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Virtual Shafting Coupling and Synchronous Control for Photovoltaic Energy Storage System

ZHANG Xiangyu, WANG Zhiwei, FU Yuan

(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources, North China Electric Power University,

Baoding 071003, China)

Abstract: The energy storage device can provide dynamic stability support for the system by using virtual inertia control
technology, but its coupling relationship with the synchronous unit still needs to be discussed. In order to improve the
transient energy transfer efficiency and the grid connection stability, the VSG model of the photovoltaic energy storage
system is firstly established, the energy conversion relationship between static energy storage and rotational kinetic energy
is analyzed, and the definition of virtual inertia of hybrid energy storage is described. Secondly, by analyzing the power
transfer of the photovoltaic energy storage system under the virtual synchronous control, the virtual shafting coupling re-
lationship between the photovoltaic energy storage system and the synchronous machine is established, and the necessary
conditions for improving the transient energy transfer efficiency of the photovoltaic energy storage system are obtained by
using the Hamilton energy function, and then the control strategy of the virtual synchronous machine is improved. Finally,
a regional power grid simulation system with photovoltaic high permeability is built to verify that the proposed control.
The results show that the proposed control has both frequency support and power oscillation suppression functions, which
can significantly improve the grid-connection friendliness of the photovoltaic energy storage system.
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grid-connected system based on VSG
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Fig.7 Dynamic responses of the system after a sudden load change
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Fig.8 Dynamic responses of system after short circuit fault

SR DR RG L.
ik, S PUR 4R

1) #5377 EHMAEE. AR ERPAE
PUHLKENRE Ex AN RERF ISR, FiER SR
#IE R DB R N B A TR IR RE . (HAERE
WFAEES, SR S AR T E, A
S RIBHAAL -

2) TEMEANED IR b, Ao oI N g
WS, LT VSG HARGRKMG KA. HA
GURBIE . EAREREALIE T AR, REAMBA ST
ML TIAARG, A5 FE R R L A8 i D
AL H, BARE - DREICHEIFMRGSETE
PERIER -

RLRE A A7 L

3) ARSCHRI ARG & Re ek A, HRAS T RN
ML TE A B A Re B 1 R FOUBR AL I BE 5 1
%o BRI SRR, S HMN R g EE
SINRER R, ol L FEE AL sS4, S
FERNER R B SRR, BERAH A
WA SCHE R

B 5% WA F1) ) 2% i (http://hve.epri.sgee.com.cn)

Z£2 3k References

HRI, BRRE, BrR—, % EIUFEEREIBRZRED]. &
NRGAEHN, 2015, 39(21): 165-175

ZHENG Tianwen, CHEN Laijun, CHEN Tianyi, et al. Review and
prospect of virtual synchronous generator technologies[J]. Automation
of Electric Power Systems, 2015, 39(21): 165-175.

(1



KA, B, A R OB ARG RSG5 F D )

351

(2]

3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

ERE, RAGK, BEER, 55 SGRIFMIR RGBT 15
HEWE[T). EERR, 2020, 46(11): 3743-3751.

WANG Su’e, WU Yongbin, XIONG Liansong, et al. Virtual inertia
control strategy for grid-tied photovoltaic power generation system[J].
High Voltage Engineering, 2020, 46(11): 3743-3751.

RS I T BER SERIATRDGR RS ERRE R L
2 il W& 5 43 BT [J/OL). s 542, 2020: 1-6[2021-06-01].
http://kns.cnki.net/kems/detail/23.1202.th.20200521.1125.002. html.
ZHU Huimin, YUAN Shun, LI Chunlai. Control strategy and analysis
of virtual synchronous generator of photovoltaic power plant with en-
ergy storage link[J/OL]. Electrical Measurement & Instrumentation,
2020: 1-6[2021-06-01]. http://kns.cnki. net/kcms/detail/23.1202.th.
20200521.1125.002.html.

AR, W, £ OB % RSB E TR ST R
GUARFLE MR HTI]. Wi EEIR, 2018, 44(4): 1335-1342.
ZOU Peigen, MENG Jianhui, WANG Yi, et al. Influence analysis of
the main control parameters in FVSG on the frequency stability of the
system[J]. High Voltage Engineering, 2018, 44(4): 1335-1342.
KT, B B, RBER, SE OB ARG EE SN 1]
U], Hr B &%, 2017, 37(9): 109-115.

