 0.0118
I 2 0.0046 0.0074  0.0133  0.0204
ACHERD: 4.9833x10™ 0.0019  0.0039  0.0087
ER= HETEL 0.0022 0.0085  0.0059  0.0179
AT 2 0.0030 0.0117  0.0226  0.0471

5.4 FEERBEN S

SRR R TR BT R A & R, DA
S O(HEBIEN 0.6 pu., HEEFFEEREA 0.155)
SEEBAUNT R, BB —. N PCC s H Rk
% 0.6 puE N 04 pu.s 02 pu; BB L= Nk
FEEFLEA E 0.15s 2808 0.25s; [AIRS, J9BiiRA
TR SO AN R T % B P B o, B SRR DY
53 ) R XL 2 i Ak e A B e e 5 R 7 A 2
kR, IR ST N M SR AR ZE A0SR 11 BT
N, HHER 11 ATAL, RONHER T R AR R 24
HAT T Ak, B DS BYTE AN ] L v 1 S 0 e e
FRaamt ) RIS AR BN TSE R 1, HEE
2 7 AN Ko R e 8% 5 0

N BEFERAETRIR PN LI EFERE

Table 11 Equivalent error of each equivalence method in different experiments throughout the entire process

g1 B BIR%E TRz HERZE HIR IR 2
ERMS]: EMR]: ERMS]: EMRE ERMSE EMRE ERMSE EMRE
i — A SCHERTE 0.0027 0.0046 0.0014 0.0284  1.6551x10™*  2.7457x10™* 0.0019 0.0022
SE 0.0047 0.0087 0.0030 0.0459  2.8033x10™  5.3031x107* 0.0051 0.0056
S — AR 0.0017 0.0033 0.0017 0.0295  2.1745x10™*  6.4989x10™ 0.0025 0.0031
EEITE L 0.0031 0.0090 0.0026 0.0407  3.3696x10™ 0.0012 0.0044 0.0055
= A SCHRRE 0.0012 0.0018  9.8264x10™*  0.0297  12619x10*  1.6669x10™ 0.0015 0.0018
BEITE L 0.0026 0.0039 0.0028 0.0443 2.0368x10°*  3.0072x10™* 0.0034 0.0041
S5 A SCHRRE 0.0019 0.0029 0.0018 0.1771 1.0072x10*  1.1538x107* 0.0019 0.0023
BETTE L 0.0040 0.0060 0.0035 0.2329 1.6721x10™* 2.0863x107 0.0049 0.0059
LT A SCHERE 0.0018 0.0026 0.0031 1.6841 1.3454x10™  1.7910x10™ 0.0019 0.0025
SEE T 0.0036 0.0056 0.0050 1.7049  3.4105x10™  4.8798x10™* 0.0035 0.0043
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