W47 % H1 Hh = HF N Vol. 47, No. 1
2024 4E 1 A JOURNAL OF SEISMOLOGICAL RESEARCH Jan. , 2024

TRV AR I, Tom %, 45, 2024, B HLI A = AERR R oY (], MR SE, 47 (1) : 156 - 162, doi: 10. 20015/j. cnki.

ISSN1000 - 0666. 2024. 0005.

Nie G B,Xu W D,Ma J L,et al.2024. Three-dimensional isolation test of the motor equipment[ J]. Journal of Seismological Research,
47(1) ;156 — 162 ,doi;10.20015/]. cnki. ISSN1000 —0666. 2024. 0005.

LG & S AR E RS

TER, ®RIA, Bk, T5%, 5FA

(hEHR R TAR 20580 R TS TR E S, BT BRI 150080)

. xR o T = 4ERR RS, DR R T AL B, X = 4ERR ARk BT R T IREh ik
BB, AR T LA SR R BRAE S JyWA L, 85X HEAiR B0 6 £ TR S TR A 7 B A R ke B B
SCPEMIRRRRACR . 4ERE] . BEH M A MRS K, FRRe SR MMRRBCR RN, R LR E, 3

A e e SRR X AL B A L ) T R AP BB AR AR

KEIE. LS, BEE,; RIGIKE; RESCE
XEHS. 1000 —0666(2024)01 - 0156 - 07

hESES. TU3S2. 1 XkERIREG . A
doi:10.20015/]. enki. ISSN1000 — 0666. 2024. 0005

0 55

KEE - HEZ RWER, RN EER
REXTHL A 1 UG . o T 4 B & Pt
REREST, [P Ah A X L T 15 A VR PR R B R T
TRERIBIIE G0 04 Vol B 72 2he 8 T3 T 20
WM EAR H IR H 4 O i &, ek &t
RRENYII AT, 20 i 80 AEAt, FEIFFL TH
JtE 5 T B PR IE TAE, T 1989 HESERL T
(PR BT MIE) (XA, 1993 4%
7 CRARBMYURE S E B ARIRUE) (SY 4063—
93), X ARMHTETHE 7k MR S e A K
WA e T BARM Ui Bl ARl 2, X E N IE
AT Y 5 — A G B AR PR TAE A i
2013 4 A () (IR AR I ALE) (GB
50260—2013), H&hn 1 H A R 5 IE Re
BB, WIHCT 2008 P41 8. 0 G R HiE
10 B #7122 G L A I BN, Al Y R
T B PR BRI

B e bR R B e, TR L R A IR

« WFE HHE. 2023 -03 - 14.

WERAGTS, WALTRE, BHASZER
I3 S A Ry AR 3 1) PR 7R S AR, ALRB I /N A T A2 1Y
KFHFEAE T, TCkmN B m R ER, H 2R
FAE—E RIS, FES (2014) @R
HIREEIE T X —F 0, JHEdKPRES =4
B A 6 245 R AT X6 L, IR SE = 4k B A T DA X
WA PEAT S ] [, BRI (2007 ) i 2 4k
AR SO E T = 4 B RE S FT LU RO 5 [
e, WIEF (2020) PAHLS & N B LT
HoH Iy Ui 0 R BN S HEAT T b R S
(2010) FEHNAZRT — A 5220 L sh AL PR %5 5 IF
AT T HURIER,; o 4% (2012) XTHAEE
PR AR A I 3 56 rp R Sl A i A HEAT T OISR,
JELE I T SRR, X AE (2008) X 4% G KL
WIS A R oA R, IRk R 5
SR EA WA M A R AT b, kA
THRHLE PR PERE; TS (2014) SR T
WP B E 5 2% e — RS XL IR £ R 15 B = T 5
PSS (2008) A T U8 PR = 4 AR 7E LR A
R TR R FRoK AL (2001) B THLRSG
FEL 71 25 B T S, O X L R Ge AT T SR b

ESUIH. BRITA AR SRS NHFEES (JQ2022E006) ; i [E HbZ & TFE 7 2 BF 58 B B AR L 4 2% % 15
(2021B01) ; FEMZERMZETES TEIRNESLEEHE S LTI (2021EEEVL0308).
F—1EEEN . TEEW (1982 -), WFEH, 1, EENFE RS o b 2R B DAL SRR R T AR ST

E — mail; neiguibo0323@ 163. com.