ZHANG Xiangyu, YANG Li, ZHU Xiaorong, et al. Virtual rotational
inertia control of PV generation system with energy storage devices[J].
Electric Power Automation Equipment, 2017, 37(9): 109-115.

drET, AR, AT R R TIRA RN BB RO A
TR BRSO, 2021, 47(11): 4113-4122.

ZHANG Xiangyu, LI Lingfei, FU Yuan. Virtual synchronous coupling
control of hybrid energy storage with variable inertia[J]. High Voltage
Engineering, 2021, 47(11): 4113-4122.

BN, BRORE, W, 55 BB IEGE UERRAR TOURERI R
RS RGUSAT I RIS (D] W IEEOAR, 2020, 46(2): 511-518.
LI Guangkuo, CHEN Laijun, XIE Yuguang, et al. Coordinated opti-
mization strategies of wind-storage hybrid system considering
off-design characteristics of compressed air energy storage[J]. High
Voltage Engineering, 2020, 46(2): 511-518.

oMY, whelE, R, & TR K GE R G
NSRS 7T [I]. P E AL TR A, 2021, 41(8): 2628-2640.
LIANG Kai, PENG Xiaotao, QIN Shiyao, et al. Study on synergetic
control strategy for optimizing frequency response of wind farm aug-
mented with energy storage system[J]. Proceedings of the CSEE, 2021,
41(8): 2628-2640.

XOBE, o B, HiEh. RIS S — ORI S Ik
[7]. FHEEOR, 2018, 44(4): 1157-1165

DENG Xia, SUN Wei, XIAO Haiwei. Integrated control strategy of
battery energy storage system in primary frequency regulation[J]. High
Voltage Engineering, 2018, 44(4): 1157-1165.

AT, RIESR, £ O 5 XNAEESEEMFDS R RSN
R STEMED T RFHAESER, 2021, 42(2): 136-143.
ZHANG Xiangyu, ZHU Zhengzhen, WANG Chen, et al. Transient
stability analysis of power angle in virtual synchronous system with
high wind penetration[J]. Acta Energiae Solaris Sinica, 2021, 42(2):
136-143.

ZHANG X Y, ZHU Z Z, FU Y, et al. Optimized virtual inertia of wind
turbine for rotor angle stability in interconnected power systems[J].
Electric Power Systems Research, 2020, 180: 106157.

VANEAE, XIRP, LR, . ST R L RER S R L
PRprEmkIsEng ). RS54, 2020, 57(7): 60-67

FAN Yanan, LIU Tianyu, JIANG Xiuchen, et al. Optimal control

strategy of virtual synchronous generator based on optimal damping

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

ratio[J]. Electrical Measurement & Instrumentation, 2020, 57(7):
60-67.

B W, B B B R R K B R ) R G R B 5 R UL R
JevhREEHIITED]. BB S, 2020, 40(11): 92-98.
YANG Tao, LIAO Yong. Coordinated control method of virtual inertia
and virtual damping for interconnected power system with doubly-fed
wind farm[J]. Electric Power Automation Equipment, 2020, 40(11):
92-98.

Wb, £ ¥, £WE F ZUMENFEE R BIEAZ IR
N RGBS LA N Hr[I/OL]. mEHAR, 2021: 1-17
[2021-10-24].  https://kns.cnki.net/KCMS/detail/detail .aspx?dbcode=
CAPJ&dbname=CAPJLAST&filename=GDYJ20210820008.
HUANG Shilou, WANG Tong, JIN Mingxin, et al. Dynamic interac-
tion mechanism analysis of multiple photovoltaic-battery virtual
synchronous generators integrated multi-machine power system[J/OL].
High Voltage Engineering, 2021: 1-17[2021-10-24]. https://kns.cnki.
net/KCMS/detail/detail.aspx?dbcode=CAPJ&dbname=CAPJLAST&fi
lename=GDYJ20210820008.

BRiEPE, R0, o, &5 XUm A EHLALI B H RGN T
WREIIEI]. HARZKEBNL, 2014, 38(23): 6-12.

