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Design of impedance parameters of a multiplier element in an aggregation model of
a single wind turbine of a wind farm

WANG Hanyue, XU Jianzhong
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(North China Electric Power University), Beijing 102206, China)

Abstract: In existing equivalent models of large-scale wind farms, multi-wind turbines are often aggregated using a
multiplier element to save modeling and simulation computing resources. The multiplier element of a single-wind turbine
aggregation model of wind farm is widely used in wind farm modeling, but the parameter setting lacks regularity. Thus
this paper studies the influence of multiplier element impedance parameters on wind farm equivalent modeling. First, it
starts with a multiplier element on the official website of PSCAD to analyze the relationship and importance of each
self-defined impedance parameter. Second, a reference test model of a wind farm is built and equivalent aggregation is
carried out. Through a parameter traversal test, the influence mechanism of impedance parameters of multiplier elements
on equivalent error is studied. From the limitations of steady-state operating point equivalent error and simulation time
step, the method of impedance parameter selection of the multiplier element is proposed. Finally, three operating
conditions of steady-state operating point, three-phase voltage dip and broadband oscillation are selected to verify the
influence mechanism and recommended parameters. Some suggestions are provided for the parameter setting of the
impedance of the multiplier element in modeling and simulation of large wind farms in terms of equivalent error.
This work is supported by the National Natural Science Foundation of China (No. 52277094).
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Fig. 1 Multiplier element A
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Table 1 Influence index of different parameters on

accuracy of different electrical volume

B R. Ry c
B 1.88x10°° 1.5x107° 1.36x107*
TIhTh& 6.67x107" 2.94x107 7.32x107*
HLE A UE 3.53x107° 1.77x107° 6.89x107*
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Fig. 2 Equivalence process of wind farm
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Table 2 Line parameter of the reference model

gz KE/km  R/(Q/m) X /(Qm) X /(MQ-m)
40 5.14x107°  9.71x107° 28.3
220 kV 30 5.14x10°  9.71x107° 283
20 5.14x107 9.71x107° 28.3
9 7.90x10°  1.20x107* 16.75
5y 7.90x10°  1.20x107* 16.75
5 7.90x107° 1.20x10™* 16.75
0.7 3.42x107* 1.58x107 2631

*3 FEENLRSY

Table 3 Line parameter of the equivalent model

LS KE/Akm  R(Q/m) X /(Q/m) Xc/(MQ:m)
220 kV 30 1.71x107°  3.24x107° 9.43
35kV 7 2.86x107°  3.76x107° 4.95
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Table 4 Simulation parameters of wind farm model
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Fig. 3 Impedance of multiplier elements
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Table 5 Simulation parameters of wind farm model

(extensive suitability)
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Table 6 Recommended impedance parameters of the