5514

SEEP A . LR LR IR W 157

PEAG, MR AIERTT (2017) BFSE THY BRI
SRR X LA RS I B R AR

ASCBET I WF ] T BE A [ 25 0 /N 8 £ 7K F 1]
R i) b, 58 M) 7 ) = 4 O A S A, DA AR AL
o, X H S YRR R R RE T R T R BIR o &
RS, FRAFH AL A JALEE A (0 3h S i, 56
T R S Y B R AR

1 =HEfaRe S

AR SCHY = 4 B 7R SR B KT R R R L
Wi e BRI AL i, ELAR MR 8 3 | T e
P IR RRBER (IR 1), R e R A
BMER R B B 7.9 x 10° N/mm?, & R
Q345 4K, BERE S HETEAN AR R ST LR 1,

% = Y 7 S A TE R AR T 32 2 o
PRI AE A |15 28 ) 4R S 40, 3kt O 1 R 3 1
RS, U R IR, DA T S B AR AR
BRI BN, LM AT, Rk % R
7 S PR RS

A1 BEIE&E+H

Design diagram of the seismic isolation bearing

Fig. 1
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Tab. 1  Size of the spare parts of the seismic isolation bearing

B2 R AR
L 230 mm, £424.5 mm, 7550 mm
HEE2N 100 mm x 140 mm x 110 mm
W 50 mm x4 mm, {5 156 mm
HE A M10, BEFF 10 mm
be dliksst AR 40 mm, WAL 22 mm, JE= 5 mm
SCJE AR 350 mm x 350 mm x 160 mm

2 e

2.1 MEEMIRIE

TR T v MR R TR ) 2R ST T A MR
BRI, ksl & BA =175 A o B maaEe
BN TH5 000 mm x5 000 mm, A A&7 KR
)2 30 t, WA X, Y T a) g ORI EE
1.0g, ZHIK0.7 g, TEHBARIEIRILE 2,

®2 MEERURE ERARIER

Tab.2 Technical indexes of the seismic shaking table

e e
PRI E3% ., FEL (MR
PR SE| 0.5 ~50 Hz
IR R A 30 t
e KA ) 4 3000 kN - m
T A A WE: X, YIT1.0g, ZF7IM0.7 g

T K R X. Y7l 50 em/s, Z J5ll: 40 cm/s
SN R A L X. YAI. +80 mm, Z /5. +50 mm

2.2 Rt

R T RGP R S R PR AR P RE
Pl il T AL ) SRR S AL, LI
S5 Y5 B 5 AR S S R AR A 4 4
IRIRIALANE 2 B, i T AL A WM dl w3
B K FH TR E N 20 mm (9389 ST 8 N i 4 5 B
RS )R AR B RS 22 500 mm x
1 000 mm; HLAL FAREL 53— B A2 H600 mm
KEESH 1 100 mm (14 B A 1A 1 — i 194 i 38 A o LA
7980 mm, KFEH 170 mm HI/NEFEA

AL

A2 XERENERTER
Fig. 2 The testing model’s overall picture
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Tab.3 Loading conditions of the shaking table test

o FiR PGA/ || % R PGA/
L RS . L, EEE) .
= Y] g = Jrlal g
1 RGIK X 0.035 7  RGW X 0. 400
2 LSFik X 0.035 8 LSF i X 0. 400
3 RGk X 0.010 9 RGk X 0. 620
4 LSF % X 0.010 || 10 LSF I X 0. 620
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Fig. 4 Time-history curves of the ground motion recorded by Feixian station in

Sichuan (a) and the artificial ground motion (b)
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Fig. 5 Fourier spectra of the artificial ground motion (a) and the motor equipment (b)

3 R L

3.1 BYliE&EBIREE

N1 ARAT LB A 1Y H IR, LR X
RUPEAT M = sh N2 AT, & 2 F — 2 ok 8 U {1y
50 em/s® B FARRFE BEATEIM0, AR5 X T MRS N 23R
A5 HUAIL IR #8132 i 17 4 4y bRl AR S i A
HAFIHXS B IE(E B (18 5b) , B EEAE X 1 Y
TR RN R g R Y AR IR 5b AT,
LB Y X, Y. Z J7 iy BRI 55 4. 64
14 F16.76 Hz,
3.2 RGERSH

HER3 AL, AN TABHESS G ik
RS RRRACRAE AL, THl 4. 6. 8 HHLES)
SR PEANWTRG O, I A L AR AR, AR
ENTABMED), BASCIGEMN T4, 6, 8 1Y
RIS B . T Wk A = 2 B R SRR 1Y
FRRe s R, MRz am (MW 1) 5H5Hk
(M 2) 7ETH4, 6, 8 FHYX, Y, Z 7 AN
BREE W L AT LA AT, AR 6 s, R Tk Al

ST R 58 B X i 45 2R 0 T4, FIH] Matlab
SRR S0 o G SR Y i A P
JEVEEHI A 0. 01 ~30 Hz,

N T HBGZ =R R SR AEAN R T AT R
AR, SIARRRCE (IR) .

