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Research on reduced order model of three-phase isolated transformer used in a mobile substation

GAO Meijin!, DI Qian?, WANG Tingting?, JIA Fangli?, HUANG Jianggian?, YOU Xiaoliang?,
YANG Jiarui', YANG Shiyan®, MENG Fangang?®
(1. Economic and Technological Institute, State Grid Zhejiang Electric Power Co., Ltd., Hangzhou 310000, China;
2. Henan Pinggao Electric Co., Ltd., Pingdingshan 467001, China;
3. School of Electrical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The three-phase isolated transformer is the key primary equipment of the mobile substation. A reduced order
model of the transformer is established based on the Arnoldi algorithm to fast simulate the input and output characteristics
of the transformer in the laboratory environment. The high-precision electromagnetic equivalent circuit of the three-phase
isolated transformer is built according to the electromagnetic induction and Ampere laws, and the quantitative relationship
between the input voltage, current and the change rate of magnetic flux is obtained. The transformer core is made
equivalent to a multi-set of ring loops using the block approximation method, and the equivalent magnetic circuit model
of the core is obtained. Based on this model, the functional relations among the magnetic resistance, magnetic inductance,
magnetic flux and the change rate of magnetic flux can be obtained, and then the state equation of the transformer can be
obtained. The Arnoldi algorithm is applied to reduce the order of the state equation, and the reduced order model of the
three-phase isolated transformer is obtained. Corresponding simulation and experiment are carried out to verify the
correctness and accuracy of the reduced order model of the transformer.
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Table 1 B-H relation of silicon steel sheet

BT  HI(Am) | BIT  HI(A/m) BIT H/(A/m)
0 0 0.95 107 155 2389
04 58 1 116 16 3462
0.45 60 1.05 127 1.65 5096
05 62 1.1 143 17 6529
055 64 115 167 1.75 8 262
0.6 68 1.2 197 18 10 988
0.65 72 125 239 1.85 14730
07 75 13 303 19 18 313
0.75 78 1.35 422 1.95 23090
08 84 14 597 2 30 982
0.85 92 145 955 2.05 47771
0.9 100 15 1592 21 74045
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Fig. 7 B-H curve of silicon steel sheet
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Fig. 9 Residual variation curve with iteration times
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Fig. 13 Input current of the transformer of unreduced
order model and reduced order model
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