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ABSTRACT

Ensuring a stable energy supply is a crucial prerequisite for maintaining the
economic production and stable living conditions in modern society, making it a
primary issue in national security strategy. This study focuses on large transformers,
which are among the most critical components in the power system, essential for the
safe and efficient operation of the entire grid. Recent research has seen some success in
improving seismic performance and seismic isolation of large transformers. However,
existing studies primarily focus on seismic strengthening and horizontal isolation of
transformers, without adequately addressing the adverse effects of vertical seismic
motion on transformers and their isolation systems. Moreover, under China's "West-to-
East Power Transmission" strategy, numerous substations are built in the fault-prone
southwestern regions, where the vertical component of near-fault ground motions is
significant, posing safety risks to transformer structures and horizontal isolation
systems. Thus, there is an urgent need for three-dimensional seismic isolation research
on transformer equipment.

Given this context, this study investigates the seismic performance of transformers
with steel bearings through finite element numerical simulation and compression-shear
tests, analyzing the influence of the bearings. By taking a converter transformer as the
study subject, it examines the effects of near-fault ground motions on the original
structure and the transformer-horizontal isolation system, proposing and designing a
novel combined three-dimensional isolation bearing. Finally, the study explores the
seismic response and isolation effectiveness of three-dimensional seismic isolation,
demonstrating the superiority of three-dimensional isolation bearings in transformer
seismic isolation.

Firstly, Chapter 2 of this paper establishes a detailed finite element model of a full-
scale transformer with steel bearings and obtains the transformer’s natural vibration
modes and seismic responses of various components through numerical simulation,
identifying the weak spots in seismic resistance. Based on this, it analyzes the
amplification effect of steel bearings on the seismic response of such transformers,
preliminarily revealing the impact mechanism of steel bearings on transformer seismic
performance. The results indicate that the vibration modes of transformers with steel
bearings are primarily characterized by the first and second order oscillations of the

high-voltage bushing-elevated base system. The corresponding natural frequencies are

I



Tongji University the degree of Master Abstract

close to the predominant periods of the seismic motions, leading to a coupling
phenomenon in the first two vibration modes of the high-voltage bushings. The
coupling of the high-voltage bushing vibration modes and the emergence of new
bending modes around the X and Y axes, which involve more vibration modes and
induce wall vibrations, are the main reasons for the increased seismic response.

Secondly, Chapter 3 selects six ground motions with different characteristics in
three groups and calculates the seismic response characteristics of the converter
transformer and the horizontally isolated converter transformer under these ground
motions. It compares and analyzes the horizontal isolation efficiency under different
ground motion characteristics, studying the impact of near-fault ground motions on the
seismic performance of non-isolated and horizontally isolated converter transformers.
Additionally, it investigates the probability of overturning failure of transformers under
near-fault ground motions after horizontal isolation. The analysis results indicate that
under near-fault seismic action, the seismic response of the transformer valve-side
bushing significantly increases. Even after horizontal isolation, the stress in the
transformer valve-side bushing still exceeds the material's ultimate strength, resulting
in a lower isolation efficiency compared to the other two sets of ground motions.
Additionally, compared to the other two sets, the horizontally isolated transformer is
more prone to lifting phenomena in the isolation bearings and has a higher probability
of overturning failure under near-fault seismic action.

Based on the analysis in Chapter 3, considering the adverse effects of near-fault
vertical ground motions on converter transformers and isolated transformers, Chapter
4 proposes and designs a three-dimensional anti-overturning isolation bearing
composed of a multiple friction pendulum system and disc springs. It conducts
compression-shear tests on the horizontal multiple friction pendulum system and
vertical disc spring group based on horizontal and vertical mechanical principles,
obtaining the hysteresis performance characteristics of the three-dimensional isolation
bearing. Furthermore, it establishes an equivalent simulation analysis model for the
three-dimensional isolation bearing, performs numerical simulations of its mechanical
performance in three directions, and compares the results with experimental data, laying
the foundation for subsequent three-dimensional seismic response analysis. The results
show that the proposed and designed three-dimensional isolation device has a

reasonable structure and clear force transmission. It exhibits good self-centering
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characteristics in the horizontal direction and variable stiffness in the vertical direction.
The experimental results and the hysteresis curves obtained from the theoretical model
are consistent; the numerical simulation equivalent model effectively simulates the
mechanical characteristics of the overall bearing.

Finally, The fifth chapter of this paper focuses on the three-dimensional seismic
isolation design of an 800kV transformer, determining the mechanical parameters and
layout form of the supports. Subsequently, a finite element simulation model of the
three-dimensional seismic isolation system for the transformer is established based on
the transformer and the three-dimensional isolation supports. Through numerical
calculations, the seismic response characteristics of the transformer with the proposed
three-dimensional isolation supports are obtained, and the isolation efficiency of the
supports is analyzed. A comparison is made with horizontal isolation supports to
demonstrate the superiority of the three-dimensional isolation supports.The results
show that after installing the three-dimensional isolation supports, the converter
transformer exhibits good isolation effects in both horizontal and vertical directions. As
the Peak Ground Acceleration (PGA) increases, the isolation effect becomes more
pronounced, achieving an isolation efficiency of over 50% when the PGA exceeds 0.4g.
The introduction of the three-dimensional isolation supports further reduces the stress
at the root of the valve-side bushings, significantly lowering the risk of bushing failure.
This effectively addresses the issue of potential bushing strength failure on the valve
side under large seismic events even after horizontal isolation. The structural damage
risk is significantly reduced.Furthermore, compared to horizontal isolation supports, the
three-dimensional isolation supports greatly reduce the vertical acceleration response
of the valve-side bushings. With increasing PGA, the control over vertical acceleration
response improves, exhibiting good variable stiffness characteristics in the vertical
direction. Unlike horizontal isolation, which may slightly increase the vertical
acceleration response of the bushings, the three-dimensional isolation supports
effectively achieve vibration reduction under vertical seismic excitations, enhancing the
overall structural safety.

Key Words: Transformer; seismic performance; near-fault seismic motion; three-

dimensional isolation support; three-dimensional seismic isolation
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0.52m [EEHR, THEAME 0.58m, W42 0.52m HIEAHR . JHIRL S Bk AR
AL BORES BT A RS Q235 9. kLK 9m, I EAN 1.45m 1R
fafA, P R RN 0.01m (1 [EAMAR % s BR8P A B el 3 A
ATPYA i mrt2H %o
MRS 2.1 fror

* 2.1 KRS HOR E
up %5 B (kg/m?) 8 & /Mpa AR L #VERR B/Gpa

Q235 7850 235 0.33 206
Ty 3R ) 7500 50 0.3 80
R 2700 110 0.3 70
TN 7650 210 0.28 200

AR RS A E A 581t, PR By EE L 332t, JMEE 138t, £F HEUNESE 2.66t,
HEEEFH 2.3t, LAHM41HE 90.8t,

2.3 500kV ZEEHRTEE

AW AEH ABAQUS2021 B/, HR4E 500KV A8 [k 2% 253 A4 45 My RE A, 1R
& A ) BT T PR G AR A 4347
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552 BN RE 500k V AR R S hTE M RE

K 2.3 A R R SR i n

(a) F AR T (b) 6 A 1 B
Bl 2.4 RAR T A8 BT 8y ) 2257 10
R AR AT 2 2 AN R RS AR PR B2 T 8, A 45 AR e 45 40 P S LR
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[FITE R A S v S T = 2R = A I d U MR RE 0 i