IR — FGZmax - GZm'dX
- FGZ

max

(1)

K. F6Z,, RAEWR R W AR E; 62, h &
FELE AL R N AR AR IR WSS 0 ~ 1, IR BUR,
i FY o 2 S P ol R AR

MRYE g R, M (1) TR R =S
3T MRERCE, SR NLEL, RN,
X R R E T 35% , Y 7 10 Mg s
E30% ~45% , WA EANRI L ZES TH T,
B e SR MR B T R BB AE R Z J7 b
FEROCRIRETE 20% 247, i W] P 7= S e 4% D
N B (10 155 o) b 5 ) Y, fHL R B R AROR B K
) 2226 — 2k HCJFRAE T, B S e %8 g A
T BRAZ Iy, T DAV T S I S OR T g o
WIEE , T B R K, B R AR AR, BT DL = 4



47 %

160
0.15 0.4
L (a-1) T84 @ﬁgl o3[ (@3) TUi8 Fl 1
0.10F — WA !
L 0.2
0.05 I
& [ @ S 0.1}
S 0.00 3 S 0.0
& I ® S ol
-0.05 e
i -0.2
-0.10_ 0.3
-0.15——1 L L L 0.4~
0.3
0.2
@ g = 0.1¢
~ o 0.0
N N g
-0.1
-0.2
olob—m——1 1 .11 -0.3 1 [ 1
0 10 20 30 40 50 0 10 20 30 40 50
t/s t/s
0.1 0.3
(c-1) L4 Kl L (c-2) .16 F i L (c-3) T8 i
0.05- — Wl 02 — il 1
20 20
S 0.00 R
g -
-0.05
1 1 1 1

10 20 30

t/s

Ao

40 50

ME1,. 28X (a). Y(b), ZFw (c) ik ExTILH

Fig. 6 Comparison of the accelerations at Point 1 and Point 2 in X direction (a),

Y direction (b), and Z direction (c)
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Tab. 4  Efficiency of the seismic isolation bearing

PR (%)

T4
X J71m Y J5n] Z J7n]
4 54.20 30. 67 23.76
6 42.49 45. 48 23.79
8 38. 44 41.96 21.39

DT T A0 AR A v B 8 A 7K P 1) 118 i Y
EMANE, ARSCLARL R B W LB, BF AT
HA ARG K D RE = EpR iR O, IR T
—HEfRR iR Gk, ARAT T G A R
LB JEE AL RS 1 Bl g o Bz, e X 1 £
AL BT, 13 LR 458

(1) BIA T a8 R b = 4 b 5= 59 X A
DL R BRARRROR . R R A PR R R 45
FokE, BRRESELE X, Y Irm i REZCRILT 2
TR ORI AR T B SR B 1) Y



13

SEEP A . LR LR IR W 161

SRR R Z ), BT DL SO I T
WIEE | P RE B A, el o R R, i LA = 4 B
FESEAE X, Y J7 1 BB ACR AL T Z J7 1 B R
HOR

(2) BEHm AR SNE(EN R, FRSCRE
BRI, BRSO R B R BOR RIS A E , U PR
e SN UL B A R R T R AR, B
BRSSO AR AN [ M 72 2l 56 B R 2 LA BEAR, ERS
B FER SR AR L 2,

(3) ASSCHIF A Y = 2 i 72 S8 6 T A [a] Y
RS HA RAF R FRRR AU, WL B i — 4
PR s flnl 52 A 25 MR S03%, R, A
[ st e sV R B ROR B RO AR B, &
P A ik T A R T U
A Bl 3k RE T R 2 — 25 ) L A R (E AR AL,
MTFRAF A 24T A RIAR AR

Sk

FRAEE  RAR7E PN 2008, 78 L i R ) BONE TR 1 I T 5 PR
Sk EaH )], A 32(22) 84 - 89.

Cheng Y F,Zhu Q J,Lu Z C. Progress and development trend on seismic
measures of electric power equipment in transformer substation[ J].
Power System Technology,32(22) :84 —89. (in Chinese)

FRoKFE . 2001, WL RGE B L A I AT REVELT ] O RE A B,
(17) :53 -56.

