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Abstract

In earthquake disasters, substation electrical equipment is extremely vulnerable to damage. The
current transformer is one of the important electrical equipments in the substation, and its dam-
age directly affects the normal operation of regional power, so its seismic performance, and shock
absorption performances should be analyzed. According to the current transformer condition in
the actual earthquake, the seismic simulation and shock absorption test of the seismic simulation
vibration table are carried out using real 220 kV current transformer equipment. A variety of
seismic waveforms and different seismic intensities are considered together for experiment.
What's more, the intensity of seismic simulation shaking table test can be up to 1 g, which can
rarely be seen in China. By measuring the acceleration, displacement and stress parameters of key
parts of the equipment, the seismic and shock absorption performances compared, and the dy-
namic characteristics and mechanical performance of the current transformer structure are also
studied, then, the seismic performance of the equipment is comprehensively assessed. The expe-
rimental results demonstrate that the designed shock absorber has a good shock absorption effect
for current transformer, especially for the top acceleration of current transformer.
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1. 518

B 0 KR R o T 3R B, MR AR R S I AN AT R T, LA 2 S B R g,
FEERAM 52 5 1 X (R TAE[L] [2]0 BRIE R — ARG AT E K. SR R 2 Rk E R, HK
TR AP R R E K[3] [4]. B AR I = RS RO R, WA RIS RE., B 528
IR FA[5], A A B SRR E R PR R A I B S,

IEAESR, [ P S B DR SR U AT — BB A . 1Y [6] 55 N AR FL U R R 2R IE B LS,
WA IBCFASRY, R oS R 55 D5 R R FC b R e S o 7 ASORR [ 755 LARH BH T 4 T 7% Hh sl K JFG Jo) Rl e
BUNKT G, KR B BRI AT IR 305 W 7 A DG 2 BT o 1 5 [8] 5538 3 R FH 45 22 I 45 Bl PR ) PR LUK
PRSI CT WU VEI & 570, WIBR[9]4 DL 220 KV B E S BB IR R NI %, HATIREN G %K. A1
[10]55 38 1 A BR o} Bt FUR AR PR M RRHEAT 700, AT 4 N\ i s i FE 5 0.5 g I IR 148

X T B A% TP S AR M BB AL — MR R 0 S IR A BR G B i, X AT SERR 3 #r .
TS0 v e R LR AR EE O B, DUBTERR B ZEIRE £, X L 5 R A 038 ) OB ORI A A T B RE
ReZr i, H BTRIEE iDL BRI 7K 2 R A BR e 07 BT I 7L, IR0 R R 3h & B AT i 51

AICLL 220 KV HLJ B E AR AR B, 6 HEAT 1R RES, LR N R R = IA 1 g I R gk
RIS, RIS 5 BT T

2. It
2.1 REIBEE

ASLH R S E MTS AR =4E75 H BB IRS) 615 R 8t. 220 kV B RS, Wik 1
Fimo FEIR ELRES S S B A e 1 Frs, Hor iU i B R 22 3508 FE A AL B .
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HLM KRS, M2 3.650 m, MEEZ) 500 kg. HRENEG T RSN 4.1 x 4.1 m, R KN 0.1~50
Hz, W6 NI RIR & E 20t, it FA 30t Jirhakay 20 t I /KSE X A R E A 1.5 9. /K
Y AR ECN 1.0 g5 #HE 30 t B KSE X RS Y AR ORIEEE 1.09, B 0.9 9.

Table 1. Measuring points of current transformer
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Figure 1. Current transformer
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Figure 2. Hysteresis curve of shock absorber
B 2. mE=RhuinE thik

Figure 3. Layout of shock absorbers on test bench
E 3 RRFREXBRA ENFESR

2.2, RIRMAMER

R A T BRI RS G SLib B R A, AL HE GB50011-2010 A1 GB50260-2013 ftR
EESR GG M Z PR [11] [12]. 35 3 AR Nt B RBIR SRS O NI, 13 5 R0 b R
AN e (RA2E M 3) DA [ B 3 AR AL B 538 F 1 E-Centro 3 A0 Taft 3%, 7688 /K 77 1 L i .

