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using Finite Element Method

Jin-Rae Cho' - Hong-Woo Lee” - Min-Jeong Kim"" - Se-Yoon Ha™

Key words : Multi-stage centrifugal pump(SH32AAZ) Finite element method(f3 24
¥), Eigen behavior(Z#7%), Seismic analysis(WR1j4])

Abstract

As a fluid machinery for piping liquid in the reactor cooling system, multi-stage
centrifugal pump requires the structural dynamic stability against external dynamic
excitation. This paper is concerned with the finite element analysis of its eigen behavior
and seismic response to RRS(Required Response Spectrum) curves in the case of
SSE(Safe Shutdown Earthquake). Through the finite element analysis. the major
vibration characteristics of multi-stage centrifugal pump(MSCP) are investigated and
seismic qualification based on the IEEE codes is executed. The numerical results show
that the MSCP used in this study has enough seismic strength.
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Table 1 Material properties and FE elements taken for numerical simulation

Properties
v p Poss] Alowabl ANSYS Element
ounsg s 0ssion . owabie (Solid 45)
Modulus Ratio Density Stress
. # of nodes : 12,683 7l
Shaft 193 GPa 0.27 7850 kg/m' | 137.9 MPa # of elements : 59 294 7l
Case & , # of nodes : 22,531 7l
Support 193 GPa 0.27 8000 kg/m' | 137.9 MPa # of elements : 99 186 71
. # of nodes : 38,921 7l
Impeller | 200 GPa 0.3 7825 kg/m | 137.9 MPa # of elements : 116 764 7
Effect of | 9kg (Balance drum). 25.2 kg (Coupling mass).
Weight | 0.38 kg (Fluid mass on a impeller)
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Table 2 The lowest five natural frequencies of the shaft-impeller assembly

Mode number 1st mode 2nd mode 3rd mode 4th mode 5th mode
Frequency (Hz) 56.56 (D) 173.87 (D) 273.44 (D) 358.41 (D) 431.77 (D)
Table 3 The lowest five natural frequencies of the pump case-support assembly

Mode number 1st mode 2nd mode 3rd mode 4th mode 5th mode
Frequency (Hz) 270.58 272.97 367.27 382.20 566.07
Table 4 The lowest five natural frequencies of the multi-stage centrifugal pump

Mode number 1st mode 2nd mode 3rd mode 4th mode 5th mode
Frequency (Hz) 130.19 130.34 266.12 281.07 346.62
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Table 5 Load conditions for seismic analysis
Acceleration (g) Suction nozzle (N) Discharge nozzle (N)
Direction Ax Ay Az Fx By Bz Bx W Iy Bz
rI\"{agnitude l.1g 1.1g 2.1g 13,240 13.240 | 13.240| 7,520 r7,520 7.520
Table 6 Results of seismic analysis
Maximum displacement (mm) Maximum effective stress (MPa)
Part case-support shaft-impeller case-support shaft-impeller
Maginitude 6.42E-3 4.39E-2 7.374 9.050 ]
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