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Attenuation characteristics of pipeline acoustic emission signal

considering the influence of pipeline accessories

CONG Jun, WANG Wei, MU Jianrong
(Sinopec Shengli Offshore Petroleum Engineering Technology Inspection Co., Ltd, Dongying Shandong 257000, China)

Abstract: The attenuation characteristics of Acoustic Emission(AE) signals in liquid and gas
pipelines with complex structures are studied. By collecting acoustic emission signals of pipe body under
different flow pressures, the amplitude attenuation law is analyzed, and the composition changes of pipe
acoustic emission signals are studied by DB8 wavelet packet and Fast Fourier Transform(FFT). Through
collecting acoustic emission signals before and after valve, flange, flow meter and other six kinds of
pipeline accessories and analyzing attenuation law, it is found that electromagnetic flow meter is the
pipeline component that has the greatest influence on the attenuation of acoustic emission signals. Then,
the effect of fastening degree of bolt connection on signal amplitude and frequency components is
analyzed. The results show that the higher the fastening degree of bolt, the lower the signal attenuation.
The relevant research conclusions of this paper have integrated reference value and guiding significance
for the sensor layout decision of acoustic emission detection of oil or gas pipelines in engineering.
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Fig.1 Basic principle of acoustic emission detection
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Tablel Sensors and their parameters

sensor type frequency range in—-band fluctuation/dB sensitivity/dB
R15 0.05 kHz~1 MHz <30 120.00
R3 0~0.1 MHz <30 77.09
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RS I R W E 4 TR, S5 R R O AR S AR R — R4, A B R LS S
N, SEREESRKREEML. HPREREBEKERE, N4 em, BEEN04 cm, HEERKZAS50 cm, &
BEBNAE200 cm, TEBRKZ 350 cm; SRS EAKERE, R 2 om, BEJEHR0.6 cm, HE K2 500 cm,
LB N 180 em, 4 BIK 27280 cm.
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Table2 Experimental condition

Fig.4 Experiment setup
KEPE Fi

e
X sensor 1
=}
2
g
Qo
2

O 1Y

Fig.5 Schematic diagram of the experimental system
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experimental group pipe diameter/mm medium(Y/N) pressure/MPa traffic/(L/min) object serial number

1 40 N 0 0 straight 1

2 40/20 Y 0.43/0.46 10.2/60.0 straight 2/3

3 40/20 Y 0.43/0.46 9.2/48.8 straight 4/5

4 40/20 Y 0.43/0.46 7.5/36.6 straight 6/7

5 40/20 Y 0.85/0.56 7.5/48.8 straight 8/9

6 40/20 Y 0.24/0.22 7.5/50.0 straight 10/11

7 40/20 Y 0 0 straight 12/13

8 40/20 Y 0 0 bending 14/15

9 40/20 Y 0 0 other -
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Table3 Influence of sensor layout on signal reception

L/cm sensor difference/dB sensor difference/dB L/em sensor difference/dB sensor difference/dB
2 4.00 24 52 1.3 2.70
12 1.25 0.7 62 2.7 3.00
22 3.64 0.9 72 14 1.20
32 2.10 2.0 82 0.5 1.25
42 2.70 2.9 92 0.6 2.09
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Fig.8 Attenuation curves of pipe
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Table4 Decay of acoustic emission signals after passing through the pipe attachments

liquid pipe fittings valve flange tee organic glass electromagnetic flowmeter stents
attenuation/% 0.295 082 0.179 798 0.050 1 0.234 995 0.468 6 0.060 13

gas pipe fittings valve flange tee observation window vortex flowmeter stents
attenuation/% 0.383 832 0.159 596 0.071 6 0.234 411 03235 0.036 364
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Table5 The spectral range of signal reconstructed by wavelet packet component

wavelet packet component frequency range/kHz wavelet packet componet frequency range /kHz
(3,0) 0~62.5 3.4 437.5~500.0
3.1 62.5~125 3.5 375.0~437.5
3.2) 187.5~250 (3.6) 250.0~312.5
(3,3) 125~187.5 (3,7) 312.5~375.0

