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Nondestructive testing methods utilize various sensors, and different signal types require
different processing methods. Digital implementation of signal processing methods can expand the
variety of methods implemented by one system. An eddy-current test system based on the E14-440
module has been developed. Quadrature amplitude demodulation and fast Fourier transformation
are implemented to analyze the signal. The amplitude, phase, and complex parts of the signal are
calculated. It is shown that both methods are applicable and allow elimination of some analog cir-
cuits. However, digital signal processing significantly depends on conversion rates and synchroni-
zation between generation and pickup of the signal.
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Introduction

Multipurpose hardware-software systems for nondestructive testing and evaluation have
great potential [1]. Each nondestructive method employs a great number of different sensors that
require corresponding signal processing circuits. Such circuits can represent amplification, signal
processing, filtration, etc. However, some signal processing methods can be implemented digitally.
These methods are Fourier transformation, signal modulation, filtration, and others. In this way, one
device with unified hardware and different software is able to implement a wide range of nonde-
structive testing methods. Yet, such devices require further investigation.

Methods and materials

One of the key signal processing methods in eddy-current testing is quadrature amplitude
modulation [2], which allows the evaluation of the amplitude and phase of the signal. A typical cir-
cuit is shown in Fig. 1. Such circuits usually process sinusoidal waves with a single frequency. This
scheme provides only four signal characteristics: amplitude, phase, as well as real and imaginary
parts of the signal. Moreover, it is complicated to analyze the initial signal from the coil after de-
modulation and filtration. Thus, pulsed eddy-current techniques often employ signals collected in
the air or on the surface of a non-defective specimen as the reference signal [3].

To perform tests, an E14-440 high-speed external input/output module with a USB interface
was used. The most significant components are an analog-to-digital converter (ADC), a digital-
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to-analog converter, a programmable amplifier, and a USB interface. The main characteristics of the
module are described in Table 1.

Measurements were carried out under the following settings:

e ADC rate was set to a maximum of 400 kHz to expand the range of signal frequencies;

e DAC rate was set to 100 kHz. Thus there are four ADC counts per DAC count;

e The refresh rate of most devices ranged between 60 and 120 Hz. Thus the sampling rate
should correspond to these values. The buffer size must be a power of 2. For the ADC buffer size
of 4096 samples, the data refresh rate was 96.75 Hz. DAC buffer size was smaller by a factor of 4,
respectively.

The aforementioned settings allow analyzing signals in frequencies between 97.67 Hz
and 12.5 kHz. The frequency range is mostly limited by the DAC rate and the DAC buffer size.
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Fig. 1. Block diagram of an analog eddy-current system [2]
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Fig. 2. Block diagram of the test eddy-current system. PC — personal computer,
PA — power amplifier, ECT — eddy-current transducer
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An encircling coil probe was used for testing. The driving coil has 700 turns of 0.25 mm
wire and the pickup coil has 1000 turns of 0.10 wire. The inner diameter of the coils is 11 mm, the
length is 80 mm. A standard amplifier scheme based on TDA2006 is used to provide current to the
driving coil. The pickup coil is directly connected to the analog input of the module as far as it has
an internal voltage amplifier. The voltage of the pickup coil is widely used as a signal for various
applications [4-6]. The block diagram of the test eddy-current system is shown in Fig. 2.

Table 1. Specifications of the E24-440 module

Parameter Typical Value Units
Number of channels (ADC+DAC) 16+2 —
ADC resolution 14 bit
Input ranges +10V; £2.5V; £0.625V; +0.156 Vv
Maximum ADC rate 400 kHz
DAC resolution 12 bit
Output range +5 \Y
Maximum DAC rate 125 kHz
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Fig. 3. The graphical user interface of the developed software

Corresponding software was developed to analyze the signal. Quadrature amplitude demod-
ulation (QAD) and fast Fourier transformation (FFT) [7] algorithms were used. The software user
interface is represented in Fig. 3. At the upper left part of the interface, the signal is displayed in
polar coordinates. At the lower left part of the interface, a signal is displayed in amplitude and time
coordinates. The right part of the interface displays amplitude and frequency calculated with QAD
and FFT, real and imaginary parts calculated with QAD.

