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Abstract
Aiming at better sensitivity, higher efficiency and lower cost, a variety of eddy current testing (ECT) probes have been
developed for steam generator tube (SGT) inspection. Magnetoresistance sensors emerge as a promising alternative to coils
due to their advantages of fine spatial resolution and high sensitivity over a wide frequency range. However, it still lacks
quantitative comparison between the probes. This paper proposes a quantitative comparison of tunnel magnetoresistance
(TMR) array probe and coil array probe for SGT inspection. Based on repeated experiments, probability of detection (POD)
curves of the probes are calculated. It is found that the TMR array probe is superior for inspection of axially oriented defects.
For circumferential inner diameter defects, the POD of the TMR array probe is lower than the coil array probe. In addition,
this paper proposes a model-based POD calculation method with parameters obtained from experiment to compare the probes.
Only one defect is repeatedly inspected experimentally. Then the distribution characteristics of the experimental results are
calculated. These parameters are applied to calibrate numerical results and to generate probability distribution features. Lastly,
POD curves are calculated from the experiment and simulation data. The method is validated by comparing the calculated
POD curves of the array probes to the experimental POD curves, with average error 1.04% and 0.66% for the TMR array
probe and coil array probe, respectively. This method can be employed to compare different probes and optimize parameters
of a probe efficiently and economically in the future.
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1 Introduction

Steam generator of a nuclear power plant consists of thou-
sands of heat transfer tubes, which transfer energy from the
primary side of nuclear reaction contaminated with radioac-
tive materials to the circulating water of the secondary side.
Periodically inspection of steam generator tube (SGT) is sig-
nificant in ensuring nuclear power plant safety [1]. Eddy
current testing (ECT) is a widely used nondestructive testing
(NDT) technology. Over the past decades, different kinds of
ECT probes have been developed for SGT inspection, such
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as bobbin probe, rotating probe, X-probe [2] and array probe,
etc. Bobbin probe can scan fast and has excellent sensitiv-
ity for axial oriented defects, but it has limited detectability
to circumferential cracks. Moreover, it is difficult for a bob-
bin probe to identify multiple defects that are located at the
same axial position. Rotating probe such as pancake probe
and plus point probe [3] has better performance for defect
quantification than bobbin probe. However, as mechanically
rotating is required, the inspection speed of a rotating probe
is limited, and the probe is prone to wear. One faster solution
is to use probe with array coils/sensors, in which multiple
coils/sensors are arranged as an array to image the testing
sample [4–6]. Zhao Y et al. proposed an array ECT probe
of high efficiency and detectability. The excitation unit of
the probe contains large coils of spiral configuration, and the
pick-up unit consists of four small pancake coils with rectan-
gle arrangement [7].A novelweak coupling sensing structure
of pulsed eddy current was proposed in [8]. In [9], a flexible
arrayed eddy current sensor was developed to improve the
reliability of testing the hollow axle inner surfaces. To fur-
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ther improve the spatial resolution and operating frequency
range, hybrid ECT probes including excitation coils and
magnetic field sensors have been developed [10–12]. Tun-
nel magnetoresistance (TMR) sensor is a kind of magnetic
sensor based on quantum mechanics, in which electrons tun-
nel through an insulating layer. The resistance of a TMR
sensor depends on the applied magnetic field. TMR sensor
has advantages of high sensitivity, low power consumption
and small aging deterioration. As the size of a TMR sensor
can be very small, ECT probe with TMR sensors can obtain
magnetic field image with high spatial resolution. An eddy
current probe with integrated TMR sensors for SGT inspec-
tionwas proposed in [13]. Experimental results demonstrated
the feasibility of the concept and validated that the probe has
excellent ability to detect various defects.

