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Abstract 

Measurement of lift-off is benefit to assess and reduce the lift-off effect in pulsed eddy current (PEC) 
testing. In this paper, a self-reference feature, the slope that the magnetic flux of the part II of PEC 
testing signal linear increases with the amplitude of excitation, is proposed to measure the lift-off 
when the specimen is ferromagnetic. Firstly, the analytical expression of the feature is presented. 
Secondly, the validity of the feature is verified by simulation. And then, the potential factors affecting 
the feature are investigated. At last, a quantitative method based on the feature is demonstrated. The 
self-reference feature makes the measurement convenient and efficient. It has the potential to meet 
engineering applications. 
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1  Introduction 

Ferromagnetic metallic components are widely employed in power plants and petrochemical industry. 

They are commonly wrapped with coatings, which are composed of tens or hundreds mm thermal 

insulation and less than 1 mm weather sheeting. As a preferable candidate, PEC testing could assess 

the wall thinning of ferromagnetic metallic components without removing the coatings, and the 

assessment is quicker, safer, and more convenient comparing with ultrasonic testing and radiographic 

testing. However, same as traditional eddy current testing, PEC testing is sensitive to lift-off. The 

variation of coatings thickness, which is inevitable due to the installation and deformation, makes the 

PEC testing results wrose. In order to improve the testing accuracy, measuring the lift-off to 

compensate the testing results is a recommended approach. 

Although the existing feature for measuring the lift-off is applicable to ferromagnetic materials, the 

excitation amplitude is constant, which is usually the upper limit of a PEC testing system. The 

excitation amplitude should vary with lift-off. Otherwise, when the lift-off decreasing, the impedance 

of sender coil in PEC probe will increase, which makes the part I of PEC testing signal longer to 

disturb the part II even part III of PEC testing signal to reduce the measurement accuracy of lift-off 

and specimen thickness. Besides, the current with upper limit amplitude will not only make the sender 

coil heated seriously, which makes the testing accuracy wrose, but also waste the energy, which is bad 

to promote the battery life. Therefore, it is necessary to extract a feature for measuring the lift-off 

when the excitation amplitude is variational. 
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2  Feature extraction 

To the variable amplitude excitation, the voltage on the receiver coil could be simulated with the 

analytical model when the specimen coverd with thermal insulation and weather sheeting is 

approximated to a four-layered structure [1]. Five regions could be got by dividing the entire space 

with the magnetic permeability and the electrical conductivity of each layer. The frequency-domain 

response U(ω) of harmonic components is described by (1), when a magnetic insulation boundary is 

imposed and the truncated region eigenfunction expansion (TREE) method is applied. 
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  (1) 

where j denotes the imaginary unit, ω denotes the angular frequency of harmonic component, n 

denotes the number of the coil turns, the subscripts d and p are on behalf of the sender coil and the 

receier coil, respectively. μ0 denotes the permeability of free space, I(ω) denotes the amplitude of 

harmonic component and   dtetII

tj )()( , I(t) denotes the current loaded on the sender coil, r1 

denotes the inner radius of the coil, r2 denotes the outer radius of the coil, l1 denotes the bottom 

location of the coil, l2 denotes the top location of the coil, dxxxJxx
x

x 2

1

)(),( 121 , J0(x) and J1(x) 

denote the zero-order and the first-order Bessel function of the first kind, αi denotes the i-th positive 

root of Bessel function J1(αih), Г(αi, ω) denotes the reflection coefficient of the layered structure, 

which could be derived by Cheng’s matrix method [2]. 

Using inverse Fourier transform shown in (2), the time-domain response ∆U(t) could be induced from 

∆U(ω). 
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From (1) and (2), it’s not difficult to find that U(t) is proportional to the amplitude of I(t). According 

to the researches on the eddy current diffusion and attenuation, the magnetic flux of the part II of PEC 

testing signal is related to the lift-off [3]. It's natural to propose a feature described by (3) to 

characterise the lift-off when the amplitude of excitation current is variational. 
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where m and r label the parameters which are obtained at the measurement current and the reference 

current, respectively, I is the amplitude of current, tII and tIII are the begining time and the ending time 

of part II of PEC testing signal [3]. 

