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Fig.1 Schematic diagram of photovoltaic field connect-
ed to the grid via voltage source converter based
high voltage direct current (VSC-HVDC)
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Fig.2 Control system of rectifier vector
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Fig.3 Closed-loop interconnection model of photovoltaic
field connected to the grid via VSC-HVDC
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Fig.5 Flow chart of particle swarm optimization
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Table 1 Parameters of the damping
controller fitted to PV4
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XEGAR B ICHE N BHLJE 45 i 45 i 1 2R Gk A7 i
AR, i EAL 8N 5 s BF, PVA KA Dk A2
JEOR I 80% , I-F 100 ms J5 KA . fEiZHLE T PV4
A D A i A S AR AR AN 16 B
3.2.2 JERBUAHIRERY Sl ¢ FhE TR NI
PR IR I BRI REL e 33 05 ¥

Bk Rk b3 BT § B s i o 1) IR A

45 50
= 35 40
25 Hé 30
s Iy 20
& 5 « 10
0 n n
A()pu Axpn Ax3 Al Ax,

@) LB 5HT ®) 4 B 5H T
B 15 502 Ay Ay B SEF

Fig.15 Participation factors of ;\51 N ):m for case 2

0032
1
= 0.031f p— T :<
=
¥ 0.030} /
R
= 0029}
€ 0.028}
==
& 0.027}
g
Z 0.026}
0.025
-9.919,
3
[N L
= 9921
g 99
N
% -9.923f
5 A
2 -9.925 ; i
S I Sun——
-9.927 ' ' ' . ' : :
0 5 10 15 20 25 30 35
S
— R A — )
E 16 PV4 EiZHEBEFHIERERS
FESERITLE

Fig.16 Comparison of simulation results with
damping controller installed in PV4

XF3.1.2 FHEDEIRI RS PV BT 2%

FEJEFEhl 25, [FIAE G 00 1 51880 2 2852 B JE 5 il

o 2 FMEDL T e B g S 8N 3 iR o
#*3 PVIEiZMHRBIEHSESH

Table 3 Parameters of the damping
controller fitted to PV1

TH L K, T, Ty T, Ts T,
BB 1 0.005 0.124 0.2 0.124 0.2 7.5
1Ho 2 0.4 0.1 0.19 0.2 0.5 9
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Table 4 Oscillation mode calculation results
with damping controller installed in PV1

T Ay Mg Ap A

&

T 1 —3.44+494.91 -5.37+488.41 -2.02+495.11 -0.96+502.3i
1E 2 —68.7+489.1i —68.3+488.51 —2.02+495.1i -2.47+495.2i
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Low voltage ride-through control of virtual synchronous generator

based on phase and amplitude compensation
CHEN Zhiyong, DONG Xinwei, LI Chuanhui, WANG Zhichao, ZHAO Ming, DU Xiuwen
(School of Electrical Engineering, China University of Mining and Technology , Xuzhou 221008 , China)

Abstract : Virtual synchronous generator ( VSG) enhances the stability of distributed power sources during grid connection by
simulating the operating principle of a synchronous generator and introducing the virtual inertia and damping coefficient.
However the traditional VSG control strategy struggles to address abrupt changes in grid voltage phase and amplitude when the
voltage drops in the grid. Therefore, a low voltage ride-through control method for VSG based on phase and amplitude
compensation is proposed. Firstly,the different effects of voltage drops and recovery on the power grid are analyzed. Secondly,
during voltage drops, the purposes of overcurrent suppression, rapid stabilization of output power, and reactive power
compensation are achieved by controlling the phase and amplitude difference between VSG output voltage and grid voltage
within the allowable range. Then, during voltage recovery, rapid compensation eliminates the phase difference and amplitude
difference between VSG output voltage and grid voltage to suppress overcurrent and other problems caused by grid voltage
jumps. Finally,the effectiveness of the proposed control strategy is verified by MATLAB/Simulink simulation. The simulation
results show that it can effectively suppress the overcurrent and realize reactive power compensation.

Keywords : virtual synchronous generator ( VSG) ;low voltage ride-through; phase and amplitude jump;phase and amplitude

compensation ;overcurrent suppression ;output power stabilization ;reactive power compensation
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Oscillation stability analysis and mitigation method of photovoltaic

field connected to the grid via VSC-HVDC
DU Wenjuan', HAO Xiangkun', CHEN Jue®
(1. College of Electrical Engineering,Sichuan University , Chengdu 610065, China
2. NARI Technology Co.,Ltd.,Nanjing 211106, China)

Abstract : Photovoltaic field connected to the grid via voltage source converter based high voltage direct current ( VSC-HVDC )
transmission is an important trend in the future development of the power system,but there is a risk that the interaction between
photovoltaic and VSC-HVDC system may trigger system oscillations and instabilities. So, the open-loop and closed-loop
interconnection models of the photovoltaic field integrated into grid through VSC-HVDC are established. The dynamic interaction
between the photovoltaic subsystem and the VSC-HVDC subsystem based on the open-loop mode resonance theory are analyzed.
When a strong interaction between two subsystems occurs, it may cause the corresponding closed-loop oscillation mode to enter
the right side of the complex plane and trigger system oscillation instability. The risk of interaction instability between the
photovoltaic subsystem and the VSC-HVDC subsystem can be mitigated by adjusting the control parameters of the dominant
link. If the control parameters can not be adjusted ,an additional damping controller for the photovoltaic unit is proposed as an
inhibitory measure, which destroys the mode resonance phenomenon by adjusting the open-loop oscillatory modes of the
photovoltaic subsystem away from the open-loop oscillatory modes of the VSC-HVDC subsystem in the complex plane,so as to
stabilise the closed-loop system. The correctness of the above theoretical analysis results and the superiority of the proposed
damping controller are verified by the simulation examples.

Keywords : voltage source converter based high voltage direct current ( VSC-HVDC) ; photovoltaic field ; open-loop mode reson-

ance ;stability analysis ; damping controller; dynamic interaction
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