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Fig.1 Grounding transformer equivalent circuit
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Fig.2 Schematic diagram of grounding
transformer model
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Table 1 Grounding transformer main
technical parameters
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Fig.3 Grounding transformer three-dimensional
simplified model
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Fig.4 Flow chart of multi-physics field simulation
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Table 2 Comparison between calculated and simulated
short-circuit currents of high and low voltage windings

i K LI HEEA FEEA R’E%
AR 9479 98.04 3.3

FIRGEA BAHLIE 9479 98.70 4.0
CHHHR 9479 99.14 4.4
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Fig.5 Imulation paths
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Fig.6 Leakage field distribution of high
and low voltage windings
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Fig.7 Equivalent force distribution of high
and low voltage windings
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Fig.8 Low voltage winding force deformation
Hi &l 8 AT, AR SR 4H A 52 1) A VT 1)
P HIPARAEYE] , GE L0 T JE A8 e KA T 4%
R, 297 0.064 8 mm , T SE4H 1 HIE 728 A RAL
AL FHE2H o, 2974 0.032 2 mm , LELL I AL it
I TEA R AR &

(b) GRAMITHIEAL



2 HEHEAR 230

IR BEAL N ) SOOGS0 3 A A HERS 1, $2 Hb
AR ESRAHEARZ T AR I AN 5], BRA & A4k D
AFERJE J5 1) B IR AT FR, 7630 ) _E A2 Tt
B8] o FEIXFIE D0 T AR Hs 58 41 A 78 58 1) 2R A2 i) AL
W, 75 5 5 | e 8 A1 I () 248 2 e UK , A0 ol 2 A% R AR
R, SO A R . 2 2 B SR AL AR L
BRREE , T 24 T e (R SR A 1y 1) A e
24 HARESW

Fe e SR Iz AT Hh i A s e DR A, i
S B R — PR SR A T 2 D TR R AR AR FE R R
(B AR5 5 W K2 MBI Re J1) (GB
1094.5—2008 ) th HL3E : 5 4% ¢ 41 7 i it T RE 7 B
R PR AR R 2 s PR SO b B i i
FREEITE] Ry 2 s, FREEIR S 22 Co O 1S4 b g
IRGEAL PR M 1 B 305 s 1) IR B B A AR A, ¥ e b AR
BT TO0 T iR B B B WG IR, DL B AHSE
ZH M), FRECHS 11 565 1% I 42 M AR G 2 L BE e AT
EIFSEH iR T2, 23 il an &l 9 FlEl 10 fios

wE/C
143.01
142.19
141.37
140.55
139.73
138.91
138.09
137.27

(b) IEZRLH
/T

27.63
27.60
27.57
27.54
27.50
27.47

wE/C

143.01
126.50
109.98
93.47

‘ 76.96
60.45
43.93
27.42

(a) Bt HE ki e
HpEIC

28.91
28.88
28.86
28.83
28.81
28.78
28.76
28.73

() FIERSMILALIE

B9 HERRGEARESHTZE
Fig.9 Windings temperature distribution
cloud diagram after short-circuit
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Fig.10 Windings temperature rise curves
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Fig.11 Optimized low voltage winding structure
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Fig.12 The relationship between the maximum shape
variable of windings and the number of struts
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Fig.13 The relationship between average temperature
of winding and the number of struts
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Fig.14 Optimization effect of winding structure
under different number of struts
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YU Shaoze. Analysis of the short-circuit withstand capability of

Analysis and improvement of grounding transformer’s

ability to resist outlet short-circuit
LI Jiayang', XIAN Richang', LI Fei’, HU Yuyao', XUE Yongduan®, WANG Wei'
(1. College of Electrical and Electronic Engineering,Shandong University of Technology ,Zibo 255000, China
2. State Grid Shandong Electric Power Company Zibo Power Supply Company,Zibo 255000, China;

3. College of New Energy,China University of Petroleum ( East China) ,Qingdao 266580, China )
Abstract ; Currently, there are issues such as insufficient research on the physical characteristics of windings in grounding
transformers under outlet short circuit conditions and a high number of damage accidents. Given this issues, a dry-type
grounding transformer is chosen as the research subject. A three-dimensional multi-physics field coupling model is constructed
using finite element simulation software. The aim is to analyze changes and distribution patterns of multiple physical parameters
such as winding electromagnetic fields, winding temperature rise,and winding stress deformation under the outlet short circuit
condition of the low voltage side of the grounding transformer. The key factors influencing grounding transformer’s ability to
resist outlet short circuit are also explored. Results indicate that after an outlet short circuit occurs in the grounding transformer,
the magnetic flux and equivalent stress on its winding side, influenced by its yoke core and adjacent pillar cores, are greater than
those on the front side,resulting in extremely uneven overall deformation. Due to the grounding transformer’s special winding
structure and operating mode, the transient temperature of its low voltage winding during outlet short circuit faults can reach
140.9 °C ,which is much higher than that of the high voltage winding. Finally , measures are proposed to improve the grounding
transformer’s ability to resist outlet short-circuit based on the dual constraints of dynamic and thermal stability, and structural
optimization is carried out for the weak areas of grounding transformer to resist outlet short-circuit.

Keywords : grounding transformer ; outlet short-circuit; multi-physics field coupling; winding deformation ; winding temperature

rise ;improved short-circuit resistance
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