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Abstract: Most of the existing research on the seismic performance of transformer is focused on the transformers
with fixed connection to the foundation.While the seismic performance analysis of free-standing transformer is less.
In this paper, a 500 kV free-standing transformer for a project is selected and a refined modeling for the transformer
is carried out. The seismic response data of the key position of the transformer is obtained by using the seismic perfor-
mance analysis method considering the coupling loop of the transformer outlet. The vulnerable parts that may be dam-
aged in the earthquake is analyzed, and the overall horizontal sliding of the transformer is analyzed. The results show
that the first ten natural vibration modes of the transformer are the first order transnational or torsional modes of com-
ponens such as the high-voltage bushing-turret system and the oil conservator, and the natural vibration frequency is
in the range of 1-10 Hz, which coincides with the excellent frequency of ground motion. The stress level at variable

section of GIS bushing and the root of the oil conservator support the transformer is high under seismic condition,has
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the risk that the peak stress exceeding the material ultimate stress and is the weak positions of the transformer. In

seismic cases, the free-standing transformer will produce a certain horizontal slip, resulting in the overall displace-

ment of the transformer, and producing a certain tensile stress in the structure of the high-voltage outgoing terminal ,

which will increase the stress level and aggravate the possibility of structural damage.

Key words: free-standing transformer; finite element simulation; modal analysis; seismic response; horizontal slip
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Fig.2 Free-standing 500 kV power transformer

1% 500 kV A% Fk 25 ) 4589 KT ULIEL 3, f (8] 3 AT
DL T 24 i) SR A AT 32 R 1E |



k55504

HEREH, AT, Jfioe, 45, 500 kV TR g bR R KK T R S HT - 73 -

GIS & HIE E AR . MR Lty A
28 3ty A5 SR I B A B 26 927 5 v TR 1 £ 5 GTS
WA B DR BICR KRB, 5
IRV HN A 22 (B A T . H LR S N
FER/IN XA e 4 4 b 5% i o7 249 SR/ A vy
DL 5T GIS T A B34 A5 T8 3% £ W B e, XA
25 %) b 72 0 7 249 R AR, AR v 3 > 2 AT
SRR . F& T8 FEAR 1) LR ZEH4RE
SO B TRYE 1E IS A HBEL AL TR 2S DU
PERESM T -
12 BRTHEHEE

500 kV T8 R A B 217.1 ¢, HirP o df4a s &
46.9 to FTA FRICEUE T BV 5 344 Abaqus®™, Xf
AR AR AT RS A0 AL A BT e, S T2
108 S A N 1 v S 1 I 2 T O N 7

:
o
I

3 TIEHRSHEE

Fig.3 Structures of the power transformer
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Table 1 Structural parameters of the 500 kV power transformer
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Table 2 Material parameters of the simulation model
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Fig. 4 Finite element model of the power transformer
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Table 3 Vibration frequencies and modes of the

transformer simulation model
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3.3 bkt A= N A

TR S 1 OB UL I 9, 78 7 2H 30 52
AT HYUEAELIY I3 WLAR 5, DAL S AR A S 7E 4%
i WL AT BRI AR BEALAS i SR T RA
959 PRAUEME A (1 TEZS 204 7355t SCHE 4 A R
AU Y 7T o

28

B9 MM IEXBEME

Fig. 9 Key positions on the support of the oil conservator
RS MM EXEMBEEENS

Table 5 Peak stress at the key positions on the support of

the oil conservator MPa
Rigas ¥ifEn Ve u+l.6450
PiE 1 197.23 46.53 273.76
. , {2 276.43 70.10 391.76
THRE S .
Vi E 3 198.98 43.26 270.15
{7 4 273.20 51.05 357.18