X5 5 0T DBS /NI A 4 e WA I 1T, SR ANE 9 FoR, KB AR, 558 AR I TR S DBS
N BT A R 10 iR . L0 AT AT, fF 5 &t @i T)E, i bR fb B2 G0 M a MK, (3,1)
532 B AR AR N, B AR A A, AU A BN o SR AR AR S R4, A A T T 45 R S VRO A T T
ITE5 AL ARSI, W WS IRE S AR R BN (3,3) it kK, 3,05G, )Ml , Xnlfe
RS e RS ST R . LAG3)IAT N A 4, T M5 AR 4 A 3 TT A IR U ) I D
KN, BT EERANFR 6 PR .

decomposition tree analyzed signal: length=10 240

best level tree analyzed signal: length=10 240

T ~ s} S| 0.15
109,00 0.10
1000 5 /
/A\ / \ 0.05
/ N\ 0 it / N\ 0
99, s/ \n 2 =0y
99 0 -5 ~0.10 !
-0.15
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000
1183 2207 of3s 0% colored coefficients for terminal nodes 99p3 05 0 op2 colored coefficients for terminal nodes
/\ A \ \ /\a |
\
5843 18190 0.!7 21\.40 U.ZD 0.03 0.40 0.6 84.35 1498 0.02 hﬂ O.A! 0\'0 D.z‘l DX‘I
L J o L o e
| packed: (3,0) or (7) packed: (3,0) or (7)
I [
| Herp
| frequency ordered coefficients frequency ordered coefficients

200 400 600 800 10001 200

scale of colors from min to max

scale of colors from min to max

200 400 600 800 1 0001 200

Fig.9 Signal by DB8 wavelet packet decomposition passing through the liquid phase fixed valve
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Table6 Frequency band variation of pipe element(3,3)

gas pipeline flange/% valve/% observation window/% stents/% flow meter/%
band before after before after before after before after before after
(3,0) 46.14 71.00 65.26 95.91 53.48 82.61 35.90 35.37 3241 33.58
3,1) 2591 23.90 17.29 3.66 25.24 9.14 49.22 41.29 49.46 52.77
(3,3) 20.60 4.59 15.66 0.40 18.46 7.46 13.47 22.72 16.56 12.64
(3,3) change/% 0.777 184 0.974 457 0.595 883 —0.686 71 0.236 715
liquid pipe the flange/% the valve/% observation window/% stents/% flow meter/%
band before after before after before after before after before after
(3,0) 37.86 17.80 57.86 86.74 44.01 6.17 30.84 21.89 26.74 7.49
3.1) 26.43 11.37 17.06 14.89 23.17 441 51.58 34.05 50.39 12.09
(3,3) 28.37 11.61 20.00 2.04 25.28 3.92 19.76 13.49 21.59 5.70
(3,3) change/% 59.1 89.8 84.5 31.7 73.6
90| [ g e |
: before the signal passing through the
liquid phase valve
5 after the signal passing through the liquid
%‘) 60 = phase valve
<
8
5
e
? 30
5
1 1 1 1 1
(3,00 G1) 32 (B3 (B4 (G5 G0 (B
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Fig.10 DB8 wavelet packet analysis results before and after Fig.11 Sensor layout at therleange
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Table7 Effect of bolt tightness on flange attenuation
state all four bolts are loose secure one bolt secure 2 bolts secure 3 bolts secure 4 bolts
amplitude attenuation 0.283 096 0.212 825 0.203 515 0.202 778 0.189 024
0.020
0.6 |-
0.015
% 04 g 0010
=} Qo
E E
§ 02k g 0.005 -
0 -
ok
1 1 1 1 1 1 1 1
-0.005
0 0.2 0.4 0.6 0 0.2 0.4 0.6
flkHz flkHz
(a) before loosening the bolts (b) after loosening the bolts

Fig.12 FFT transform of acoustic emission signal passing through the flange(four bolts are tight and loose respectively)
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