I 1% F 52 (Shell) o AT A5 . T AEAA N e A A R ds 48 5, FEAR N AT AL &
Mo HAES—MCR AN BEIR G, STOS; 2 B I b 48 240 42 20 R 4
GG, WE 23R, HOOSRALE R SR BRI, XA A b E i B
(IR AL /)N, DRG0 20 SR FH SR AT S ASE o 75 A AT PR S A i3, Ll
T N AR AN BV . (R, AT 05 B AN R — Fh S5 30U 92
SRAINALS R 2 IS AAT N, BAR TG 2 078 TR 25 1 ot & DA S s i e 0 B
THEBENM . BLANRN T Y SRAERE (T AN RE, FRATIEA BE SN B B T e A AN
FA BRI NS 4544 o

EBEENE R B S PRCEIAL, ZPUEhMERZE., B H
BIRAGE . BRI E LOERE 2SN, BREEnT %R 14, 285 —E
REVE 22 e BT PR TV, T T v R I S M [ e AR A R TR B B L A
BT KEESN, RAEMERES, ANEHEMNJRHE(Shel) B o B, I
Wk T P ZE A ) () 5 FE e AR B S S R LK TR A T 2 T e R R A 5 1) 22 2
TEAREBEGWA: S, R b 58 22 fEm A EE 1, WK 2.4,
XA R A SRR AT e 22 2 07 3, PR B DLE ()T e e AR
TS, b B DLE (0) KT A e AR AR AR M BE I

TE BEF B 2O R, iR AR AR B T . ¥ S AT AR I,
ZE B T TCVE T 7 75 REX e A S bR R AR I JR AR T, 3 T I RSOARE B I s
B &8 R I FE AN 1300, TR A B % ] 5€(Shell) B e HEAT BN, AT UK B AR 401 45 44
I ECSE Bl R

XFF UGS, RE A 0T 7R LA X AR R 2R B IR AR, (2N
TSR R 28 A B LS L, AR SR FH 58(Shell) FL T AT A0, . B 0
A 5 R AR 2 1) 3 90 70 AR T30 B A B o S e A e 4

FE RN EE I 30 7 Y B A AR R R R, A S B AR T % R R T v A A ) B
(T AMAIEE o % oeiE 5% (Shel) FRITHATRIL, AR &8 &4 2 [ 35 I
PEIESE, ARRICH KM Tie EHAL. AR IR A R 2. B &%
B 5, BTN SCEET) S00kV = AH— A K 2 PR AR anfE] 2.5 FT
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552 BN RE 500k V AR R S hTE M RE

L TICET LI,

Bl 2.5 {/i E 500kV =+—1A48 [k 2

2.4 SR HFFE

2. 4.1 RSO

ESENIUEAR SCR5E (Shell) FAITHEAT /AR HEL )48 s A B0 1) 5 B
BOEA R B AT RS oM, BRREEE B X WA Y F AR,
B BIRIR R IR A 2.6 s

FE e I BT IR PERE 707 1, A A B ksl & R A E 1R
EEEFBIRIEE, WMER2.2 Fron. ol IR eSS AR 550KV )
—Pr BIRMIRAE 4Hz fif7 . A8 RoCEUE THRAS 2 500kV = EE S
—Br X ALY [ IR IR N RSB N, BEASCEA FE (Shell) LT
WS R R RS EERE IR SR, RED T RREERE M KERNH
—HAFE T
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[FITE R A S v S T = 2R = A I d U MR RE 0 i

U, Magnitude
+4.914e-02
+4.504e-02
+4.095e-02
+3.685e-02
+3.2762-02
+2.866e-02
+2.457e-02
+2.0472-02
+1.638e-02
+1.228e-02
+8.189e-03
+4.095e-03
+0.000e+00

(2)X 1] 3.8Hz (b)Y ] 3.71Hz
Kl 2.6 mIEEE —MREES
2.2 m R EE BRFFER E

BRIk
X [r] Y I7)
550k V1137l 7.7 1.78 431 4.14
500k V1138l 8.1 / 3.67 3.3
500kV (ACTHED 8.8 2.3 3.8 3.71
TEHAT AN SCEE ) 500KV HL A8 I 25 BB (1) LR PE BB VPA B, FRATTR
M T ABRGCEE T H TR AT ST ETRRBEMWIER RN, HER
Wi R AE =87 E R IRE S S e SR EN A 2Lt JAik
P27 UERET 300 BYBLSTE N HT I SEAL . 3X —J7 VA RENE TE A TR Hb S AR B8 7
HREAE F N I shasm ROREE, RIS 2RI PURE Wk AR A SR (i B KA . BT 300
B BEAS B E PR AR A N 2.3 P, B 2.7 B T FiF RS ) 5Bk A
R A RGN MBS 1 E R A

HL s S 4 K /m Jii it
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2 TN SCRE 500kV AR TR S PTE M fE

% 2.3 500kV A% JE 28 1-10Hz [H RS M ik

B BIRMZE/Hz PRI IR Rx/% Ry/% Rz/%
1-3 1.7-2.03 FAEEESEY M—Hr il 7.534%  0267%  0.141%
4-7 2.28-2.6 R EE G X 3.723%  1.626%  0.326%

HREE MELSE Y BB 0.000%  0.161%  0.864%
8 3.07

i

9-12 3.24-3.71 B SR X i h 0.502%  1.869%  9.909%
13-16  3.85-4.64 HIEEE S Y Sh—F 2 il 1.747%  1.513%  12.380%
17 6.59 MEE Y [FF3) 0.008%  0.018%  0.001%
18-20  7.79-7.94 EEEBESRY I h 0.003%  0.241%  0.721%
21 8.01 MRS 0.002%  0.019%  0.017%
22-23 8.06-8.12 AR X AP 3)) 0.056%  0.237%  0.329%
24-27  8.25-8.63 EEEE S X i il 0.036%  0.137%  0.199%
28 8.95 FE AR T EE B it 0.107%  0.001%  0.270%
29 10.63 REEE Y H-F3) 0.000%  0.224%  0.000%
30-31  11.5-11.63 REEE X WP 0.197%  0.019%  0.012%
32-300  12.31-69.85 T PRAY 85.2311% 93.5299% 72.7281%
SN / / 99.15%  99.86%  97.90%

H: Rxs Rys RzMHIA X Y Z=AFEI M &R BT S 5RES T RS
BREZ
MRIER 2.2 AT %0, HFAK ST JEE SO0V A8 #s- BB R /AR % E, HAar 31
HRAIZ Y 1.7Hz-11.63Hz, FIHLFE S5 B3 5 b ) BAS 7 (R 4 Ze i [l (1~10Hz)
EEER S, EHEEHR FEEARRMERN, R ESERES . F
FE B S HOS B IR o JoE — B IR B R A2y 3.85Hz~4.64Hz, KT R EE-F+
AR R — M R AN A, X BN D R B B K R B Rk
BATEZNRE, b T A8 00 BE AR S R /N T 48 44 T0T 350 K] skt () 25 g e &1 D1 55
ANTFEARTIEE . 7 300 ST RIMRM S5 REUI KT 90%5, 7£ X, Y. Z
FE T MK R THRE S S RE G508 99.15%. 99.86%- 97.90%, Al ULHT
300 B ARAS AT LA R TR
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[FITE R A S v S T = 2R = A I d U MR RE 0 i

