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Abstract— This paper presents a technique to evaluate liftoff characteristics on zirconium weld metal
using the impedance signals collected by ferrite pot core probe. The inspection system uses sine waveform
as the excitation source of a multi-line coil and captures the transient fields associated with the induced
eddy currents via a sensor. The collected signals by 1mm increment of distance can be divided into
training and testing data in radial basis function network that was developed to estimate the accuracy for
liftoff distance effect. The proposed approach of radial basis function network has been successfully
developed to evaluate liftoff distance effect on test samples.
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I. INTRODUCTION

Eddy current testing (ECT) methods have served as the primary non-destructive evaluation (NDE) technique
for applications in the aviation industry, nuclear, aerospace, and other industries to examine and detect surface
corrosion, flaws and other material discontinuities [1]. ECT technique has been usually considered on various
parameters including the probe design and testing parameters on material characteristic applications. The
impedance values of EC signal provide information about the severity of samples. However, depending on
inspection environment including applied area and surface condition, lift-off distance provides information
about the depth of the defect or status of surface conditions.

In Eddy current testing, liftoff effect occurs when the probe of scanning system is not contact with test
surface [2]. Liftoff factor can affect to accurate and precise inspection on test materials. In general, eddy current
testing needs to be in contact with test sample region. Due to any air gap between the probe and material, signal
information may have false indication of a test material. In order to avoid inaccurate signal information, lots of
various liftoff compensation techniques have been studied and developed to reduce sensitivity of inspection
equipment [3]. Large liftoff distances will affect testing accuracy, so it is important to keep the probe in close
contact with the surface during testing. In addition, the conductivity of the metal tested also affects testing
frequency. The greater the conductivity of a material, the greater the flow of eddy currents on the surface.
Proper selection of testing frequency for material thickness and penetration depth also has been considered on
smooth or irregular surface condition.

In this paper, we proposed the application of radial basis function network analysis to estimate liftoff distance
effect in eddy current inspection system. The testing results of different liftoff variations are presented. The rest
of the paper is organized as follows. Section 2 presents the review of liftoff distance effect for eddy current
inspection system and data collection. Section 3 discusses the radial basis function network. Section 4 presents
the experimental result and the liftoff variation performance with different conductivity for the test samples and
Section 5 provides some concluding remarks.
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II. EDDY CURRENT INSPECTION SYSTEM WITH LIFTOFF EFFECT

In Eddy current testing system, a liftoff is one of the main factors for inspection of surface or subsurface on
test samples. The liftoff distance can affect to signal strength which has been shown in major information on
scanning area including various kind of flaw types. Many works have been done to mitigate or estimate liftoff
distance effect. He et al. [4] presented reduction of liftoff effects in pulsed eddy current system on two layered
structure in time and frequency domain. Tian et al. proposed a normalization approach for compensating the lift-
off variation during the PEC inspection [5]. Zhang et al. [6] investigated characteristics of lift-off and tilt
variations to prevent hiding signal information caused by liftoff effect using finite element modeling which has
been exploited in electromagnetic field and impedance of a cylindrical probe-coil. Mandache et al. [7]
researched time gating technique for liftoff compensation in conventional and pulsed eddy current inspection.

Proper selection of probes and optimization of test parameters such as test frequency, phase angle, and gain is
important. In many situations, multi-frequency methods are also adopted [8]. The Eddy current inspection
system comprises a probe and impedance measurement. Fig. 1(a) shows an eddy current probe wound on a pot
core with 3.38mm OD and of 1.22mm ID as shown in Fig. 1(b). The test samples are zirconium weld metal with
different conductivity. IMHz of frequency for sine waveform is used as excitation current in order to measure
real and imaginary impedance on test samples.
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Fig. 1. The geometry of ferrite pot core

As shown in Fig. 2, a liftoff scanning system is used to generate the 1-D scan around specific location of test
sample. In data collection process, | mm of liftoff distance has been used up to 10mm of distance. Once data
collection, a total data is divided into train and test data with 7 to 3 ratio. For training data, RBF network has
been adopted and applied to test data set.
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Fig. 2. The overall block diagram with a scanning system

II1. RADIAL BASIS FUNCTION NETWORK

The idea of Radial Basis Function (RBF) Networks derives from the theory of function approximation [9].
Multi-Layer Perceptron (MLP) networks employs a hidden layer of sigmoidal units for approximating functions
[10]. Unlike MLP, main feature of RBF networks is two-layer feed-forward networks with hidden nodes with a
set of radial basis functions. This network training is divided into two stages: first the weights from the input to
hidden layer are determined, and then the weights from the hidden to output layer.

