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Abstract: The test system is used to acquire data on hydraulic pipeline. With wavelet transform, characteristic pa-
rametrs of energy distribution for acquired signal of hydraulic pipeline under normal and crack fault condition on dif-
ferent bands are obtained, compared, identified and treated. Experimental results show that the signal with wavelet
transform and energy distribution on different bands can be the identification and judgement basis for pipeline crack
fault.

Keywords: Hydraulic Pipeline; Test System; Data Acquisition; Wavelet Transform; Energy Distribution

BT R TR E E R RO S

Aitik, EaH, sEm

TR R RS Bt e, #4210
Email: “lpwang2k@163.com, wolaiye0310@163.com

Wk HW): 20134E7 8 H: f&RIHM: 201347 A 16 H: A HY: 201347 H 27 H

B AR GO S I B AT B R, RS R G AR B A 1R HOIRAS 5 R AU RS
RER BRI LR N 2 70 R O R AS BRI 5 5 BE R AN IE S AT /0 LR OB A A 2.
KA AE KRR NE I R AU 5 AT RE A F] LA DN AR GO R IR A AT AR 3

KW BURERR: WSRS: BERRE: DG R

AP TR RS, MAERE/EH 2006 4 8 H
17 H AT S AR S R I e T e i 2 2 A 4 1
TP, MEKYIIFE 5 min A4, HERD)
HUHLIE B fEZE YB-20B HY 1A VS 5 5 I 24 U
W, BT E AR AT, R RS
PR RS w0 3, TR R
SR B A b IR B LA oy B R L

TR R s HAT 98 R AR v, 2 A P Fa
55, AL G010l BT AT 53 AT J5 ¥ T 36 L s

il

1. 5l

WK F G H T AR 2 TR s i Y (1 50 ) S f
ARG, EI AR S BORTR] SEE B TREEE M R L
EABATREZREENEAY. HEREHA N
M s KIIFRITT RS, WUE RS R
PR ] FEBORBR 2 B AATTAOE AL WS TE R B0 AE
WUE R G R IEAAEN, AR MR RS R AR
R RN EE AR G0, RS RGE

PR R SR R SO S R A, Bl S kLK

HETH: ERERE2ER S (No. 10972192) % 8,
EIRER

Copyright © 2013 Hanspub

Ry TN AU R RHF 5 ] F AN R R 3 3 3 F 1F
SE/NP AT 7 AR AN ELAY AT SRAT 5 A RO

129



ST N S WP 5 B R BB 1 5 57

VIS, SO B LR AR RGN SR A I IE R
AIAFAE R GO RR S T I AS IR B A5 5 BEAT /DB AR
B bir, FEHCS AT RERAFIE, WS B R 2
PR TR

2. INET WK ST e R I EURIE
2.1 INESREEWM

H /N BT B B R, By (t) = L (R)
(L (R) #om P 7 rI AR S il , BORE A RIS 5
M), HAESI AR A (W) o My (w) iR RV
GE

2
W
c, =, |"/|(W|)| dw < o0 (1)

ARy () A NERE B e SRRy (1) 26
FRAFITRS T, BT LB — A N 71

m&mm=ﬁawG%q abeRaz0 ()

PRI, 55 (x) BN SU:

1 X—b
w (a,b):_ij(x)w(_jdx
f Jal a @3
:<f(x)’l//a,b(x)>
A a NG Ts b N FRET.
ST B BRSO, N E SUA:
WM(U:z*“W(zH—k) (4)
BiEta=2' b=kx2! jkeZ
TR 10 B 5T (1) € L2(R) I 4/ W 28 4

w, (a,b)=(f.p.,)
SRR

a
W ONFEOMRIGIRENE 2, h s g (keZ) 4
RN BB A R 2 R, e T/ NI
EZS E Vo A=y P

k 1 k-1
Ch=——=) C h ,
\/EZZ: ioi-2 )

