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Abstract

Alarge number of wind turbines are connected into power grid by power electronic converter, making
wind turbines and the grid decoupling, without the same frequency regulation capability as syn-
chronous generators. In order to improve the frequency regulation capability of wind turbines, a fre-
quency modulation strategy based on rotor kinetic energy control (RKC) and battery energy storage
systems (BESS) is proposed. RKC can increase system’s inertia and release the rotational kinetic ener-
gy in rotors to provide dynamic support for the grid frequency. RKC frequency regulation capacity is
restrained by wind speed. Therefore, BESSes with the ability to absorb and release energy quickly can
be used to inhibit the frequency fluctuations, reduce system's steady-state frequency deviation and
improve the dynamic frequency response. Finally, the control strategy is simulated based on DigSI-
LENT /PowerFactory platform, which proves the rationality and effectiveness of the strategy.
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Figure 1. The framework of emulating inertia control
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Figure 6. The framework structure of BESS control
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Figure 7. The framework structure of BESS’s frequency control
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Figure 9. Simulation power system model
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Figure 10. The frequency variation curve of the system under all kinds of load disturbance. (a) 1%; (b) 2%; (c) 5%; (d) 10%;
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Table 3. The contribution of energy storage system to steady-state frequency

3. B RETRTSINR A TIAK

i EN% 1 2 5 10 20
TSP S Mz 0.01164 0.02312 0.02732 0.02635 0.03178

Table 4. The lowest frequency time t/s

4. RARSRERETE /s

L sh% 1 2 5 10 20
iz el 5.96876 5.96876 5.98376 6.00876 6.65876
Bt on ik ik R 4 5.56876 5.60876 5.79876 5.84876 5.96876
TERE + TR 5.59876 5.61876 5.84876 5.91876 6.67876
Tzl 5.87876 5.88876 5.89376 5.90876 6.03876

M7 ez il i) 7 A 7 BN B, WA, T EEH T RS BN S T
EHIBCEERER S, MRARGW SN, Ko KRR m R SRR M N R, JF HAT UE R SEAE KA
i TR OL, AR ORI IR ARG E -

6. &t

RIEER L IFE N, 25 ) RGUAER AR Mok 1 ECRIOBRAR, SRT & Ha it il e 2 AR I AN &
R NS5 RGP R THRE . ASHER T ahae sl LI R 1, R & b pe RE 14968
HIAE ST, 1RGSR AW KNG0T RGBT S8 . @ E, Ik T IER A R, F
R BLF 41

1) KENMIFM 2N RGHE, WRARBUEFTEE, EECRMAEREIT, REESREER
KIwZE, AFT REMRILTIEIT

2) FIHRNLE G 6, R iE RAMMRIREYE, $EmIERal T R, (22
ARETE AR A BN 22 o

3) M Infifise RGN RERE T2 =1 RGBSR SRR, I8N KA A 22, R I BE S 42 e Aa A A
Rz, WRAGKRCHE. REAHEFAENMERSR, BEERGERKAMES T, WigikeiE
7o
#HEER

KIER LI Z 5 H 9 2l 745 TR G B8 2 AR B 5T (SGSX0000K XJS[2016]191)

SE3#k (References)
[1] 475 2015 FABR RN A =S [C]. KEE L, 2016.

[21 EEdEpE, 2, BN, 55 ST AN M B R PEIR[I]. R E AL T RESAR, 2014, 34(29): 5029-
5040

[3] Lee, K.S, Kim, M.K,, Lee, K.S., et al. (2014) A Study on Frequency Control and Active Power Control of Wind Tur-
bine Generation System for PMSG. Transactions of the Korean Institute of Electrical Engineers, 63,597-607.
https://doi.org/10.5370/KIEE.2014.63.5.597

[4] EPURE, AR, SRECP, SR KUK RASEIEORTT FELRA D], b E LT RE AR, 2014, 34(25): 4304-4314.
[5] Morren, J., De-Haan, S.W.H., Kling, W.L., et al. (2006) Wind Turbines Emulating Inertia and Supporting Primary



https://doi.org/10.5370/KIEE.2014.63.5.597

[7]

(8]
(9]

[10]

[11]
[12]

[13]

[14]
[15]

[16]

[17]

Frequency Control. IEEE Transactions on Power Systems, 21, 433-434. https://doi.org/10.1109/TPWRS.2005.861956
HGBE, EAAM, 1T, & 5T 000X LA SRR S HUE DR = R[] RS E 3L, 2015,
39(5): 20-26.

