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Fig.1 Diagram of SCIPST topology structure
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Table 1 Comparison of simulation regulation
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Fig.5 Variation diagram of each parameters of line
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Table 2 Partial experimental data of retarded regulation
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Study on novel single-core independent phase-shifting
transformer and regulation performance
MEI Jiajun'?,ZOU Dandan',YU Mengze’,ZHANG Weizhe’, YE Zaosheng', YUAN Jiaxin"’
(1. State Key Laboratory of Performance Monitoring and Protecting of Rail Transit Infrastructure,
East China Jiaotong University , Nanchang 330013, China;
2. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;

3. Grid Planning & Research Center of Guangdong Power Grid Co.,Ltd.,Guangzhou 510080, China)
Abstract: In order to improve the power flow control ability and accuracy of high proportion new energy
distribution network, a novel single-core independent phase-shifting transformer (SCIPST) is presented, the
configuration of voltage regulation winding turns is optimized. By independently controlling the two voltage
regulating windings, SCIPST can independently adjust the phase and amplitude of line voltage. Compared
with the traditional phase-shifting transformer, the function of independently adjusting voltage amplitude and
the number of adjustable phase-shifting angles are increased, and the adjustment accuracy is improved. By
adjusting the voltage phase and amplitude independently,the active and reactive power of the line can be
adjusted independently in a certain range. The topology structure of SCIPST is introduced,the working prin-
ciple is analyzed in detail and the control strategy is given. The simulation model of SCIPST is established,
and the steady-state and transient performance of SCIPST regulating power flow and voltage of power grid
is simulated and verified. A small-capacity SCIPST experimental model is developed,a power flow control
characteristic test platform is built,and a control power flow simulation experiment is carried out. Simulative
and experimental results prove the feasibility and effectiveness of the proposed SCIPST.

Key words: high proportion new energy distribution network; power flow control; single-core independent

phase-shifting transformer;turn number configuration optimization;independent control
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Fig. A1 Phasor diagram of SCIPST
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Fig. A2 Schematic diagram of line voltage magnitude independent adjustment
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Table A1 Tap-changing position

P ksa kia Aoy AUy
1 ki ko 0 0
2 k-1 k; —p AU,
3 ki ko—1 —p AU;
4 k-1 ko—1 20 0
5 ki+1 ko +¢ AUs
6 k1 ko+1 +p AUg
7 ki+1 ko+1 +2¢ 0
8 k-1 ko+1 0 AUg
9 ki+1 ko—1 0 AU
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Fig. A3  Flowchart of SCIPST control strategy
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Table A2 Parameters of simulation

SH Hia S il
Rk E/KV 110 SCIPST Z* 8 ARG +32°
RIE L L Us/KV 117.20° SCIPST #isE HiJE/KV 121
e i Ur/kV 110/-5° SCIPST HUER T/ (MV A) 200
% PEPT Z/Q 9.3+j27.41 SCIPST A5 g% +4

& A3 SCIPST RRASIFH I HELR
Table A3 Simulation results of SCIPST steady-state regulation

ksa kia a/® Uia/kV P/MW Q/Mvar
2 4 22.86 69.33 2326 19.79
3 3 23.03 67.52 2237 7.46
4 2 22.87 65.47 212.8 -9.74
1 4 19.09 69.85 205.5 19.66
2 3 19.38 68.31 199.7 9.13
3 2 19.38 66.77 191.8 -1.17
4 1 19.1 65.29 182.3 -10.78
0 4 15.21 70.04 175.3 19.1
1 3 15.57 68.81 172.2 10.59
2 2 15.69 67.54 167.2 2.05
3 1 15.57 66.3 160.4 6.1
4 0 15.22 65.13 152.5 -13.49
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Fig. A5 Initial power flow distribution diagram of system
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Fig. A6 Voltage waveforms of SCIPST connected into system
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Fig. A7 Diagram experimental circuit wiring principal and hardware device
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Table A4 Parameters of experimental platform

ZH Bl
RN K Us/V 117.£0°
HSZuih s Bk Up/V 117.£0°

LR R R/Q 10
LR T X/Q 314
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Fig. A8 Steady regulation experimental results
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