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Abstract. The lay length is one of the important parameters for the wire rope and 

its detection can indirectly characterize its stress and surface damage state. The 

eddy current testing (ECT) method is advantageous because of its easy operation, 

single-side detection, low requirement of surface preparation, applicability in harsh 

environment, and other properties. Hence the lay length of the wire ropes is 

measured by ECT in this paper. The eddy current (EC) response to the wire rope is 

simulated. The EC on the surface of the strand below the pancake coil forms a 

vortex, and the distribution of the EC on the curved surfaces on both sides of the 

strand is symmetrical. The spacing between the adjacent peaks or troughs of the 

scanning signal is the distance between the adjacent strands, and the number of 

peaks or troughs of the scanning signal in a range of the lay length is related to the 

number of strands of the wire rope. Finally, the experimental validation is 

performed. The relative error of the lay length of the wire rope assessed by the EC 

method is less than 0.28%. 
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1. Introduction 

The wire rope is a flexible space spiral structure winded by the same size of the strands, 

and has been widely utilized as a bearing and transmission component in the fields of 

mining, tourism, construction, et al[1]. Guaranteeing the safety of the wire rope is 

important for reducing economic loss or casualties. The tension or deformation of the 

wire rope caused by surface wear can lead to changes in the lay length of the wire rope 

[2]. Therefore, the detection of the lay length can indirectly characterize the force and 

surface damage of the wire rope. The traditional method of measuring the lay length is 

mainly done manually, which is not suitable for detecting the running wire rope. 
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Different nondestructive methods have been applied to detect the running wire 

ropes, such as the image recognition method and the magnetic flux leakage (MFL) 

method. Alberto has proposed an automatic vision measurement system for the lay 

length detection. The image of the running wire rope is acquired through the camera, 

and then the wireline contour is extracted using the image and signal processing 

algorithms to determine the lay length. The accuracy of the lay length obtained by this 

method is 1.2 mm[3]. Esther has established an image comprehensive analysis system 

based on the wire rope model, which can capture the actual 2-D projection of the wire 

rope using the camera, and construct a parametric 3-D model based on the structural 

parameters of the wire rope model. The accuracy of the lay length and strand space 

obtained by this method is 1 mm [4]. Sylvain has calculated the lay length according to 

the change of the scanning MFL signal with the uneven surface of the wire rope [5]. 

The eddy current testing (ECT) method has a series of advantages and has been 

applied in the wire rope testing. Cao has quantitatively tested the broken wires with 

symmetrically arranged the excitation and the detection coils around the wire rope [6]. 

Zheng has adopted a double eddy current (EC) probe placed in parallel to detect the lay 

length. The sensitivity is related to the distance between the probe and the probe 

consistency. Hence the detection difficulty is increased [7]. 

The image recognition method is greatly affected by the external environment. The 

MFL method requires the wire rope to be magnetized and its operation is relatively 

complicated. In this paper, the ECT for detecting the lay length of the wire rope is 

studied. Firstly, the EC distribution on the surface of a single strand is analyzed and the 

scanning signal of the wire rope with the differential bridge is obtained. Then the 

experimental platform is established for lay length detection. 

2. Finite element analysis 

2.1.  Ar,V- Ar formulation 

The governing equations for the calculation of EC response to the wire rope are as 

follows  
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���	����������1) and the air domain containing the power supply 

��2) constitute the entire solution domain. In (1)-(3), Ar stands for the simplified 

magnetic vector potential (MVP). As and Hs represent the magnetic vector position and 

magnetic field strength generated by the excitation current in the solution space, 

respectively. �0 represents the magnetic permeability of the solution space. � stands for 

the angular frequency. In (1) and (2), ��= V/(��), in which V represents the simplified 

electrical scalar position. The eddy current density J can be calculated as follows 
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where A is the vector sum of As and Ar. 

2.2.  Simulation model 

The model includes the wire rope and the probe composed of a double pancake coil, as 

shown in Fig. 1. The Oxyz global coordinate system is established and the origin is the 

wire rope center. Figs.1(a) and (b) are the projections of the model on the xz and yz 

planes, respectively. The wire rope has the total length of 240 mm, the lay length of 60 

mm, the radius of the single helix is 3.48 mm, the strand radius of 1.65 mm. The 

conductivity is 3.0 107 S/m and the relative magnetic permeability of the wire rope is 

10[8]. The coils are coaxially placed and are the same size. Each pancake coil has the 

inner diameter of 6.0 mm, the outer diameter of 8.0 mm, the height of 3.0 mm, the 

number of turns of 500, the lifting height of 0.5 mm and the distance of 2.5 mm 

between the upper and lower coils. The exciting frequency is 80 kHz. The model is 

solved by an FE analysis software package developed in lab. 