Guo Y J. 2001. Reliability of power systems and power equipment[J].
Automation of Electric Power Systems, (17) :53 —56. (in Chinese)

I F5 . 2020. L) Hb AR B PR PEALG Ik ESE [ D). MR R h
R R TR Iy = S

Hu Z X. 2020. Study on seismic resilience evaluation method of power fa-
cilities[ D ]. Harbin; Institute of Engineering Mechanics, China
Earthquake Administration. (in Chinese)

Xrpte 2008, BHBLAHURIKI SIS D], L FTFRE .

Liu Z H. 2008. Seismic testing and analysis of equipment for NPP[ D ].
Shanghai : Tongji University. (in Chinese)

TIEHE . 2014, % IEHLAR IR 2l (9 XL 5 A 15 o RS 72 J7 28 X LU BIF 52
[D]. WEIREE ;v I 4 72 Ry A ) =5

Ning X Q.2014. Comparative study on two kinds of isolation schemes for
the fan equipment considering mechanical vibration[ D]. Harbin ; In-
stitute of Engineering Mechanics, China Earthquake Administration.
(in Chinese)

JBHE 34 . 2010, AZHLE I =AH S AL LS LI ] PLEER [128(3) 28
-31.

Teng Y L.2010. Three-phase asynchronous motor for nuclear power sta-
tion[ J]. Electrical Machinery Technology, 128 (3):28 —31. (in
Chinese)

TV, TR A, 5. 2014, AT BRESSW IR 3 AR5
[J]. TR J1%,31(10) :62 - 68 ,84.

Wang T, Wang F,Hou G L, et al. 2014. Shaking table tests on base-isola-
ted nuclear power plant[ J]. Engineering Mechanics,31(10) ;62 —
68,84. (in Chinese)

BRREIOL, R AT, 25 . 2007, = 4ERRE (IR) SR TN A5
MR [)]. b TR S TRR 30,27 (3) 121 - 125.

Wei L S,Zhou F L,Ren M, et al. 2007. Application of three-dimensional
seismic and vibration isolator to building and site test[ J]. Journal of
Earthquake Engineering and Engineering Dynamics,27 (3) ;121 —
125. (in Chinese)

W2 ERIT. . 2017, HFim L 1 B IR AR BRI ST [ C 1/ /BRI . 5
26 Ji 4 E 454 TR AR SUOR CHE (B M) . PR /RIE. (T2
J12Ey Ju ikl 283 —287.

Yao K, Qian J. 2017. Research on isolation technology of uhvelectrical e-
quipment[ C]//Lu X Z,Proceedings of the 26th national conference
on structural engineering ( No. 111 ) . Harbin ; Engineering Mechanics
Periodical Office,283 —287. (in Chinese)

Jegr £ AL BRUBT . 2012, LSRR B0 & IR 56 A A FEE
FE[T]. BREA,36(5):118 - 124.

You H B,Zhang Y S,Zhao F X. 2012. Reasonable determination of input
waves for shake-table test of electrical equipments[ J]. Power System
Technology ,36(5) :118 = 124. (iin Chinese)

GB 50011—2010 , #AHTE R I S].

GB 50011—2010, Code for seismic design of buildings[ S]. (in Chinese)

GB 50260—2013, Hi JJ i b A2k iRl [ S .

GB 50260—2013 , Code for seismic design of electrical installations[ S].
(in Chinese)

SY 4063—1993 , HL S B fti B 48 5 £ ARAREL S .

SY 4063—1993 , Standard for earthquake pesistance valuation of electric

facilities| S]. (in Chinese)



3

&

162 o R 47 %

Three-dimensional Isolation Test of the Motor Equipment

NIE Guibo, XU Weidan, MA Jialu, WANG Zhiyong, SHI Yujie

( Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics ,

China Earthquake Administration, Harbin 150080, Heilongjiang, China)

Abstract

A three-dimensional seismic isolation bearing is designed for the nuclear power equipment. Taking the com-
monly used motor of nuclear power equipment as an example, we carried out a shaking table test to investigate the
performance of three-dimensional seismic isolation of the motor and to obtain the seismic dynamic response of typi-
cal parts of the equipment. By comparing the data of the shaking table with the data of the measuring points on the
equipment, we confirmed the effect of the seismic isolation bearing. The results show that with the increase of the
peak value of the input ground motion, the difference in the isolation efficiency of the isolation bearing is small,
and the isolation effect is relatively stable, indicating that the isolation bearing plays a good role in isolating the
motor equipment.

Keywords: motor equipment; seismic isolation; shaking table test; seismic isolation efficiency