A LUK 275 J 45 G AE M= A F T (R Rz
Wil o7 A K o 7E 95% B9 PR IEHE 2T, 4 A4 5 A7
() g B N 1 4y W) A 27376, 391.76 . 270.15 .
357.18 MPa, A UL, Ji1k S 45 4 /4 ES AN S0 A 0 /1
FIIAEAE 95% (M3 25 e b A Bk A A B 7 S 7K,
B SCAEAR R A 12 A TR PR 55 7 B
3.4 TERF/KEEBBLSW

%500 kV 48 25K FH P i, A48 24 4



<76 - 202642 J

) § 1'% 4

o2t 2

B E TS R L S ey A B R
FREE S SRR AR AL B . TEHURAEHT T, FR 2
Y ] A T W S ) 2 b, 7 T % T g B
FEIAR S BN EEIE AN T R AR W B, 5| R AR A
G PR RIS (] 1, A7 A X L i v A
AT WE ST 50 A, PEAL S TR A iy B A BT RR T RE .
El Centro 3 , EMESE LN T 1 /ER R 1928 R 48
SRt T ARG ILIE] 10,

X
E ==
8
E
20 30 40 50
it [1)/s
(a) El Centro?¥
80r ,
—leJ
g 40r R --- YA
20— T
E
40
_80 L 1 L 1 J
0 10 20 30 40 50
it [1)/s
(b) KD
XA
g ==Y
e e
i:_{
30 40 50
ENENS
(c) ANT.9%1

El10 HER TEERKERE
Fig. 10 Horizontal sliding of the transformer subjected

to earthquakes

I 10 Hal DUA Y e/ T 28 e i
BT AR R IR A O . AT AT
LRt ¥ RS TN W, AR 2 A R I T —E R
R, PECREAL A2 BRI RS, 1
FRNIB ™ A2 AR, 2 i N ) 2 1 1 7K P
E Y FEE R . MAE El Centro 5 55 HA JL2H #h 7i=
PRI 3 T MY 0 ok o B T R AR O, RIVAEAt 2
TE RO UAN I 8] i A A BRI T 3, 1 Bl 15 B A
—EMALEAE S, XEm TR A
A MY (%) 0T T 22 ok e L b R Bl R R X D M AR
YERT AR R AR BOR R AR AL RS , S B GIS Hh
2 Sy L B AR SR AR A — B YA RLNL T, SR S5
IR,

4 Hig

SCHRRE 500 KV R AR s HEAT 1 M I
SRR 38T o A U258

D PR AR B PRA S i TR — T i S
PR 2R BAMAL AT A — - Sh sl A s, A AR
FRAIE1~10 Hz LN, 5 R sl i L BiR 5

2) MR A IR 28 FR 4% 1 GIS B R im 4L i
B SRR T3 7Ky, A e W fELI ) ik b
AR BRI B8 AU, 272 e A O T w55 10

3) A T PRI s 7 A — i B K- T
¥ , 3 BUL He e B AL RS, 7 i T ) 2w 2 4 P
He—E WA R T, B AR, ] 4544
WA AT BE

SE WK

(] .2 K BREARKENICRSXIKEIL AR
A4 2006, 15(4):126-131.

XIE Qiang, LI Jie. Current situation of natural disaster in electric
power system and countermeasures|J|. Journal of Natural Disasters ,
2006, 15(4):126-131.

[2] PEZRE T AT YRR U g
IRBIFFIE ST S ma R 2 50 & 2 7 ,2024,52(11):48-55.
LUO Zhirong, HUANG Feng, GUO Chun, et al.Vibration
characteristics analysis and influencing factors of oil - immersed
transformer based on multi - physical field simulation[]J]. Smart
Power,2024,52(11):48-55.

3] ¥ R RGBS IR S BT
#,2008,29(8): 1-6.

XIE Qiang. State - of - the - art of seismic disaster research and
emergency response of electric power system[]]|. Electric Power
Construction,2008,29(8): 1-6.

[4] A FE UM X IR IET ZYCRAE IR M ) iR R
AR TIUINT. R 47,2024, 52(7) : 40-47.