                 

Fig.1. Schematic of the simulation model (a) the xz plane view   (b) the yz plane view 

2.3.  Eddy current distribution of single strand 

Fig. 2 shows the partial single strand and the probe which remains the same with the 

one in Section 2.2. The surface of the strand is divided into four parts. The bottom 

surface of the probe is just on Surface 1. Surface 3 is the corresponding back side of 

Surface 1. Surfaces 2 and 4 are the corresponding side faces of the strand. 

       

Fig.2. The single strand model with the probe 

Fig. 3 shows the distribution of the real part of the EC density at the bottom center 

of the probe (x = 5.63 mm, y= 0, z = 0). Fig. 3 (a) is the partial distribution of the EC 

density on Surface 1. A vortex is formed on Surface 1 and the center of the vortex 

denoted by point A is located just under the bottom center of the probe. Fig. 3 (b)-(d) 

are the partial distributions of the EC density on Surface 2-4. ECs are formed on 

Surface 2-4 and the centers are denoted by point B, point C and point D. The 

distribution of ECs in the wire rope is different from the one in the traditional flat metal 

due to the special helical structure. When the probe scans along the axis of the wire 

rope, the response of EC will change with the distribution of ECs. Hence the lay length 

will be deduced from the change of the response of EC. 
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(a)                                                                        (b)  

       
(c)                                                                              (d)  

Fig.3.The real part distribution of the EC density on the single strand surfaces (a) on Surface 1(b) on Surface 

2(a) on Surface 3(a) on Surface 4 

2.4.  Linear scan simulation 

 

Fig.4. Simulation result of scanning the wire rope 

The probe scans from z = -40 mm to z = 40 mm with a step of 2 mm. Fig. 4 shows the 

change of the amplitude of the differential voltage with the scanning position. It can be 

seen that the curve changes periodically and there are 7 peaks or troughs in one lay 

length range. The spacing between the adjacent peaks or troughs is just the gap of the 

wire strand. 

S. Jiao et al. / Research on Analysis of Eddy Current Response to Lay Length of Wire Ropes24



3. Experiments 

3.1.  Eddy current testing system 

To validate the simulation result shown in Fig.4, the experiment of detecting the lay 

length by the EC method is conducted. Fig.5 shows the platform and is mainly 

composed of the signal generator (DG4102), the probe, the electronically controlled 

displacement platform, the Native Instruments (NI) data acquisition card and the 

monitor. The excitation signal is with the frequency of 80 kHz and the amplitude of 10 

V. The acquired data is post-processed by Labview. 

 

Fig. 5 The experimental platform of detecting the lay length 

Fig. 6 shows the 6×19+IWRC wire rope sample with a diameter of 16.0 mm and a 

total length of 1200 mm. The average lay length and gap between the two adjacent 

strands are 104 mm and 17.33 mm, respectively. Fig 7 shows the probe with two same 

pancake coils arranged coaxially. The probe is connected to the differential detection 

circuit printed on the PCB board. 

                      

                Fig.6. 6×16+IWS wire rope sample                            Fig.7. The probe for the lay length detection 

3.2.  Linear scanning test 

Fig. 8 shows the results of scanning the wire rope with a total scan length of 360 mm. 

The experiment is repeated twice and the change of the amplitude of the differential 

voltage with the scanning position is shown in Fig.8. The results agree well during the 

two experiments. The amplitude of the differential voltage exhibits alternate peaks and 

valleys during the scanning. The distance between the two adjacent peaks or valleys is 

a gap between the adjacent strands of the wire rope. The distance between the adjacent 

seven peaks or valleys is approximately one lay length, which is consistent with the 

simulation results shown in Fig.4. The average strand gap and lay length are 17.16 mm 

and 103.71 mm respectively. The relative error is the difference between the manually 

S. Jiao et al. / Research on Analysis of Eddy Current Response to Lay Length of Wire Ropes 25



measured lay length and the value assessed by the EC method divided by the manually 

measured value and is 0.28% in Fig.8. 

 

Fig.8. Experimental result of scanning the wire rope  

4. Conclusions 

The lay length of the wire rope is detected by the EC method in this paper. The Ar,V- Ar 

formulation for calculating the EC response to the wire rope is established. The finite 

element analysis shows that the EC forms vortex on the surface of the single helical 

strand. Due to the uneven surface of the wire rope, the lift between the probe and the 

rope changes with the scanning position. The amplitude of the differential voltage 

changes periodically as the probe scans. The distance between the adjacent peaks or 

valleys is just the space between the adjacent strands and the lay length can be deduced 

from the scanning signal. The relative error of the lay length obtained by the EC 

method and the manually measured value is 0.28%. 
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