Viewing those different kinds of probes, it is valuable
to compare their performances in quantitative manner for
making a proper choice in application. Reliability of a NDT
tool is a key parameter in evaluation of the effeteness of
the probe [14–16]. The most common metric for evaluation
of NDE techniques is probability of detection (POD), which
describes the likelihood of correctly identifying a defect, and
the probability of false alarm (PFA), which describes the
probability of labelling a good area as defective [17]. Tradi-
tionally, POD evaluations are entirely empirical, where flaw
signals and their variability are determined using large num-
ber of experimental measurements from different samples.
The experimental data are used to estimate the POD of the
NDT tool.Unfortunately, the determinationof thePODbased
on this method requires a rather extensive set of measure-
ments to obtain statistically sound estimates. In general, this
approach for generating POD curves is time consuming and
expensive [18], as it requires manufacture of a large number
of defective samples. Due to cost and time cycle pressures,
the NDT industry is trying to use simulated results instead of
experimental data to estimate POD curves [19, 20]. The POD
curve generated by simulation can avoid the time-consuming
and laborious, high cost and high cycle of experimental activ-
ities. Several authors refer to the NDT simulation concerning
POD curves as MAPOD (model assisted POD) [21]. How-
ever, the results of these numerical methods typically have a
certain deviation from the experimental results.

This paper proposes a quantitative performance evaluation
framework for comparison of array probes for SGT inspec-
tion based on POD calculation. Section 2 shows the concept
and theoretical backgroundofPODcalculation. InSect. 3, the
TMR array probe and coil array probe, as well as experimen-
tal results for SGT are presented. POD curves are calculated
based on experimental results, and the detection capabili-
ties of the two probes are compared. In Sect. 4, a calculation
method of POD curves based on simulationmodel and exper-
imental data is proposed. The proposedmethod only requires
repeated detection of one defect to obtain the parameters for

POD curves calculation. The discussion and conclusion fol-
low in Sect. 5 and Sect. 6.

2 Principle

A POD curve relates the likelihood of detection to a char-
acteristic parameter (a) of a defect [22]. Therefore, POD is
written as a function ofa.Assuming the response of the defect
with characteristic parameter a is â, POD can be obtained
from the relation between a and â. To simplify the discus-
sion, it is assumed that â is a function of a as written in
Eq. (1).

â � f (a) + δ. (1)

Here f is a transfer function from a to â, which should
be chosen properly to meet the calculation requirements
[22–24]. δ is the measurement error and it follows a distribu-
tion with zeromean and constant standard deviation τ . When
making decisions, the defect is detected if the â exceeds the
predefined decision threshold âdec. The POD is generated by
calculating the probability of the signal response exceeds the
decision threshold and shown as Eqs. (2) and (3).

POD(a) � Probability(̂a > âdec), (2)

POD(a) � 1 − �

{

âdec − f (a)

τ

}

, (3)

where � is a cumulative normal distribution function. The
mean value and standard deviation of � can be estimated by
the maximum-likelihood estimation method to achieve the
best fitting to the experimental data.

The threshold âdec is selected using an appropriate cri-
terion [25]. Following criteria may be used to select the
threshold.

2.1 Set PFA to a Constant

In many applications, it is desired to keep the PFA as low as
possible. The PFA is independent of the probability density
function (PDF) of the flaw signal and only depends on the
PDF of the background noise. The threshold is selected so
that the PFA is a constant.

2.2 Set POD of the Critical Flaw Size to a Constant

This scheme is useful when the inspection system is expected
to detect flaws that are bigger than a critical size. The thresh-
old is chosen so that the critical flaw is detected with a
specified POD.
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Fig. 1 Diagram of the defects in the tube wall of the SGT sample

3 POD Based on Experiment

Two array probes for SGT inspection, namely TMR array
probe and coil array probe are investigated experimentally.
The tested sample is an SGT with EDM machined defects.
Thematerial of the tube is Inconel alloy 690. The dimensions
of the tube are specified in Fig. 1. Eighteen defects were
machined on the tube wall (TW). The defect #1 to #9 are
axial notches, among which #1 to #4 are inner diameter (ID)
notches, #5 is through wall notch and #6 to #9 are outer
diameter (OD) notches. The length and width of the defects
are 2.54 mm and 0.127 mm, respectively. The depths of the
defects from left to right are 20% (ID), 40% (ID), 60% (ID),
80% (ID), 100%, 80% (OD), 60% (OD), 40% (OD), 20%
(OD) of the TW, respectively. The defect #10 to #18 are
circumferential notches with similar dimensions as the axial
notches. The manufacturing tolerance is±0.05 mm.