1 1=
d: :ﬁzcz( lgj—Zn

jez

12, (6)

130

[FI BT 4545 5 A A 208:

1
H*a) =— > h . .a,
(H*a) = £ S ha

) v(c)el? 7
(G*a), = N/ 2 9n-2jd;

jez

A o NEESIERAUEIEE S, d ARESH
LR NSO S UN Ty (9=2

2.2. IR IR A S REE RN

WARBNE T UL S, W RIBEE N E, , SAEE
y‘jE ’ )rlﬂﬁ

E=ﬂ&mfm=§

=>E} +E]
k=1

2

Xn,k

2 T 2
=S + 3o
k=1

< ®)

2
k
Sh

E =Y

kez

B PR B S I — L §

©)

R 8

&

Ek—l Ek—Z EO EO
X =[_i§_ B~ B B j00% (10

3. SKBFTRAMES AL

ARSI R R AR RS AR5 i R Y
P RALINIB R 58 TARI i AR R0, Ho—4R
BoElF e, WA KA SRR IEHE TARES T IE
T BRI TEEEL 4 mm AL WEESRE
RS T HIE S .

PR G S RE RS 1 s,
AR G B e AEANAE b, B R TBOR 15 S TR
JRZEHURIR RREAT R, oo Ja fg Bl A7 il 21 55
PL, FH MATLAB F2/3XHIUASHE 5 #EAT 70 A A A
.,

AT TBOR 2% p HdERE R » iFEL
A
IS +3 + 2 1 +
t _

Figure 1. Data acquisition system
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Figure 2. Vibration signal of steel pipe with crack
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Figure 3. Vibration signal of steel pipe without crack
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Figure 4. FFT of steel pipe with crack signal
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Figure 5. FFT of steel pipe without crack signal
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Table 1. Frequency range of approximation and detail signal with
wavelet transform
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Figure 6. Approximation signal of steel pipe with crack
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Figure 7. Detail signal of steel pipe with crack
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Figure 8. Approximation signal of steel pipe without crack

8. ZRGMERNES NESBELRFS

x 10
> ‘ |
g OMN‘ |
-5 1 1 1 L
& 10° 0.2 0.4 0.6 0.8 1
2 : :
w0 J\[\/"\/VW
2 - . . . .
& 10 0.2 0.4 0.6 0.8 1
5 : :
S . |
-5 1 1 1 L
Q10° 02 0.4 0.6 0.8 1
5 ‘ :
@0 N
-5 1 1 1 L
Q 10° 02 0.4 0.6 0.8 1
5 :
S O
-5 1 1 1 L
Q 10° 02 0.4 0.6 0.8 1
2 ‘ ‘ ‘ :
et
-2 1 1 1 L
0 0.2 0.4 0.6 0.8 1
i (8] /s

Figure 9. Detail signal of steel pipe without crack
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Table 2. Energy distribution on different bands
F2 MNEESHERTRENT

NI RS A d1 d2 d3 d4 ds5 d6
A 3 Fl (H2) 0~8 8~16 16~32 32~64 64~128 128~256 256~512

1 42.4509 6.6451 15.5186 7.1279 24.2358 3.3804 1.1765
2 325851 3.8883 13.1195 8.2881 24.2165 16.5742 1.3281

HHY
3 66.9778 2.7069 6.8861 5.0621 13.2003 46613 0.5055
4 69.8458 6.0404 4.0489 5.5359 12.4738 1.5454 0.5099
1 50.0739 1.9866 20.5681 8.9634 8.7284 8.9875 0.6922
2 13.0784 1.9629 13.3625 13.4229 29.8608 26.6158 1.6966
3 53.9158 1.1067 8.5578 25.0950 9.48094 1.0631 0.7807
4 35.3912 0.8645 18.4650 34.605 7.1279 2.6204 0.9259
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Figure 10. Energy distribution on different bands
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