U, Magnitude
+4.732e-02
+4.337e-02
+3.943e-02
+3.5492-02 U, Magnitude
+3.154e-02 +2.779e-02
+2.760e-02 +2.548e-02
+2.366e-02 +§géﬁ:g§
- 12 084e-
+1.971e-02 +1.853e-02
+1.5772-02 +1.621e-02
+1.183e-02 +1.390e-02
+7.886e-03 +éég§:-g§
+3.943e-03 +2. :
a0
+2.316e-03
+0.000e+00
P N /N A NN
@A BHE Y fli— 2 i (M)A, CEE X fhi—Hrah
U, Magnitude
+3.420e-02
+3.135e-02
+2.850e-02
U, Magnitude +2.565e-02
+2.2258-02 +2.280e-02
+2.040e- +1.995e-02
BE T +1.710e-02
e M
+1. - +1. a-
B +8,549-03
+§"5‘é§:'8§ +5.700e-03
+35. - +2.850e-03
st $0.0002+00
+0.000e+00

()P IS EE S X H— 25 il (DFEEES Y H—Fr il

U, Magnitude
+2.363e-02
+2.166e-02

. +1.969e-02
u, Mafrliuzd;_oz +1.772e-02
S e
+1. e + . a-
5506005 +1.182e-02
+8.300e-03 +9.846e-03
1183508 +7.8778-03
+g.?st;e gg +5.908e-03
133570 +3.93%-03
Tt +1.969e-03
+0.000e+00 +0.000e+00

(e) WAL Y [F)°F-3h (DS EES Y f k2 ih
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2 TN SCRE 500kV AR TR S PTE M fE

U, Magnitude U, Magnitude
+1.681e-02 +2.528e-02
+1.541e-02 +2.317=-02
+1.401e-02 +2.106e-02
+1.261e-02 +1.896e-02
+1.121e-02 +1.685e-02
+9.807e-03 +1.474=-02
+8.406e-03 +1.2642-02
+7.005e-03 +1.053e-02
+5.604e-03 +8.425e-03
+4.203e-03 +6.3192-03
+2.802e-03 +4.2132-03
+1.401e-03 +2.106e-03
+0.000e+00 +0.000e+00

(h) BUAEE X 7] F-3)

U, Magnitude U, Magnitude
42.934e-02
+2.690e-02 +6.391e-03
+2.445e-02 +5.859-03
42.201e-02 +5,326e-03
+1.956e-02 +4.793e-03
+i‘7‘é§eg§ +4.261e-03
+1.467e-! -
e
+9.782e-03 -
+7.3368-03 +2.663e-03
SEEE pEn
+2.445e- +1.596e-
+0.000e+00 +1.0656-03
+5.326e-04 :“\."i'.ntl“i.n}n;-..{-vim\lv f
+0.000e+00
N\ B Peren — Y\ A PN +
() EEEE S X 5k il () FEAARTIEE 55 Hh
U, Magnitude
+1.090e-01
+9.988e-02
+9.080e-02
U, Magnitude +8.172e-02
+8.424e-02 +7.264e-02
+7.722e-02 +6.356e-02
+Z.g%ge-g§ +5.448e-02
+6.318e- -
ety
+4.914e-02 .
+4.212e-02 +2.724e-02
+g.gégE-g§ +1.816e-02
+2.808e- 9.080e-03
1a.100e02 10,0000 +00
+1.404e-02 .
+7.020e-03
+0.000e+00

(k) IREEE Y 17°F3) () IREEE X [ F3)
Pl 2.7 A4 AR 500KV HE 9748 JT 4 32 LR 7R 1
B 2.7 ATLLE . AHEC TGN SRR AR e s, v AW S A AR I o AR TR AR -
ERIRHIE N RSN ER, BRI A BEERKES Y M i FE
IPEpEE By C EEWRKAMEREERSE Y Ml A, £aEEENE
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[FITE R A S v S T = 2R = A I d U MR RE 0 i

RGNS, AN AR EE B S Y Wi, fHEEE AC BEE
RAMITREEE R . thah, SEOAUTR ARG IR S R EE KA B
WAFEA NSO AR LA A B EE RN &L —Fra .

TARARZL 70000 Y 1P Sh AR DY, 0 AT 73 73] 9 6.55Hz 1 8.01Hz,
A1 Tl AL A BT RE AR, AT b mT R BB g B0 Fég o ] i 947 5 BA3R T
PUEMERE . HOAS X mPPEIESS 22-23 M RAHEL, XN 8.06-8.12Hz,
H - T DI o o ] e ORE S5 R AR BT, AR KR B (B R R T
PASCEEIIAFAE, HIANSCRE 500kV AR 48 E 1~10Hz DY HE I 1 A8 1A T o i f) 9
M, By 8.95Hz, REEE 2 MR, FUBRIEKR, #HEZIRA Y
GO LTV e PR IR BEAA R B, IRENIIAFR N 10.63~11.63Hz.

2.4.2 &E5RPHFE

FELER BN 75Uk, BHLJE DR 350 T A el SR AR EL At 5 4 6 3 e S5 3 A
AR RN BA PREVE R B EE . BB AT _ Lot G s SRS P aE
RIFEHURE, HIDREA R T 48t RS IRIE, E9 R =X 34T
L, B RS MR PURAE ST . FEXT SE MR AR S B3 AT PR I, FHE S
Bt b AR 0 R SO T 45 K S A PERE R G BE R K

ARSCNTE A BE R, R FH Rayleigh PHJE A3, Hog SR

C=all +pK 2.1)

X, MONEERERRE, K ASGMNIEZERER:, o, B2l Rayleigh i
=P JE NI e R 5L, A0 s s,
Z PRI XT N ) Rayleigh FHJE EE N -

&y =5t s, (2.2)
A, on N n PR B B ARR
A RTPIIREL I, X AR DY 1.56Hz Rl 1.95Hz. AR4E (FL7)

PP E B EITEY 621 (GB52060-2013) #5E, HUFEZEFHEHL N 2%, 118
/53] a =0. 2178, B=0.0018,

2.5 HhEMN S
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552 BN RE 500k V AR R S hTE M RE

2.5.1 BN IEIE

AL 500KV = AH—AAR AR AT {E S 2R A8 T 2K Hh, Wit 7241 28
3H, FHERMIY 0.45s. R CHEAJBOEPTRE B AE) 21 (GB 50260) #iE,
KF 9 FEPUBR ST, BT AR INEE N 0.4g, FRAEEHIN 0.5s.

RIE CEFPUZE R IIE) (GB50011) H3R, AT HIFIPREAR R 23 1 E
e )87 DA Je 2% R I IR 3, IR BBk AR i A T R0 H 5, o e BN
TR IR R AR 2R (N3 1 BRI, NTTUE 2 3D A4l sERRosE il 5%
(G SRR R C S 1 & 3k 43 ) iy 4% A4 ChiChi i . Northrige % . EI Centro . Kobe
B I\ABE).

[ 4 9 2 AR Landers JASIEA 2], 12 N 9% I S AT DA A2 ARYE Xt T- b i
WHIER s HAAIR RIS 11 2R3 b st fE S g 2R B 28 40L& B N L, AT LA
IRGFAAIL T 11 S8t bR 5 1) JAURFAE AN ) /128808 s EI Centro ¥ Taft ¥+
J\ A R FE TR 50 A R SR A ) = 20 SR 11 2837 M FE 9% ;. Kobe I RIS EEDY
43 A 1995 4 H AN AT 1999 4 475 ChiChi HbfE A 3% 21 ) B S R %,
A FI T3 AT I W72 B 3 T Rl 2 52 380 186 v 1 7R 5 B v A R M R U8 1 PRI 44
7 SRR = A O i R R S N R 2R WL 2.8-2.14. HI TR BYAR AR
HIRFEHAL 1s, PR UK ERUR. EERHES R, 7
FURE I B S R WA R34 IR, A AR s I e 3 B ) 35
Fl N 1~3s.