23 TR

TEPUERIH, eS| E R R &, B I S s, A AR TR
PR, PRI, FEBUE I N N i B A A kB A, A AR AN R B R AN 0.1 g, 0.2
g. 049, MARLEAENEIE PR K SL80 295 .

TERGERIE T, 7EIRSN & IMANIE B %, X Bt B AT B RS, 5 58 3 th T IiUE 23 A7 1L,
AT DL SZ RN B B 2 LUK, B e AR R s 0.1 g 0.29. 0.49. 069 19, HiAkRIRE
UG IR B I SE, T BRI AE IR o 1 BB SO HEAT R, MNTTAS AN [F)3 R  9ak 2= 1) S B 4

CRE T RSN B R BRI SR B, T AR B BRI PR S T, Wk 2 Bos, ad
14 Fh Tk, Zehih, AT DS 28R R TAL, W15k 3 P, JLald 21 FhTil.
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Table 2. Working conditions of seismic test
R=2 MERKEIAR

T I i g

1 P 1 7 (WNL)

2 AT 0.1g
3 AT 0.1g
4 El 9% 0.1g
5 Taft 3 01g
6 I 75 (WN2)

7 AT 02g
8 El 3 02g
9 Taft 9% 029
10 T 7 (WN3)

11 AT 049
12 El 3 049
13 Taft 3 049
14 P T 7 (WIN4)

3. WEMRGRE S

o R LS SR IR DL S 22 PR R R R I RS, ARV SRR FH R A5 A D N AT RS S
56, FHFAEDURANBIRPIAARZS T 5 AU B ALI M 752 55 5 2 T, BEU50F HL 7t L JRs ) 55— [ A AR AT

BN RS PR TE I 0.1~50 Hz, ML IEMH 0.03 g, HFLEMT A 120 s. fEPUEIRI I REr, HE
177 DULH i R A R RS S8, 0 i) 9 AE R L AR 2 e B, (ER RIS MR TR 2 AT AR
IEEAE 0.1 g N EIHTRRIS 2 5 « MBI INIE LA 0.2 g I A HT = IR0 2 5 LA R M ¥ nsd FZ4E 0.4 g I+
MRz JE, WK R LRSS BB R, 0k 4 o,

Table 3. Working conditions of shock absorption test
#£3 BERRIRRE

Tt 1532 s

1 1 75 (WND)

2 NTH 0.1g
3 El 3% 0.1g
4 Taft 0.1g
5 1 745 (WN2)

6 NTH 0.2g
7 El 3% 0.2g
8 Taft 3% 0.2g
9 11 75 (WN3)

10 N 0.49
11 El 3% 0449
12 Taft 3% 044
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Continued
13 1 75 (WN4)
14 NTH 0.6g
15 El 3% 06g
16 Taft 069
17 1 7 (WNB)
18 AT 109
19 El i 109
20 Taft 109
21 1 7 (WNB)

Table 4. The first natural frequency (Hz) of current transformer under seismic test

4. ERERFMEREE-MEFNE(H)

[ R WN1 WN2 WN3 WN4
L TRL8 T 0lg 02¢g 049

220 kV HELJ B RS N
6.95 6.88 6.76 6.71

M 4 AT LA YRGS AT i IR FE R DL T » PRI EL AR 55— B A IR A AN K
E LI LS B PR AIR S, RS IR A5 10 5 — TR AR EE R, Wik 5 Fis.

