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Optimization design of insulation structure of multi-winding medium
frequency transformer based on response surface method

CHEN Bin', CAO Hongxia'®, WANG Shuaibing’, LIU Ruiyong®’, TANG Bo'

(1. a. Hubei Provincial Engineering Technology Research Center for Power Transmission Line; b. College of
Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China;
2. Electric Power Research Institute, CSG, Guangzhou 510663, China;
3. DC Company State Grid Hubei Electric Power Company, Yichang 443000, China)

Abstract: Medium frequency transformers have high power density, small volume, complex winding structure, and strong
local electrical stress, so the design of transformer must fully consider the electro-thermal stress margin to ensure reliability.
In this paper, the method of adding electrostatic ring and angle ring were proposed to suppress the electric field strength at
the end of primary winding, and the electric field strength distribution of multi-winding transformer was calculated by
electrostatic field finite element analysis method. Combined with the sensitivity analysis method, the influence of the size
parameters of electrostatic ring and angle ring on the electric field strength was studied to determine the decisive factors of
the maximum electric field strength. The response surface function related to electric field strength was constructed by
response surface method to optimize the insulation structure of transformer. The results show that the optimal sizes of
electrostatic ring and angle ring are obtained by the above response surface function through taking a 50 kW, 10 kHz multi-
winding medium-frequency transformer as an example, which can reduce the maximum electric field strength by 15.4% and
17.49% under short-term power frequency withstand voltage test and rated operating conditions, respectively. It is proved
that the response surface method can be applied to the insulation structure design of multi-winding transformer.

Key words: multi-winding transformer; sensitivity analysis; response surface method; insulation structure
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Fig.2 Medium frequency transformer model structure

x1 PMEEFERITESH

Tab.1 Design parameters of the medium frequency
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Fig.3 Terminal insulation diagram of transformer
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Fig.4 Flow chart of insulation structure optimization design
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Tab.4 Test data
s st Wit HMz: B RRKHyEE | Rk st RS HME FE RKHIYRE
WAL /mm /mm /mm /mm /(kV/mm) W /mm /mm /mm /mm /(kV/mm)
1 9.5 2.5 45 12 12.987 16 10.5 3.5 45 12 12.509
2 10.5 3.5 5.5 12 12.752 17 10.5 2.5 5.5 0.8 13.310
3 10.5 2.5 45 12 12.807 18 9.0 3.0 5.0 1.0 13.404
4 9.5 3.5 5.5 12 12.980 19 10.0 3.0 5.0 1.0 12.634
5 9.5 2.5 4.5 0.8 13.708 20 9.5 2.5 5.5 0.8 13.545
6 10.0 4.0 5.0 1.0 12.510 21 10.5 3.5 5.5 0.8 12.984
7 10.5 2.5 5.5 12 12.925 22 10.0 3.0 4.0 1.0 12.400
8 10.5 3.5 45 0.8 13.217 23 10.0 3.0 5.0 0.6 14.410
9 10.0 3.0 5.0 1.4 13.230 24 10.0 3.0 5.0 1.0 12.634
10 9.5 3.5 5.5 0.8 13.214 25 10.0 3.0 5.0 1.0 12.634
11 10.0 2.0 5.0 1.0 12.858 26 11.0 3.0 5.0 1.0 12.590
12 9.5 2.5 5.5 1.2 13.200 27 10.5 2.5 45 0.8 13.504
13 10.0 3.0 6.0 1.0 12.810 28 9.5 3.5 45 0.8 13.393
14 10.0 3.0 5.0 1.0 12.634 29 10.0 3.0 5.0 1.0 12.634
15 10.0 3.0 5.0 1.0 12.634 30 9.5 3.5 45 1.2 12.710
=5 MNERBEY +=6 HEDW
Tab.5 Response surface model coefficients Tab.6  Analysis of variance
ZH AR AmE FBFERZE 95%CI N F 95%CI LA TR PR AWRE U7 FO P{H
e 12.63 1 0.043 12.54 12.730 | 5.53 14 0.4 35.84  <0.000 1
A-H -0.14 1 0.021 -0.19 -0.094 A-H 0.47 1 0.47 4259  <0.000 1
B-r, -0.12 1 0.021 -0.17 -0.076 B-r, 0.36 1 0.36 3229  <0.000 1
C-r, 0.037 1 0.021  -8.392x10°  0.083 C-r, 0.033 1 0.033 3.03 0.102 3
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4B -3.687x10° 1 0.026 -0.052 0.060 AB  2.176x10" 1 2.176x10*  0.020 0.890 2
AC -0.013 1 0.026 -0.069 0.043 AC  2678x10° 1 2.678x10° 0.24 0.629 3
AD  -2.438x107 1 0.026 -0.058 0.054 AD  9.506x10° 1 9.506x10°  8.62x10°  0.9272
BC  -7.937x10° 1 0.026 -0.048 0.064 BC  1.008x10° 1 1.008x10°  0.091 0.766 5
BD 0.018 1 0.026 -0.038 0.074 BD  5293x10° 1 5293x10° 0.48 0.499 0
CcD 0.100 1 0.026 0.045 0.160 CcD 0.16 1 0.16 14.75 0.001 6
A2 0.100 1 0.020 0.062 0.150 A2 0.30 1 0.30 27.17 0.000 1
B 0.026 1 0.020 -0.016 0.069 B 0.019 1 0.019 1.72 0.2100
' 6.510x10° 1 0.020 -0.036 0.049 c 1.163%x107 1 1.163%x107 0.11 0.749 9
D? 0.310 1 0.020 0.270 0.350 D? 2.64 1 2.64 23948  <0.000 1
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Fig.6 Normal probability distribution of residuals
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Fig.11 Partial three-dimensional surface drawing
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Tab.7 Optimization results under short-time power frequency

withstand voltage

AL R m%#ﬁ TR

H/mm r/mm rymm S/mm /(x10°V/m) /%
fefknr  11.00 2 5 1.20 14.458 —
WRLEVE 1026 4 4 1.14 12.238 15.4
iEME 1026 4 4 1.14 12.321 14.8
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Fig.12  Electric field strength distribution under short-time

power frequency withstand voltage
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Fig.13  Electric field strength distribution under normal

operating condition
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Fig.14 Comparison of electric field strength before and after

optimization of different paths
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