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Analysis and Assessment on Seismic Response
of Reactor Coolant Pump in Nuclear Power Plant

ZHOU Wen-xia, ZHANG Ji-ge, WANG De-zhong
(School of Nuclear Science and Engineering . Shanghai Jiao Tong University , Shanghai 200240, China)

Abstract: Three dimensional solid model of reactor coolant pump was established. After
the structure of the pump was reasonably simplified, the modal analysis was used to get
the natural frequencies and mode shapes. On this basis, the spectrum analysis was used
to get the stress and displacement response under three different direction spectra with
multi-angles. In addition, static analysis of pump was used to get stress and displace-
ment under different conditions. Finally, the seismic response results and static results
were added up under different conditions to compare with ASME standards. The compa-
ring result shows that the values meet ASME standards.
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Table 1 Load combination and rule level under different conditions
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Table 2 Material character of main pump
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Fig.1 Element model of main pump
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Table 3 Natural frequency before 13th order
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Table 4 Floor response spectrum value of OBE and SSE
i/ Hy OBE SSE
a,/(me+s %) a./(mes %) ay/(m =+ s ?%) a,/(mes %) a./(me+s %) ay/(m =+ s %)
0.5 4. 04 3.31 1.91 5.39 4.41 2.55
1 5.70 5. 51 3.09 7.60 7.35 4.12
1.7 7.35 6.62 3.53 9. 80 8. 82 4.70
3 10. 29 6.98 4.70 13.72 9.31 6. 27
3.5 6.98 5.70 4.26 9.31 7. 60 5.68
4 5.88 5.15 3.53 7.84 6. 86 4.70
5 3.82 5.99 3.53 5.10 7.45 4.70
7 3.31 3.31 1.91 4.41 4.41 2.55
10 2.94 2.79 11.03 3.92 3.72 14. 70
15 1.91 2.35 1. 84 2.55 3. 14 2.45
50 1.47 1.47 1.03 1.96 1. 96 1.37
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Fig. 3 Stress distributions graph of main pump
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Table 5 Stress results and evaluation of pressure parts

TH T K 77 /MPa Vi FI I 77 /MPa

S T P,<<Swm 80 184
P <<1.5S, 75 276
P, +P,<1.5S. 122 276

Wit T P,<1.1S, 102 202. 4
P.+P,+P.+Q<3S, 112.48 552

DA R P.,.<0.78S, 91.6 386. 4

P, +P,<<1.05S, 172 579.6

P1L<<1.05S, 65 579.6
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Table 6 Stress results and evaluation of motor and rotor

T A28 B WEMNE NI/ MPa
FHE TN R B 3 JAE P,.<<0.65S, 152.75
P+ P,<1.0S, 235
L HLALZE 152.75
235
T 325
500
WBR R T EHLE Pn<<l.20S, 152. 75
P+ P,<1.8S, 235
HLALALLE 282
423
T 600
900

T Sy 2 TAR IR i i MR S Jg

6 it

AR 2R B 4 AR LA e B TR R
KL ST T LG B AR R T Ay e B S PR Y 2R
= YA ROTBE A AT AR B 1A% AL
LY A5 B B 25 S IR B . 7 M RR W R B R
A 3t 5% T AN () i A ) B IR 5T LB T AR G
PR B 57 B 1L g W) R e TR A AR R
90°J7 [] L I 5% 53R F A Fe R A2 N 1. 6 mm,
S e AE AL A ) 31 g Sk R AL B A Y B KA
R MK 0. 399 mm . {2 4% 0 )i £ /N F iz 47 [H]
Bt DG AN 22 R LB TR R AE AT .

R 3t 75 i 1L 53 BT ) B 28 e 5 D 20 i A 2
(3 I 3 AF B s B ) 4 B ASMEE A% — i F

BIPRMESEAT PP E o PP E S5 R R WL 3R R R
T EPNFRRRLTT o %M IR AR RS54 15
T AR R

R e

(1] EEMLW TR 4. ASME f4m J& IE J1 25 4%
MLV PR ML NB 23 % [S]. dbat. o E A
R 4t . 2004,

(2] Z=86, £, RRAT. BB D EHRIT

BorATLI ] B8 T .2008.29(1) - 46-49.
LI Zengguang, WANG Jiong, WU Tianxing.
Analysis of seismic response of a polar crane in
nuclear power[ J]. Nuclear Power Engineering,
2008, 29(1): 46-49(in Chinese).

(3] Thf, Ji SCH, [ FR M. A% Fi il S o7 HE v8 00 5] 22
MBS 3 A LI ). MLAR ] . 2006,44(6) - 14-17.
MA Hui, ZHOU Wenjian, WEN Bangchun.
Mode analysis of reactor coolant pump in nuclear
power plant [ J]. Machinery, 2006, 44 (6);
14-17(in Chinese).

(4] JESCHt WR2R - B R M. % R0 I 3 ¥% 4150 22 09 3t 78
i 3 43 #r L. 4% 3 5 ol 2006, 25 (1) 32-35.
ZHOU Wenjian, CHEN Hong, WEN Bang-
chun. Seismic response analysis of reactor cool-
ant pump in nuclear power plant[J]. Journal of
Vibration and Shock, 2006, 25(1). 32-35 (in
Chinese).

(5] ok . fff 8 T, (038047, S o o 3 8 0 7 o 2

Wy =4 SR A R LT ] B3 gy T#% , 2005, 26
(5):471-474.
SHENG Xuanyu, LUO Xiaowei, FU Jiyang.
Seismic strength analysis of main nuclear reactor
pump based on real three dimension model[ ] ].
Nuclear Power Engineering, 2005, 26 (5): 471-
474 (in Chinese).

(6] JEHKHL. W= 35, BB SCIE. Ansys1l. 0 BEfil 5 #7
WHILMI. dbat. B Tl AL . 2007.





