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Abstract : Nuclear power plants have a number of pumps, which are operating at a high temperature - high

pressure and radiation environment conditions.

However, the aging of the pumps by increasing of years of

plant operation and the system transients due to the sudden load change are causing the failures of the

reliability of the pumps. Nevertheless, it is important to maintain the reliability of the pumps to ensure safe

operation of the nuclear power plant.

In this paper, an acceleration test apparatus was developed to secure

the reliability of centrifugal pumps. The performance change with the increase of operation time of the

pump was experimentally evaluated by the acceleration test. As the operating time of the pump increased, it
was confirmed that the pump efficiency and head decreased.
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Table 1 Specifications of test pump

Tvpe Centrifugal

P Pump(Horizontal)
. 10(Suction) /
Design Pressure [bar] 50(Discharge)
Total Head [m] 112 (370 ft)

Design Temperature

[°C]

-10(Min) / 100(Max)

Design Flow Rate

1.6 (430 gpm)

[m*/min]
Motor Power [kW] 76
RPM 3,600

Table 2 Failure mechanism of pump

) . Failure Ratio
Failure Part Mechanism
[%0]
Bearing Wear/Fatigue 18
Impeller Wear 10
Mechanical
Seal Leakage 24
Gasket/O
. Transform 9
ring
Packing Leakage 3
Coupling Fatigue 7
Shaft Wear/Transform 6
Flow

120%

50%

A

| 105 | 105 | 10

1 cycle

n cycle

Time

Fig. 1 Pump degradation test method
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Table 3 Performance degradation criteria

Check Item Reference Remarks
Value
Bearing Temp 75 °C KS B6301
. KEPIC
Vibration 17 mm/s MOB
KEPIC
0,
Pump Head 10 % MOB
KEPIC
0,
Flow Rate 10 % MOB
KEPIC
1 0,
Pump Efficiency 10 % MOB
Lubricant
Viscosity
140.0
Emuo
o \\
= —8—H[m]
Z w0 —=—nx]
= o0 — A L[kw]
20.0 * /
0.0

0.00 0.50 1.00 1.50 2.00 2.50
Q[m?/min]

Fig. 3 Pump performance curve
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Fig. 4 Pump bearing temperature curve
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(c) pump outlet

Fig. 5 Vibration measurement at pump side
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Fig. 6 Vibration measurement at valve side
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Fig. 7 Results of FFT analysis at pump side
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Fig. 8 Results of FFT analysis at valve side
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(b) impeller

Fig. 11 Inspection after pump test

Table 4 Constituent on attached substance of pump

Element W[c;]g]ht At[i)/ﬁlc Net Int. E[E;]O]r
Be 68.58 73.17 11.59 9.23
B 29.28 26.04 48.05 12.86
C 0.45 0.36 5.57 18.78
(0] 0.31 0.19 32.27 12.13
Fe 1.37 0.24 210.94 3.08
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