multiplier element
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2 5000 2% L I 0.5~10
9 1000 % LA I 1~30
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30 500 J ULk 4-30
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Table 7 Simulation parameters (1)
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Fig. 6 Comparison of steady-state operating point
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Table 8 Simulation parameters (2)
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Table 9 Comparisons of equivalent errors
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Table A1 Equivalent error of wind farm model with 9 wind turbines (active power)
CIuF GEPES
Rp=50Q Rp=100Q2 Rp=200Q2 Rp=500Q2 Rp=1kQ Rp=2kQ Rp=5kQ Rp=10kQ Rp=20kQ Rp=50kQ
0.1 —47.42% —24.65% -12.47%
0.5 —47.41% —24.65% ~12.47% -4.94%
1 -47.39% —24.64% -12.47% -4.93% -2.39% -1.10% -0.33% =0.07% 0.06% 0.14%
2 —-47.36% —24.62% -12.46% -4.93% -2.38% -1.10% -0.33% -0.07% 0.06% 0.13%
3 -47.32% -24.60% -12.45% -4.93% -2.38% -1.10% -0.33% =0.07% 0.06% 0.14%
4 -47.28% —24.59% -12.43% -4.92% —-2.38% -1.09% -0.32% =0.07% 0.06% 0.14%
5 -47.25% —24.57% -12.42% -4.91% -2.36% -1.08% -0.31% -0.06% 0.07% 0.15%
10 -47.09% -24.52% -12.43% -4.95% -2.42% -1.14% -0.38% -0.12% 0.01% 0.08%
30 -46.50% —24.29% -12.45% -5.10% -2.61% -1.36% -0.61% -0.35% -0.23% =0.15%
50 -45.93% —24.13% -12.49% -5.25% -2.80% -1.57% -0.83% -0.58% -0.46% -0.39%
100 -44.58% -23.80% -12.74% -5.89% -3.57% -2.40% -1.69% -1.46% -1.34% -1.27%
200 -43.63% —23.84% -13.42% -6.98% -5.51% —4.80% —4.18% -3.96% -3.86% -3.80%
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Table A2 Equivalent error of wind farm model with 9 wind turbines (reactive power)
CIuF ERIpIES
Rp=50Q Rp=100Q Rp=200Q Rp=500Q Rp=1kQ Rp=2kQ Rp=5kQ Rp=10kQ Rp=20kQ Rp=50kQ
0.1 -5.58% -1.44%
0.5 =-5.54% -1.40%
1 —5.48% -1.35%
2 -5.38% -2.90% -1.26%
3 -5.27% -2.81% -1.17%
4 =5.17% -2.72% -1.07%
5 -5.06% -2.62%
10 -2.15% 1.00% 1.10% 1.13% 1.15% 1.16%
30 1.29% 2.29% 2.63% 2.80% 2.90% 2.93% 2.95% 2.96%
50
100 7.15% 8.00% 8.28% 8.43% 8.51% 8.54% 8.55% 8.56%
200 5.79% 8.71% 10.20% 11.10% 10.46% 13.02% 13.11% 13.14% 13.15% 19.74%
RA3 &9 BHANNBRREFEREFBEEFNE)
Table A3 Equivalent error of wind farm model with 9 wind turbines (RMS voltage)
CIuF LA R
Rp=50Q Rp=100Q Rp=200Q Rp=500Q2 Rp=1kQ Rp=2kQ Rp=5kQ Rp=10kQ Rp=20kQ Rp=50kQ
0.1 -1.93% -1.03%
0.5 -1.96% -1.06%
1 -1.99% -1.09%
2 -2.05% -1.15%
3 —2.11% -1.22%
4 —2.18% -1.28%
5 -2.24% -1.34%
10 -2.56% =-1.67% -1.13%
30 =6.27% -2.98% —2.46% -2.29% -2.20% —2.14% -2.13% -2.12% -2.11%
S0 e S6I% A4SV X% B6I% S 4% 34% 34%% 34
100 -11.25% -9.34% -8.35% =7.74% =7.54% ~7.44% ~7.38% ~7.36% =7.35% ~7.34%
200 -14.84% -13.34% -12.58% -12.11% -13.69% -15.15% -15.10% -15.08% -15.07% -15.07%
= A4 230 SUER K BIFRBZEREBINE)
Table A4 Equivalent error of wind farm model with 30 wind turbines (active power)
CIuF EEIRES
Rp=50Q Rp=100Q Rp=200Q Rp=500Q Rp=1kQ Rp=2kQ Rp=5kQ Rp=10kQ Rp=20kQ Rp=50kQ
0.1
0.5
1
2
3 =7.55%
4 -14.75% =7.55% -1.56%
5 -14.74% =7.54% -1.56%
10 -14.47% =7.52% -1.58%
30 -13.79% =7.36% -1.64%
50 -13.13% =7.14% -1.80% -1.10%
70 -12.54% =6.99% -2.07% -1.42% -1.10%
200 -59.60% -58.07% -57.28% -56.82% -56.67% -56.60% -56.55% -56.53% -56.52% -56.52%
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Table A5 Equivalent error of wind farm model with 30 wind turbines (reactive power)

C/uF

Rp=50Q Rp=100Q Rp=200Q Rp=500Q Rp=1kQ Rp=2kQ Rp=5kQ Rp=10kQ Rp=20kQ Rp=50kQ

0.1
0.5

—_

2

3

4

5

10

30

50 1.12% 1.42% 1.52% 1.57% 1.60% 1.61% 1.62% 1.62%
70 1.13% 1.54% 1.68% 1.74% 1.78% 1.80% 1.80% 1.81%
200 —42.32% —42.53% —42.64% —42.72% —42.74% —42.76% —42.76% —42.76% —42.77% -42.77%