HOU Sai, CHENG Runkun, LIU Da.Transformer fault forecast
based on re-sampling and integrated learning approach[J]. Smart
Power,2024,52(7):40-47.

[5] XIE Q,ZHU R. Damage to electric power grid infrastructure caused
by natural disasters in China[J]]. IEEE Power and Energy Magazine ,
2011,9(2):28-36.

(6] K HE,BEMA, M 3. 1100 kV 4R RS R 325 112
PEREDREITAE AL R JREOR 2022, 48(12):4904-4914.
ZHU Wang, MAO Baojun, XIE Qiang. Fast evaluation method on
post - earthquake mechanical performance of 1 100 kV UHV
transformer bushing[J]. High Voltage Engineering, 2022, 48(12):
4904-4914.

(71 #F ST W, PR AR 1100 kV R R RS E RS
AR IR 5 40 B (0], i R AR, 2017, 43(10): 3154-
3162.



W53

HEREH, AT, Jfioe, 45, 500 kV TR g bR R KK T R S HT

e 77 .

[8]

191

[10

(11

—

[12]

[13]

[14]

[15

=

[16]

[17]

[18]

[19]

XIE Qiang, HE Chang, YANG Zhenyu, et al. Tests and analyses on
failure mechanism of 1 100 kV UHV transformer porcelain bushing
[J]. High Voltage Engineering,2017,43(10):3154-3162.

ol W ARPERAE VTR A 2 AN E TR R A
B MR RO 2] E R L T AR 2R, 2022, 42
(15):5763-5774.

HE Chang, HE Ziwei, JIANG Ligiang, et al. Effects of different
sorts of uncertainties on seismic failure risk of ultra-high-voltage
porcelain transformer bushing[J]. Proceedings of the CSEE, 2022,
42(15):5763-5774.

WA A L T A T R AR g G R e
JEAR T A AN . 55 EEr 17,2024, 52(1):47-54.

HU Xueying, LI Lin.Economic life evaluation of oil - immersed
transformer based on life cycle cost and comprehensive failure rate
[J]. Smart Power,2024,52(1):47-54.

FILIATRAULT A,MATT H. Experimental seismic response of high-
voltage transformer-bushing systems[J]. Earthquake Spectra, 2005,
21(4):1009-1025.

RILEGE, W IR 800 kV iR IEER AR S Bk AT L)]. PR3
Hiuhit,2022,41(15):244-251.

LI Xiaoxuan, XIE Qiang. Seismic vulnerability analysis of 800 kV
converter transformer[J]. Journal of Vibration and Shock, 2022, 41
(15):244-251.

a3 ERE TR B, A, 25 R R RIRT RO BE AN B A2 1R Y
AR B ) IR AT )] s AL T AR 24, 2021, 41
(7):2594-2604.

BAI Wen, TANG Baizan, DAI Junwu, et al. Fragility analysis of

porcelain cylindrical electrical equipment considering material
strength and seismic uncertainties[J]. Proceedings of the CSEE,
2021,41(7):2594-2604.

WA, PR B AR, S5 R IR PR g i [ vk S 22
BT, R4S ,2021,57(11): 139-147.

QING Dongsheng, CHEN Xing, LI Xiaoxuan, et al. Seismic
reinforcement method and its economic effect analysis of large
transformer|J]. High Voltage Apparatus,2021,57(11):139-147.
WEN J, LI X, XIE Q. Cost-effectiveness of base isolation for large
transformers in areas of high seismic intensity[]]. Structure and
Infrastructure Engineering, 2022, 18(6): 745-759.

WEOSR L INHTSE, ASIRRE. R PR B S TR R PR
PEAG L] R ERIAR, 2022, 48(9):3582-3592.

XIE Qiang, SUN Xinhao, LI Xiaoxuan. Seismic resilience
evaluation of converter transformer system in UHV converter station
[J]. High Voltage Engineering,2022,48(9):3582-3592.
BELLORINI S, SALVETTI M, BETTINALI F, et al. Seismic quali-
fication of transformer high voltage bushings[J]. IEEE Transactions
on Power Delivery, 1998, 13(4):1208-1213.