LB X, Y. Z =A% X Y:Z=1: 0.85: 0.65 LLfil4i N\ LR e g
AL R N, HorR B R (XD BRI (E N 0.4,

16
1 . ‘ . ‘ 1\
<o Nw\]’V\'Wﬁ‘m'uqimlfr'ww’w\d‘J’U‘"ﬁ"'\"ﬂ ﬁ“““']”“"'\ww\W\'FH]W"“v"’ﬁ‘“«"f‘“”“/"‘”"‘” i | 14} 7 ',\ \
o 10 20 30 20 50t's i i
1 . : . : L
 fal e o !
ol - s
1 ! L - -
0 10 20 30 40 50t/s 06
1 . , . :
= m | ™
s 0 ’)”"\"-“\f \J‘M MM' IWWMIWLWM“UWJ‘M‘MP "J}'MMMM”‘|"A/VAM‘\“MV“N"’W‘f«“wm\ 0.4
o 10 20 30 20 50t/s 02 05 1 [ ;5 2 25 3
(a) I 742 il 45 (b) s B

2.8 ] PR e B2 B o S 7
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[FITE R b il S0 R T = 4R R AR A PR VERE A

alg

alg
L o o 4 o o N o 4

e —
A —
R —

(a)if 2 Hh 2k

alg

o
L
o
o

50t/s

R

0 0.5 1 1.5 2 2.5 3
TIs
(b)) B

B 2.9 kA s BN 72 A e i

1
20 M«W Mww WW

o 10 20 50t/s
WW W }W”W\w f

o 10 20 50t/s
L — 'T“WWMWMWWW"[

0 10 2 % 40 sovs % 05 1 15 2 25

Tls
(a) I FE 25 (b) [ 7
Pl 2.10 R AR I m ok B2 Hﬂzlﬂiﬁa

1 14
e rorteress——— .

"o 10 20 30 20 50t/s '

1 . . ; o 08f
20 “JLWWWWWWWWWM @ ool

T 10 20 30 40 50t/s 04

1 :

"o 10 20 30 20 50t/ % 05 1 15 2 25 3

Tls
(a) FEHh 42 (b) [ ¥ 1%

2.11EI Centro I i & i £ 2 J Bk
1.4 T T

alg

*‘MWWW MV L e

ot/s

Mwwwww i

50t/s

50t/s

alg
LOALOAL\O_\

alg

(a)if T2 I 2%

Sa/g

121

1k

08r

06

0.4r

02

T/s

(b)J ] 1%

B 212 J\ AR FEE A e K S5 S it
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552 BN RE 500k V AR R S hTE M RE

1 ; ; . . ; ; ; . R
| 2t =X H]
30 "“‘“‘“"»W\NWMWWM,WW’*‘M\M}Nmwwmw,mmw\ww«wwwrvwwww ' Y]
A : ’ ~2zit)

o 5 10 15 20 25 30 35 40 45 50 /s ! | ’\ P4 4

1

=)

o
®

MMVWJV‘VMM[‘MMW w\m’alkwmr"v.'wwww‘w.wmmmww«w P

10 15 20 25 30 35 40 45 50 /s

go WMWMW\WNWWWMWWW VMWWN'W«.H}WW*

"
L L J L L L 1
10 15 20 25 30 35 40 45 50t ) 05 1 15 2 25 3

(a) i i £ (b) S ¥ 7
K 2.13 Taft 1 hinssk 22 i 7 % e 7 i
1 T

NCEN

alg
o
=
L =
—_
e
g
y
s
3
Ve
Y
S
)
¢
?
\
/

alg
°
1
5
i” ]
—
——

I N
a . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50t/s
1 T T T T T T
Dol NWVMWNMMMWMJ\/\/\/ ————
p . . . . . . . . 0 : : : :
0 5 10 15 20 25 30 35 40 45 50 t/s 0 0.5 1 1.5 2 25 3

(a)i 2 Hh 25 (b) [ ¥ 1%
B 2.14 Kobe Y3k fE i 72 % S5 7 i
SRR AR E A BRI RGE XA, Y R, Z )
7 IO FE I3 N R vt S N A 2.15 P, R LETdE 7 4 RE B
TE=ANJ7 1) B8 e RS 3 7E 0~6s Y NPT LA R W06 (HE iR it
FE) FE s vt OV .

1 I I I I I

— kil
— X 1]

Y [t
_Zl-'uj -

Salg

Bl 2.15 Z PR RN 5 5 R
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[FITE R A S v S T = 2R = A I d U MR RE 0 i

Ak, CERFPURRTHITEY (GB 50011)#iE 7 27 P 19135 S B 55 5
0,1 72 5 M) FREE 0 BT S5 R 32 BRI RS EAHZEA KT 20%. K 2.4 %45 H
T AT SCEER 500KV AR He s S BRI A A B I BIRE S RITE T E . A
2.4 W] LUE H =N J7 )b s S 5 R0 5 b 7= 20 i I 52 550 22 35036 2 RV 2K
AT SEb o 348 P 1 732 30 155 RV K
% 2.4 Transformer S N 3% X} bt

RBI#/g BE/Y%
BiRAMs  MVEHRB RV

X[ Y Z [t X [ Y [ AL
0.12 0.63 0.538  0.558 0.580 1429 -11.11 -7.94
0.13 0.63 056 0.7 0.635 1111 -9.52 0.79
0.15 0.63 0.581  0.53 0.57 -7.94  -15.87 -9.52
0.22 0.63 0.703  0.649 0.610 11.11 3.17 -3.17
0.41 0.63 0.73  0.631 0.529 1587  0.00 -15.87
0.49 0.58 0.678  0.644 0.471 1724 12.07 -18.97
0.59 0.51 0.587  0.585 0.415 1569  15.69 -17.65

2.5.2 EEREBR S0 R

BRI AR R AR R E ] T R EREFER A, WA 500kV
SRS S, ARESSEEEHRE SR 9.25m, HEEES BEME
S FE AR AR i, I H g gn K, DR AE b B AR R 7= AR K N A i A
R e ST R 8 C A i PO RS = = A Pk NP9 A PR TR T [
KRR AL SR DL R A G R R R, s R EE MR EEE
HT 2B KERK, HEMFEHTESFRBEERRRAERIR. s R,
JE & =AREE IR 0 N 2R 2.5, Sz RS E R e & T ge
HILRBIR . H3E 2.5 AT 40:

(1D =ZREEEEELFHESNER T H SN T 35 W AE .
By R AR PR 9B R, THRH e RE AN 0.6. 0.67. 0.66. PR AR S
JRE P A5 1 2% 5 T S /F PGA=0.4¢g O RE B F N ARLEAR R IR IR XU o AR 1 22
FEAEAR PR TIAR 1) o e 5 BOAR P 3 AR R /735 /N TR PR 5 FE 50Mpa, £ PGA-
0.4g HESE R NI A -

