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Inertia-damping coordinated control strategy of VSG hybrid energy storage
based on virtual shaft coupling
LIU Huazhi',QIN Lu’,ZHANG Xiangyu’,LI Yonggang’
(1. State Grid Tianjin Electric Power Research Institute,Tianjin 300220, China;
2. Chengxi Power Supply Branch of State Grid Tianjin Electric Power Company,Tianjin 300110, China;
3. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China)
Abstract: Coupling the virtual synchronous hybrid energy storage devices(HESDs) with a synchronous gene-
rator (SG) through a virtual shaft can realize the efficient transfer of transient energy and improve the
transient stability of the renewable energy power generation system. The conversion relationship between
static energy of HESDs and kinetic energy of SG is established. The virtual inertia of HESDs is analyzed
to obtain the synchronous operation capability. In order to transfer more transient energy from the SG,a
new virtual shaft is introduced into the HESDs,and the influence of the coupling between the HESDs and
the virtual shaft on the system transient stability is analyzed. Based on the Hamiltonian energy function,the
necessary conditions for the efficient transfer of transient energy in the HESDs are deduced,and then the
virtual shaft control strategy of HESDs is proposed to coordinate the virtual inertia and power oscillation
suppression functions. The simulative results show that the proposed control strategy can obviously improve
the transient stability of the system frequency and power angle.
Key words: virtual synchronous generator;hybrid energy storage device;virtual inertia;transient energy;virtual

shaft control ; coordinated control
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Transient stability analytical model and coordination control of
AC system with GFL-VSC
XUE Yicheng,ZHANG Zheren, XU Zheng
(College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)

Abstract: The integration of voltage source converter-based high voltage direct current (VSC-HVDC) can
change the transient stability characteristics of AC system. Therefore, an analytical analysis of the AC sys-
tem with grid-following voltage source converter (GFL-VSC) is presented. The transient stability analytical
models of the pre-fault, fault-on and post-fault systems are built. An analytical calculative method based on
discrete integration for calculating the critical clearing time of the system fault is proposed. Based on the
analytical model, the influence of the phase and magnitude of the VSC injection current and fault location
on the transient stability of AC system is studied. A coordination control strategy is proposed for transient
stability enhancement of AC system. It acquires the rotor angular frequency of critical synchronous generators
through wide area measurement system to achieve active and reactive current dynamic adjustment of VSC.
The electromagnetic transient simulation model of a multi-machine system built based on PSCAD / EMTDC
verifies the correctness of theoretical analysis and the robustness and effectiveness of the proposed control
strategy.

Key words: grid-following voltage source converter;synchronous generator source;transient rotor angle stabi-

lity ;critical clearing time ; coordination control
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Table B1 Parameters of 2-area system with 4 SGs and 11 nodes.

25 o fE ZH i
RGEE MR /Hz 60 & MU A i 45 2 b/ kv 20/230
7 5E FLE /K 230 AL Giv Gov Ga BT/ MW 700
[R5 WA 2 L/ KV 20 [F2B WL G A DT /MW 719
[FBHAE AR/ (MVA) 900 1/ (MVA) 967+j100
ARG/ (MVA) 100 Gk 2/ (MV A 1767+j100
g ALK (km) BEHL (/%0 0.000 1,/0.001 TOaMEZE (C1/Cy) IMvar 200/350
RPN E (km) BY4 (b) 0.001 75 ML EMT 47 ELRERY GENROU
LA Loss Lioan/km 25 s 2 48 EMT {7 LAY SEXS
REEKE Lorv Lo-o/km 10 JESIALIE2E EMT 1) B AR A TGOV1
REKE Lrgs Lao/km 110 I RS E 8 EMT {1 B IEE2ST
[ HLF R 78 T 28 IR PL 0.016 7 B faf EMT {j B AR 2 EN R

ik C



or
o . . (a) dHERIR
_%_
Y W%VN\‘&:WN”M e
) . . (b) q¥AEEIR
98 10.2 10.6 11.0
— IfRfE g4 ME

Cl EATIEF VSCENBRMBELR
Fig. C1 Simulative results of VSC currents during transient process
Lir gipsk s #EER

S /\ ! RIS e

0.9 A , () PLLASRIZR
i Bk
0 / AL SZ
S-1651
(b) FENERRARAL
-190 . ) .
9.8 10.2 t/s 10.6 1.0

C2PLL & & VSC ENBERBMAESER
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Fig. C3 Simulative results of active power with different control strategies
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Fig. C4 Simulative results of PCC voltage with different control strategies
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