GILANI A S, WHITTAKER A S,FENVES G L. Seismic evaluation
and of 230 kV porcelain
Earthquake Spectra,2001,17(4):597-616.

GILANI A S, WHITTAKER A S, FENVES G L, et al.

retrofit transformer  bushings|J].
Seismic
evaluation of 196 kV porcelain transformer bushing[R]. Rich-
mond: PEER, 1999.

GILANI A S, WHITTAKER A S,FENVES G L, et al. Seismic eval-

uation of 550 kV porcelain transformer bushings[R]|. Richmond:

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

PEER, 1999.

HE C, XIE Q, ZHOU Y. Influence of flange on seismic perfor-
mance of 1 100 kV UHV transformer bushing|J]. Earthquake Spec-
tra,2019,35(1):447-469.

TFNE, BB, EEE, 5. B TEARSEIR SRk Y S A R
#5530 BT H AR 2024, 18(4): 80-87.

LEI Xiangsheng, YU Mengze, WANG Yanfeng, et al. High -
accurate solution and analysis for vibration characteristics of
transformer windings[J]. Southern Power System Technology , 2024,
18(4):80-87.

WU PVETEE USSR, B R SR R R U N e S B
KR Gim)). o E AL TR ,2020,40(19): 6390-6398.
XIE Qiang, SUN Xinhao, LAI Weihuang. Theoretical analysis and
shaking table test on seismic reinforcement of transformer-bushing
system[J]. Proceedings of the CSEE,2020,40(19):6390-6398.

B ML BRI EE, B S — B R R 1Bl R
PN S M. )R, 2022, 58(9) - 149-156.

LU Xiang, CHEN Xiangdong, PAN Guohong, et al. Dynamic model
and seismic reinforcement analysis of transformer - bushing system
[J]. High Voltage Apparatus,2022,58(9): 149-156.

Ll BRI RS 7, A i AR TR AR R Sl T e
HABI]. BT R AR, 2024, 18(5): 12-21.

MA Bingwei, CHEN Xiaoguo, ZHENG Yu, et al.Research progress
and trends of eco-friendly insulating oil for power transformers[J].
Southern Power System Technology ,2024,18(5):12-21.

APUZ BTG : GB 50011—2010[S]. Jb 5t A E A Tl
Jikt:,2010.

Code for seismic design of buildings: GB 50011—2010[S]. Beijing:
China Architecture & Building Press,2010.

HL DU BRI : GB 50260—2013(S]. ALt : i R4l
JiAt,2013.

Code for seismic design of electrical installations: GB 50260—
2013[S]. Beijing: China Planning Press,2013.

H O, TR, E 5 BT 2 1 R AR A S
ek L — i B 9 SR (). R L EER 2024, 18(6) -
98-111.

WENG Xing, WANG Jikang, WANG Yi, et al.Coordinated control
strategy of hydrogen fuel cell-energy storage based on multi-port
DC transformer{]J]. Southern Power System Technology, 2024, 18
(6):98-111.

I PR B, ANIESE, AF. AL LRS- T MMC-SST [ {5t
NEAI RPN L], R T HLE AR, 2024, 18(3): 129-137.
CHENG Qiming, CHEN Ying, SUN Yinghao, et al.Feedback
linearization sliding - mode control strategy for MMC - SST under
unbalanced grid voltage[J]. Southern Power System

power

Technology ,2024,18(3):129-137.

HEEH1993—), B, LA, HE, AF L HREREFE

(E-mail : zhihuhong@foxmail. com),

4R1%70(1984—), F , A TARIF A&, 2 B F b R EHRE

HF 52 (E-mail : zoudexu@yndw.yn.csg.cn),

K HE(19960), B, W E(8), AF B X S E AR (EEVER) (E-

mail : wang4027146@foxmail.com),





