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Introduction of Vibration Evaluation for APR 1400 Reactor Coolant Pump Shaft
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ABSTRACT

The nuclear power plant was launched by Kori unit 1 in 1978 years. Currently, 23 nuclear power
plants have been operating in Korea since 1978 years. The localization was completed for most of
the reactor facility from Hanbit(YYoungkwang) unit 3&4. However, RCP(Reactor Coolant Pump) and
MMIS(Man Machine Interface System) is an important technology that has been excluded from the
scope of the technical transfer has been dependent on a specific overseas vendor. Recent success in
RCP development through co-operation with government and industries. Developed RCP will be
applied to Shin-Hanul unit 1&2 nuclear power plants. The RCP operates in high speed and high
pressure condition and only rotating component in the NSSS(Nuclear Steam Supply System).
Therefore, the problem of vibration has arisen caused by the hydraulic forces of the working fluid.
These forces can influence on the stability characteristics for entire RCS(Reactor Coolant System)
loop, and can act as significant destabilizing forces. In this study, vibration evaluation of the pump
shaft of development RCP estimated under normal operation and over speed conditions. In order to
predict the vibration characteristics and dynamic behavior, modal analysis, critical speed analysis
and unbalance response spectrum analysis were performed.
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Figure 2 Development APR1400 type RCP
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Figure 4 Finite Element Model of RCP Shaft Assembly
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Table 1 Material Properties of Shaft

Temp. Yield Stress | Tensile Stress [Elastic modulus
(°C) (MPa) (MPa) (MPa)
20 635 780 20e+ 4
100 608 741 19e+4
150 592 717 19e+ 4
290.6 545 648 18et+4
300 542 644 18e+4
343.3 527 623 17et+4
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Table 2 Modal analysis result of RCP shaft assembly

Mode | Natural frequency (Hz) Remark
1 35.2 1* bending mode
2 57.8 2" hending mode
3 71.7 3" hending mode
4 72.9 Torsional mode
5 136.29 4" bending mode
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Figure 5 Campbell Diagram for Critical Speed
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Table 3 Critical Speed of RCP shaft assembly

Mode Critical Speed (RPM)

1 BW Whirling 2022.1

1% FW Whirling 2201.5

2™ BW Whirling 3329.4

2" FW Whirling 3654.2

3" BW Whirling 4265.2

Impeller Torsional 4377.5

3" FW Whirling 4388.5
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