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Structural Parameter Optimization of Converter Transformer Shielding Device Based on
Magnetic-thermal-flow Coupling and Winding Hot Spot Temperature Inversion
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(1. Hubei Provincial Engineering Technology Research Center for Power Transmission Line(China Three Gorges University), Yi-
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Abstract: The converter transformer is affected by harmonic excitation in actual operation, and its loss and temperature
rise are significantly higher than those of the fundamental rated condition, which poses a serious challenge to the
long-term operation stability of the equipment. Firstly, based on the actual structural parameters of the converter trans-
former, a three-dimensional simulation model is constructed to obtain the magnetic flux density distribution and loss
characteristics of the transformer under fundamental and harmonic conditions. The thermal-flow coupling simulation
model is built to reveal the distribution law of temperature field and flow field. The results show that the transformer loss
and winding hot-spot temperature increase significantly after considering harmonics. Secondly, the loss suppression effect
is studied by adding electrical shielding and magnetic shielding devices on the wall of the fuel tank, and the magnetic
shielding suppression effect is more prominent. On this basis, the influences of the length, thickness and height of the
shielding device on the loss of the fuel tank are analyzed. The response surface method combined with the satisfaction
function is used to construct a multi-objective optimization model, and the parameters are globally optimized. After opti-
mization, the total loss of the fuel tank wall and the winding hot-spot temperature are significantly reduced. Finally, based
on the optimized transformer tank wall, the correlation between the measuring points in each region and the hot-spot
temperature of the winding is calculated, and the GA-BP neural network model is introduced to invert the points with high
correlation. The results show that the temperature inversion of different combinations of high correlation measuring points
are carried out, and the inversion accuracy of the best combination of measuring points is more than 0.99. This study pro-
vides a reliable theoretical support for the selection of monitoring points on the wall of transformer tank.

Key words: converter transformer; shielding device; response surface; temperature inversion; GA-BP prediction mode
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Fig.4 Distribution of fuel tank loss density
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Table 2 Fuel tank wall wear values
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Table 3 Losses on the tank wall after shielding
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Fig.11 Schematic diagram of shielding plate structure

dimensions
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Table 4 Design range of structural dimension of shielding plate Table 5 Central composite design table
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Table 8 Comparison of simulation and predicted results
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Table 9 Central composite design table

EEY S h T O Oi Ow
1 10 10 0.8 0.8 0.8
2 13 15.8 0.9 0.9 0.9
3 15 20 1 1 1
4 17 242 1.1 1.1 1.1
5 20 30 12 12 12

# 10 BP MM TRINR AR bR

Table 10 BP model prediction error metrics
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Table 11  Prediction error index of GA-BP model
Bk R CRMSE €MAE
GA-BP 0.98 0.64 0.54
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Fig.18 Comparison of training set and predicted values Fig.20 Distribution of point correlation
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Table 12 Inversion results for different combinations

WA R? CRMSE EMAE
16 0.98 0.69 0.54
8 0.987 0.54 0.43
5 0.991 0.42 0.32
2 0.984 0.58 0.51
1 0.981 0.87 0.57
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Table Bl Transformer structural material settings
I SH HfE /b
it SHAH/(W-m K Y
(Ei%:)‘# ) A ke KD b
# (kg m™) 7550
ve FHARE/(W-m K 386
(,fﬁ) EREAA/I kg K 390
#)/(kg'm ) 8960
SHAEF/(W-m- K 0.13-8.05x1075T
Sa— HE AT kg K 13 408.15+123.047-0.3472+3.13 X 10747
iy ji L
i B /(kg-m ) 1 055.05-0.587—6.41x 107
1% /(Pa-s) 91.45-1.33T+7.78x1037%>-2.27x107°T?
# B2 etEA
Table B2 Test sample
s d/m w/mm h/m PIW V/dm?
1 2.2 18 3.1 8082 122.76
2 2.5 18 3.1 7611.9 139.5
3 2.2 27 3.1 7203.7 184.14
4 2.5 27 3.1 6 869.2 209.25
5 22 18 39 39173 154.44




23R B2

A ey d/m w/mm h/m P/W V/dm?
6 2.5 18 39 3 146.1 175.5
7 2.2 27 39 3622 231.66
8 2.5 27 39 2942.6 263.25
9 2.1 22.5 348 5145.6 164.43
10 2.6 22.5 348 4034 203.58
11 2.35 15 348 4556.9 122.67
12 2.35 30 348 4182.7 245.34
13 2.35 22.5 2.82 95414 149.11
14 2.35 22.5 4.14 26743 218.90
15 2.35 22.5 348 4439.5 184.01
16 2.35 22.5 348 4439.5 184.01
17 2.35 22.5 348 4439.5 184.01
18 2.35 22.5 348 4439.5 184.01
19 2.35 22.5 348 4439.5 184.01

20 2.35 225 3.48 4439.5 184.01
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