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Abstract—To overcome the directional properties of a planar
meander-type sensor, a new planar micromagetic sensor having
mesh-type configuration is reported in this paper. Analytical
_models are usually used for the characterization of the planar-type
sensors. Sensors having mesh-type configuration have been
fabricated for the derivation of the optimum coil pitch.

Index Terms—Meander-type configuration, mesh-type con-
figuration, near-surface material properties, nondestructive
evaluation techniques, planar-type sensors.

1. INTRODUCTION

OR THE estimation of the near-surface material proper-

ties (e.g., conductivity, permeability, thickness, etc.), the
application of a planar-type meander magnetic sensor has al-
ready been reported {1], [2]. In order to overcome the direc-
tional properties of meander-type sensors, a new type of sensor
having a mesh cenfiguration has been fabricated. A two-dimen-
sional (2-D) analytical model of one pitch of the sensor has been
developed for the calculation of transfer impedance and other
parameters. The problem of edge effect is difficult to overcome
in the analytical model. This paper reports the selection of the
optimum pitch based on the experimental results. Five types of
sensor having pitches of 1.4, 1.8, 2.166, 2.6, and 3,25 mm have
been fabricated.

The transfer impedance (i.e., the ratio of voltage of the
sensing coil to the current of the exciting coil) is used to
evaluate the near-surface material properties which can predict
the mechanical fatigue and some other characteristics of the
material [3]. A neural network modet is used for the postpro-
cessing of the parameters from the measured impedance data,

II. CONFIGURATION OF SENSOR

The sensor consists of two coils. The exciting coil carries a
high-frequency sinusoidal current to generate the ac magnetic
field. The sensing coil is placed above the exciting coil and
is used to pick up the induced voltage. Fig. 1 shows the con-
figuration of a planar meander-type magnetic sensor fabricated
and developed in the laboratory for the inspection of defects of
the printed circuit board (PCB) [4]. The conductors in the PCB
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Fig. 1. Configuration of meander-type magnetic sensot.
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Fig. 2. Configuration of mesh-type magnetic sensor.

being long, the meander-type configuration is the only option
available, but it is difficult to get any information about the inner
layer crack aligned in parallel with the meander conductor as
shown in Fig. 1. Since the detection of the existence of cracks
is based on the effect of eddy-current flow, a crack parallel to
the exciting meander conductor will affect the flow of eddy cur-
rents only slightly. In order to overcome the directionat property,
a planar mesh-type micromagnetic sensor as shown in Fig, 2 is
developed and is used for the estimation of near-surface material
properties.

1II. EXPERIMENTAL DETERMINATION OF OPTIMUM COIL PITCH

Usually, an analytical model is used for the characterization
of the sensor and one coil pitch is assumed for that purpose, as
shown in Fig. 3. This is based on the assumption that the length
of the coil is very large compared to the pitch so that the edge
effect can be neglected. For the meander-type configuration, the
length is more than 10 times the pitch, therefore, the error due
to the edge effect is small. But in the mesh-type configuration,
because the length (e.g., pitch 1 in Fig. 2) is the same as the
length of the pitch (pitch 2), the edge effect cannot be neglected.
This effect is clearly seen in the analytical results. A typical
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Fig. 3. Two-dimensional representation of analytical model of one coil pitch.
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Fig. 4. Schematic of electroplated material.
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Fig. 5. Variation of resistive part of the transfer impedance with the
conductivity of the intermediate layer for different coil pitches.

case is presented here. To inspect the electroplated material used
in the blade in a gas turbine, catastrophic failure is very much
dependent on the intermediate layer, as shown in Fig. 4.

