§56 % 58 i B S N - T Vol. 56 No. 8
2022 4F 8 H JOURNAL OF XI” AN JIAOTONG UNIVERSITY Aug. 2022

X &% 8 %5 [E 2% 55 2\ 55 30 R % 371 R M) iy Y
RSB PR IE T R

ER, Ef, BEE . wER, RIS, B, FEEns
(L. FEdLR MBI K¥ 3 S AR, 712100, BEFEiGE
PUZRZBRFH N RERRLLEERESLRE, 710049, &)

HWE. AEA G THLSEPHERSORBAEL N T EBEEAKFT A LR Em 5, 2T
MR FTARGIEELER TR, RERRAERX LR EMNPEIRTELHF L. I TERE
RGN EH RN ETFRA RO IR E BRAER; B AHFY 5 RIS Ptk 53
EATAREREE BACEBFTFRELMEREAGT EBE BIEBE AL R IE
R T ARG AEE LR AL R T F AR B ARG kBT ABFARNEN TR
R ER & X — 2% T Multisim w345 AR I04E T PR H k69 £ 5

I W, 4 T 2 4B T 69 3 B Rt ) | ﬂﬁzz}‘\féﬂrﬂq‘mu& HHe AT 3 A RHATT A SR AN, sn‘
THEERGHER SR EARES BRI E R EFTRESETL X EA RSO E; EF KT H
B9 0k B SRR, B RAEFE RN BB

KW TEBSZAME ;BB FREFET L FRAELR
hESES. TM4ll XEiREG: A

DOI: 10.7652/xjtuxb202208012 XEHHS. 0253-987X(2022)08-0113-09

0SID 3
Research on Circuit Matrix Algorithm for Calculation of FRA Results

of Lumped Equivalent Circuit of Two-Winding Transformer
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Abstract: To accurately and efficiently calculate the FRA results of the lumped parameter
equivalent circuit of a two-winding power transformer with a large number of discs, this paper
studies the circuit equation matrix algorithm. First, according to the structure of the two-winding
equivalent circuit and the characteristics of the components in each branch, a generalized branch
of the equivalent circuit is established, and the branch voltage and branch current matrices are
constructed; then, by selecting nodes, independent loops, and independent cut sets, matrix
algorithms of the node voltage, loop current, and cut-set voltage equations are derived for
frequency response of the circuit based on the KVL and KCL; in particular, the independent cut-
set selection method for the equivalent circuit is proposed to avoid the complicated step of

selecting the tree branch and the link branch of the circuit diagram when the fundamental cut-set
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is used; second, the accuracy of the three methods is verified by Multisim; finally, the three

methods are compared in terms of the assembly time of the circuit equation matrix, the equation

solving time and the total calculation time. The results show that the cut-set voltage equation

matrix algorithm has the highest efficiency. However, if the selection time of the independent cut

set in the early stage is considered, the node voltage matrix algorithm has more advantages.

Keywords: transformer winding; frequency response; circuit equation matrix algorithm; equation

circuit model
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Fig. 1 Lumped parameter equivalent circuit model of a two-winding transformer
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Fig. 2 Generalized branch
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Fig. 3 Independent loops of the equivalent circuit of the

winding
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Table 2 The Comparison of the calculation time of the algo-

rithms in case 2
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Table 3 The dimension of the coefficient matrices
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