R A6 B30 BHMNBIRESFEIREFEREBRE)
Table A6 Equivalent error of wind farm model with 30 wind turbines (RMS voltage)
CaF LA BB

Rp=50Q Rp=100Q2 Rp=200Q Rp=500Q Rp=1kQ Rp=2kQ Rp=5kQ Rp=10kQ Rp=20kQ Rp=50kQ

—2.12%

2 —2.19%

3 —-2.26% -1.26%
4 -2.32% -1.32%
5 —2.39% -1.39%

-1.24%

30 =7.67% - —2.61% -2.33% -2.24% -2.19% -2.16% -2.15% -2.15% -2.15%
50 -11.85% =8.77% ~7.14% =6.12% -5.78% =5.61% -5.51% =5.47% =5.46% =5.44%
70 -16.33% ~13.49% -11.98% -11.04% -10.73% -10.57% -10.47% -10.44% -10.42% -10.41%
200 —-61.73% -61.76% —61.77% —61.78% —61.79% —61.79% -61.79% -61.79% —61.79% —61.79%
SEHE planning method of renewable energy and energy storage
(1] BRECE, 35, @b, ALy s Rt b R 35 i for new-type power system[J]. Smart Power, 2022,
R A JR T 5 B (00, o [ o LR AR S0(10):1-8.
CHEN Guoping, DONG Yu, LIANG Zhifeng. Analysis B S SO B I R, R, 2022, 55(5): 1-11.
and reflection on high-quality development of new energy ZHOU Yuanbing, YANG Fang, YU Xiaoxiao, et al.
with Chinese characteristics in energy transition[J]. Realization pathways and key problems of carbon
Proceedings of the CSEE, 2020, 40(17): 5493-5506. neutrality in China’s energy and power system[J]. Electric
[2] LR, AN, TH, 4. T HH ) R AR Power, 2022, 55(5): 1-11.
VSRR A IR T IET]. B E L J, 2022, s010): (4] BREME, ERT, 5K, AF. B RGBS E B
1-8. Th AR R AR LA SR R 4T (0). ARG A3

LIU Yuankun, ZHANG Weijing, ZHANG Yan, et al. Joint 1€, 2022, 46(19): 1-12.



- 156 -

W) &Gk B

(5]

[10]

[11]

WEI Hongyi, ZHUO Zhenyu, ZHANG Ning, et al.
Transition path optimization and influencing factor
analysis of carbon emission peak and carbon neutrality
for power system of China[J]. Automation of Electric
Power Systems, 2022, 46(19): 1-12.

I, L. BB L) RGN A EOCRER I
R[], A RGE 3L, 2022, 46(10): 18-32.

GUO Qi, LU Yuanhong. Key technologies and prospects
of modeling and simulation of new power system[J].
Automation of Electric Power Systems, 2022, 46(10):
18-32.

HEW, BKA, KTR, 5 FMBAORFHATA
WEFAHIER[T]. 1 RS H 30k, 2022, 46(10): 53-63.
DONG Xuetao, FENG Changyou, ZHU Zimin, et al.
Preliminary study on simulation tool for new power
system[J]. Automation of Electric Power Systems, 2022,
46(10): 53-63.

B 5, aing, R, &5 T R X 255 Be R
RGBS M @RS 051 ] E T, 2022,
55(5): 166-173.

LU Hao, HE Yiming, TIAN Hao, et al. Modeling and
simulation of fast communication network for park
integrated energy system based on [oT[J]. Electric Power,
2022, 55(5): 166-173.

BRI, P IR RE YRR FRE R ORI R SR A B IR (1],
BT 7L, 2019(24): 74-75.

ZHONG Sufan. Discussion on key technologies of power
grid planning
development[J]. Electronics World, 2019(24): 74-75.
FOCHL, AR, FlEX, 5 G TRGEXFADIRG
3BT B R S AR T VR SRR )], O TR EOR,
2022, 41(4): 33-43.

DONG Wenkai, REN Bixing, WANG Haifeng, et al.