Given a set of N data points, X in a multi-dimensional space need to be mapped onto the corresponding target
output tPsuch that

F(xP) =t? vp=1,...,N. (1)
From Eq. (1), we need to find a radial basis function which satisfices the form ¢ (||x — xP||) where ¢(*) is some

non-linear function and ||x — xP|| is Euclidean distance between X and xP. The output is then a linear
combination of the basis functions, i.e.
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F60 =) wp(llx - x?) @
p=1

where, wy, is a weight vector satisfying the function on data points. Finally, by combining Eq. (1) and Eq. (2),
we can derive the following equation.

N
D = D wpp(llx? = x7) = ¢ ®3)
p=1

Similarly, Eq (3) can be represented in following matrix form by finding the inverse of ®:
dw=torw= @1t “4)

where, the vectors t = [tP] and w = [Wp] and matrix ® = ¢(||x? — xP||). Therefore, we can find a continuous
function passing on each data point when we have the weights.

IV. EXPERIMENTAL RESULTS

A. Experimental Setup

The quantitative liftoff variation experiment was employed to measure test specimen with zirconium weld
metal. Fig. 3 shows experimental setup used with the ferrite pot core probe as shown in Figure 1. Since
measuring region of sample geometry is very small, we used smaller core to reduce edge effect. The impedance
values were collected from center of the sample to avoid edge effects. The conductivity of test samples is
sample 1 (p=53.72uQ-cm) and sample 2 (p=55.19uQ-cm) respectively. Table I described parameter information
for liftoff variation experiment. The range for applied liftoff values is 0 to 10mm and collected by Imm of
increment.

Data processing
with Radial
Basis Function
Network
&
Calculate Error
Rate at zero of
Liftoff

Fig. 3. The experimental scanning system

TABLE I
Parameter values for experimental scanning system
Ferrite core type Pot core shape
Frequency 1MHz
Averaging times 256
Number of coil turns 30
Coil thickness 0.lmm

B. RBF Network Results

In our RBF analysis, the major characteristics are training and testing network. There is no general criterion
for choosing the number of training and testing data. In this research, we used 70% of training data and 30% of
testing data. Two different experiments were reviewed based on selection of factors for training data: One
contained real and imaginary with liftoff values. The other contained real and imaginary values without liftoff
values. Table II and III show results with two experiments. The error rates are not much different on both
experiments.
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TABLE IT
Results for training data with liftoff factor
Testing Testing Value Target Value Error Rate

liftoff real imaginary real imaginary real imaginary

0.2 3.8345 17.5778 3.97024 17.6095 0.674% 0.674%

Sample 1 0.5 2.57466 19.7693 3.97024 17.6095 0.173% 0.173%
0.8 1.96638 20.8336 3.97024 17.6095 -0.076% -0.076%

0.2 3.88037 17.6176 3.97377 17.6387 0.188% 0.188%

Sample 2 0.5 2.64387 19.684 3.97377 17.6387 0.222% 0.222%
0.8 1.99525 20.7997 3.97377 17.6387 -0.028% -0.028%

TABLE III
Results for training data without liftoff factor
Testing Testing Value Target Value Error Rate

liftoff real imaginary real imaginary real imaginary

0.2 3.8345 17.5778 3.97024 17.6095 0.660% 0.660%

Sample 1 0.5 2.57466 19.7693 3.97024 17.6095 0.183% 0.183%
0.8 1.96638 20.8336 3.97024 17.6095 -0.073% -0.073%

0.2 3.88037 17.6176 3.97377 17.6387 0.302% 0.302%

Sample 2 0.5 2.64387 19.684 3.97377 17.6387 0.153% 0.153%
0.8 1.99525 20.7997 3.97377 17.6387 -0.057% -0.057%

V. CONCLUSION

A liftoff variation characteristic with RBF network analysis has been reviewed. Eddy current testing based on

RBF network features have shown promising results in estimating liftoff distance on different conductivity
materials. The system is capable of estimating zero of liftoff distance from variable liftoff distances with 1 mm
increment. The system also shows similar results based on training RBF network with liftoff factors or without

liftoff factors. Later this system with liftoff variation can be useful for fast scanning on various unflatten
samples including aircraft to allow much more rapid inspection over large areas. More extensive evaluating with

large volume of data is currently underway.
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