3  Simulations 

In order to verify the validity of the feature described by (3), the analytical model has been employed 

to simulate the voltage on the receiver coil at different lift-offs and excitation amplitudes. In the 

model, the thickness, conductivity and relative permeability of the specimen are 21.5 mm, 1.6 MS/m 

and 600, respectively, the conductivity and relative permeability of other regions are 0 and 1, the 

radius of magnetic insulation boundary is the 40 times of r2p, the number of summation item is 200, 

the other parameters are liested in table 1. Specially, the electromagnetic parameters of specimen are 

ferromagnetic, and both the variation and the inhomogeneity of the parameters are ignored in the 

simulations, because that the parameters could be dealed with constants in PEC testing [1, 4]. 

Parameters Value 
Excitation Current Amplitude I (A) 1 to 5 with increments of 1 

Probe 

Sender coil 

Inner radius r1d (mm) 10 
Outer radius r2d (mm) 30 

Height ld (mm) 40 
No. of turns Nd 800 

Receiver coil 

Inner radius r1p (mm) 76 
Outer radius r2p (mm) 79 

Height lp (mm) 3 
Number of turns Np 400 

Lift-off L(mm) 10 to 60 with increments of 10 

Table 1: Parameters used in the simulations. 

 

Figure 1: PEC signals at different amplitudes of excitation current. 
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Figure 2: Magnetic flux vs. the amplitude of excitation current at different lift-offs. 

Taking the signals at lift-off 30 mm for example, it’s found that the signal amplitude increases with 

the amplitude of excitation current as shown in figure 1. tII and tIII are about 0.002 s and 0.06 s [3]. 

When tA1 and t A2 are set as 0.002 s and 0.06 s, the magnetic flux from tA1 and tA2 is linear proportional 

to the amplitude of excitation current, and the slope that the magnetic flux increases with the 

amplitude of excitation is increasing with the lift-off as shown in figure 2. It indicates that the slope 

could be used to characterise the lift-off. 

4  Discussion 

Since the part II of PEC testing signal is independent of the specimen thickness, and it is sensitive to 

the conductivity and permeability of the specimen [3], the magnetic flux of the part II of PEC testing 

signal will have the similar characteristics as shown in figure 3 and figure 4. 

 

Figure 3: Magnetic flux vs. the amplitude of excitation current at different specimen thicknesses. 
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(a) Different conductivities, (b) Different relative permeabilities 

Figure 4: Magnetic flux vs. the amplitude of excitation current at different electromagnetic parameters. 

From figure 3 and figure 4, it is found that the slop is independent of the specimen thickness, but it is 

sensitive to the conductivity and permeability of the specimen, which provides a guide to use the 

feature. 

5  Quantitative method 

Measurement of lift-off requires the quantitative result, which is hard to obtain from (3). Hence, a 

quantitative method including the steps of calibration and assessment is demonstrated in figure 5. 

 

Figure 5: Schematic diagram of the quantitative method. 

In the calibration step, the function ΔΦ=SΔΦ-II is adopted to fit the curve of magnetic flux vs. the 

amplitude of excitation current, due to the point (0, 0) is on the curve according to (3). And then, the 

nonlinear fitting is adopted to describe the relationship between the lift-off and the slop SΔΦ-I as 
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e04.29e1035.8)(L . In the assessment step, substituting the slope 



15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore. 

 [ID149]  6 

of lift-off 40 mm to the calibration function, the assessment result is 30.06 mm, and the relative error 

is 0.2%. The quantitative precision is acceptable. It indicates that the quantitative method based on the 

self-reference feature, the slope that the magnetic flux of the part II of PEC testing signal linear 

increases with the amplitude of excitation, could be used to measure the lift-off, and the measurement 

is convenient and efficient. 

6  Conclusions 

(1) With the variable amplitude excitation, the slope that the magnetic flux of the part II of PEC 
testing signal linear increases with the amplitude of excitation could be used a feature to measure the 
lift-off when the specimen is ferromagnetic. 

(2) The feature is independent of the specimen thickness, but it is sensitive to the conductivity and 
permeability of the specimen. 

(3) The validity of the feature should be further verified by experiment, and the potential applications 
of the feature should be further exploited in the future research. 
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