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Abstract: The mooring cable as a major component of marine mooring system plays 
a very important role in the security of offshore oil exploitation. As under the water, 
cable lies in a harsh environment for a long time, which makes it very easy to produce 
wear, broken wires, corrosion and other damages, Therefore, to carry out a series of 
mooring cable quality testing has very important economic and social significance. In 
this paper, after completed the analysis of the principle of magnetic flux leakage 
detection of the mooring cable wire break damage, determined the overall design 
scheme of mooring cable broken wire detection system. And regarded the sensor of 
SS496 type linear hall as the detecting element of the system and completed design of 
the system test unit and the signal conditioning and data acquisition unit, and achieve 
the real-time display of the signal of broken wire rope on the PC. 
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1. Introduction 

 
The mooring cable as a major component of marine mooring system plays a very 
important role in the security of offshore oil exploitation. As under the water, cable lies 
in a harsh environment for a long time, which makes it very easy to produce wear, 
broken wires, corrosion and other damages, and once the mooring cable appear 
problems, it will cause the major security hidden danger of the Marine oil [1]. Therefore, 
to carry out a series of mooring cable quality testing, has become one of the 
international hot spots, also has very important economic and social significance. At 
present, the main methods of observation of the detection of cables of mooring system 
are divers and underwater robot observation [3]. This method can only observe wire 
surface state, and easily influenced by Marine organisms and underwater environment 
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of submarine. Aim at above problems, in this paper, magnetic flux leakage testing 
method is proposed on an ocean mooring cable broken wire detection system, and 
regarded the sensor of SS496 type linear hall as the detecting element of the system. 
And combine LabVIEW technology with data acquisition to develop the data acquisition 
system of the signal of broken wire rope, which achieve the real-time display of the 
signal of broken wire rope on the PC. 
 

2. Principle of Magnetic Flux Leakage Detection of Mooring Cable Wire 
Break Damage 

 
The process of mooring cable leakage magnetic field for broken wire damage detection 
is the process of signal extracting and processing of injury of wire rope broken wires. As 
shown in figure 1, after magnetized magnetization of mooring cables, a leak magnetic 
field in the broken wire will be formed. Using the linear hall sensor to detect the 
magnetic flux leakage signals, and one voltage signal in real time corresponding to 
leakage magnetic field intensity will be got. To analyze and process the signal, then the 
damaged conditions of cable broken wires will be detected qualitatively [6]. 

 
Fig.1 The principle figure of the mooring cable magnetic flux leakage testing 

 
3. Design of mooring cable broken wire detection system 

 
3.1 Design structure of overall system 

 
According to the several properties of mooring cable (such as: material, injury situation, 
work size) and the basic principle of magnetic flux leakage testing of wire rope broken 
wires injury. In this paper, the overall structure schematic diagram of the mooring 
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cable wire break detection system has been put forward. The test system makes up of 
four parts of signal detection unit, signal conditioning unit, data acquisition unit and 
test system mechanical auxiliary unit. As shown in figure 2. 
 

 
 

Fig. 2 Principle diagram of the test system structure 
 

3.2 System Testing Scheme 
 
According to the using environment of the mooring cables and the detecting 
requirement of the broken wire, in this paper, the following two kinds of general test 
schemes of the design of system has been put . 

Scheme one:  
As shown in figure 3, in the process of detecting, the underwater robot diving in the 

water to detect the quality of steel cable with the underwater device of wire rope broke 
detecting. The detected data will be stored in the mobile storage devices, after the 
detection, the system will hoist up the winch to pack up the underwater detection 
device. Using the data playback software to playback the underwater testing data of 
the device, and then realize the detection of marine mooring cable wire break damage. 

 

 
 

Fig. 3 Figure of scheme one 
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Scheme two:  
As shown in figure 4, in the process of detecting, packing up the mooring cable from 

the water, and inspecting the quality of mooring cable with the device of the mooring 
cable wire break detection. Transmit the detected data through the communication 
cable to the signal processing circuit for processing, and display on the computer in 
real-time, so as to realize the real-time detection of marine mooring cable broken wire 
damage. 