3.1 Probe Design

3.1.1 TMR Array Probe

An eddy current probewith integrated array TMR sensors for
SGT inspection was developed. The TMR sensors were wire
bonded on a circular PCB, as shown in Fig. 2. The sensing
directions of the sensors were placed along the radius of
the circular board, in which way the radial component of
the magnetic field (Br) was measured. The probe consists
of 32 sensors. The TMR array sensors were placed inside a
3D printed plastic structure. A cylindrical coil was wounded
outside of the sensors, inwhich alternating currentwas driven
to induce eddy current in the TW. The OD, ID, height and
number of turns of the coil were 16 mm, 15.8 mm, 8 mm
and 200 respectively. The array TMR sensors were placed
in the center of the coil. More details of the TMR probe can
be found in [13]. The probe can work in a wide temperature
range from − 40 to 80°C and can work normally in a steam
generator of nuclear power plant. However, the long-term
stability of the probe in a radiation environment has not been
tested yet.

3.1.2 Coil Array Probe

The coil array probe consists of two rows of coils. Each row
has 16 coils that cover the full circumference of the inner
tube. The inner and OD of the coils are 0.5 mm and 2.6 mm
respectively. The height of the coils is 0.5 mm. The spacing
between the two rows is 6mm. TheODof the array is 16mm.
The probe works in transmit-receive mode, e.g., at each time,
a coil carrying AC current is activated as a transmitter, and
three other coils are selected as receivers picking up the mag-
netic field. Multiplexers are used to switch on different coils
at different time slots. The axial channels are obtained by
transmitting from coil A(n) to B(n) and B(n + 1), which are
noted as Coil-A in following context. The circumferential
channels are obtained by transmitting from A(n) to A(n + 1),
which are noted as Coil-C. Here n is an integer ranging from
1 to 16, and coil A17 is the coil A1 and coil B17 is the coil
B1 (Fig. 3).

3.2 Experiment Setup

The experimental system is shown in Fig. 4. The data col-
lection is controlled by a computer, which controls a gantry
system pulling the probe scanning inside the tube. The move
speed is 1mm/s, and step size is 0.5mm.A sinusoid voltage is
generated by a signal generator (NI PXIe-5413 module) and
is connected to the excitation coil. The outputs of the array
sensors are multiplexed and then amplified, details about the
circuits can be found in [5] and [13]. The switching time of
the multiplexers is less than 1 µs. Considering the circuit’s
low-pass filter and the software delay, each probe requires
about 10 ms to obtain a set of signals from all the sensors. A
data acquisition card (NI PXIe-5753) is used to digitalize the
output signal of the probes. The address signal of the multi-
plexer is also generated by this module during the inspection.
Lastly, the magnitudes and phases of the sinusoidal signals
are calculated with a LabVIEWVI. The reference signal was
obtained from the excitation voltage.

