Engineering. Technique, Devices, Physical Methods of Experiment. 127

DOI 10.31489/2020No1/127-131
UDC 537.533.2

DEVELOPMENT OF A DEVICE FOR DETERMINING WORK
ELECTRON OUTPUT

Makeeva O.V.", Oleshko V.S.?, Fedorov A.V.2, Yurov V.M.2

Moscow State University of Technologies and Management, Moscow, Russia, makeeva-oks@yandex.ru
2 Moscow Aviation Institute (National Research University), Moscow, Russia, ovs_mai@mail.ru
SE.A. Buketov Karaganda State University, Karaganda, Kazakhstan, exciton@listau

The surface is the most important component of metal parts and it is neeessary, to control its
condition at all stages of the life cycle of the part - during its production, operation and repair. To
carry out reliable non-destructive testing of metal parts, specially developed tools and methods for its
use are necessary. The measuring electrode of the sensor of the measuring device of the contact
potential difference and the surface of the metal part to be controlléd form aleapacitor, between the
plates of which the contact potential difference occurs. The sensof offthe device is a kind of
intermediary between the contact potential difference and the meaSuringseircuit. The portable complex
for measuring the contact potential difference developed” by the, authors on the basis of a portable
digital oscilloscope allows non-destructive testing of the surfage of metal parts during their production,
operation or repair to be performed continuously.
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Introduction

In modern engineering, multicomponent alloys based on Al, Fe, Ti, Cu, Ni, Cr, and other
metals are widely used as materials,_for \machine parts [1]. The surface is the most important
component of metal parts and it is necessagyito control its condition at all stages of the life cycle of
the part - during its productionf operation and repair. The surface layer of metal parts can be
considered as part of a solid> body, which includes its constituent molecules, atoms, protons,
neutrons, electrons, vacancies,ydislocations, and other components, each of which has energy.
Surface conduction electfons:are constantly in diffuse motion without leaving the surface in vacuum
at a low temperature gHowever, with increasing temperature, the potential energy can reach such a
value that the eleetron _can leave the metal surface. Part of the electrons constantly jumps off the
surface of the metal;'but then returns back, because its potential energy is insufficient to fly over the
potential bargier. [fiturns out that the metal surface is surrounded by an electronic cloud and electric
forcesqarendirected anside the metal surface. To overcome these forces and leave the metal surface,
youlneed/t6%do a job called electron work function (EWF). To determine the EWF you need to
measute the potential difference (CPD).

The'theory of CPD is directly related to the zone theory of solids. Considering the contact of
two metals with different electron work function, we find that the electrons of the upper metal
levels with a lower work function (EWF) will be located at low levels of the second metal with a
larger work function (REE). As a result of this, the first metal will be charged positively, and the
second will be negatively charged. In this case, the energy levels will shift, since the Fermi levels of
both metals coincide. Also, the functions of the metals remain constant, and the potential energy of
these metals at points outside their surface will differ. These differences lead to the appearance of a
potential difference. To assess the state of energy of a metal surface, one needs to measure CPD.
When we know the energy state of a metal surface, this is necessary for coating, welding of various
metals and more. Knowledge of the energy state of the surface of metal parts is important, for
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example, when applying protective coatings, bonding, soldering, welding and other technological
operations.

1. Materials and methods

To carry out reliable non-destructive testing of metal parts, specially developed tools and
methods for its use are necessary. The measuring electrode (ME) of the sensor of the measuring
device of the CPD and the surface of the controlled metal part form a capacitor (DC), between
which the CPD occurs. The sensor of the device is, in a way, an intermediary between the CPD and
the measuring circuit.

The following functional requirements apply to capacitive sensors:

1. An easy-to-analyze form of dependence between input and output characteristics,prcferably
linear.

2. Sufficient sensitivity. Our studies have shown that, due to the energy hetcrogeneity of the
surface of metal parts of machines, it is necessary to ensure the sensitivity of'the measuring device
of the measurement factor of 1 mV.

3. Stability of characteristics, the least influence of environmentaly parameters (humidity,
temperature, atmospheric pressure, electromagnetic fields, radiation, ete?). Tn order to fulfill this
requirement, it is necessary to use shielding of the sensor fromgspurious interference and to use
metal having stable characteristics over time as an ME_materialy, M08t often, the developers of
measuring devices for CPD use Au, Ni, or Cu [2-7].

4. Short measurement time of the CPD.

5. Ease of installation and operation.

6. Maintainability.

7. Low cost.

The indicated properties must be achieved¥hen creating a measuring device for CPD.

The advantages of the method of DC methodéfithe CPD are:

- the capacitor can be manufactured with high accuracy;

- the capacitor has low losses (tHeypassage of electric current through capacitive resistance is
not accompanied by heat loss) andg@high efficiency;

- small effect of electrigforces on the mechanical parts of the capacitor;

- the shape of the capaciton typessensor can be adapted to various surface shapes of the QS.