 

 
 

Fig. 4 Figure of scheme two 
 

3.3 Requirements of System Design  
 
Requirements of design: 

Meet the requirements of wire rope wear defect detection; 
Meet the requirements of wire rope broken wires damage detection in different 

speed condition; 
Meet the requirements of waterish logged wire cable wire break defect detection; 
Meet the requirements of defect detection of hidden cables; 
Meet the requirements of wire rope broken wires of immersion in water defect 

detection; 
Meet the requirement of the defection of position location of wire rope. 

 
4. Design of System Detection Unit  

 
System test unit includes exciter, detector and cable schedule recording device three 
parts. 
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4.1 The Design of the Exciter 
 
Excitation device is an important part of the system; the excitation effect determines 
the system’s detection ability to the mooring cable broken wire. Through comparison 
and analysis, the system adopts the three loop permanent magnet magnetization to 
magnetize the mooring cable, exciter installation structure adopts the split design, and 
its installation diagram is shown in figure 5. 
 

 
 

Fig.5 Structural installation schematic diagram of the three loop exciter 
 

4.2 Design of the Detector 
 
The detector’s design is a key point in the system’s design; it plays the role of a data 
acquisition station in this system. In the cable broken wire detection process, it will 
completed the extraction and conversion of the cable damage magnetic flux leakage 
signal, to provide data source for subsequent signal processing and analysis. Detector 
design of this system, including the leakage magnetic field detection element’s 
selection, determine SS496 linear Hall element as the detection element of the system, 
and determine the number and arrangement of the use of the Hall element. If 
necessary, the system uses dual detection loop Hall element arrangement, which has a 
strong anti-interference, the external signal processing circuit design requirements are 
low, etc., while significantly reducing the failure rate of the system design. Its 
arrangement is shown in Figure 6, the Hall sensor is arranged in a uniform surface of 
cable, A and B ring detection sensors are arranged opposite direction, two sensors 

detect the ring holding axial spacing mm =25mmL . 
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Fig.6 Schematic diagram of double row sensor arrangement 
 

4.3 The recording device of cable stroke 
 
Recording of cable travel has great significance for cable defect location. This topic 
used rotary encoders and encoder wheel combined with 51 microcomputer system to 
design cable stroke recording means, and realized the cable stroke recorded. In 
operation, the encoder wheel and mooring rope contacts, the encoder wheel rotate by 
cable, enabling the measurement of the cable stroke. 
 

5. Design of signal conditioning and data acquisition unit 
 
Design of signal conditioning and data acquisition unit includes a signal pre-processing 
circuit design, signal conditioning circuit design [5], data acquisition system hardware 
selection and data acquisition software design. Signal conditioning and data acquisition 
unit structure is shown in Figure 7. 
 

 
 

Fig.7 Structure diagram of signal conditioning and data acquisition unit  
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12-channel sensor signal output from the A detection loop and B detection loop are 
processed by primary zero circuit to eliminate the static output; Two adder circuits 
superimposed handle the 24-channel signal after zero, and put them into two output 
signals UA0 and UB0; Two signals were sub-zero treated by secondary zeroing circuit, 
and it eliminates the interference caused by the output of the sensor and the circuit 
itself, and becomes UA and UB two-way standard signal; Signal conditioning circuit 
differences the two signals UA and UB to convert it into a single output signal UAB. UAB 
is a cable broken wire signal which the system will eventually be detected, and it will be 
collected and displayed on a computer by data acquisition card. 
 

6. Conclusions 
 
For lack of domestic research of mooring rope broken wire detection techniques, this 
thesis regarded the broken wire rope mooring damage as the research object, in 
technology for the detection of magnetic flux leakage methods, and designed a 
mooring rope broken wire detection system, and under laboratory conditions, we 
completed a broken wire rope mooring damage detection experiments by this system, 
and confirmed the feasibility of the system design. 
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