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Abstract: [Objective] During the operation of pipeline systems, pressure fluctuations inherent to the pipeline transportation environment
generate background noise. As pressure increases in these systems, the magnitude of pressure fluctuations changes, subsequently affecting
the intensity of the background noise. In the process of detecting pipeline defects, background noise interferes with the normal operation of
ultrasonic in-line detectors, resulting in reduced detection accuracy. Horizontal straight pipeline segments make up the majority of oil and gas
pipeline systems. Therefore, studying their noise characteristics provides a scientific foundation for analyzing noise in other pipeline
segments. From this perspective, it is crucial to analyze background noise during the operation of ultrasonic in-line detectors in straight
pipeline segments. [Methods] A simulation experimental platform for ultrasonic in-line inspection was established to collect pressure and
echo signal data from a pipeline system operating under varying pressures and flow rates. The positions of the operating detector were
collected according to the pressure variation law of pipeline systems. The pressure fluctuation ranges and the pressure variation rates within

the pipeline system during the operation of an ultrasonic in-line detector in the straight pipeline segments were analyzed. The intensity of
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background noise caused by pressure fluctuations was investigated through frequency domain analysis to clarify its influence on the echo
signals. Additionally, the effect of background noise generated by pressure fluctuations of the transported media on the flaw detection
accuracy of the ultrasonic in-line detector was quantified by calculating wall thickness and associated errors based on the transit time method.
[Results] During the operation of the ultrasonic in-line detector in the straight pipeline segments, the transported media caused pressure
fluctuations, ranging from 0.093 MPa to 0.196 MPa. In most experiments, the pressure variation rates were below 0.531 MPa/ms; however, a
maximum rate as high as 17.792 MPa/ms was recorded. Analysis of the frequency domain characteristics of the pressure signals revealed that
the noise amplitude was narrow between 3 MHz and 7 MHz. The noise signals at 5 MHz and 6.929 MHz increased due to the influence of
pressure variation rates, with maximum increase rates of 415.023% and 1,240.825 %, respectively. Nevertheless, the maximum increase in
noise amplitude was only 0.881, indicating a minimal impact on the performance of the ultrasonic in-line detector. Further analysis of the
ultrasonic echo signals showed that background noise caused changes in the amplitude and peak sampling points of these signals, thus
impacting the accuracy of wall thickness calculations. The variations in background noise amplitude had little effect on the wall thickness
calculations, with error rates ranging from 0.128% to 4.324 % . [Conclusion] The influence of background noise generated by pressure
fluctuations of transported media on flaw detection by ultrasonic in-line detectors is negligible in engineering applications. The findings of
this study provide a theoretical reference for flaw detection using ultrasonic in-line detectors operating in straight pipeline segments.
(9 Figures, 4 Tables, 22 References)
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Fig. 1 Process flow diagram of simulation experiments for
ultrasonic in-line inspection
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Table 1 Parameters of simulation experiments for ultrasonic in-line inspection

LIRS 17 2 3 5" 6" 7* 8 9"
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Fig.2 Pressure graph of pipeline system in experiment 8"
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Fig.3 Pressure fluctuations within the pipeline system in ultrasonic in-line inspection experiments
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Table 2 Noise amplitudes at different frequencies
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4 0.100 0.114 0.165 0.268
5’ 0.249 0.214 0.119 0.110
6 0.111 0.050 0.127 0.378
7' 0.117 0.432 0.109 0.248
8’ 0.355 0.427 0.309 0.247
9 0.116 0.530 0.268 0.280
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Table 3 Noise signal amplitudes at different pressure variation rates

S A BB SRR B B 5 SR AL

W LD fHH@ f54L@ @ O 5@ e L@
I’ 0.374 0.107 0.355 0.231 0.314 0.567 0.312 0.313
2 0.403 0.049 0.200 0.126 0.515 0.143 0.273 0.189
3 0.119 0.107 0.273 0.307 0.253 0.297 0.387 0.151
4 0.223 0.132 0.682 0.370 0.183 0.145 0.509 0.791
5 0.124 0.187 0.598 0.102 0.225 0.159 0.952 0.071
6 0.237 1.025 0.165 0.473 0417 0.23 0.204 0.003
7' 0313 0.162 0.816 0.257 0.515 0.143 0.273 0.189
8" 0.244 0.440 0.350 0.128 0.171 0.162 0.366 0.099
9 0.693 1.126 0.123 0.223 1.097 0.213 0.194 0.024
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Fig. 9 Echo signal graphs of ultrasonic in-line detector at different positions in straight pipeline segment
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Table 4 Parameter values of ultrasonic in-line inspection experiments 1*~9*

S s S 1% M e M e N
I 71 233~238 186~195 45~48 7.721~8.325 0.128% ~4.068 %
2" 74 235~239 188~197 45~47 7.654~8.258 0.128%~4.324%
3 69 233~-237 183~192 45~47 7.654~8.258 0.128% ~4.324%
4 70 235~243 184~193 47~50 7.654~8.258 0.128% ~4.324%
s 77 8 78 243~245 192~200 46~49 7.654~8.325 3.229%~4.324%
6" 75 8, 76 236~239 190~199 45~48 7.654~8.325 0.967% ~4.324%
7 76 237~-240 190~199 44~47 7.654~8.258 0.128% ~4.324%
8 74 235~239 189~198 43~45 7.721~8.325 0.128% ~4.068%
9 73 5 74 234~239 188~197 43~48 7.654~8.258 0.128%~4.324%
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FSAE B BOg AT I /8 b, e 7330 ™= A 1 75 5 g
K I B SR SR RN

P T AT SEES RS0 R T A .
NS . I T TE R G T I B R
JE U5 5 W R v L 8 S RS S, B T
S MR R SK ARG U SR P R . 45 SRR,
P P RS A TR LA BB AT R R, AR TE RO R
F12 Ak R, Al N 17.792 MPa/ms; Hi & /7% 5h 5
FEC (1) 5 55 gk 75 T TR P P AR U 8% 1) A0S 5 5 T e P
BN, B KA 0.881, 1% 5 M S ok B 11 38 45 5 B
AN/, T8 BE JEE B PR AR R ZE TR 4.324%
DA . fE AR A, 88 R ks #4878 B BUdb AT 4K
1 I, T 200 A 5 U B BT R AR R e
T R JE F 520 o

BRI AE RIS RGN E T AR, BiE
RGET EIRA 1.4 MPa. BIEE RS+, SN
2 IR ST, T e R A B 2 TR X S
BNRIREIR, 7 A T KT SR S, AT & AIGRE A5 P
D200 JEERS B o AE SR BT T b, W) 2 R B I AR
GuIk T He T30 B0 AR P S M R X 7R P A 2 U
JELRE FEE RS2, 3T AR AT 4k R 2 A 25 i BORD it
R BT S e AR Ak, R b ik
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