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Abstract : Time domain reflectometry (TDR) is a diagnostic technique to evaluate the physical integrity of cable and finds application in leak detection
and localization of piping system. In this study, a cable-shaped leak detection sensor was proposed using the TDR technique for monitoring leakage
detection of ship’s engine room seawater piping system. The cable sensor was developed using a twisted pair arrangement and wound by an absorbent
material. The availability and performance of the sensor for leak detection and localization were evaluated on a lab-scale pipeline set up. The developed
sensor was installed onto the pipes and flanges of the lab-scale set up and various TDR waveforms were acquired and analyzed according to the different
variables including the number of twists and sheath thickness. The result indicated that the twisted cable sensor was able to produce clear and smooth
signal as compared to the TDR sensor with a parallel arrangement. The optimal number of twist was determined to be above 10 per the unit length. The
optimal diameter of sheath thickness that results in the desired sensitivity was determined to be ranging from 80% up to 120% of the diameter of the
conductor. The linear regression analysis for estimation of leak localization was carried out to estimate the location of the leakage, and the result was
a determination coefficient of 0.9998, indicating a positive relationship with the actual leakage point. The proposed TDR based leak detection method

appears to be an effective method for monitoring leakage of ship’s seawater piping system.
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Fig. 1. Working principle of TDR.
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Fig. 4. Configuration of TDR-based leak detection sensor: (a)
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Table 1. Technical specifications of HL1101

Rise Time (10-90%) 200 ps
Time Base Range 3 us
Time Resolution 10.2 ps
Functional Range 200 m (400 m roundtrip)
Distance Resolution Within = 4 cm
Amplitude + 250 mV
+15%, -5%, total of 20% peak-to-peak
Al L +3%, 3%, tgtlalf li)stf 51%nspeak to peak
after 1 ns
Calibration Internal, = 1 2 at 50 Q

Time Base Accuracy + 3%

Complies with Class 2 of ESDS
Component Sensitivity Classification
(ESD STMS.1-1998)

Static Robustness

Output Connector 1 x BNC
Interface Powered and controlled via one USB
cable
Included Software ZTDR™ for Windows

Horizontal Scaling
Vertical Scaling
Dielectric Constant

Meters, feet, or time (ns)

mV, Rho, normalized, impedance
Selectable, 1.0 to 10.0
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Table 2. Chemical compositions and properties of sea water
Main component (mg/L) Dissolved oxygen | Electric conductivity
pH
SO* a Na* K Mg* Ca* (mg/L) (mS/cm)
1746 15721 8401 344 1121 357 7.9 16.1 45.3
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