3.3 Raw Experimental Images

The tube sample was scanned by the TMR array probe and
coil array probe separately. The frequencies of the probes
were optimized by sweeping the frequency of each probe and
the frequency with the best defects’ indications were utilized
in the experiment. For the TMR array probe, the frequency
of the excitation current was set to 30 kHz. The raw images
of the TMR array probe are presented in Fig. 5. It is seen
that most of the defects are observable from the images. The
signal amplitudes of the axial defects are an order higher than
that of the circumferential defects indicating that the probe
is more sensitive to the axial defects. This is because the
eddy current induced by the excitation coil of the probe flows
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Fig. 2 a Picture of the TMR
sensors bonded on a circular
PCB and b diagram of the TMR
array probe [13]
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Fig. 3 a Schematic diagram and configuration of the three channels of
the coil array probe, and b photograph of the coil array probe
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Fig. 4 Diagram of the experiment system

circumferentially in the TW, which will be disturbed much
more significantly by an axial oriented defect compared with
a circumferential oriented defect. It should be noted that the
images in Fig. 5 were obtained simultaneously in a single
probe pass. Due to the difference in signal amplitude, they
are plotted in separate plots with different color bars to show
the smaller signals more clearly.

The TMR sensors’ outputs are proportional to the mag-
netic field. Unlike this, the outputs of the coils are pro-
portional to the differential of the magnetic field to time.
Therefore, the optimum operating frequency of the coil array
probe is much higher than the TMR array probe. Since the
effect of frequency is affected by the characteristics of the
coils that are used to construct the probe, the optimum fre-
quency may differ for different probes. For the coil array
probe used in this study, the operating frequency was set to
300 kHz. The penetration depth of eddy current is inversely
proportional to the square root of the excitation frequency.

Fig. 5 Experimental results: real component of theTMRsensors’ output

Fig. 6 Experimental results: amplitude of the axial channels (Coil-A)
of the coil array probe

So, the frequency should not be too high, and the penetration
depth of the TMR probe is larger than the coil array probe.
The raw images of the coil array probe are depicted in Figs. 6
and 7, where Fig. 6 shows the outputs of the axial channels
(Coil-A) and Fig. 7 presents the images of the circumfer-
ential channels (Coil-C). It is seen that the axial defects are
more clearly observed in the axial channels. The circumfer-
ential channels are more sensitive to circumferential defects.
The images were obtained in a single probe pass but plotted
separately.
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Fig. 7 Experimental results: amplitude of the circumferential channels
(Coil-C) of the coil array probe
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Fig. 8 Experimental results: mean values of Vp versus defect depth for
the TMR array probe

3.4 Repeat of the Experiment and Analysis

To evaluate the reliability of the probes, the experiments
were repeated 30 times with multiple sets of output images
obtained. Then, the mean value and variance of the peak
signal of the defects (Vp) were analyzed. Figures 8, 9 and
10 present the mean values of Vp of the TMR array probe,
Coil-A and Coil-C of the coil array probe respectively, where
ID-A, OD-A, ID-C, OD-C refer to the axial defects located
on ID of TW, axial defects located on OD of TW, circum-
ferential defects located on ID of TW and circumferential
defects located on OD of TW respectively.

It is seen that with the increase of defect depth, the mean
value of the signal becomes larger. The variances of Vp cal-
culated based on the repeated experiments are presented in
Fig. 11, where the variances of ID-A defects with depths
varying from 40 to 80% of the TW are shown. It is seen
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Fig. 9 Experimental results: mean values of Vp versus defect depth for
Coil-A of the coil array probe
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Fig. 10 Experimental results: mean values of Vp versus defect depth
for Coil-C of the coil array probe

that Vp is positively correlated with the defect depth. The
variation of the Vp is small compared with its mean value,
which is reasonable considering the fact that all the experi-
mental conditions were kept the same during the repeated
experiments. Therefore, the variance of a certain kind of
defect can be approximately considered to be the same. So,
the distribution characteristics calculated from the repeated
experimental results of a defect can be applied to the numer-
ical results for POD calculation.
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Fig. 11 Variances of Vp of three ID-A defects with different depths
measured with the TMR array probe and the coil array probe
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Fig. 12 POD curves of axial defects calculated based on the experimen-
tal data

3.5 POD Curves Based on Experimental Data

To simplify the POD calculation, the transfer function (f ) of
the output voltage versus defect depth are approximately lin-
early fitted. To facilitate comparison, the detection threshold
of each probe was chosen by setting PFA� 5%. POD curves
of the probes calculated with Eq. (3) are shown in Figs. 12
and 13.

