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ZHOU Shiying, ZHOU Xudong, TONG Li, et al. Design of
LCL-type Grid-connected Converter Current Loop Controller

Transient Overvoltage Suppression Method of Grid-Following Converter Based on
Equivalent Impedance Optimization

SHANG Ruoyu', XIE Huan?, LIU Xinyu®, LI Changyu?, XIE Luochen?, XIN Huanhai'-3
(1. Polytechnic Institute, Zhejiang University, Hangzhou 310027, China; 2. State Grid Jibei Electric Power Research
Institute, Beijing 100045, China; 3. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: The large-scale access of renewable energy sources (RESs) to the power grid aggravates the transient
overvoltage problem during the fault recovery period. Aiming at the overvoltage on electromagnetic transient
time scale, an equivalent transient multi-process model of grid-following converter is established. Based on the
proposed model, the mechanism of transient overvoltage is revealed. Furthermore, by analyzing the influence of
current loop control parameters on transient overvoltage, a parameter optimization scheme is proposed. On this
basis, due to the improved parameters may aggravate the interaction between the phase-locked loop and the
current loop, resulting in small disturbance synchronous instability, the parameter boundary is proposed
according to the interaction dynamics of the two, then a transient overvoltage suppression process is formed
based on the equivalent model considering the overcurrent capability of converter. Finally, the electromagnetic
transient simulation results show that the proposed model can accurately reflect the transient overvoltage
mechanism, and the proposed method can effectively suppress the transient overvoltage.

Key words: grid-following converters; equivalent model of current loop; small disturbance synchronous
instability; transient overvoltage suppression; overcurrent capacity
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Table C1 Parameters of the Experimental System

25 ZH ZHE
FEHETE fo 50 Hz
a1 LR PEBT L, 1.33 p.u.
WUE L Uy 230 kV

FELIE Lb 0.1
BARFAR 7 B 30 Hz

e 35 kip 2
W 458 AL T 0.01s
YEPE LR Le 0.1 p.u.

a8 ki 0.1

® 02 WHETHREE
Table C2 Amplitude of Transient Current

HLL I {E/p-u.

ki

’ T =0.01s T =0.02s Ti = 0.025s
2 1.26 1.29 1.30

1 1.31 1.36 1.38

0.6 1.34 1.41 1.44
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Optimization Scheme of STATCOM Parameters for
Temporary Overvoltage Suppression

Ruoyu Shang Changyu Li
Polytechnic Institute Grid Technology Center
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Hangzhou, China Research Institute
22260124@zju.edu.cn Beijing, China

Lcy0609395@163.com

Huan Xie
Grid Technology Center
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Research Institute
Beijing, China
xie.huan@jibei.sgce.com.cn

Abstract—The temporary overvoltage (TOV) issue arises
more frequently in modern power system as the access of
electronic power equipment nowadays. One main reason is the
reactive power surplus generated by reactive power
compensators such as STATCOM. Due to the inherent delay of
control and measurement in STATCOM, its reactive current
output during the low-voltage ride through (LVRT) period
cannot be withdrawn in time after fault clearance, resulting in
surplus reactive power that raises the terminal voltage. To
improve the voltage support capability of STATCOM, this paper
first established the equivalent impedance model of STATCOM,
then analyzed the influence of control parameters on TOV based
on the dynamics of the current controller and filter. On this basis,
the parameter range is determined according to the TOV and
stability constraint, so as to form a parameter optimization
scheme. The simulation results show that the proposed scheme
can effectively suppress TOV.

Keywords—TOV,  grid-following
current controller dynamics.

converter, STATCOM,

I. INTRODUCTION

With the continuous development of long-distance
transmission, the power loss in power system becomes an
issue. To reduce power losses in transmission lines and
minimize reactive power flow in power system, a large number
of reactive power compensators are connected to the power
grid separately of which the static synchronous compensator
(STATCOM) has been widely used in both generator side and
load side thanks to its good dynamic response performance [1-
5], low power loss and low cost [6]. STATCOM based on grid-
following (GFL) converter generates surplus reactive power
due to control delay during fault recovery, resulting in
temporary overvoltage (TOV) at the point of common coupling
(PCC). Due to the weak TOV endurance of power electronic
equipment, TOV may lead to equipment damage. Therefore, it
is urgent to clarify the influence mechanism of STATCOM
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control parameters on TOV and propose a corresponding
suppression scheme.

In terms of control optimization for TOV suppression, there
are two types of studies: adding additional devices to improve
TOV endurance [7,8], or optimizing control strategies or
parameters. The former brings higher economic cost, thus it is
more economical and reliable to suppress TOV through control
optimization, while there are still deficiencies in existing
research. When it comes to the analysis method for the
transient process, the voltage dynamic characteristic of GFL-
converter under electromagnetic time scale is described in [9],
then a dynamic calculation model is established, which helps
clarify the influence of cascade control structure on system
dynamics. The dynamics of phase-locked loop (PLL), current
control loop and voltage feedforward (VFF) control are
considered in [10], and then the influence of control parameters
on the system stability is analyzed, which reveals the coupling
relationship among the cascaded control structures. This paper
aims to illustrate the mechanism of influence of control
parameters, which is more intuitive to analyze with equipment
equivalent impedance. However, there is a lack of analysis
methods from the impedance perspective.

Based on the above analysis methods, several TOV
suppression schemes are proposed. In [11], a suppression
method for TOV by adjusting PLL parameters is proposed.
However, it relies on multiple iterations of PLL deviation. It is
reported in [12] that improving the fault ride through (FRT)
parameters can help suppress TOV, while changing the
parameters also affect the reactive power output during the
fault. Moreover, it is proposed in [13] that a virtual impedance
module can be used to suppress TOV, which can be achieved
by adjusting the structure of the inner loop to change the
transient characteristics of STATCOM. To sum up, the control
optimization for TOV suppression is concentrated in three
parts: FRT strategy, PLL and inner loop. However, the

https://ieeexplore.ieee.org/document/10721080

979'8'35Oﬁtﬁéér?Zé%gﬁée%@ezm%ﬂJ@%EZhejiang University. Downloaded on% 26,2025 at 10:37:04 UTC from IEEE Xplore. Restrictions apply.


尚学
打字机
https://ieeexplore.ieee.org/document/10721080




