49 % 6 W 2420-2431 e FLE R AR Vol.49, No.6: 2420-2431
2023 % 6 H 30 H High Voltage Engineering June 30, 2023

DOI: 10.13336/1.1003-6520.hve.20230165
R T M EER M KA E S BEIAEBIPER

FETL BER BEGL kEZ2EL x| OB, ¥R
(1. BB RFRAXRELALLERTLEEZRT, % 710049;
2. B F B RAFHRIEA RFAENE], J N 510663)

W OE. WG UFRREA R IE I G RA R, SRR U ER AR AR R AR SR B L [
e, A8 PRI BB 5 VA v B RCR I SE B SE N B, SR A AR AR N T R R 2 W ER g 1 A
TSR, YIRS T R I T AL IE A 4 iR (proper orthogonal decomposition, POD)yZ: 3R fif e it 2% 1 I 2 5 ¥ M
GRS I A BRI PO B i, ML 445 PR IC BB T BT iR R R R AL T M A I A B NI
FERE, $RH T AR R ) S R R T AR AR R LA I ST B ) B N R UL S5 IR S A 1 S AR R R B A 1 BV
T I OO A S L O3 AR AR B S IR R AT T R PR AL, A T iR R B R PR Y . BF ST A R R,
KARBEN A EINET B mESE AR RN R AT, A, RAREMETEEE R M
B TR KRR IR, S E T AR TS BB T 92 B AT B i B ME R PE RN T SRR, IR RH 1 SR AR Y B B 7 2 S I B A ik
H, 77 6 £ 37 IR MRS T SRR S 7 B IR R AT

KPR PO RMES WMERE R REEZ SR BEREN,; PUEITHE

Reduced Order Model of Polarity Reversal Transient Electric Field of Converter Transformer
Valve-side Bushing

WANG Qingyu', CHU Zhilin!, CHENG Jianwei?, ZHANG Haoyu', LIU Peng!, PENG Zongren!
(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China;
2. Electric Power Research Institute of CSG, Guangzhou 510663, China)

Abstract: New digital power system in which new energy is taken as the main body is increasingly constructed, thus it is
an important development trend of the future digital power grid to realize the digital twin system of the main equipment.
Using model reduction method to improve calculation efficiency and realize fast real-time simulation is an important basis
for the application of digital twins in the multi physical field simulation of power equipment. In this paper, based on
proper orthogonal decomposition(POD) method, a fast finite element calculation method for solving polarity reversal
transient electric field of converter transformer valve-side bushings is proposed. The Galerkin finite element numerical
calculation method is applied to establish the electric field stiffness matrix of converter transformer valve-side bushings.
The combined algorithm of imposing the virtual homogeneous boundary condition and sparse matrix is proposed for set-
ting the potential boundary of the aluminum foil plate of the core. The processed matrix is extracted with principal
components through matrix singular value decomposition, and the electric field reduced order model for converter trans-
former valve-side bushings is constructed. The results show that the electric field distribution of the converter transformer
valve-side bushing obtained by the model reduction method in this paper is similar to the results calculated by commercial
software. At the same time, the time required to calculate the electric field distribution of the bushing using the light-
weight model is greatly reduced, which verifies that the reduction method has high accuracy and calculation
efficiency.The feasibility of fast calculation and real-time simulation of electric field of power equipment such as bushings
using model reduction method is proved.

Key words: converter transformer valve-side bushing; polarity reversal electric field; proper orthogonal decomposition;

model reduction; fast calculation
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Table 1 Comparison of the first five steps of order reduction

results with the real results of potential at node 158 200

AL 1 2 3 4 5

HEEER/100V -0.159 —-0.315 —0.469 —0.622 —0.772
0

[ERr 4 H/105V  —0.140 —0.280 —0.420 —0.560 —0.700
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