It is seen from Fig. 12 that for axial defects located on
the ID of the tube, the POD curve of the TMR array probe
is uppermost. The POD curve of the axial channel of the
coil array probe is close to the curve of TMR array probe and
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Fig. 13 POD curves of circumferential defects calculated based on the
experimental data

both probes can reachmore than 90%of POD for defectswith
depth greater than 10% TW. It is a well-known fact that the
axial channel of a coil array probe is much more sensitive to
axial defects than the circumferential channel. For the axial
defects located on the OD of the tube, the POD curve of
the TMR array probe is higher than the curves of the coil
array probe. Taking the OD defect with depth 10% TW as an
example, the POD of the TMR array probe is 64%, while the
POD of the coil array probe is only 35%. Consequently, it
concluded that the TMR array probe has better performance
for detecting axial OD defects than the coil array probe.

It is seen from Fig. 13 that for circumferential ID defects,
the POD curve of the circumferential channel of the coil
array probe is at the top, 100% detection probability can be
achieved for defect with depth 10% TW, which verifies the
fact that the circumferential channel is more sensitive to the
circumferential defects than the axial channel. For the ID
circumferential defects, the POD curve of the TMR array
probe is below the POD curves of the coil array probe. This
is because the eddy current induced by the TMR array probe
flows circumferentially in theTW.Therefore, circumferential
defects do not disturb the distribution of the eddy current as
much as axial defects with similar dimensions, resulting in
that theTMRarray probe is not as sensitive to circumferential
defects as axial defects. For the OD circumferential defects,
the POD curve of the coil array probe is below the POD
curve of the TMR array probe. This is because the excitation
frequency of the TMR is lower than the coil array probe,
resulting in larger penetration depth which is more suitable
for far-side defects inspection.
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4 Model-Based POD CalculationMethod
with Parameters from Experiment

It is expensive and time consuming to obtain POD curves
experimentally. An alternative approach is using numerical
model to estimate POD of a probe. However, it is difficult to
achieve reasonable assumptions about the parameters in the
numerical calculation. To figure out this problem, this paper
proposes a model-based POD (MPOD) calculation method
with parameters obtained from experiment.

4.1 Numerical Model

Three-dimensional (3D) finite element method (FEM) mod-
els were built to calculate the responses of the TMR array
probe and the coil array probe. The geometry dimensions and
material properties in the numerical model are similar as that
in the experiment. The governing equation of the FEMmodel
is the reduced magnetic vector potential (RMVP) formula-
tions [5]. According to the RMVP formulation, the magnetic
vector potential (MVP) due to current source and the source
magnetic field intensity were calculated analytically at each
scan point. The coil array probe consists of two rows of 16
pick-up coils. The center distance of the two rows of coils
is 6 mm. The OD of the coil array is 16 mm. The OD, ID,
height of the pick-up coil in the coil array probe are 2.6 mm,
0.5 mm and 0.5 mm, respectively. The number of turns of
each coil is 100. The OD, ID, height and number of turns of
the TMR excitation coil are 16 mm, 15.8 mm, 8mm and 200,
respectively.

The simulation models for the two probes are presented in
Fig. 14, where the surrounding air is not shown. The dimen-
sions of the steam generation tube are 30 mm in length,
19.04 mm in OD and 16.86 mm in ID. The conductivity
and relative permeability of the tube are 8.7 × 105 S/m and
1 respectively. The conductivity and relative permeability of
the air are 0 S/m and 1 respectively. The number of elements,
nodes, Dirichlet nodes of the model are 247104, 254849 and
15290, respectively.

With the FEM model, the magnetic vector potential A at
each node position was numerically solved. Then, the mag-
netic fields at the locations where the TMR array sensors
were located were calculated as Eq. (4).