Small-signal equivalent modeling methods of the wind

in collaboration with new energy

farm and its application insub-synchronous oscillations
analysis of gird-connected wind power systems[J].
Electric Power Engineering Technology, 2022, 41(4):
33-43.

BN, HA, AR, S i KA B ER R BUR
SR ], A, 2022, 39(11): 2-10.

LI Gang, TIAN Jie, WANG Xianrong, et al. Application
status and development trend of offshore wind power
transmission technology[J]. Distribution & Ultilization,
2022, 39(11): 2-10.

Wotse, MIEMT, BRE, 5. 52T FPGA-CPU X5 A
HARG BRI B RGE LRI 56, 2023,
51(4): 72-81.

YANG Guangrao, HAO Zhenghang, CHEN Zhuo, et al.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Asynchronous co-simulation of a double-fed wind power
system based on FPGA-CPU[J]. Power System Protection
and Control, 2023, 51(4): 72-81.

Bk, FTIa AT XU R ) RGN AR 40 T (D]
MR W 7R kK2, 2013.

JIN'Y, WU D, JU P, et al. Modeling of wind speeds inside a
wind farm with application to wind farm aggregate modeling
considering LVRT characteristic[J]. IEEE Transactions
on Power Delivery, 2020, 35(1): 508-519.

A, Al D, . HIRKGEGAEEMEER
i HL IR B SRR G RV AT [T]. D R G R S 1
], 2022, 50(14): 33-42.

ZHANG Sitong, LIANG Jifeng, MA Yanfeng, et al.
Broadband oscillation characteristics analysis of a
VSC-HVDC connected direct drive wind farm[J]. Power
System Protection and Control, 2022, 50(14): 33-42.
KT, TR R A (R A VT BT T 4k
). HIIHA & 5 TIAME, 2020, 41(6): 180-184.
ZHU Qianlong, QI Meng. Review on accuracy evaluation
of equivalent model of wind farm[J]. Power Capacitor &
Reactive Power Compensation, 2020, 41(6): 180-184.
IR, AFEE, BRE, . EASSRMFEALE
UK R B 37 BN R B D). B DR 24K, 2023, 38(3):
712-725.

LI Longyuan, FU Ruiging, LU Xiaogin, et al. Single
machine equivalent modeling of weak grid connected
wind farm with same type PMSGs[J]. Transactions of
China Electrotechnical Society, 2023, 38(3): 712-725.
WRER, WREE, PRERE, S5 BT RIS SR
SRR SBR[, ARG R 5%
fill, 2020, 48(1): 102-111.

GU Tingyun, YANG Qijia, LIN Chenghui, et al. A wind
farm equivalent modeling method based on single-machine
equivalent modeling and selection modal analysis[J]. Power
System Protection and Control, 2020, 48(1): 102-111.
T, RN, T, . UK RIS LS 2
BRI R AR R P S s LR D], #80 A sk i
%, 2018, 38(8): 152-157.

GAO Che, NIU Xiaodong, LUO Chao, et al. Comparison
of impact on sub-synchronous oscillation characteristics
between single- and multi-generator equivalent model in
DFIG wind farm[J]. Electric Power Automation Equipment,
2018, 38(8): 152-157.

TENG W, WANG X, MENG Y, et al. An improved
support vector clustering approach to dynamic aggregation
of large wind farms[J]. CSEE Journal of Power and Energy
Systems, 2019, 5(2): 215-223.

PR, FHE. BT BRIk B R



Par
&

EIEH,

LI LR &

HA T LTS Bt

- 157 -

[21]

[22]

[23]

[24]

[25]

[26]

[27]

IIRETEL]. ARG 515, 2020, 48(5): 127-133.
YAN Xiangwu, LI Junyan. Grouping method of direct drive
wind farm based on principal component analysis[J]. Power
System Protection and Control, 2020, 48(5): 127-133.
TRTE, XL, EE, R T IHPUE R R R
HUZSEEER T[], IS 1R, 2022, 59(6): 90-97.
SU Chenbo, LIU Chongru, LI Zhixian, et al. Research on
equivalent method of large-scale wind farm based on
impedance method[J]. &
Instrumentation, 2022, 59(6): 90-97.