(2) X HFL S00kV A8 R AR PURMERE, #0%4 C& B —e i 7b7,
WL R WAITEA MR ZNPEFH T, RIS B A 1 2 S AR S0V B2 A 2 5/
SR AR AE R — S RE BN VE R, 0 S R 1 738 P 4 28 A AR R W1 19 g A 22

i
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2 TN SCRE 500kV AR TR S PTE M fE

Bz, BWRINEE A WRERL RN B, Xy AN SN 1 AH
[ S AN [ 5 78 A i oL ) 22 S
2% 2.5 NS 500k V AR He g BB AR R N )

V. 73/Mpa

Hby U
HA HB HC MA MB MC
J\HBE 82.54 76.46 75.26 37.98 37.01 43.26
Chichi ¥ 89.28 74.15 70.93 26.71 34.84 40.79
Elcentro 82.97 83.94 85.31 30.76 27.38 31.71
AT 1 81.28 86.03 80.73 39.82 48.27 45.00
Kobe i 63.25 55.41 67.12 28.61 31.82 38.82
Taft 98.45 82.78 77.10 38.18 50.23 46.44
N2 85.86 63.54 77.57 42.36 51.20 52.42
~FI1E 83.37 74.61 76.29 34.92 40.11 42.64

2.5.3 iU

F 78 s 4 AR PH R A FE DD AR B R OR 7R F il R R AR 5 A AR R A e
RFEMHERE, RSEFE - CMWIIRE. (HLEBTEHEER T &EEE
I S AT YRS P O N L A AT o 7 = 3 5 =2 A N o 187 R M PR s v S DV
St 5 B T ARG M TR O 2 RS HEAT 0T o A, BB T A S A AR TR A% A I M 7B
e S AE7E 22 Pk, TR 0 B 0 AR R 2R 2 ) B AR B AT 70 M. SR E-L Ak M
FEWAE T AR S R A AR T RS 3 LR 2.6 FHER 2.6 AT A

(D BEMEISERT, ZREFW X AMBEE KT YRAZF, HfZz
A R BN T AR TR A8 = AREE T B B A M, —EfRE -
PR&IHA R . Bk, =WReEEETEAAE X TH2H8 0.335m. 0.306m.
0.295m, =MREELEY I EAF-FIE S 58 0.149m. 0.136m. 0.126m; Z 75
] _E =R EF AR 2 HEF] 0.12m. 0.101m. 0.122m. HHE) FEMEH &
kL, BERMA R ICREIRE N 0.12m, MR T SEEE BIEZ 4 LT 0.12m
Gb, HABEEARF D W LSBT ZRE. RHESEESHTSNEE
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FEBEAR I FLAL DA SEIERE . R N BB RTINS ) LA 1E B kA 25 AR TR,
I S et B PSR BCR SRR T . WHGERR E TN IRIE N
20mm, HIZIIE 10mm, & 80mm, FEHAR G 100mm. EHAR . B E S K
VE B &8 2 [R5 FH ey a AR A4
o

[ SHE=
@ O O
o O O
AN <+ (-
<t ™M N
O O
(-
o ) ® -
o
110 | 200 | 110
420

() E AR AL
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5 4 R - REEAR YR IR R SRR ) A MR RERIE T

-
N

105
65

420

(b) AR IE AL

(O)IEER =4r B H
K 4.12

(2) I

ARSI AE [ 10 5= R AR )t S Bk e = 5w ik, KPRk A FCS Bl sk
AL e O A A, AEBhA8 K1 [m) 8 K H /39 £300kN, 55 KATHE N £ 100mm;
B R MRS, B S 500t WRIEEH TML A& #) SDP-100C
T AL 78 A5 B 5 Wl B PR P4 HRKSPAr %, &EFEN 100mm, F54 0.02mm,
5&%@%Ei&ib%§§E£Et%é§iﬁﬁfgz%&%ﬁﬁ%ﬁ%ﬁ%%nﬁiﬁ%, RV E A E 413 B,

; 7
38

()i IR 2 2 14 (b) RIS &
B 4.13 X301 2% e SE A
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A RS Al A 8 ST T T = 4R = A R AR R R 0 A

4.4 RE-BEBRXBENFHRRIEERS I

4. 4.1 BRE-BEERZHIRR S EKFEM IR

WHEAE N 110mm 1 BF RS S A AN [R) B ) faf 2 T /KPR ff 2%- 12 F% - (Fr-xa)
i (8] fth 28 AN BRI 6 B gs SR 4.14 Fios

LS
FAN — W

B 4.14 7K-F-i 1] dh 2 %65 B
T 4.14 7T DL, 16045 ) K- e i [ it 2k 5 30 15 201 i o) & 50T
AT JE SRR X S BRI HEAT A BR TCREAN, B8 il B A4 [m] i Ze e il P47
VU3, 2 T A S 0 S AT o 308 3 [ T 8 8 A MR 5 e 2 KPP
AN I Ko, S5 R30I P88 R T T JBE R S AR KSR o 5 381 0 5 A0 1 B 7 o %
I B Ay LA A B — R I S K B R 3 T 3 L
& AR TR, R RWE 4.4 B

Qz _Ql
=2 =1 4.11
TN X (4.11)
g = SHPD 4.12)
27K, D
P
T,=2x (4.13)
K,g

4.4 110 W =4ERG = SR K-FNIE 5K B4R A
Fvw/kN Xmax/mm kH(kN ° mm-l) Tu/s é:eq }gﬁ%‘%%ﬁ
95 50 0.337 1.065 | 0.547 0.112
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5 4 R - REEAR YR IR R SRR ) A MR RERIE T

4.4.2 WRE-EEIE= RS R E) M pEi iE

FEHEAT B 2 SRV TEI TR AR R 50 4 4 it & 19 A [0 328 3 A [ ) B8 ) = e
DL /2 B R 7R oK, DRI 75 R R g AT AN R 7 SR &, LAAS BN IR B2 1 B 7
SCEE ., ARFER, IR - RE R YRR R SR R R AR, R B E T AE
B ME R IR M E KA T, ANFEA G N SO R YRR . [FIRS, AT
ORI FE T IR IRAE AT 28 DL R AR R AR NS S o8 8 ] P R R 2 e o ELAA IR 7
E /I

(1) FRECA R ZH A 5 X B3 - A2 R — YR B 78 SR 1) R 1) P fegs 1-1.

1-2+ 1-3 DYANSZ P RR AR 18 T fif 28 180 e IR AEL 20 O 250KkN. 520kN-
700kN. 1000kN, fi##EZR A SkN/mm.

(2) WHFEA R B FIGEIA N E T = HERR R S R [n] Iy 2t Re s 1-1 SO, 1-

2 SCHEINAR I R HL SkN s,
(3) WHICAEA[F SR T WMEAE T =2 K 72 SR B A B R R RE, 1-1 SCBE
TEIR NG 7> HIE 120kN . 240kN, 1-2 57 BN # g {2 B 400kN .

SRR R T7 30T = GERR 2 S 1) B m) g 5 1t e, DL SkN/s Tl
g, =R A J7 R SR 3 o A 3 2 Bl {H 520kN. 700kN.
1000kN. & AL & S5 2 Al B, AR e E . ARAE
T3 A RLAS 5] W B = 4 5 SRR AR B R I 2% T R [l fuf -1 (Fun-Xom)
el 4.1 P, Bm s J U2 RN IE.

