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Wear fault analysis of centrifugal pump impeller based on multi-source signal fusion

GUO Wengi"?, TIAN Mugqgin®*, SONG Jiancheng"?, GENG Pulong"?, YAO Yu'*?
(1.Shanxi Key Laboratory of Mining Electrical Equipment and Intelligent Control, Taiyuan
University of Technology, Taiyuan 030024, China; 2. National & Provincial Joint Engineering
Laboratory of Mining Intelligent Electrical Apparatus Technology, Taiyuan 030024, China)

Abstract:In view of problems that fault signal of centrifugal pump is easily submerged by noise and
data analysis is difficult, a wear fault analysis method of centrifugal pump impeller based on multi-source
signal fusion was proposed. Three vibration signals of volute, outlet and base of centrifugal pump, and
electrical signals of prime mover terminal are collected when centrifugal pump impeller is in normal
condition and wear state. Wavelet packet decomposition is used to extract characteristic frequency bands of
the vibration signals, it is determined that the base can be used as the best detection point by laterally
comparing energy values of each frequency band, and frequency analysis range is narrowed by
longitudinally comparing the energy values of each frequency band. Based on narrowed frequency analysis
range, chirp Z transform is used to analyze electrical signals of prime mover terminal and separate fault
characteristics frequency and the third harmonic frequency, so as to extract fault characteristic frequency
accurately. Test result verifies effectiveness of the method.
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Fig. 2 Accelerated-life test platform of centrifugal pump
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Fig. 3 Contrast of intact impeller and worn impeller
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Fig. 6 Time and frequency waveforms of
vibration signal at outlet

M 5 7 AT AR LR S5 D WasT Ak . M
£ 100,150,250,350 Hz [ i (4 4 i A1 OE # RS T
MHZER K, @ KB Ak 8 AE 100, 150, 350,
400 Hz ffiE PR ms fE #RE FHZER K. O I8
JEE Ab < B 150,350,400 Hz Bt 3 9% 1 A1 IE 34k
STMMEBK,

g B Fort R B AT a
4 4
2 2
@, a
B B
4 , . , . 4 . . \ .
0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04
B A /s B E] /s
() EHAES (b) HFEfF
400 400
300 300
i 200 =200
= =
100 100
0 100 200 300 400 500 0 100 200 300 400 500

$i# /Hz

(o EH 5 Mk

7 A IR B0 A S I A

Fig. 7 Time and frequency waveforms of

% /Hz
() W5 5 A%

vibration signal at base

3 A A P RE A3 AT R AT R R A R
w s N REA SO S SRR AR AEATUR . A T HE R s
WU TC (30 5 4y i, 5 B IR S S 5 AT /N A
A3, RN 100,150, 250,350,400 Hz Bt 35 45 B 1R
SR IN I AL i I A BB R A B

KR dbd /NUEXT Z Bl IE B S R S E AT
T R/NBAL SR . WU SERE Af=39. 06 Hz, 353 i
B 128 A4 B, e HR S3(78. 13 ~117. 19 Hz),
S4(117.19~156. 25 Hz), S7(234. 38 ~273. 44 Hz),
S9 (312. 50 ~ 351. 56 Hz), SI1 (390. 63 ~
429.69 Hz) HAWBK 75 H g i 5 M08, 45 R
Wk 2—3FK 4,

2 WRTeAb /N A RE R

Table 2 Wavelet packet energy at volute

EH AR [T
fig = B
fig i HE % (R HEH
S3 59.7750 0.009 2 119.106 1 0.032 2
S4 28.390 6 0.004 4 45,890 9 0.012 4
S7 53.651 5 0.008 3 102.519 3 0.027 7
S9 14.186 0 0.002 2 16.298 0 0.003 1
S11 13.758 8 0.002 1 14.906 0 0.004 0
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Table 3 Wavelet packet energy at outlet
IE R A L R R A
fig = B
fig & W2 e = HE %
S3 71.974 9 0.008 2 89.747 7 0.012 6
S4 26.278 3 0.003 0 47.102 4 0. 006 6
S7 61.237 2 0.006 9 78.594 2 0.0110
S9 21.588 0 0.002 4 40. 896 6 0.005 7
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Table 4 Wavelet packet energy at base
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S7 23.604 2 0.004 1 37.316 1 0.010 2

S9 26.618 8 0.004 6 43.746 8 0.011 9

S11 37.026 7 0.006 4 59.183 2 0.016 2
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Fig. 8 Time domain waveforms of electrical signal under

normal condition and fault conditoin
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Fig.9 Frequency domain waveforms of electrical signal
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