RRAESR, &G, B, & R IR ARG, S (H 2
THEREFEN]. RAEECR, 2022, 43(6): 880-891.

KANG Jiale, YU Hao, DUAN Yao, et al. Equivalent
modeling method of sub-synchronous oscillation in wind
farm[J]. Power Generation Technology, 2022, 43(6):
880-891.

BEF, R, B, S v R XGEA T M R AE R
YRR I 70 R R A TH[T]. O R G R 5 1%
i, 2022, 50(10): 123-131.

MA Xiping, HE Shien, YAO Yin, et al. Virtual inertia

estimation of wind farm zones with wind speed uncertainty

Electrical Measurement

and correlation[J]. Power System Protection and Control,
2022, 50(10): 123-131.

AKHMATOV V. Analysis of dynamic behaviour of electric
power systems with large amount of wind power[J]. 2003.
HRUKUK, B0, A, JE TR DL AR e i 1) B K
R4 T B H W R G R F PR AR AL T].
FLHL TR, 2020, 40(15): 4780-4791.

SHAO Bingbing, ZHAO Shugiang, GAO Benfeng.
Simplified model for studying the sub-synchronous
oscillation of direct-drive wind farms via VSC-HVDC
system based on similar transformation theory[J].
Proceedings of the CSEE, 2020, 40(15): 4780-4791.
JBRRE, BRISH, BR¥r, &6 2Bl ESIE RN
FLR 5 S FEL DO A0 2 R M S 5 A AT ], R R,
2022, 46(6): 2161-2170.

QI Chenchen, CHEN Pengwei, CHEN Xin, et al. Modeling
and analyzing for frequency characteristics of distributed
wind power with high proportional participation in DC
receiving power grid[J]. Power System Technology, 2022,
46(6): 2161-2170.

FIF RGN [ 54 RGURF D AR 75

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Br[D]. bk ARILHIIKEE, 2021.

JERAH, PMER, T, 55 KHURE ) R0 5
W REVR S uh A B 5 SRR T (=) RS
BERY[T]. B L AR 2E3R, 2023, 43(8): 2990-3000.
ZHOU Peipeng, SUN Huadong, XIANG Zutao, et al.
Research on model structures and modeling methods of
renewable energy stations for large-scale power system
simulation (3) electromagnetic transient models[J].
Proceedings of the CSEE, 2023, 43(8): 2990-3000.

. AR ERR IR EHMATT[D]. L L
ALK, 2017,

JuE, }EE, HET, % AEGRESEIRZENHE
BT, BIRITHF7, 2022, 44(3): 198-204.

YOU Chao, LIU Guoyu, XU Mingyu, et al. Study on
mechanism of equivalent errors in wind farm aggregation[J].
Heilongjiang Electric Power, 2022, 44(3): 198-204.

FKHE, AR, =2 B RGN EH R EE R
G ], ARAGEIBIR, 1999(4): 12-14.

ZHANG Ying, WANG Shenghui, YUAN Hong. Numerical
oscillation problem in power system simulation[J].
Northeast Electric Power Technology, 1999(4): 12-14.
B, kM, SkTIE, S B RGBS ER
ETFFERIR[T]. SR, 2022, 59(8): 10-19.

YANG Ming, ZHANG Yongming, ZHANG Ziqian, et al.
Review on electromagnetic transient simulation algorithm of
power system[J]. Electrical Measurement & Instrumentation,
2022, 59(8): 10-19.

SEBEBE. XU X FE 37 (B R A A (B AR T VA AL
[D]. ME/RIEE: WA /RIE T K2, 2018.

NGUYEN H V, DOMMEL H W, MARTI J R. Modeling
of
electromagnetic transient simulations[J]. IEEE Transactions
on Power Delivery, 1997, 12(2): 916-926.

single-phase nonuniform transmission lines in

i HER: 2023-05-13;

&M@ HEA: 2023-08-24

EEEN:

IBH1999—), %, MEARE, TBHTH @A
W, ) R G AR AT
HEY (1987—), F, @14, #E, i, 4

TP, ERHR T 6 A Tk BAH AR AR ST PR

(% #F £Hm)



