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Development of Leak and Vibration Monitoring System for
High Pressure Steam Pipe by Using a Camera
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Abstract Leakages at plant structures of power and petrochemistry plants have led to casualties and economic
losses. These leakages are caused by fatigue failure of pipelines and their wall thickness. Vibration measurement
methods for plant pipelines mainly use acceleration and laser sensors. These sensors are difficult to install and
operate and thus lead to an increase in operational cost especially for wide area surveillance. Recently,
measurements of leak and vibration displacements using cameras have attracted the interest of many researchers.
This method has advantages such as simple installation, long distance monitoring, and wide area surveillance.
Therefore, in this paper, we have developed a system that can measure the leakage and vibrational displacement
by using a camera. Furthermore, the developed system was verified with experimental data.
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Fig. 2 Experimental set-up for measurement of leak
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Fig. 3 GUI for control rack of leak and vibration
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Fig. 6 Drawing of leak and vibration detection module
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Table 1 Experimental results of leak detection

Division Detection result
0.8 kg/h A
1.2 kg/h
Steam 1.6 kg/h O
leak rate 2.0 kg/h @)
2.4 kg/h O
2.8 kg/h O
1 m O
Detection 3m 0
area
(1.6 ke/h) 5m O
7 m @)
100 Lx X
Illumination 200 Lx O
(2.4 kg/h) 300 Lx O
400 Lx O
Pipe lagging o
(2.8 kg/h)
Field - O
O : Good A : Normal X : Bad
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Table 2 Experiment results for image of leak and
detection

Steam
leak rate

Detection
area
(1.6 kg/h)

Tllumination
(2.4 kg/h)

Pipe lagging
(2.8 kg/h)

Field
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Vibrator & Standard accelerometer

Fig. 10 The experimental setup

Table 3 Vibration measurement characteristics with

amplitude
Standard Vel Measurement | Error
displacement measurement error rate
mmpp) | MM mmpp) | %)
(mmp-p)
1.009 0.981 0.028 2.8
0.908 0.882 0.025 2.9
0.807 0.783 0.023 3.0
0.706 0.687 0.018 2.7
0.605 0.588 0.016 2.8
0.504 0.489 0.014 2.9
0.403 0.390 0.013 33
0.302 0.294 0.008 2.7

Table 4 Vibration measurement characteristics with

frequency
Freque S.tandard VLT Measurem- | Error
displace- | measurem-
-ncy ent error rate
(H2) ment ent module [ %)
= 0
(mmp-p) | (mmp-p)
5 0.483 0.471 0.012 2.6
10 0.507 0.495 0.012 2.4
15 0.504 0.489 0.015 3.0
20 0.504 0.486 0.017 3.5
25 0.503 0.481 0.022 4.6

Table 3 R 4% XF 9 FI5E HIA7]EA
FhEtE ol &% Ms HE EEe We 54 5
qs Hrrek ARE FE
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Fig. 11 Main control system
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Table 5 Configuration of leak and vibration monitoring
system

Overview
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Multi-channel overview

System connection state monitoring
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real-time vibration state alarm
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Channel information
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Event

log

(vibration)

Database of vibration alarm event
Data search functionalities

Store of binary file format
Vibration analysis

Assessment of vibration levels

o] AT 2016 AATAAAF-] Ado=w
g=to| U X 7] &% 7FA(KETEP) 2] X -& wro} =3}
3+ 3 9 Y TH(No.20131020102420).

References

[171 Y. C. Choi, K. S. Son, H. S. Jeon and J. H.
Park, "Steam leak detection by using image
signal," Transactions of the Korean Society
for Noise and Vibration Engineering, Vol. 20,
No. 9, pp. 828-833 (2010)

[2] K. S. Son, H. S. Jeon, Y. C. Choi and J. H.
Park, "Early leak detection of high temperature
and pressure pipeline by using image,"
Proceedings of the KSNVE Annual spring
Conference, pp. 302-303 (2010)

[3] K. S. Son, H. S. Jeon, Y. C. Choi and J. W.
Park, "Oil leak detection on a plant by using
CCTV camera," Proceedings of the KSNVE
Annual Spring Conference, pp. 136-141 (2011)

[4] K. S. Son, H. S. Jeon, J. H. Park and J. W.
Park, "Vibration displacement measurement
technology for cylindrical structures using
camera images," Nuclear Engineering and
Technology, Vol. 47, No. 4, pp. 488-499 (2015)

[5] H. S. Jeon, K. S. Son, W. H. Han and J. W.
Park, "Correction of error due to camera
shaking when vibration measurement by using
camera image," Transactions of the Korean
Society for Noise and Vibration Engineering,
Vol. 24, No. 10, pp. 817-824 (2014)

[6] R. C. Gonzalez and R. E. Woods, “Digital
Image Processing Rev. 2,” Addison Wesley,



Journal of the Korean Society for Nondestructive Testing, Vol. 36, No. 6: 496-503, 2016

503

(7]

(8]

Massachusetts, pp. 110-112 (1992)

J. R. Parker, “Algorithms for Image Processing
and Computer Vision Rev. 2,” John Wiley &
Sons, New York, pp. 85-136 (1997)

M. H. Chowdhury and W. D. Little, "Image
IEEE  Pacific Rim

Conference on Communications, Computers, and

thresholding techniques,"

Signal Processing Proceedings, pp. 585-589
(1995)

[9]

[10]

N. Otsu, "A threshold selection method from
gray-level histograms," [EEE Transactions on
Systems, Man, and Cybernetics, Vol. 9, No. 1,
pp. 62-66 (1979)

B. S. Jeon and Y. B. Lee, "Evaluation Report
of Vibration Measurement Characteristics of
Leakage/Vibration Monitoring system by using
KRISS/TO—016-019, Center for
Fluid Flow & Acoustics Division of Physical
Metrology, KRISS, Daejeon, (2016)

a Camera"



