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Abstract: The purpose of this study is to develop a method for diagnosing the degree of gradual degradation of a
reciprocating pump caused by continuous use as a water supply pump in a nuclear power plant. Normally, the progress
of such degradation is too slow to be noticed. Hence, it is difficult to determine the degree of degradation using the
existing diagnostic methods. In this paper, we propose a new method by which the normal state and the degraded state
of the pump can be differentiated, so that the degree of degradation can be identified. First, an emulator was developed
using FPGA by providing the parameters of the pump under normal state, so that the emulator generates the information
of the pump in the healthy state. Then, by comparing this information with the parameters received from various output
sensors of the emulator during the current state, it is possible to identify and measure the degree of gradual degradation.
This paper presents some of the results obtained during the development process, and results that show how the
emulator operates, by comparing the data collected from an actual pump.
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Fig. 2 Shematic diagram of a single cylinder
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Table 1 Four modes of reciprocating pumps

Event
tlet valv
Mode Inlet valve Outle (S
Expansion Close Close
Suction Open Close
Compression Close Close
Discharge Close Open
[P<=Pin]
[P>=Pin] =
expansion suction
2|entry: B =2.1e9 entry:B =2e9 |2
-
4 [P<Pout] [P>Pin]
discharge (cump!ession )
entry: B = 2.76e9 . |entry:B=21e8
- [P>Pout] ¢
[P>=Pout] P<=Pout]

Fig. 3 Flow chart of reciprocating pump’s Simulation
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Fig. 5 Result graph is implemented through the Matlab
Simulink
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Fig. 6 Pump model implemented in Matlab Simulink
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Fig. 7 Result graph is implemented through the Matlab
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Table 2 NI CompactRIO-9033 Specifications 1p 0%
Controller type High performance 0
Processor type 1.33GHz Dual Core Intel
Atom Processor E3825 8
CPU frequence 1.33 GHz
Number of cores 2 °
Operating system Linux Al
SSD 8 GB
System memory 2 GB DDR3L 2t
Number of Ethernet port |2
. 10Base-T, 100Base-TX and Do 0.01 0.02 OJIJB o.;:m 0.65-{6.;70_07 u.éua o.;:vs 041
Network interface 1000Base-T Ethernet .
- Fig. 10 Result graph is implemented through the FPGA
Serial Port RS232 and RS-484/422
Reconfigurable FPGA Xilinx Kintex-7 7K160T

Fig. 8 CompactRIO-9033 and I/O module of National
instrument
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Fig. 13 Result graph of all simulation
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