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Fig.1 Equivalent circuit diagram of no-load
closing of single-phase transformer
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Analysis of influence of series complement capacitor on converter oscillation
dominated by phase locked loop
ZHAO Yongguang', YAERMAIMAITI Ailixier’, TANG Bo',SUN Xiufeng',MA Junchao’,XIN Huanhai’
(1. Department of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;
2. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China;

3. Electric Power Research Institute of State Grid Zhejiang Electric Power Co.,Ltd., Hangzhou 310014, China)
Abstract: Series capacitor compensation technology is extensively utilized in power grids. However,the stabi-
lity of phase locked loop-based inverter is significantly affected by the dynamic characteristics of series
complement capacitor. To analyze this influence, an impedance model of the inverter connected to series
complementary system is established in polar coordinate system, and the generalized impedance criterion
considering series capacitor is derived. On this basis,the dynamic coupling between series complement capa-
citor and phase locked loop,along with the corresponding stability mechanism are elucidated. Furthermore,
the effects of grid strength,series complement capacitor degree,and variations of phase locked loop parameters
on system stability are analyzed. To enhance the stability of the inverter connected to series complementary
system,a phase locked loop parameter design method based on the generalized impedance criterion is pro-
posed. The research show that the inverter connected to series complementary system tends to exacerbate
sub-synchronous oscillation problem under weak grid conditions, and increasing the proportional gain of
phase locked loop can significantly enhance the stability of series complementary grid connection system.
Key words:series complementary grid connection system;electric converters;generalized impedance criterion;

phase locked loops;subsynchronous oscillation
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Calculation method of converter transformer residual flux

considering CVT output characteristics
HAN Pingping', WANG Yan',CHEN Yuxiang', CHEN Zhong*,HU Di’
(1. Anhui Provincial Key Laboratory of Renewable Energy Utilization and Energy Saving,
Hefei University of Technology,Hefei 230009, China;

2. Electric Power Research Institute of State Grid Anhui Electric Power Co.,Ltd.,Hefei 230061, China)
Abstract: When the ultra high voltage converter transformer is closed without load,its residual flux changes
the size and direction of the iron core magnetic flux,which easily causes serious inrush current,leading to
the converter transformer failing to operate normally. For calculating the converter transformer residual flux,
it is analyzed that the error in the capacitor voltage transformer(CVT) output data is caused by the change
of system frequency. Correction is made based on the error formula and a calculation method of the con-
verter transformer residual flux considering the CVT output characteristics is proposed based on the voltage
integration method. The relevant simulation models are built in PSCAD / EMTDC, the opening experiments
are conducted in the positive and negative voltage peaks of the Y and D bridge converter transformers,
and the converter transformer residual flux is determined based on the proposed calculation method. The
comparative experiment of phase selection closing is completed using pre-correction, post-correction and moni-
tored converter transformer residual flux. The experimental results show that the proposed method can effec-
tively calculate the residual flux of converter transformer, providing a reference basis for the suppression of
inrush current.

Key words:converter transformer;residual flux; CVT;voltage integration method;phase selection closing
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Fig.A1 Topological structure diagram of UHVDC converter transformer closing
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Fig.B1 Voltage and magnetic linkage variation relationship
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Fig.B2 Flow chart for measuring converter residual flux by voltage integral method
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Table C1 Nameplate parameters of converter transformer

HRASH Y Az D Hr#feifi Az
e R = 587.1 MV-A 587.1 MV-A
e R AR b 510 kV/230 kV 510 kV/395 kV
AR 50 Hz 50 Hz
TEARFE 0.044 7 p.u. 0.044 7 p.u.
EE 0.2 p.u. 0.2 p.u.
skl Y-Y Y-A

f¥% D

& DI RIEAT. RIER. SNFERIERE FZ)

Table D1 Before and after correction, monitoring residual flux and phase selection closing time

FKA RIEHT/pu. KIEJE/pu.  WAME/pu.  RIEREMEZ/s  RIEEGRZ]/s  BREE R Z]/s

Y/A
Y/B
Y/C
D/A
D/B
D/C

0.508 9 0.617 6 0.618 9 8.207 0 8.169 8 8.168 7
-0.444 0 -0.52 54 -0.526 4 8.2137 8.176 8 8.1773
-0.064 9 -0.092 2 -0.092 5 8.2203 8.177 8 8.1779
0.3108 0.3318 0.3343 8.2328 8.190 8 8.198 0
-0.306 6 -0.324 8 -0.3272 8.206 1 8.168 9 8.165 0
-0.004 2 -0.007 0 -0.007 1 8.2128 8.170 8 8.178 0
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Fig.D1 Phase-B and phase-C inrush current of Y-bridge converter transformer
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Fig.D2 Inrush current of D-bridge converter transformer
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