The disadvantage of eapacitogmethods for measuring physical quantities are small capacitance
values. Therefore, it is necessaty to use power amplifiers of the electric signal, or high-frequency
oscillations of the capacitenplates, which does not always ensure the stability of the readings of the
measuring device.In addition, the measurement error of the CPD can increase the electromagnetic
interference aristhg imthe circuit as a result of the remote location from the ME of the signal
amplifier, [8]yTherefore, it is advisable to place the preliminary signal amplifier directly in the
sensor of the measuring device.

2. Discussion of results

The quality of the capacitor with alternating electric current (which occurs with DC) is best
characterized by the time constant (product of capacitance and parallel resistance) Qv [8]:

Qu-0-R-C=oT. (1)

where @ = 2nF is the circular frequency of the alternating current, rad/s; F is the frequency of
alternating electric current, Hz; R - resistance, Ohm; C is the capacitance of the capacitor, F; T -
period, s.
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The resistance R at a high circular frequency o is determined not only by insulation, but also
includes other losses, for example, dielectric hysteresis losses, and therefore, according to formula
(1), it increases in proportion to the circular frequency ® [8]. The vibrating ME of the sensor that
implements the DC principle included in the alternating current circuit has the resistance R the
lower, the higher the frequency F of the alternating current according to formula (1) [8]. The
capacitance of the capacitor, the plates of which form the controlled part and measuring electrode
(ME), depends on their shape (we chose a flat ME), the overlap area, dielectric constant (in our
case, this is air) and the distance between its plates [8].

With the formation of ME and controlled by the metal part of the capacitor, the plates of which
they are, the charge of the capacitor Q can be determined on the basis of the following forniula [9]:

€,-€-5-U
d

where £,~8.8542¢107'2 F/m is the electric constant (dielectric constant of vacu#ifi); e¥is the relative
dielectric constant, for dry air €=1,0006; S is the area of ME, m2; U isy thesvoltage across the
capacitor; d is the gap between ME and capacitor plates (CO), m
In the case of a DC, the plates of which are ME vibrating with a fréqueney o and the surface of
the CO, then the capacitance Sg4i, will change according to the law [9]:
Can(D) = 80.8..8 =C- 1.
d, +d, -sin(wt) 1+ m-sin(wt)
where d is the average distance between the ME and thegurface of the controlled metal part; d; is
the vibration amplitude of the ME; t is the time; my= d¢/d, is the modulation coefficient of the DC.
In this case, an electric current I(t) will occur 1jthe €ircuit [9]:

I(t)= U-a—C =-¢-g,-S-U- 4 'w'c?s(mt)z
ot d, +d, -sin(wt)

Q =C-U=

The sensors of measuring devices forymeasuring the CPD by the DC method are exposed to
various factors that reduce the sensitivagy, and reliability of this method — intrinsic noises,
interference from electromagneti€ fields, spurious communication capacitances, etc. [9-12]. This
requires careful shielding, thé use of other structural design solutions in the construction of
instrument sensors.

The method for meaSuring the’CPD developed by us has the following features:

- the contact potentialfdifference is measured by a digital oscilloscope that records the voltage
and frequency ofithe periodically changing CPD between the controlled part and the ME of the
device’s sensor;

- shielding of'§enseor elements and wires;

-amplification of registered CPD and filtering of spurious signals;

- preparation of the surfaces of the part and the sensor for measuring the CPD.

We chose a Micsig TO1104 tablet type portable digital oscilloscope with a sensitivity of
measuringgelectric voltage of 0.5 mV as the recorder of CPD. The authors connected the sensor
connected to the oscilloscope themselves. The main part of the design of the sensor of the
measuring device of the CPD is an electronic circuit that allows the IE of the sensor in contact with
the metal part to operate in self-oscillating mode. In addition, the sensor includes a preliminary
signal amplifier. The CPD measurement complex developed by the authors is shown in Figure 1.

The circuit diagram of the sensor is shown in Figure 2. The sensor housing (Figure 3) was
designed in the Solid Works program and printed on a Picaso3D Designer 3D printer. The sensor
housing is designed to provide a gap between ME and CO equal to 0.5 mm at rest of ME. The
indicated design features of the sensor make it possible to perform a reliable measurement of the
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CPD of metals. The authors continue to improve the design of the sensor for measuring the CPD of
metal parts of machines.
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Fig.3. Polygon 2.0: Picaso3D Designer 3D Printer Operator.

Conclusion

Developed by the authors, a portable measurement complex of the CPD based on a portable
digital oscilloscope allows non-destructive testing of the surface of metal parts in the process of
their production, operation or repair to be carried out continuously. The results of measurements of
the contact potential difference of metals were processed by methods of mathematical statistics. The
results of experimental studies have shown a direct effect of changes in ambient temperature on the
contact potential difference and the electrons work function of metal samples, which has an average
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correlation It is found that atmospheric pressure and relative humidity have a weak effect on the
contact potential difference and the electrons work function of the metals under study, their
influence can be neglected. The effect of equilibrium and non-equilibrium environmental
parameters on the contact potential difference and electrons work function of metal samples is
studied. The results confirming the reduction of the contact potential difference (increase in the
electrons work function) of metals, as well as an increase in the mean square deviation of the
measurement results under non-equilibrium environmental conditions are obtained.

Our further work will consist in the development of a technique for measuring the CPD on the
surface of machine parts [13—15].
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