Table 5. The first natural frequency (Hz) of current transformer under shock absorption test

5. ERERERRRIAIE—MEARRHz)

B L WN1 WN2 WN3 WN4 WN5 WN6
RIS 0.1 0.2 0.4 0.6 1.0
220 KV HLj7 L 5L - g g g g g
5.74 5.37 4.45 484 5.35 5.3

HIe 5 ATUAE H, AENAR U, PRI LR 1 ] A 04 B o 0 80D P2 PRI ok, B St
NESGINEEYS, SRS RS I ISR R G B R Bif. £ 0.1 g A1 0.2 g BT,
S — Wi [ A A A el 7T RE S TR R o B A A A IR B IR Bl AT LR RIS A DN 2
T AE Je T LRI B B IR R i LU R, kAR s AR, I SR A MR A LT, HR
BB AR — B AR EE. S5, TRLEAMRERB/NERER, HARE.

M1 4, 22 5 XFHRTRAE Y, e i 00 T A9 B0 1 B AT 00 BU DU 00 R A7 s, AT mT LU
YRR A LI RGBS VE A PR, 2 (45 r IR EL AR R R U NI A TR, EH e
JEAETT RS2 Va2 N

4, HRE RRES TSP R 43 4
4.1, TREUBERRE I

S 56 10 P O L RS TOUAT v B 1 ORI i 2 — 9 W vt AR A I, 6 AN ] 4 S B8 i T AT
I HT EE AL

FEPURNE LT 70 3 UE B4 0.1 9+ 0.2 9+ 0.4 g, EIEIEI T2 #IBUni#EZ 5 019, 029, 049,
0.69. 19, MAETEN MM E, =FbRBIEMAN, TIRRAETE LHERME T T, X AR L&
AT RE FORE R AN 25 . MY L El-Centro 3B 911, 2347 El-Centro A HI R FTHER AL (47T
R RIS DL 4 B

DOI: 10.12677/sg.2020.103010 95 BHE L


https://doi.org/10.12677/sg.2020.103010

120 /.
—=— EL Centrel{ i/E
—®— EL Centrel{ = A

100 - /

80

60

TR ALELUE(E (mm)

40 -

20

0.0 ' 0.2 ' 0.4 l 0.6 ‘ 0.8 1.0
7 INi# E (g)
Figure 4. Peak displacement of seismic & shock absorption using EI-Centro wave
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M 4 AT LU HLE EI-Centro SBEHL N, FRLI BLBEES FI980% RO I AN AR, EN-Centro I8 il 5 g 2
PIXGIN, WORIIARE . B, OB X 220 KV HLJ EES TTRAL R FEOE /R BRI, (H2 30
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Figure 5. Top acceleration seismic shock absorption spectrum peak under
different working conditions
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AR IR RO, TOUHR 0 i R I RS

X TN LU AE BRI, ARG 0B LE 55 AP R E SEm VF 2 AR AE DR 2 PE A R, 72 0.1~0.4
g VSRRl A, T s AT (N P4 S35 . 7F 0.6~1 g Y[R, TOU sk B AT I (B AN e 1, I
1M EEE RS 0.4 g IFIAIRE U (A A A 2 R %, Ihah R IITE N TN IE DL T, b RS N R ey,
TR SRR R

XFF El-Centro 3, 7EHUERLGH, HATEWAL L 7 AbFI R I ZR . fERGE#ER N, 7£0.1~04 ¢
O FE P, TS 3 R A A P LR R . 7E 0.6~1 g SEEE PN, THET b B e LR E k6 0.4 g
I PR AT e (A A B A T

XY Taft ik, fEPURRI T, HAEEE A T 5 4P FEOE R e, fERGERIEM R, 7£0.1~04 ¢
YO Py, O AR U A TE 0.2 g B R FEE>, (HARTE 0.1 g F1 0.4 g I FRERE . 7E 0.6~1 g YU,
T 3l P AT V(B B KT iy, 4RITE 1 g B R Tk, (BRI 0.4 g B HURR AT 015