— -3
— SE1-2
HHEL-1

1000

B8 [ faF /KN

12 [ 37 F% /mm

P 4.15 = FP2H & 75 30 g 4872 it 26
M 415 RIH1, BEERA TARRS SEOURERE AE /) 35 22 th iR 5 1B) B R SR 3 [ AT
Al EEE 3R A, ARSI B SRR ML, BRIALIFERERE /1R . ARYEA
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A RS Al A 8 ST T T = 4R = A R AR R R 0 A

O R AR =AY, @ S e DLSRAE DL E =R A 5 SRR i
HEERGZRMEWIEE . BRI R B3R 4.5 AR

R 4.5 N[A)H AR 2 6 45
7R SERNRPENIEE KN/mm B NZRNIEE KN/mm BE¥E R

1-1 149.83 168.28 0.123
1-2 198.14 156.55 0.210
1-3 262.46 187.07 0.287

7 18 = A [ = S AR A SRR N AORT A R 0 28k LA B A A I 8 A A [R] o 5 e A
B J1 R, XS 1-1. 12 SOREEEAT BRI AR SR N ERL,  InEE 2R
SkN/s, BEAMEEXT 1-1 SCREAT A [FIMRAE RG34, JEEinEmE A H 120kN Al
240kN, 23 HIBEAT ZIRMEIAINE . 1-1 A1 1-2 S BEAE SR INE S8 4~ B )
PAKe 1-1 SCPRAEAS TR IR AR A% OL T B m) A 3-Ar A8 (Fo-Xo) il 2643 ) ]
4.16 FIE 4.17 Fros. = 4ERSE SCHELEAS [R] N (e 5 100~ 8 m) & 28I B2 S BHLJe
tbunsk 4.6 piw

— RN
600 1 — TEIINE 800

600

5
8
I

B8 [E fiF A/ KN
B8 [ 4 /KN

o

S

S
1

200

T T T T
0 1 2 3 0 1 2
B¢ 1] (4% /mm B[ ES /mm

(a)l-1 3 & (b)1-2 37
B 4.16 SR AR5 7 FR 0 e 217 7 ith 22 14
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150 . . . , , ,

1004

50

0 -

e e 47 /KN

-50

-100

-150 T T T T T T T T T
-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5

¢ 16 B2 % /mm

K 4.17 AEINEIEAE T 1-1 3¢ Be s a] il 2

R 4.6 1-1 SCREA RN BEAE N 5524001 & FHLE EE

INERMEAE/AN RN ka(kN » mm™) FHIHE S,

120 500.04 0.178
180 324.07 0.318
240 279.07 0.292

K 4.16. K 4.17 23 4.6 0] #0:

(1)

)

I 2% S s 8% i) % [ 0 AN D91 e KT R v BRI, sdE T B RTAS 141 AT
1-2 57 JAE U2 [ A5 2R W 2 45310 4 281.13kN/mm A 464.65kN/mm, 43 52
e L WIEE R 1.87 fi5 A0 2.34 £i% . RIGHLINER I HA e 350 20 B 4 S it
NTARRES, Fr— @M )G B i 4 JL [m] AR, R T I 7 S )R 1 1)
BRI ANT TR o Ak E TR B ATL N ) 3 5 1] B 7 B T DY
REFE A FF R A5 5 TAE DR e B B in 28 h 28 i A 3R 11K

58 5% S R % 1) )i [ b 45 T T A T L P 8 v 4, v ] ot 2 T
IV, X 10 BH SRR Y R Al FE RE AR 0 5 IR 2 EAE G . X R
R e i AR RO B R, R [ DA R R R 3 1) F 2 T 1 BE R 3 K, R R
FEREIGIN, i [ 282 10 DRT b B D v o A - O A — B 7R SR 11
Mt 1) A5 A ) B 5 8 e I R B S R DG B, KT A5 RUBE JE L AN TR
I 5 il e 1L 4D 398 KT S 38 K S5 AR
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A W2 4 S 3 T = A A28 FE B LA 4
4.5 ZHRRR X EF MM ERULIIE

= YRR SO AL B B AR R AL AE =N A B X BATBGR K ARt
R R SR Y SR BT BEAT AT IR T A SUUKS A8 Jm 452 B e i L 70 A v B LA A
2 FBOTE R R BLRACSIR B BR] AR SR AT = ZERE 7= SRR = AN 5[] R i
(] fiE 1) 2R Atk b AT AT BR eSS OB, A AR RAIETE SERG P D 26 1 1 S
P = R R SR SRR ) I 2 R RE O Jim B = 2 R = Y 2 i S 7 i B Sk

4.5.1 fRIUFE

FRAE AT BEPR AR 1) ) 5 SR B AT 0, SO J ) A2 B 1) O MR 5 5 DL KT BT
JEE VAR H I R = A2y, o e B ) —Fh =B e s, B L
LMt AR T H BT, RIARYE B = SR ) ) 2 S5 BAE AT BR o A v i
ITZHORE, AT AREE S5 R H R E A BRIC A i A OB R AT S AU
Abaqus HIERAS LTI FE Bushing Connector 7] PABIRE R S HEAE X Y Zs

v By~ VN EHHEER AR LA . IR BB, EEEEL THESE )
177':1 Connector 4% Fl7R AT S F &l 4.18 R .

——— altached to
p m damage
\ elastic/rigid plastic  elastic/ngid plastic
attached to Part A
deformavte ___ AN AN
malerial

5 = damage failure
v e first = damping second

atlached lo Part B A par connector 8— connector
delormabio material node node
eth  fewbbe T I
e} e} | stoplock
,,,,,, T R /i
p %w—‘ d o : fnction
o e

e} —]I_!

(a)iEHr B K (b7 S
P4 4.18 Bushing Connector 17 A& M iR~ = E

HIRIGH EH ConnectorX. Y [A] ] Elasticity A1 Plasticity # {0 ES 45243 Ji IR A1
SV I 2 R e R S DA S BB A ¥ s 80 Elasicity 152 B AU 35 58 R BE
Friction 7 ot 152 B JBE 458 38 HORCADMIE 35 52 I Jim e 38 [A] EE 5 L1 7 IR RE 1% s Friction H
Elastic Slip FE40UR% 3 7E Il 52 s I (R A RS A7 2
ARSTHE 1) = SR 72 SR 7K T [ A8 ) 53 79 44 AR D7 VR AT S5 054 -

(1) 7K
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5 4 R - REEAR YR IR R SRR ) A MR RERIE T

AR A B A T 19 T RN, = N R SRR KT [ VR R0 0 T A0 R K
i, AR SRR s AR . SR SERR I B RE T IR AR A — T AR i T
2KV FuW i FUR AU AT, X Beth sy BB AR 1 AR B
B, B RSN BERCR s 27K P R T EEE T uW i, SR8 st N 2B R B
TFaaiE sl A/NTIARYE AT A 2 BEBEX LA A, I 45 5 1 45 RORME R
R BES R I 2 e, 251K 4.19.

XUT AR RS EE K A ko THEL A ST

k= w N uw
2(R-H) X

y

(4.14)

k, = d X
2R-H) (X, -X,) "’

(4.15)

Bushing Connector H1 Elasticity &4 X. Y JHMINIEERI N ki. 8 R RN
Plasticity #' Specify kinematic hardening M ZHIXE . H e AMERE A SEINEE

PR BRI A, BB RIS I TR AR I A, I B R IR N —"— X, + W,

2(R—H)

JEIRAI RS A 0.0 HHE IE] 4.19 SR B B 55 1K B IR T A X + W, SR

2(R—H)

R AR BRAEARYE & A5

Xﬁ! :Xmax -X

, - (4.16)

w
X’ 2(rR—H)

ko p
(O, MW) /
/‘ A Ky g Xy ¥ W)
ky!