Table 2. Specimen properties

Number Material Diameter, mm Rleosg tg'rt%/ ' Con&gtr'%/ 'y,
1 Brass 10.02 6.49 15.42
2 Aluminum 9.57 5.67 17.63
3 Aluminum 9.87 5.76 17.36
4 Steel 10.05 11.47 8.72
5 Steel 9.97 14.20 7.04
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Five cylindrical specimens of different materials were used. Electrical conductivity was
measured with the four-point method. The properties of the specimens are presented in Table 2.
The electrical conductivity of the aluminum specimens is lower than expected.

Results

The absolute values of amplitude, phase, and real and imaginary parts of the signal with dif-
ferent specimens have been measured for different signal frequencies. The E14-440 module has a
random delay between the start of the ADC and the DAC. Therefore, the starting values of the
phase, real and imaginary parts of the signal are also random. While the ADC and DAC are started,
one can measure the change between values with and without specimens. Both the starting value
and the value change should be stable. Random delay leads to random relative change in real and
imaginary parts for every start of the system. Thus the absolute amplitude value, the absolute ampli-
tude change, and the absolute phase change can be used as meaningful parameters of eddy-current
testing for the present system.

The amplitude values calculated with QAD and FFT are equal. The phase values calculated
with these methods differ by 90°. On the one hand, QAD allows calculating complex parts of the
signal. On the other hand, FFT provides the signal specter. In this way, both methods are valuable,
and they should be implemented jointly.

The absolute amplitude changes and the absolute phase changes calculated with QAD
for the range of signal frequencies for different specimens are shown in Fig. 4.

5] ) 01 =,
o ' @ 2 ..‘“‘\“\g- ‘/ @
S 41" 3 —10+ .
o] . v—4| 5 »
34 5 5 —20-
% ;C:D w
| 5 s —301
[ e 'S
S 2 —401, >
=1 . < -
2! ' £ —50° &
s . 2
< 04 s \ —60 ; & 2’1
¥ 5
_] I M _70 T T T T T T l’ .
0.125 025 0.5 0.125 025 0.5 1 2 4 8
Frequency (kHz) Frequency (kHz)
a b

Fig. 4. Absolute amplitude change (a) and absolute phase change (b) for the specimens
in the frequency range from 97.67 Hz to 12.5 kHz

The observed changes differ for ferromagnetic (4, 5) and non-ferromagnetic (1-3) speci-
mens in the amplitude value, the phase value, the amplitude sign, the phase sign, and peak frequen-
cies. The ferromagnetic specimens show significant amplitude and phase change at low frequencies.
The most suitable frequency to distinguish ferromagnetic objects is 97.67 Hz. Non-ferromagnetic
specimens show less significant change in parameters with higher peak frequency. It is also difficult
to distinguish non-ferromagnetic objects by amplitude or phase. A more significant difference
among the specimens might be expected at even higher frequencies of excitation signal, which is
above maximum of the developed system. Therefore, normalized or complex parameters should
be used.
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Discussion and conclusion

The test system based on an E14-440 module has been developed. Quadrature amplitude
demodulation and fast Fourier transformation have been employed in digital signal processing at
frequencies of 97.67 Hz to 12.5 kHz. Specimens made of aluminum, brass, and steel have been test-
ed. The developed system provides observation of significant amplitude and phase changes of the
signal for various materials, which can be used for material characterization.

The implemented digital methods of signal processing are believed to eliminate the need
for analog demodulators and low pass filters. They expand the range of analyzed signals. However,
the methods significantly depend on DAC and ADC rates and processing capabilities of processors
and microcontrollers used.
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