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Portable device for measuring the impedance spectrum of steels and method of

measurement

Field of the invention

The invention relates to the field of non-destructive diagnostics of steels, in particular refractory

steels, using impedance spectroscopy.

Background of the invention

The impedance spectrum is the output of an impedance spectroscopy measurement. Impedance
spectroscopy is an experimental measurement method that can be used to determine the
properties of the system under study, e.g. the structure of the alloy in the surface layer. The
measurement method is based on sending a sinusoidal electrical voltage signal through the
sample to be measured (e.g. alloy-steel) and then measuring the complex impedance Z as a
function of frequency f. The measured results are subsequently evaluated to provide a non-

destructive diagnosis of the measured sample.

Diagnostics using impedance spectroscopy is applicable in industry, because the lifetime of
components, especially in the energy industry (steam pipelines, etc.) is determined on the basis
of a calculation with a significant safety coefficient. With regard to cost optimisation, industrial
components can be operated beyond their planned service life if the safety of operation is
ensured, e.g. by using non-destructive diagnostic measurements. Currently, the most commonly
used methods include total strain measurements on the dies, hardness measurements,
microstructure condition assessment by replica sampling, and detection of macro-cracks by

magnetic powder method.

The main disadvantages of these established methods include low sensitivity, lack of robustness
to adverse operating environments. Furthermore, it is known that replica sampling is a time-
consuming method and the microstructure evaluated on the surface often does not correspond

to the microstructure immediately below the surface. Modern diagnostic methods include those
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based on the principles of micro-indentation, eddy currents and ultrasound. These diagnostic
methods are still in the development or pilot deployment phase in the context of the energy
industry. The main disadvantages of these methods are their sensitivity only to the state of the
microstructure of the surface layer and, in the case of ultrasound, their low sensitivity to changes

in the microstructure.

There are inventions US 7 443 177 (B1) and CA 1 235 749 (A), which deal with the use of
potential methods in diagnostics, but neither of them addresses the relationship between the

electrical impedance spectrum and the state of the microstructure of the material under test.

The object of the invention is to provide a portable device for measuring the impedance
spectrum of steels, in particular refractory steels, and a method of measurement which can
provide information about the microstructure of the material under test not only in the surface
layer but also deeper in the volume of the material within the framework of non-destructive

diagnostics.

The subject of the invention

The task is solved by creating a portable device according to the invention described below.

The portable steel impedance spectrum measurement device is made up of a portable device
body, which gives the portable device the character of a rigid body, at the same time protects
the components of the portable device from damage, and insulates the electrical components of
the portable device. Another component of the portable device is a control unit for controlling
the operation of the portable device, which is housed within the body. The control unit is a self-
contained electronic device that operates according to a software program stored therein and
actual user instructions. The portable device further comprises at least one user interface means
which is embedded in the body. The user interface means is used to control the portable device
by the user and to provide information to the user. Another integral part of the portable device

is at least one power supply that distributes electrical power to the electrical components of the
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portable device. Last but not least, the portable device includes at least one interconnection

cable for connecting the measurement probe.

The subject of the invention consists in that the body of the portable device is provided with a
removable magnetic base for fixing the portable device to a sample to be measured. At the same
time, a cavity is formed in the magnetic base for connecting a measuring probe. The magnetic
base is used to fix the portable device to the sample to be measured so that the relative position
between the sample and the electrodes of the measuring probe does not change during the
measurement. At the same time, the magnetic base serves as a protective cover for at least part
of the measuring probe, which both protects against external influences and protects the user
from unwanted contact with the measuring probe. At the same time, it is a very important aspect
of the invention that the power supply is a battery. The use of a battery power supply enables

the use of the portable device when performing in-situ measurements.

Preferably, the removable magnetic base has two contact surfaces, wherein the first contact
surface is adapted to be attached to the body of the portable device, while the second contact
surface is adapted to the shape of the sample to be measured. The first contact surface of the
magnetic base is for easy attachment and subsequent connection to the body of the portable
device. The second contact surface is adapted to the surface of the sample to be measured. The
samples to be measured can be pipes with rounded surfaces, steel beams of various shapes,
protective casings of silos and containers, etc. The magnetic base and the measuring probe

embedded in it must fit properly to the sample to be measured.

It is also advantageous within the invention of the portable device if the control unit includes at
least one circuit from the group consisting of an excitation circuit, a circuit for collecting data
from an impedance measurement, a circuit for collecting data from a temperature measurement
of a sample to be measured, a circuit for managing power supply, a circuit for managing
wireless communication with an external device. Integrating these circuits into the control unit,
which would otherwise have to be handled separately, positively affects the compactness of the

portable device.
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It is equally advantageous according to the invention of the portable device that the user
interface means is a control button, or a light indicator, or a display, or an audible indicator.
The user must be easily but thoroughly informed as to what step of the measurement and what
state the portable device is in, at the same time the user must be able to control the operation of
the portable device, making audible, light, visual indicators and buttons a most appropriate

solution.