CHEN Runze, WU Wenchuan, SUN Hongbin, et al. Impact of inertia
control of DFIG wind turbines on system small-signal stability[J].
Automation of Electric Power Systems, 2014, 38(23): 6-12.

EMCAE, XUFR, B, 55 BRI SRS RO g
B[] E LIRS, 2019, 39(20): 5885-5893.

WANG Yawei, LIU Bangyin, DUAN Shanxu, et al. Research on tran-
sient characteristic optimization of virtual synchronization generator
control strategy[J]. of the CSEE, 2019, 39(20):
5885-5893.

FEEHR. )X Hamilton FH| REIE: LI, =15 MAMI. b
A BREERAE, 2007,

WANG Yuzhen. Theory of generalized Hamilton control sys-

Proceedings

tems-implementation, control and applications/M]. Beijing, China:
Science Press, 2007.

=, WA, AT RN T KRG8 Sy R
WHFFEI]. HE AL T2, 2008, 28(17): 138-143.

ZENG Yun, SHEN Zuyi, CAO Linning. Theoretical study on dynam-
ical model of single-machine-infinite-bus system[J]. Proceedings of
the CSEE, 2008, 28(17): 138-143.

F - Vj. Hamilton B & b8 BT T 58 K HAE L ) R iR e 1 h i
FIA[D]. Lbifg: E#EAZmAZ:, 2013.

SHI Fang. Study on Hamilton energy function method and ITS appli-
cation in power system stability control[D]. Shanghai, China:
Shanghai Jiao Tong University, 2013.

e R AL, XU R —ISr T ARER IR AR 1 R AL A RE
HUITIE e ZHOBETHI]. #RBITAEA4R, 2015, 28(5): 785-792.
XIONG Huai, KONG Xianren, LIU Yuan. Energy transfer and dissi-
pation of a class of nonlinear absorber and its parameter design[J].
Journal of Vibration Engineering, 2015, 28(5): 785-792.

KA, B, TR B TIREH LSRR B S B E
BRD]. B ASMB#, 2019, 39(11): 50-56.

ZHANG Xiangyu, LI Lingfei, BIAN Zixuan. Virtual moment inertia
control based on hybrid static energy storage[J]. Electric Power Auto-
mation Equipment, 2019, 39(11): 50-56.

kgt AELRYEREREBE R s 2R S RS B RUCR B TS [D]. W UR
T MRIE TR, 2012,

ZHANG Yechi. Research on the dynamics and performance of vibra-

tion Suppresion of Nonliner energy sink[D]. Harbin, China: Harbin



352 e B R 2023, 49(1)

Institute of Technology, 2012. modeling of hybrid energy storage systems considering battery life[J].
[24] FEHR, AR, Z2HL. )X Hamilton LI R EAEHR S RG T Proceedings of the CSEE, 2013, 33(34): 91-97.

FIRIH]. EEhesaR, 2002, 28(5): 745-753.

WANG Yuzhen, CHENG Daizhan, LI Chunwen. Generalized Hamil- KEFFCEREIEH)

tonian realization and its application to power systems[J]. Acta 1984—, 5, {4, EIHIR

Automatica Sinica, 2002, 28(5): 745-753. LI 5 90 9 e PR R HE -5 R i E R H g He
[25] Zgpk, WER, £ &, % BRI R RSB E R THAR R IR

WS FHERA, 2022, 48(5): 1893-1902. E-mail: zh.xy.sq@163.com

LI Jianlin, TAN Yuliang, WANG Han, et al. Research on configuration

optimization of energy storage system in distribution network and op-

tical storage microgrid[J]. High Voltage Engineering, 2022, 48(5): ZHANG Xiangyu

1893-1902. Ph.D.
[26] HIRAR, 2 HERW, & bR AR a IR AR RS Associate professor

ARMABA]. hERHLTREYR, 2013, 33(34): 91-97.
HAN Xiaojuan, CHENG Cheng, JI Tianming, et al. Capacity optimal

Corresponding author

Wk HB 2021-07-13 BRIHH 2021-11-02  4miE R =



Mk A

# Al KRGS

Table A1 Photovoltaic energy storage system parameters
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Table A2 Virtual synchronization controller parameters
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Table A3  Virtual coupling controller parameters
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