4 B (X Xmax + HW)
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A RS Al A 8 ST T T = 4R = A R AR R R 0 A

] 4.19 = 4ERR 7 S BEIK T ] BT B A5 Y

Her, Xy REEEEEESCEPRRA R, RYE CRAEEIERE S E) M
TR HERALEE Xy A 2.5mm; W RSP B J7 B R Ia i 48 pofi 0 i i BE AR
e R-H A PEIEE SORAR 380 28 245 Xonax 95 BRI FRALFS

(2) B

PR A 25 T P00, R I A A 3 T R S A R R (] (1 BE 4 4
P, AR [A) | R R ) SORFRAEREAE A o RS E— 1 rikie gt Rnl s, =
Pr LR AR A ] DU RS R S ) AR TR T . A /N 0 5 [ R S A ) = R A,
T Gile 245 FORUERA B = 4ERR B SRR e ) J) 22 kR, 2 F K] 420, XA
PRI A A — 2 300 o BB T T

F
&
l A (F.X,)
2u,Kx Kx E
T,
| g f}B@%}
kg : 1
k, o
LA
_,: :4_
J - » X

5] 4.20 B 3 4 S5 R M FE AR
DA 1-2 SR T USRI o K- 8% i 26 ARzl BARTH S anrh
k, =k + ¢k=337.84kN/mm

k, =k — #k=184.61kIN/mm
Mg B AT BN kN 261.23kN/mm, BEHE 2 %¥uN 0.29.
4.5.2 IR REUE

SR Abaqus FHTCHPHEAT I F0A T, 1 ARSR T S 76 LA L 7
SR L AR, ERERS 5L AR 2 IR R £ B P LA 8 P A S
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5 4 R - REEAR YR IR R SRR ) A MR RERIE T

fi#%e, SRR M. RABRGE & /1500, KPR BLESZE R, i
PLANR IS 4k 7 AR R ) SkINYs TREGE R 2. 2ot EARAE T AT
NASFEINERNE AR T = ZER% = 7 e I 20-Ar F 28 . B 7 S0 M S5 0 SRR R an 1]
421 Fizs

B 4.21 =4k R SCREAT BR TS5 20 S A Y

= YRR = SRR KT [ [ gl 2 bE s AP 4.22 Fras. S7RE R R RN AN
SR H JE Ebtn g 4.22 AR

4.22 =7 iy [B] gl 2R X e
R A7 B RE SR ) S5 550 M R S BELJE EE X HE

SRR Ker(kKN/m) BLELE &,
X HEZERY \ ‘ - —
R ED w2 R EE\ w7
110 0.337 0.332 1.405% 0.547 0.522 4.633%

ME 422 K3k 47 wUEH, KHAASONE#IT AR it Sa R e RS
S8 25 R VL RC BE R o AR FE IR S5 R AT J0, 110 3 B 1 7K1 1) S5 28 M E Ny
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A RS Al A 8 ST T T = 4R = A R AR R R 0 A

0.337kN/mm, A RGBSR 0.332kN/mm, # % H-1.405%; {513
B SR SRR JE EE A 0.547, A RITELE RN 0.522, 3R % N-4.633%
X T 1801, HLARRLI BEANFH JE bh HIALA R 22 70 ) -1.213%HM1-4.216%. JSE
FHEG RIS 1S 2 p3 B 22, A BR o7 3240 B B3 0] ith 2 Vs A2 FE s I, FERERE
N E, (HIRZEWIEHILE 5%LIN .

= R R S A (1) R ) i - i 2 L g IR A 4.23 B . A R JGEUE
BT AN A SRR 53 A B T S N E B ER nak R SRR AT - A 2. R
& iR Ie 5 R, Wl 2 0 BR e A 2 1) fer 4 A0 F% it 25

. Iﬁt% I I I I 800
100 == FEH .
£ 07 ®
E £ 100
2 . R_%
o o o %ﬁfﬁ;z/mm " " " ’ 1 %ﬁﬂ{;f@/mm ’
(a) 1-1 S BEAEIA N EL (b) 1-2 7R Nk
] 4.23 55 = =2 8 ] ff -7 % Il 28 5 TR
M 4.23 5T, 1-1 S2REAEFRINERFN 1-2 57 s BN 2R (R TR 76 25 2B i A
UgE B 500 4 R &8I TEAME T, SCERIER RO PR ITHR
U453 B 152 BRI FERE BE 1RS80I FE A AT BRI, (HR Z 0 BB HIE 10%F1 15%,
nE 4.8 s,
4.8 [ 7 ST R R 1) S R B A SRR JE B Xt b
S5 RUAIE Ken(kN/m) e &,
SRR
R i)\ R R i\ R
110 279.07 254.24 8.897% 0.283 0.243 14.13%

A KT R EE R TR, ] LA IZ AU 7V v] DA RO A S = 2k b
i SCPRAE = AT 1R L JEAMERE T TR — 2B AR R N 3 A
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4.6 KREINGE

AR FE T I BETE Tl b A B PR B S A A 1) = o S, 1% R
J 9] EH 1B 1) B SR 2 B I B LK ) BB R IR R F e SE L = R R, IR LA
XFWTTERS R, AR [0 X6 18 i) g 22 Ji PR PR R it b of B 722 SR8 /K - ) 2 BE 44 A
B R ALIEAT 7RI T, 198 1R =R RR R SRR R RE . LR Ah,
N T DRSO TGS, R A R IC M ik AT 1 S R0 e 7 A
W, IS ERAEEEAT TR . SR 458

(1

)

3)

AL H 1) = 4E R R SR KR TR 5 ) AR TE AR, 7KCF [y Al RS )
W Ve RE TLAR AT . TR 20 AN B BE B4 i o R A R G, IRIUE S
S IR LA AE R T, T S T 0 52 RE AR S DRI Bl DA R b AR AR O
IR . IRAL, = YRR R S B TR S A AE — s E TR AR TR,
RIMAE L = AR TR e RN R ZEE 2 s, MK R EEEAR
% E MPLE e

A R - 5 JRE AR — 4 N R S 1) 5 [ B O N T 1 e I B
PR AN R 25 6 J77 2R 3R 85 ) A B0 M1 B2 70 ) O SR R A U B 1Y 1.87 %
A 2.34 5o B SCHE ) B [ it [0 FE HE RE /) 5 %8 1n) N Bl {8 Al R AH %
W6 5 2 e L R 15 0, % ) [ o 2 S I, T S A R e A B S AR
W1 5 e [ IR A8 A s A7 R O

AT HE T K JBE AR O L M A A R R = A ME AR G i Bushing
Connector AT I = 4ERR iE S A IR T T 52 &3 . AR oEUE
PR a5 H BRI R U R B, S5 HOBUE B AT DU RO S
18 =ANJ5 A B E v e B SR 45 R IULEE R 47, R ZESIIEHITE 6%LA
W, AT LU T 5 22 SR 1 sk b 72 10 2 AT
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55 B YRR AR R A R R R A M