Last, but not least, it is advantageous to the invention of the portable device that the
interconnecting cable is a six-wire cable. The six-wire cable has the advantage of causing a
small parasitic inductive impedance when transmitting electrical signals between the control

unit and the measurement probe.

The invention also includes a method of measuring the impedance spectrum of steels,

particularly heat resistant steels, for non-destructive diagnosis thereof.

The method of measuring the impedance spectrum of steels, especially heat-resistant steels,
consists of a series of consecutive steps:

a) ameasuring probe whose electrodes are in contact with the surface of the sample is
applied to the sample to be measured.

The electrodes of the measuring probe are important for ensuring contact with the surface of
the sample to be measured and the electrodes of the measuring probe are important for
measuring the impedance of the sample to be measured. Each specific implementation of the
measuring probe must meet the previous condition.

b) at least one excitation signal of a sinusoidal waveform is generated in the measuring
instrument and introduced via the electrodes of the measuring probe into the sample
to be measured.

The sinusoidal waveform of the excitation signal is, in other words, an alternating current
waveform. The excitation signal must have known parameters in order to look for correlations
between the measured data and the excitation signal parameters. The excitation signal is

therefore an alternating electric current with specific parameters.
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¢) the measuring instrument records the impedance values of the measured sample for
the excitation signal through the measured sample.
Impedance is a physical quantity that, in simplified terms, describes the behaviour of a
particular material system when an alternating electric current passes through it. Different
material systems have their own behavioural waveforms (impedances) for the same excitation
signal.
d) the measured values of the measured sample are evaluated to determine the
properties of the measured sample.
The analysis of the measured impedance values is then used to determine the properties of the

measured sample by empirical or analytical methods.

The subject matter of the invention consists in the fact that, in step b), the amplitude of the
excitation signal is formed by a superposition of a carrier frequency and at least one harmonic
frequency. And further, that in step d) the impedance corresponding to each of the frequencies

constituting the excitation signal is evaluated by means of a parallel synchronous demodulation.

Since the excitation signal is composed of several known frequencies simultaneously, it is then
possible to recognize in the measured data the individual responses of the material system of
the sample to the given frequencies forming a superposition of the amplitude of the excitation
signal. For the analysis of the properties of the measured sample, not only the overall picture of
the behaviour of the material system to the excitation signal is available, but also a number of
other partial pictures. This is advantageous for the reason that the invented method allows the
measured sample to be analyzed not only below the surface, but also in depth, since as the depth
of penetration of the excitation signal increases, noise increases in the measured data, in which,

however, it is possible to trace relevant results for individual harmonic frequencies.

Advantageously, for the invented method, the following relation applies, as the frequency of
the excitation signal increases, the measurement is valid for the material system of the measured

sample to deeper layers away from the surface.
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Practical tests have shown that the invented method works best for steels, especially heat-
resistant steels, when the excitation signal has a frequency in the range from 0.1 Hz to 1000 Hz
in procedure step b) and when the measuring instrument records impedance values in the range

from 0 mQ to 2 mQ in procedure step ¢).

Advantages of the invention include simple attachment and removal from the sample to be
measured, the possibility measure with the portable device samples having a rugged surface,
the ability of the portable device to allow measurement on a single attachment, and the simple
design of the portable device having a low manufacturing cost. A further advantage of the
portable device according to the invention is that it allows measurement data to diagnose deeper
layers of the sample being measured, not just the subsurface layer. The use of the inventive
portable device brings savings from the possibility of safe operation of components in the

energy industry even after their planned lifetime.

Brief description of the drawings

The said invention will be explained in more detail in the following drawings, where:

Figure 1 shows an axonometric top view of the portable device,
Figure 2 shows an axonometric bottom view of the portable device,
Fig. 3 shows graphically the waveform of the excitation signal whose amplitude is

formed by the superposition of the carrier frequency and of at least one harmonic
signal,

Figure 4 shows a graphical representation of the measured impedance.

Examples of preferred embodiments of the invention

It is understood that the specific embodiments of the invention described and illustrated below
are presented for purposes of illustration and not as a limitation of the invention to the examples

provided. Those skilled in the art will find or will be able to provide, using routine
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experimentation, a greater or lesser number of equivalents to the specific embodiments of the

invention described herein.

Figure 1 and Figure 2 show the portable device. The body 2 of the portable device is made of
plastic, which is an electrically insulating material, and at the same time the plastic is
sufficiently strong and light, and also easy to machine. A removable magnetic base 1 is attached

to the body 2 of the portable device from the bottom.

The magnetic base 1 is equipped with two magnets 10 and 11 which do not touch the surface
of the sample to be measured. Magnetic base 1 is also made of plastic. The portable device may
be equipped with more than one magnetic base 1, the contact surface 9 of which is shaped
differently to accommodate samples of differently indented surfaces. The magnetic base 1 has
a cavity 8 through which an unshown measuring probe is connected to the portable device. The
cavity 8 may accommodate all or part of the measuring probe, the magnetic base 1 forming a

protective sheath for the measuring probe or part thereof.