Vidyanandan, K.V. and Senroy, N. (2013) Primary Frequency Regulation by Deloaded Wind Turbines Using Variable
Droop. IEEE Transactions on Power Systems, 28, 837-846. https://doi.org/10.1109/TPWRS.2012.2208233

EOCHE, B, o E TSR AR T I R EOEHIES[]]. RS A 301k, 2015, 39(11): 126-131.

fg%‘)ﬁ%s iﬁﬁliﬁ%, Wi, 2. ARIdfE SO0 KRB P s i e k(3. ) R G L B AR, 2011,

Elitani, S., Annakkage, U.D. and Joos, G. (2011) Short-Term Frequency Support Utilizing Inertial Response of DFIG

Wind Turbines. IEEE Power and Energy Society General Meeting, America, 24-29 July 2011, 1-8.

XE, B, T, KRB S5 R GFRHBRHORRED]. BMER, 2014, 38(3): 638-646.

gﬂﬁgj& SCETE, PRI & TR R D AR 0 A E R G S A SRR ], b AL AR AR, 2015(2):
5-102.

Vidyanandan, K.V. and Senroy, N. (2016) Frequency Regulation in a Wind-Diesel Powered Microgrid Using Flyw-
heels and Fuel Cells. IET Generation Transmission & Distribution, 10, 780-788.
https://doi.ora/10.1049/iet-gtd.2015.0449

Sebd b, WESCEE, B 45E K IDETNR) R S S TR ) SR [T]. B RS B SR, 2013, 25(5):
50-53.

TRETRA, W, M, . ET IR RGN RIS TN [I]. B LR, 2014, 34(28):
4752-4760.

Miao, L., Wen, J.Y., Xie, H.L., et al. (2015) Coordinated Control Strategy of Wind Turbine Generator and Energy

Storage Equipment for Frequency Support. Industry Applications Society Meeting, USA, 18-22 October 2015, 1-7.
https://doi.org/10.1109/tia.2015.2394435

FIURE . 7 25 HIR ik BE A RORLAL S = I BF 7L [D]: [ 226 30]. Jbat: fedb e /K%, 2013,

Hans iXlth

BT BRE R E R T RS

BRaRTEWARSS (QQ. Tl A B )
UM Sssaiop G RLl]

24 /INEF DL SRS 1 T A e 1)

T (A LR HE R ST

TNV AT PR

MR

A 4% 78 i FAET IS IR AL

NogapwhRE

hEE S http://www.hanspub.org/Submission.aspx
WITIMRAE : sg@hanspub.org



https://doi.org/10.1109/TPWRS.2005.861956
https://doi.org/10.1109/TPWRS.2012.2208233
https://doi.org/10.1049/iet-gtd.2015.0449
https://doi.org/10.1109/tia.2015.2394435
http://www.hanspub.org/Submission.aspx
mailto:sg@hanspub.org

	A Strategy of Wind Power Participating in System Frequency Regulation Based on RKC and BESS
	Abstract
	Keywords
	基于转子动能控制和蓄电池储能系统共同作用的风电调频策略
	摘  要
	关键词
	1. 引言
	2. 转子动能控制
	2.1. 虚拟惯性控制
	2.2. 下垂控制
	2.3. 综合惯性控制

	3. 蓄电池储能系统
	4. 转子动能控制与蓄电池储能系统共同作用的调频策略
	5. 仿真案例
	5.1. 仿真参数
	5.2. 仿真结果及分析

	6. 结论
	资助信息
	参考文献 (References)