A few analytical results for this case are presented here. Fig. 5
shows the variation of the resistive part with the conductivity of
the intermediate layer for different coil pitches. It 1s seen that
the resistive part 1s a maximum corresponding to the coil pitch
of 2.166 mm. Fig. 6 shows the variation of the resistive part
with the liftoff of the sensor for different coil pitches. It is very
difficult to choose the optimum pitch of the sensor from this
result. In order to avoid this problem, an experimental approach
1s adopted for the determination of optimum coil pitch of the
SeNSor,

Five types of sensor, having pitches of 1.4, 1.8, 2.166, 2.6,
and 3.25 mm, have been fabricated and characterized using
the experimental setup as shown in Fig. 7. A Hewlett-Packard
impedance analyzer HP 4194 A 1s used for the measurement of
transfer impedance. A square coil pitch has been assumed here,
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Fig. 6. Variation of resistive part of the transfer impedance with the liftoft ot
the sensor for different coil pitches.
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Fig. 7. Experimental setup.

TABLE 1
EXPERIMENTAL DATA

, Pitch | Pitch | Pich | Piteh J Pitch
Matenal l4dmm | 1R mm|2.166 mm2.6 mm| 3.25 mm
Copper |0.0559 | 0.0639 [0.0642 | 00623 0.0589
Alumioum | 0.0748 | 0.0862 (0.0875 | 0.0839 | (.0786
Molybder hno11 | 6.2 (0.1159 | 0.10961 0.1054
Num =
T““ESIenlﬂ.W]S 0.1124 50.1]6? 01103 | .1079

which means pitch 1 and pitch 2 of Fig. 2 are the same. An
integer number of coil pitches has been assumed and the area
covered by each of them is kept constant.

Table I shows the experimental results. The resistive part of
the transter impedance for different surface materials with dif-
ferent coil pitches of the sensor are shown. It is seen that the
resistive part of the impedance increases with the increase in
coil pitch from 1.4 to 2.166 mm and then starts decreasing. So
the coil pitch corresponding to 2.166 mm 1s chosen as the op-
timum coil pitch for the present configuration of the sensor. The
impedance is used for the estimation of surface material prop-
erties through a neural network model.

IV. EXPERIMENTAL IMPEDANCE DATA AND ESTIMATION OF
NEAR-SURFACE MATERIAL PROPERTIES

The transfer impedance of the sensor obtained from the
experiment 1s used for the estimation of near-surface material
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Fig. 9. Schematic representation of neural network model.

properties. The transfer impedance of the sensor depends in a
complex way on near-surface material properties along with
many other parameters. There is no simple and direct method
of estimating the near-surface properties from the impedance
data. An approach based on an off-line generated grid system
is used in [1]. The data for the grid system is generated from
the analytical model and is developed by plotting the imaginary
part of the impedance versus its real part for the parameters of
interest at one particular frequency. A conductivity—thickness
measurement grid, shown in Fig. 8, corresponds to an operating
frequency of 1 MHz. Each node of the grid system in Fig. 8
has fixed conductivity and thickness. The measured impedance
data is plotted on the grid as shown by O in Fig. 8 and the
surface properties are estimated by interpolation technique.
Instead of using the grid system, the use of a neural network
model is reported here. A schematic representation of a simple
neural network model is shown in Fig. 9 in which the real and
imaginary part of the impedance are used as mnputs. The con-
ductivity and thickness (or liftoff) are considered as outputs.
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TABLE 11
COMPARISON OF RESULTS OBTAINED USING GRID SYSTEM
AND NEURAL NETWORK

Conductivity of From grid Using neural

aluminium system, §/m x 10’ network mode,
S/m x 10’

with no lift-off 3.6 353

with 0.1 mm lift-off 37 354

with 0.2 mm lift-off 38 353

with 0.3mm lift-off 38 351

with 0.4 mm lift-off 34 3.48

MATLAB’s neural network toolbox has been used for the sc
lution. The data used for the generation of the grid system ca
be used to train the neural network. Depending on the situ:
tion, the model can have two, three, or even more outputs. .
simple model has been developed and the results obtained fror
it are compared with that obtained utilizing a grid system (2] 1
Table II. It is seen that the level of error is consistent. The lev
of the error can be reduced using experimental data to train th
network.

V. CONCLUSION

A new planar micromagnetic sensor having mesh-type cor
figuration is reported in this paper. The optimum pitch of th
sensor has been derived from the experimental results. The me:
sured transfer impedance of the sensor has been used for th
estimation of near-surface material properties through a simpl
neural network model.
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