B 5 B ZHRRE ESRHREN S

5.15|5

988 o B T AAT 280 B AL 5 ) PO 3t R v 2, /I 5 4 £ L e ' R RO BBER X
Kr o I 3 174 i 3 X 70 3 HL st P 38 A0 SR JBE B4 SRR T e AN (] v s 55
PR AR AR KT B R s, 8 R 58 A BR 70 73 B R AR T A A R N
25 SRR W R BE AR AT 7K1 B 7 T DA R8P P 728 T 88 B P A5 R 11 XS
SR, Wi RAEIRIE VIR X A %, AW 2 i B R R = B o K
s I TR R 110 2 T #5 JC VR BRI B [ sk P2 e R A sz i, 0 R R A i
(8, DCHEE K BE R CCVR 58 i AL AR A NP R /7oK . b, X —28
AT BRI A BOR AL S s it AR i as - FLAS B BRI A5 M s ml e 7P AR BRI
1% T AN A 3K A 7T B o TV A R (1 T o DR I 5 AR P = ¢ ol o S PR BE AT U
b= o

5 55 VU B 1) = 2 b 72 SRR a0 S AT FR TR Fe b, it A SCRE 17— F =
24 I o SRR e A I SRR A BRSP4, BT AT PR TR AU S 1 45
RIXFEL, GO T AU IR S B A . AR F I T PR e 1
Jiiks PA 500kV = A AR IR OB, HEAT AR e A = ERR R AR AR AR N 2)
Bro K45 R 5KT i SR RS = AR R 38 THR A R AT X EE, W FE L RR iR R
JFH6F B 7K~ 6 o A = 4 o i S 1) B o B8R LAV AIE = 4B Bl e S A £ 48 s 45 P i 3¢
T e .

5.2 Z#RREERERTRBENRR I ESH

ASCRAE T H B A AT, A SR 5 = 5 e B 7 Rt X RL I RSB AT £
800kV Hifi A s B BVE A at R, i AL L A8 S 476.5t, TEAIMRIY S
B -

AR S R AR R T R BE R eSS IR (R Bt R
WY TR, 9 FEHUR BB ZL X BT AR I N 0.4g. MRAMEREE| b
ST REWE S MARCEENEREMX, B EsifEAHEE, &R 1.
0.85: 0.65 HATHINTCIEX A AT 2T 200 BHkd% 0.6 #4710 1HEALRIE
SCPET] LB R R AR AR ) -
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A5 K5 il A 18 S0 BT = eI = A R 2 DUR PERE 70

D F, >mg+0.6mg (5.1)

o, Fu QR T A SR B SR 7

1 T2 F8 3120 15 25 J SAMAR I 55 TE VR 32 A KT 3, IR AE AR AR SR B I B 12
ANSCRE . SRR A R BGRE ST, AMUBR TR &SR T, & avrd
IR M S Bk RIE USRI, AT 2 4 R R M Re T oK . fR4E X
THE SRR ST B 2 /D T AR 623kN a1 dy . Bt EE VI AR 4 N A
s, MEEIAS NAME D125mm, W1E d64mm, /B/E t 4 8mm, A AERE K
7179 85.9kN. "¢ [ B T AR [A) R oe S 4k 5.1 A1 5.2 Frow,  SCPRAT B A B AN
Kl 5.1 ffse

5.1 B pT S

RS et &6%n % BOFNIEKN/mMm)  BRIRAETIKN)
A125 2 4 4 352.41 1374.4
R 52 KPS

B Rmm)  EEERE EHREEmm)  HEBERmm) WL RIE (KN/mm)

774 0.1 120 180 31.05

B 5.1 #2828 = YERR R SO e B
= YR 5B 0 FH KT ) R R AN B R B . AR T S A A R
KRR, T = G- RS FE SR K 1) B IE SRR IR 7 SN EE S B
ARG, R R A A BR e Y Hh 3R 4T Gravity SRRSO
J1o HRHE S VU T AR T VEEAT S HOR B S B R R, RS S TR I
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TiIAZHOENR 5.2, 5KV 1A 2 BEBHE ST RAN R () 72 16 17 R 7 0 T AR 35 4 1

W BEERSEZHS EEEif A Bk, RNMEME AR

AL

MicE, BEARTRPRERRIES 8T —wE, ARSHILE

53 f15& 5.4,

K 5.3 =YEb RSO AKT AT BRI S5

SCEE S BN BEEERE

FAMERIE KN/mm A7 2 /mm

TI1 410.23 0.11 16.70 154.79
TI12 161.31 0.11 6.57 154.79
T21 454.49 0.11 18.50 154.79
T22 205.80 0.11 8.38 154.79
T31 498.71 0.11 20.30 154.79
T31 250.02 0.11 10.18 154.79
T41 542.94 0.11 20.10 154.79
T42 294.22 0.11 11.97 154.79
T51 587.16 0.11 23.90 154.79
T52 338.41 0.11 13.77 154.79
T61 631.67 0.11 25.71 154.79
T62 382.50 0.11 15.57 154.79
5.4 = HYERR RSO A TR e H S48
SCHE HEPEAT 2 /mm S5 KN/mm EEE R
T11-T62 0.32 231 0.28

5 3RS

A AT BRTCHRA Xk = 248 B 7 5 2 I 2 A AR AT WS 0 A SR IO B IR AR
RA, SRIRPRRERTE LB E N EZIRALAAT 10 Brids W& 5.5 Fros.
R 5.5 AR IE & o = HERR e AL A% H IRBS

H R A% /Hz
B HRALA y——
N 3DCDFPS
1 WRMEE 1 58 Y fl—MiEs) 1.483 1.438
2 WRMER 2 58 Y Fl—Fr i8] 1.673 1.626
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A RS Al A 8 ST T T = 4R = A R AR R R 0 A

3 R EE 158 X Hh— 4530 1.844 1.834
4 BB 2 58 X fli—F 3 38) 1.853 1.851
5 MIMIEE S Y Sh—kr4Es) 3.305 3.347
6 I EE 5 X Sl — 4530 3.726 3.375
7 BMIEE 1. 248 Y Sl 5.486 5.634
8 WMEE 2 LIt mEse Y. Z —Fra il 5.71 5.92
9 B 158 X il [ 25 il 7.087 7.18
10 RN 2 58 X il — s il 7.245 7.41

R 5.5 W BURIL, SR =R SRR AR SR I 2 A BRI AT, 3K
T E R RS T SO R BN AR DL T AR, SOPRAE KT [ AR B 2 i
SEE) T WIPEEE S, T A p T R AN 2 AR b S 5 g ANt T 2 i 0 4%
TEH

5.4 TEF[/=YrRPRRMRENIN 74

FEAR 2% = YERR 72 A4 2 BR TCASHDL o i N\ 1 732 38 DA SR ER S04 e 72 i 1
BEATISRE 3 I 42 O o8 27 a8l RE A v N b o ok P I e KA, X RR2H F
7 ) Hb R 9 43 AR N VT B SRR T TR W R O TR S 0.2g 0.4 0.6g T,
0.2g+ 0.4g 73X L CHEL R IEHTRZ R IFRE ) PR B 2R 8 BE & 9 FEIX
= i) U A b T 00 S B ERAE N X:Y:Z=1:0.85:0.65. JE I A R i SRR B =
IV B 7R S = 4[R2 J5 A8 2% S BRER AE H FE i )9, T Eb 9 b AN [ S B PR 1B
GER, TGS = YRR RE SRR IR

5.4.1 EEWRABN SN

FRE 25 = 5 70 A7 T AR e 28 B R MR B b de o A, R A
/NTTIEEL £ 800KV Heifi AL I 48 AR m R B EE N B ERRBTN R, X
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