R, AT AR HH80E 28 5 1% B i EL RS TR NAS [F) H R I AN R M R BRI T, 4R EL T L
B IR R

5. R ERER AR AR D4

FELL EL IR PR U o o7 2 ) ) LA 0 R iR MR R 6 T LA o3 22 2B 45 T P il 2 A2 A1
Db, AT R 2 1A o Dy 18 TR L B A N, 51N Te SN AN B RO & [ 13], H
SE XN RGN BN SR G IR . EPUR TOUT, JBORR B /N SR H i TS 5 3
k8 & MR R B A FIRCR, W15E 6 Fns MAERIR LU, UK RN AT LR R
P LIS SR 6 IR S R SRR RN R RIRCR, Ik 7 R

WRYE 6, EPURTLOT, AR5 AN BT i TS I B BOR R B A F, AT
PAa AN Taft BHINR, BEEM AR I, BOKREA TR, R IIRR A B s i B
BE N EE bR I BE PR 1 g, AR, e 4x. 0T E-Centro SR , E A i N M R 0 e R 4
s TBOK Z 0 Fraoin, 2 W 5 1R sk FEE PR3 I, DBl v, PO 2 P58 v 7t 2 S8, (L 489 o i 2
B

Table 6. The amplification factor of acceleration of shock absorption position under different working conditions

6. FRMRIA TRRMENMRERARY

b 755 sk R R

0.1g 1.25

AL 02g 1.10
049 1.09

01g 1.11

E'S};mro 029 1.19
049 1.32

0.1g 1.18

Taft % 029 1.17
049 1.13

WRIGE 7, IR IR, BEERMAMRRBIANE, IR B AN B BOR R 805 R TOLROR
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El-Centro #7115, [l iy A\ MR IGE S (380, 5 A7 8 o 1Y) FL UL FL I8 PR Ul o B TR A A A A i
AN, REAE 0.2 g I RISAT N, (BB R RIRIRACR . TXd T Taft B s, BEEM AR INE
PG, AT B0 A D PO IR L AR RO BIR A B TSOR R B A B U, (BRI AR IR N 1 g
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Table 7. The amplification factor of acceleration of shock absorption position under different working conditions
F 7. PEIARIATRREMLERINEE R R

bR o BN
01g 1.17
02g 113
N 0.4g 1.09
06g 0.98
1g 1.01
01g 1.22
02g 1.26
El-Centro i 049 1.15
069 1.11
1g 0.93
01g 1.23
029 111
Taft 3% 049 1.29
064 1.43
1g 1.07

CREWECE 6 ML 7, Bl EARMBERNT, HINEEBRRBOIDAE 1 it RILEB]E
FEFE o PR N TBOR R BRI N UK 2R O A i)y, AEAT B 70 50 EL PR IR R BRSOk, AT B HAL
NI E R, B EBWR RREGEIEH . AR RSO RN, ATRER T R E A PR
BB, BT AKE ISR AT A AT R o B S N RN B n, HBOR RN UL R 2, Y
A B e T 9 7 28R S O B A

6. BRERFZ FE=MELN N5

FEB LR TOLAIRAR 00T, MR A U P 2 A i S5 2 $60e DA I8 g i 7, 0 443 LI L JRRAR ) TR i 2
i ELAL (N F7 0 M5 FAN ] 6 BT o

K6 thal VR A s RFR 5 00 N FIA ELIERAE Taft AR I g o 7 A 2 L HAR BT T 182
J BB EEK o PURRIN EN-Centro 5 (R N 77 Wi B ESUELAR /1N, R IR N T30 1A 82 7 o 17 5 AL B /0 - 5
FEN TP Bk = v RE A if o ARSI AR IR 1 g B9 Taft sy, Fif B Es FIE 2 AL RN )
Wi S BB B R, AHOR R A RAUR . db vl 4, b A5 B R BUR SRR P R h R e, RS K
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Figure 6. Stress test results for equipment under various conditions
H 6 SR TRENNNMRER
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