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Vibration and Stress Analysis for Reactor Vessel Internals of Advanced
Power Reactor 1400 due to Pulsation of Reactor Coolant Pump
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ABSTRACT

The structural integrity of APR1400 reactor vessel internals has been being assessed referring the

US Nuclear Regulatory Commission regulatory guide

1.20 comprehensive vibration assessment

program. The program is composed of a vibration and stress analysis, a limited vibration measure-

ment, and an inspection. This paper covers the vibration and stress analysis on the reactor vessel in-

ternals due to the pulsation of reactor coolant pump. 3-dimensional models to calculate the hydraulic

loads and structural responses were built and the pressure distributions and the structural responses

were predicted using ANSYS. The peak stress of the reactor vessel internals is much lower than the

acceptance limit.
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Hydraulic Analysis
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Structural Analysis

Generate 3D FE model(ANSYS SOLID186)
|
Inputboundary conditions & hydrodynamic mass
|
Modal analysis(Block Lanczos, 0~500Hz)
|
Naturalfrequencies & Mode shape
|
Inputhydraulicloads
|
Structural response analysis(harmonic analysis)
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Structural responses

Fig. 1 Method of the hydraulic and structural
analysis for RVI
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Fig. 2 Reactor vessel assembly of APR1400
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Table 1 Properties of reactor coolant

Temperature 555 °F
Pressure 2,219 psi
Density 0.02691646 Ib/m’

Speed of sound 40,140 in/sec

Table 2 RCP operation conditions

RCP
Case No.
1A 1B 2A 2B
1 NO NO (o) NO
2 NO NO (0] O
3 (0] NO (0} NO
4 (o) NO (o) (0]
5 () (0) (o) (0)
Note: 1. O: Operating
NO: Not Operating
2. RCP position
RCP 1B RCP2A
Reactor Vessel
RCP1A
Table 3 RCP pulsations
Frequency (Hz) Pressure (psi)
20 0.17
40 0.05
120 0.20
240 1.07
360 1.12
480 0.50
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Fig. 3 Pressurecontour for case #4(120Hz)
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Table 4 Properties of material of reactor vessel
internals

Modulus of Elasticity 29,000 ksi
Poisson’s Ratio 0.29
Density 0.289 Ib/in’
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Table 5 Natural frequencies of reactor vessel
internals
Mode CSB LSS UGS IBA
Ist 12.81 121.76 18.86 35.38
2nd 18.66 134.74 27.72 38.67
3rd 23.88 212.52 45.05 67.63
4th 25.41 245.58 54.78 78.88
Sth 33.46 288.15 68.59 85.16
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Fig. 4 Stress intensity contour of CSB for case #4
(120Hz)
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Fig. 5 Stress intensity contour of LSS for case #4
(120Hz)



Fig. 6 Stress intensity contour of UGS

(120Hz)
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Fig. 7 Stress intensity contour of IBA for case #4
(120Hz)
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Table 5 Maximum stress(psi) of IBA

Case Frequencies(Hz)
Total
No. 20 40 120 | 240 | 360 | 480
1 87.5| 2.51 10.6 | 271 | 19.7 | 69.9 | 294
2 90.2 | 2.16 13.6| 349 | 83.7 | 172 | 408
3 276 | 0.405 | 8.84| 431 | 16.5 | 6.07 | 512
4 87.5] 2.51 10.6| 271 | 19.7 | 69.9 | 294
5 57.1| 2.76 1.57| 161 165 | 66.8 | 247

Table 6 Maximum stress(psi) of internals

%ﬁf CSB LSS UGS IBA

1 209 332 403 204

2 162 462 359 408

3 75.9 127 170 512

4 231 215 257 294

5 94.1 331 50.6 247
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Table 7 Peak stress and fatigue margin

Peak Acceptance Fatigue

Compora stress(psi) criteria(psi) margin

CSB 231 4,533 19.6

LSS 462 4,533 9.81

UGS 403 4,533 11.2

IBA 512 4,533 8.85
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