B � ∇ × A

Br � Bxcosθ + Bycosθ (4)

where B is magnetic flux density, Bx and By is the x- and
y-component of B, θ is the angle of the observation point
depart from the x-axis and Br is the radial component of B.

For the coil array probe, the induced voltages (V ) of the
pick-up coils were calculated as Eq. (5).

V � − jωN
∮

Ad l, (5)

whereN is the number of turns of the coil, the loop integration
is along the circumference of the coil.

4.2 Model Validation

To make the numerical results comparable with the corre-
sponding experimental signals, the simulated results need to
be calibrated. The amplitude and phase difference between
the simulated signals and the experimental signals were cal-
culated. Then two parameters, namely amplitude factor (α)
and phase angle (θ ) were obtained. The calibration of a sig-
nal was nothing but multiplying the phasor domain signal
with a complex number αejθ . In this study, the signal of
the ID defect with depth 60% TW was utilized to calcu-
late the calibration factors. Figure 15 shows the comparison
of the real component of the TMR array probe for the axial
ID defect with depth 60% TW. Figures 16 and 17 show the
comparison of the experimental and simulated results of the
coil array probe for an axial ID defect and a circumferential
ID defect with depth 60% TW. It is seen that the simu-
lated results are similar to their corresponding experimental
images, and the calibrated simulated results are comparable
with the experimental signals quantitatively. These results
validate the numerical model.

4.3 Calculation of POD Curves Based on Numerical
Model

The flow chart of MPOD calculation method with parame-
ters obtained from experiment is as shown in Fig. 18. Firstly,
a group of defects with different dimensions are calculated
based on the simulation model resulting in a group of sim-
ulated data for POD calculation. Next, the features of the
signals, e.g., peak value of its amplitude Vp, are extracted.
In parallelly, a typical defect is repeatedly inspected by the
probe with different operators at different time. The defect
with depth 60% of the TW is selected in this study. It is
worth noting that other defects are also feasible as long as
the signal-to-noise ratio of the signal is sufficient to extract
the features accurately. Then the simulated results are cal-
ibrated according to the experimental results. It is assumed
that the unknown variation in a real sample would affect both
probes in the same manner. The distribution characteristics
of the experimental results are calculated, which are then
applied to the simulated results to generate data with normal
distribution. So, a PDF is generated for each depth. Finally,
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Fig. 14 Simulation model:
a schematic showing the tube
and the coil array probe,
b schematic showing the tube
and the excitation coil of the
TMR probe, and c top view of
the tube
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Fig. 15 Comparison of the real component of the TMR array probe
for the axial ID defect with depth 60% TW: a experimental image,
b simulated image and c line plots along the z-axis through the center
of the defect

the POD curve is obtained according to Eq. (3) with a set
threshold value.

5 Results and Discussion

To validate the method of calculating POD curve based on
simulation and experiment, the POD curves calculated with
this method were compared with the POD curves obtained
from the experimental data, as shown in Figs. 19 and 20. Here
the solid line and dashed line curves are calculated based
on experimental data and MPOD respectively. These curves
cover the comparison of the axial, circumferential, ID and
OD defects detection capabilities of the two probes.

As demonstrated before, the TMR array probe has better
detectability for axial defects than circumferential defects.
Therefore, the POD curves of the TMR array probe for ID

Fig. 16 Comparison of the amplitude of the Coil-A for the axial ID
defect with depth 60% TW: a experimental image, b simulated image
and c line plots along the z-axis through the center of the defect

and OD axial defects calculated based on the MPODmethod
are compared with the experimental curves in Fig. 19.

For circumferential defects, Coil-C image of the coil array
probe has better performance than the Coil-A. Thus, the POD
curves of Coil-C and the TMR array probe are selected to
be compared in Fig. 20 for circumferential ID defects. It is
confirmed that the coil array probe is better for inspection
of circumferential defects than the TMR array probe. It is
seen that the POD curves calculated with MPOD are similar
with the curves obtained from experiment. The average error
between the experimental POD curves and MPOD curves
are 1.04% and 0.66% for the TMR array probe and coil array
probe respectively, which validates the method.