A portable device can be equipped with a variety of measuring probes that vary in design
according to the environment in which they are deployed and according to the samples to be

measured.

The body 2 of the portable device is provided with a cover 3 on the upper base to protect the
internal components of the portable device from the external environment. When folded, the lid
3 and the body 2 form a single body. On the lid 3, which is a removable part of the body of the
portable device, there are buttons 5 for manual operation of the portable device, a status
indicator 6 and an error indicator 7. In the non-depicted example of the embodiment of the
invention, the portable device may be provided with a display, also with touch control
capability, or a speaker for reproducing warning and other tones. Further, figure 1 shows a

connector 4 for charging the batteries of the portable device.

The control unit consists of a printed circuit board equipped with chips and memories, with

integrated circuits in the control unit for wake-up, for collecting data from impedance
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measurements, for collecting data from temperature measurements of the measured sample, for
power management, for controlling wireless communication with an external device, e.g. with
a computer. If not integrated in the control unit, these circuits can be separate electronic

components.

The portable device is equipped with batteries for in-situ operation. The batteries can be

recharged via the charging connector 4. The control unit operates the batteries.

Figure 3 shows a graphical representation of the excitation signal. The value of the signal
current is selected according to the material to be tested and the load of the batteries. The
frequency of the excitation signal ranges from 0,1 Hz to 1000 Hz. Figure 3 shows the maximum
amplitude and the minimum amplitude, showing the sinusoidal waveform of the signal. The
signal shown is not smooth as it is composed of the carrier frequency and of harmonics. The

amplitude of the excitation signal is the so-called superposition of these partial frequencies.

When the excitation signal passes through the measured sample, the impedance is measured in
the range from 0 mQ to 2 mQ. The results of the impedance measurements are sent from the
portable device to a computer, where they are immediately stored in a database and
subsequently evaluated by analytical and empirical methods. An example of the measured
results is shown graphically in Figure 4. The measured results are analysed by synchronous
demodulation so that the behaviour of the measured sample can be evaluated separately for

each of the excitation frequencies (carrier and at least one harmonic frequency).

Industrial applicability

The portable device and the method of measurement for non-destructive diagnosis of steels
according to the invention will find application in the fields of measurement and testing, in
particular when performing in-situ diagnostics in the energy industry for structures made of

heat-resistant steels.
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PATENT CLAIMS

A portable device for measuring the impedance spectrum of steels, comprising a body (2)
of the portable device, a control unit for controlling operation of the portable device housed
within the body (2), at least one user interface means embedded in the body (2) for and
informing the user of the portable device and for the user to operate the portable device,
the portable device comprising at least one power supply, and at least one interconnection
cable for connecting a measurement probe, characterized in that the body (2) is provided
with a removable magnetic base (1) for fixing the portable device to the sample to be
measured, wherein a cavity (8) is formed in the magnetic base (1) for connecting the

measurement probe, and wherein the power supply comprises a battery.

The portable device according to claim 1, characterized in that the removable magnetic
base (1) has two contact surfaces, wherein the first contact surface is adapted to be attached
to the body (2) of the portable device, while the second contact surface (9) is adapted to the

shape of the sample to be measured.

The portable device of claim 1 or 2, characterized in that the control unit comprises at
least one circuit selected from the group consisting of an excitation circuit, an impedance
measurement data acquisition circuit, a temperature measurement data acquisition circuit,
a power management circuit, and a wireless communication control circuit for

communicating with an external device.

The portable device according to any of claims 1 to 3, characterized in that the user
interface means is a control button (5), or a light indicator (6, 7), or a display, or an audible

indicator.

A portable device according to any of claims 1 to 4, characterized in that interconnecting

cable is a six-wire cable.
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6. A method of measuring the impedance spectrum of steels, in particular heat-resistant steels,
comprising the steps of:

a) ameasuring probe whose electrodes are in contact with the surface of the sample is
applied to the sample to be measured,

b) atleast one excitation signal of a sinusoidal waveform is generated in the measuring
instrument and introduced via the electrodes of the measuring probe into the sample
to be measured

c) the measuring instrument records the impedance values of the measured sample for
the excitation signal through the measured sample,

d) the measured values of the measurement sample are evaluated to determine the

properties of the measurement sample,

characterized in that in step (b) the amplitude of the excitation signal consists of a
superposition of the carrier frequency and at least one harmonic frequency, and in step (d)
the impedance corresponding to each of the frequencies constituting the excitation signal

is evaluated by means of a parallel synchronous demodulation.

7. The method of measurement according to claim 6, characterized in that in step b) the
relationship applies that the depth of analysis of the properties from the surface layer of the

sample to be measured increases with increasing frequency of the excitation signal.

8. The method of measurement according to claim 6 or 7, characterized in that, in step (b),
the excitation signal has a frequency in the range of 0.1 Hz to 1000 Hz, and wherein, in step

(c), the measuring apparatus records impedance values in the range of 0 mQ to 2 mQ.
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