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Abstract: The temperature rise of transformer is the key factor affecting its operating state and service life. In order to
obtain the temperature distribution of an oil-immersed transformer in the winding area accurately, the electromagnet-
ic-fluid-thermal coupling process of the winding is numerically studied by the finite element method (FEM). According to
the distribution characteristics of electromagnetic and fluid-temperature field, the calculation models of transformer and
winding are established, respectively. Based on heterogeneous grid node data mapping method, the non-average winding
loss obtained from the electromagnetic field analysis is loaded into the fluid-temperature field grid as the heat source, and
the heat source is modified according to the temperature at each iteration. The bidirectional coupling between electro-
magnetic field and fluid-temperature field is realized. On this basis, the response surface of the hot pot temperature and
winding structure parameters is established, and the multi-objective optimization research with the purpose of minimizing
the winding hot spot temperature and conductor material consumption is carried out. The Pareto optimal solution is ob-
tained by the non-dominated sorting genetic algorithm (NSGA- II'), and the four optimization schemes on the Pareto front
are analyzed. The results show that the optimized winding hot spot temperature and the amount of conductor are signifi-
cantly reduced. The research of this paper provides a feasible method for the optimal design of transformer structure.
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Table 1  Structural parameters of transformer

BRI SHL Hfl /mm
HhE 675.0

WHAE N
=iy 1825.0
AR 240.0

R N
=i 1160.0
HhE 359.0
fRIESRA WE 305.0
= 718.9
AME 420.0
R ES4UL Wiz 480.0
= 552.5
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Table 2 Material physical parameters
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Fig.5 Loss distribution in LV winding region
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Table 3  Physical parameters of transformer winding materials
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Table 4 CCD design factor level table

AT AT
Wi/mm Wy/mm Hy/mm Wi/mm Wy/mm
-2.00 290.00 2.25 8.00 4.00 4.00
—0.84 298.69 2.68 9.16 5.16 5.16
0 305.00 3.00 10.00 6.00 6.00
0.84 311.31 3.32 10.84 6.84 6.84
2.00 320.00 3.75 12.00 8.00 8.00
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Table 5 Optimization range of winding structure parameters

Sz K HHEE/mm  E/ME/mm R/ mm
Wi 305.0 295.0 315.0
Hy 10.0 9.0 11.0
Wa 3.0 2.5 35
wi 6.0 5.0 7.0
W 6.0 5.0 7.0
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Table 6 Results of Pareto optimal designs

e agpias bhs/C S bhs/C
7 Wimm Wygmm Hymm  Wy/mm W/mm W 8% T BT (107 mm?) (T 22)
FeuE 92.41 92.49 5.21 —0.08

ESR! 313.82 3.05 6.01 6.97 5.68 84.07 83.28 4.90 0.79
FHE?2 312.86 2.87 9.00 6.98 5.04 85.92 85.95 4.58 —-0.03
TE3 314.89 2.58 9.07 6.97 5.00 89.08 89.96 4.14 —0.88
GEX) 308.15 2.50 9.00 6.96 5.02 91.18 92.48 3.90 -1.30
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Table A1 CCD experimental design
HEART S Wi/mm Wo/mm Hy/mm Wi/mm W/mm Ons/C
1 298.69 332 9.16 6.84 5.16 84.56
2 298.69 332 10.84 5.16 5.16 97.93
3 298.69 2.68 10.84 5.16 5.16 103.37
4 311.31 332 9.16 5.16 6.84 96.33
5 311.31 2.68 9.16 5.16 6.84 105.26
6 311.31 332 9.16 5.16 5.16 91.97
7 305.00 3.00 10.00 6.00 6.00 92.49
8 305.00 3.00 10.00 4.00 6.00 118.4
9 305.00 3.00 10.00 6.00 6.00 92.49
10 305.00 3.00 8.00 6.00 6.00 92.06
11 311.31 2.68 9.16 5.16 5.16 99.45
12 311.31 2.68 10.84 6.84 5.16 88.18
13 305.00 3.00 12.00 6.00 6.00 97.01
14 298.69 332 10.84 6.84 5.16 86.46
15 305.00 3.00 10.00 6.00 6.00 92.49
16 298.69 2.68 9.16 5.16 5.16 102.12
17 298.69 2.68 10.84 5.16 6.84 109.67
18 305.00 3.00 10.00 6.00 6.00 92.49
19 298.69 332 9.16 5.16 6.84 99.24
20 298.69 332 10.84 5.16 6.84 102.75
21 305.00 3.00 10.00 6.00 8.00 95.51
22 305.00 3.00 10.00 6.00 6.00 92.49
23 305.00 2.25 10.00 6.00 6.00 101.97
24 298.69 2.68 10.84 6.84 5.16 91.13
25 311.31 2.68 10.84 6.84 6.84 91.51
26 298.69 2.68 9.16 6.84 5.16 91.5
27 298.69 2.68 10.84 6.84 6.84 94.71
28 311.31 2.68 10.84 5.16 5.16 100.3
29 311.31 3.32 9.16 6.84 5.16 82.3
30 311.31 3.32 10.84 6.84 5.16 83.25
31 298.69 332 10.84 6.84 6.84 89.8
32 305.00 3.00 10.00 6.00 4.00 92.38
33 305.00 3.00 10.00 6.00 6.00 92.49
34 311.31 3.32 10.84 5.16 5.16 94.1
35 311.31 3.32 10.84 6.84 6.84 86.68
36 298.69 2.68 9.16 6.84 6.84 92.78
37 305.00 3.00 10.00 6.00 6.00 92.49
38 311.31 2.68 9.16 6.84 5.16 89.21
39 311.31 3.32 10.84 5.16 6.84 98.55
40 305.00 3.00 10.00 8.00 6.00 81.89
41 320.00 3.00 10.00 6.00 6.00 89.51
42 305.00 3.00 10.00 6.00 6.00 92.49
43 305.00 3.75 10.00 6.00 6.00 88.19
44 290.00 3.00 10.00 6.00 6.00 96.89
45 298.69 332 9.16 6.84 6.84 86.53
46 311.31 2.68 9.16 6.84 6.84 90.41
47 298.69 332 9.16 5.16 5.16 94.75
48 311.31 2.68 10.84 5.16 6.84 105.88
49 298.69 2.68 9.16 5.16 6.84 108.25
50 311.31 332 9.16 6.84 6.84 84.05
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