It should be noted that the POD curve calculation based
on MPOD only needs experimental results of one defect,
which significantly reduced the cost of preparing samples.
In addition, as the simulated results are calibrated according
to the experimental results and the statistical characteristics
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Fig. 17 Comparison of the amplitude of the Coil-C for the circumferen-
tial ID defect with depth 60% TW: a experimental image, b simulated
image and c line plots along the z-axis through the center of the defect

Experimental data
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Feature extraction

FEM simulated data

Calibration

Massive feature reconstruction

POD curves

Feature extraction

Simulated data Experimental data

Combination of simulation and experiment

Fig. 18 Flow chart of calculating POD curve based on model-based
POD with parameters obtained from experiment

of the signal are obtained from the repeated experiments,
uncertain parameter choices are avoided. Therefore, the POD
curves obtained with this method are more accurate than the
purely numerical method. In the future, this method may be
employed to compare the performance of different probes
and optimize the parameters of a probe efficiently and eco-
nomically.
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Fig. 19 POD curves calculated based on experimental data and MPOD
of the TMR array probe for axial defects. Here the solid line curves are
calculated from experimental data and the dashed curves are obtained
with MPOD (marked by *)
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Fig. 20 POD curves calculated based on experimental data and MPOD
of the coil array probe and TMR array probe for circumferential ID
defects. Here the solid line curves are calculated from experimental
data and the dashed curves are obtained from MPOD (marked by *)

6 Conclusion

Two array probes for SGT inspection, namely a TMR array
probe and a coil array probe, are compared based on POD
evaluation in this paper. The TMR array probe consists of
32 sensors that were placed inside a 3D printed plastic struc-
ture. An excitation cylindrical coil was wounded outside of
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the sensors to induce eddy currents in the TW. The coil array
probe consists of two rows of coils and each row has 16 coils
that cover the full circumference of inner tube surface. The
coil array probe works in transmit-receive mode with two
sets of images (Coil-A and Coil-C) obtained. A SGT sample
with machined defects was inspected by the probes repeata-
bility with multiple sets of images obtained, from which the
POD curves of the probes for different kinds of defects were
calculated and quantitatively compared. It was derived from
the POD curves that the TMR array probe has the best perfor-
mance for detection of axial oriented OD defects. For axial
defects that are located ID of the TW, the two probes have
comparable detectability. The axial channel of the coil array
probe is much more sensitive to axial defects than the cir-
cumferential channel, and the circumferential channel of the
coil array probe is much more sensitive to circumferential
defects. For the circumferential ID defects, the POD curve
of the TMR array probe is lower than the POD curves of the
coil array probe. This is because the eddy current induced
by the TMR array probe flows circumferentially in the TW.
Therefore, the excitation method of the TMR array probe
is desired to be optimized to achieve better sensitivity for
circumferential defects.

As it is expensive and time consuming to obtain POD
curves experimentally, a MPOD calculation method with
parameters obtained from experiment was proposed in this
paper. Only one defect needs to be repeatedly tested by the
probe experimentally. Then the distribution characteristics of
the experimental resultswere calculated. Sufficient simulated
data for defects with different dimensions was calculated
numerically. The simulated results were calibrated according
to the experimental results. Next, the distribution character-
istics calculated from the experimental results were applied
to the numerical results to generate data with certain proba-
bility distribution. Lastly, POD curves were calculated from
the data. This method avoids uncertain parameter choices
of calculating POD curves based on numerical model. The
method is validated by comparing the calculated POD curves
of the array probes to the experimental curves. It is found that
the average error between the experimental POD curves and
MPODcurves are 1.04% and 0.66% for the TMR array probe
and coil array probe respectively. MPOD can be employed
to compare different probes and optimize the parameters of
a probe efficiently and economically in the future.
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