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Abstract: High-voltage transformers are critical components in high-voltage substations, performing
essential voltage transformation and power distribution functions for power grids. Their seismic perfor-
mance significantly affects the earthquake resistance and post-earthquake recovery capacity of related
power grids and power supply areas. High-voltage transformers mainly consist of oil tank system and
elevated platform-porcelain bushing system. Both systems are seismically vulnerable, requiring rigor-
ous seismic reliability and vulnerability assessments. Currently, common methods for seismic perfor-
mance analysis include shaking table tests and finite element analysis. However, their financial costs

and computational expenses are relatively high, making them unsuitable for seismic performance anal-
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ysis that requires multiple seismic response analyses, such as seismic reliability and vulnerability as-
sessments. To reduce the cost of single seismic response analysis for high-voltage transformers, this
study investigated simplified analysis methods for their seismic seismic performance and then estab-
lished a simplified dynamic model for seismic response analysis of high-voltage transformers. The
model decomposed the high-voltage transformer into oil tank system and elevated platform-porcelain
bushing system. The acceleration response of the oil tank system was simplified using the acceleration
amplification factor of the tank roof, and the seismic response of the elevated platform-porcelain bush-
ing system was simplified as a 4-degree-of-freedom vibration system that incorporated their rocking
characteristics. Subsequently, the simplified models of both systems were coupled, thereby develop-
ing a rapid calculation method for the seismic response of high-voltage transformers. A comparative
analysis between finite element analysis results and simplified calculation results for the displacement
response at the top of porcelain bushings in a 220 kV transformer under typical natural seismic waves
validated the calculation accuracy of the simplified dynamic model established in this study.

Keywords: high-voltage transformer; seismic performance; rocking effect; acceleration amplification

factor; simplified dynamic model
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Table 2 Comparison of peak acceleration and its acceler-

ation amplification factors

i 7B 44 Bk PA/g APA/g N
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Tabas L 0.854 0.850 0.995
Tabas T 0.862 0.868 1.007
Kobe 0.618 0.620 1.003
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Table 3 Shape function results for bushing and elevated

platforms in all directions

LS 751 JE bR %R
r 0.000 450y” + 0.004 98y
s y —0.001 19y” + 0.005 78y
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Table 4 Parameters of simplified dynamic models
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m/kg 57.16 125.95
k/(Nem ) 6.16<10° 7.26X10°
ky/(Nem/rad ") 3.50% 10° 360 443.1
¢/(Ne(mes) ") 229.6 12093.8
¢, 0 0
J,/ (kgem?®) 0.545 1.93
h/m 2.65 1.63

3.3 R A

g T Bk a7 A AR B A S A Sy ) AR
JC A AU AT A A AU T 55 A T Y b R A2 %
NI AT XS B o 2 R S A b AR I AR B A R
JCBIAY b3l b A A B 0 R R M AR N . A PRIE
B EEMRES 5B E RECR T 902, AT
A 5T R 10 B S AT 0 b . Z )5 R HTIR LS
T AR IS M AR A3 A AR A SR MR AR T T 2 A
FH B2 ] Ak A5 Y (1% FH 7 M 7 e W . A PR oS AL R &2
H R T AR A Y A9 31 5 45 2R an (&1 8 i, HURH X i
ZH TS,

A R oo A T B RS B 7R U e N A B E] R
145 s, T ] Ak 2l 7 2F BE R0 31 53 A~ b Ik g 17 1)
BF A R 10 s, 17 313545 5 i 1 8 T LA i, faf fb st
RUFA RTS8 0 i 7 i 4 Wy 5 R R 3, A T
Uiy 4 A7 el 1o W L B0z 3 o 3R 5 B AR WL T
AR AR Y T 530 45 Y B /N A X iR 255 1.88 %4, e RAH
xR 22 0 111105, - 3R 22 0 53400, Ho,
Tabas T Fil Tabas L b 5% Il 15 2 09 45 R iR 25K, 7]
fig i R o R SO ES BB A RS i
R AR AR AT . 3 2 R R, m AT AT R AT )
B B S T R R R R T AR PR 1 BE o AT RS
JEER

0L ar £ IR AR
""" EAST: iRl e
0.001 0F :
£ 0.0005F
2 00000F
?ég 0.000 5F
~0.001 0
000 s e
IfE] /s
(a) Northridged 7 #
0.0031
L { —— FHFECHE
L wemmee 20 TR ALAREE
s 0.001f
E 0.000-
ﬂé -0.001
-0.002}
0003
B /s
(b) Tabas L #EF
0001 —— AR
0.002 - -=---= £ A BETR L BIRY
E oot
bl
& 0.000F
B
= -0.001F
-0.002
0 5 10 15 20 25 30 35
B /s
(¢) Tabas THERZH
ogoLor 4 —— A BRTR
"""" £ [ th B fe iy
0.000 5F
£ 0.000 0
i‘.j
E 00005
=3
~0.0010}
00015516 15 20 25 30 35 40 45
] / s
(d) KobeHu FiF

B8 e (i 78 i Ji %) L
Fig.8 Comparison of displacement responses of seismic

waves

x5 RAMBMEMEITRE
Table 5 Maximum displacement responses and rela-

tive errors

X A FRoT R i A -
b 7 i WL /m W /m AHXF 1R 22/ %%
Northridge 1.12X10°° 1.14X10°° 1.88
Tabas L 2.34x10°° 2.50Xx10°° 7.01
Tabas T 2.68X10°° 2.38X10°° —11.11
Kobe 1.07X10°° 1.08<10°* 1.34
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