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A Fault Diagnosis Method for Water Pump Bearings Based on
Wavelet Packet Decomposition and MCKD Algorithm
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Abstract; For the problem that the pump is in a complex environment in practical applications and
the fault signal contains a lot of noise that is difficult to extract, a pump-bearing fault diagnosis
method combining wavelet packet decomposition and maximum correlation kurtosis deconvolution
(MCKD)is proposed. Firstly , wavelet packet decomposition is applied to decompose the original
signal ,and the appropriate components are selected for reconstruction according to the signal-to-
noise ratio and standard deviation of the decomposed signal. Then the MCKD algorithm is used to
reduce the noise of the reconstructed signal and highlight the effective periodic shock components in
the signal. Finally ,the processed signal is analysed by envelope spectrum,from which the fault fre-
quency is obtained. The experimental results show that the wavelet packet decomposition and
MCKD methods can effectively extract the characteristic frequency of water pump bearing faults,
which can be used as a reference for engineering practical applications.
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Fig.1 Schematic diagram of three-layer wavelet

packet decomposition
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Table 1 The third layer wavelet packet decomposition

for each frequency band range

BERETATEY BB/ Hz
5(3,0) 0 ~0. 125x
5(3,1) 0. 125x ~0. 25x
5(3,2) 0.25x~0.375x
5(3,3) 0.375x ~0. 5x
5(3,4) 0.5x ~0. 625x
5(3,5) 0.625x ~0.75x
5(3,6) 0.75x ~0. 875x
5(3,7) 0.875x ~x

1.2 MCKD &%

MCKD LAJE I J5 15 5 B A G I B2 o0 B b pRi
BOR R 6 5 BRI S50 Bk e i
PR T T G T U AR R AT S TP 8 A DG K
oy SRS Z W TPk A T T2 H

AU CK,, (T) & L H
> (1)’
CK,(T) ="=nr= (1)
(XM

Kb T GRS N A GRS KE M N
ARGy, ML RENIRFE S, MERUA
W T 55 BRAEBUR £, R R SRR R f,
Pk a5 ah



40 oM o® L K ¥ F R %43 &
A T2 W RE Qi e 2 BT
T=]T (2)
f
v, R
L
Yo = kaxn—kﬂ (3) | BRI EE |
k=1
o, RS B FoR KN L AuELE *
; o NS
MABRE f=f £ - £ L ‘ |
MCKD %32 (4 H b5 bR ECH RS RS 2R
N M ) IHEEERES
2 ( Hyn—mT) *
maxCK,,(T) = max % (4) R FMCKD
! 2\ M4l Xt R B e
(2 ‘
n=1
C(3) F=t(4) M 1S AT Lha g
TEN )ﬁ]iﬁH(Z)Tﬁf%%_itf .
f= (XX Y X e, (5)
(M+1) B> """ szo
Hr
y=X! xf (6) 2 ET /MRS5S MCKD HikH
e x ox e ] AR RSB E
04 - o - Fig.2 Flow chart for fault diagnosis of water pump
Yior Mo Nt bearings based on wavelet packet decomposition
X=10 0 x_, = Xy, and MCKD algorithm
L O 0 0 B VO e B P ‘—ﬁ b 4t
2 RIEIIERLERDHT
(7)
A r=0,T.27, - +,mT; 2.1 FriRBRM IS AT
Y1_JmT(YTY%7T"' y?—MT) $%%ﬁ%@@1ﬁﬁ%%ﬁ/ﬁ%ﬂﬁﬁ,ﬁ
y{_'mr(yiyi_r“'y;_Mﬁ (8) ﬁ%%iﬁ%ﬁﬂﬂ@S E?%o
-1 2.2 2
Yn-mr NN Ynur) Vi
YiVier " YViour
YaYo_ro" Ya_mr LL

B= : 9)

YNYN-1" Ynomr Iy
B KAH DG B2 SR i B AR
D) DA R T iR M RE I AR L
) M A G S x, HH X, XX Al
(Xng) o 5
N RIEX G IHE LI EHES v, ;
4)RYE y, IR @, F18;
5)MRHE (5) BTN RS
6) Uik T IS {5 5 AH S U B 221 ACK,, (T)
KT e(e NEMALILIR) i BEERIETE 2) 40
SERIEAR,
1.3 #WESHRERE
FET /N AT 43 i F1 MCKD 55125 ) 7K 282l 7k

—

B3 FiRmAHERERLES
Fig.3 Open source bearing data acquisition test bench
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Table 2 Partial parameters of the bearing
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Fig.4 Time-domain waveform of the original signal
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Fig.5 Envelope spectrum of the original signal
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Fig.6 Wavelet decomposition waveform of the
third layer
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Table 3 Signal-to-noise ratio and kurtosis

value of the third layer signal

=B RTES {5t/ dB Ui B2
5(3,0) 28.56 5.42
5(3,1) 22.94 4.85
5(3,2) 8.10 3.39
5(3,3) 4.79 6.21
5(3,4) 3.93 5.31
5(3,5) 13. 62 5.28
5(3,6) 9.32 4.13
5(3,7) 10.03 4.08
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Fig.7 Time domain waveform of the reconstructed

signal after wavelet packet decomposition
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noise reduction
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Fig.9 Envelope spectrum of the MCKD denoised signal

FNI A B R R BR TR sh il K, B A
1 400 t/min, RAEENI K 2.5 kHz, FELLRFE, il
AR SHAUNER 4 Fis

TR R AR TEERAS b A BBl e AL i
B = T 00 Al R IR S | BR T i, A SC R
Xof i 7 PN P e B S 0 A TR 20 B B B0 U AT

MR SR 7K 3R 25 8 o i B2 1 0, R 6 AN ME
JERES SO [RIR A7 B sh BicHie , &1 10 il 51 ik

JEA I A0 SRR G AL 6 NIRRT LUARIIE

KIS H B B IR A e 4

B 10 MiFKRAWEE
Fig.10 Water pump test bench on site
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Table 4 Partial parameters of the field bearing
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Fig.12 Third layer wavelet packet decomposition

waveform ( measuring point 0)
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Table 5 Signal to noise ratio and kurtosis value

( measurement point 0) of the third layer signal

BEBEWAFES fFW L/ dB Ui BE1E
5(3,0) 14. 08 3.89
5(3,1) 12. 49 2.63
8(3,2) 11. 80 4.15
5(3,3) 5.48 4.25
5(3,4) 9.87 3.81
5(3,5) 7.42 3.23
5(3,6) 7.70 2.90
5(3,7) 8.49 3.18
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Fig.13 Envelope spectrum after MCKD noise

reduction ( measurement point 0)

x107

5

00 30 100 150 200 250 300 350 400 450 500

x10

5

00 50 100 150 200 250 300 350 400 450 500

x10°

o
OUIOUI

& {H/(m-s)

0 50 100 150 200 250 300 350 400 450 500
5)(10's

00 50 100 150 200 250 300 350 400 450 500

x10°

KM, .

0 50 100 150 200 250 300 350 400 450 500
PR/Hz

B 14 FERESEZLEFHEKIE(MNEAL~S)

Fig.14 The envelope spectrum of the original signal
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