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A model of the relationship between the reliability indices
of two-stage TECs of various designs with the geometry of the
branches of thermoelements in cascades in the AT,,.x mode with
electrical series of cascades (stages) is proposed and analyzed.
Relations are obtained for determining the optimal geometry
of the branches of thermoelements in cascades corresponding
to the maximum temperature difference. The expression al-
lows to estimate both the maximum cooling capacities and the
reliability indices of two-stage thermoelectric cooling devices
of various designs. The possibility of increasing the maximum
temperature drop to 4 % is shown by choosing the optimal geo-
metry of the branches of thermoelements in cascades (stages).
This is achieved under the condition that the ratio of the length
to the cross-sectional area of the elements of the first stage is
greater than the ratio of the length to the cross-sectional area of
the second stage, which differs from the traditional equality of
these ratios for a given working current. The proposed approach
makes it possible to estimate the maximum temperature drop
and to predict the reliability indices of two-stage thermoelectric
coolers of various designs for various operating conditions and to
conduct an optimized design of radio electronic equipment using
cascade thermoelectric cooling devices.

Keywords: thermoelectric cooling device, geometry of the
branch of thermoelements, maximum temperature drop, cooler
designs.
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The object of research is the life cycle of products (a complex
equipment object) of a manufacturing enterprise. Each product
has its own life cycle, i.e., time interval, expiration date. In
Ukraine, it is a period of 5 years. All the problems of enterprises
lie in this fact. The current situation in the country does not
allow enterprises to update their production capacity every
5 years, and therefore it is the most problematic place. To solve
this problem, a method for decomposing an object of complex
equipment (OCE), which allows to determine the necessary,
morally outdated component in the OCE, and modernize it to a
more modern — innovative. It also allows to extend such stage of
the product life cycle as — operation, adding additional functions
and (or) capabilities to the product. In this case, of course, there
is a risk, which is to correctly identify the necessary element of
modernization. For this purpose, a mathematical apparatus is ap-
plied in the work, which unlike others, allows to decompose the
OCE with the greatest accuracy.

The author laid the foundation in the cardinal sense with
respect to the ecological component, as well as the duration of
the product life cycle, which theoretically can last for infinity and
requires a deeper and more detailed study.

Keywords: complex science-intensive product, service life of
the product, modernization path, object of complex equipment.
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In order to assess the process of accumulation of damages
in billets obtained by casting in sand molds, studies of castings
made from an aluminum alloy are conducted. Analysis of the
physical heterogeneity of the material is carried out on the basis
of the microstructural studies, as well as the LM hardness me-
thod. Tt is shown that it is expedient to evaluate the technologi-
cal damageability of various zones of cast billets with complex
spatial geometry that contain massive thermal assemblies and
thin walls, according to the dispersion degree of the hardness
characteristics. The technological damageability of billets ob-
tained in sand molds varies widely and mainly depends on the
conditions of crystallization of their individual volumes:

— distribution of temperature fields;

— direct heat reducing;
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— features of the metal feeder with a liquid phase during
crystallization.

The influence of the mold design on the formation of tech-
nological damage is analyzed. Increasing the distance from the
feeder promotes growth, and accelerated crystallization and
directed heat removing promote reduce in technological damage
to the volume of the casting when cured. Damageability of the
material of cast billets serves as a parameter that is quantita-
tively evaluates the reliability characteristics of products, and its
definition allows to formulate new approaches to the selection of
foundry alloys and improve casting technologies to increase their
operational durability. On the basis of the conducted studies it is
established that the technological damageability is 1.3—6.5 times
higher than for the base material in the near-surface layer at a
depth of 2 mm.

Keywords: technological damageability, Weibull homogene-
ity coefficient, accelerated crystallization, liquid phase, foundry
defects.
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Modern engine building requires a significant increase in
power, fuel efficiency and ensuring high environmental perfor-
mance of internal combustion engines (ICE). When forcing the
operating modes of diesel engines, one of the most loaded engine
parts becomes a piston, due to a significant increase in mechani-
cal and thermal stresses. With increasing load on the piston, the
difficulty of meeting the high demands for them increases. When
creating modern ICE and improving the quality of existing ones,
special attention is paid to the design and technological prepara-
tion of the production of pistons, which is the object of research.
Pistons determine the reliability and life of the engine as a whole.

To solve this problem, all the main works related to the de-
sign and manufacture of cast-iron pistons are proposed to divide
into separate modules, performed simultaneously in three areas:
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organizational, design and technological. These modules are
integral sectors of a single modular system for organizing design
and technological preparation for production of cast iron pistons.
Modeling of the stressed-strain state of monolithic cast-iron pis-
tons is considered for an example of implementation of one of the
modules. The results of calculations of the stress-strain state and
the temperature distribution field in the body of the piston are
presented. The results show that the maximum temperature is
315 °C and concentrated on the edge of the combustion chamber.
The stress does not exceed 617 MPa.

Keywords: modular system, ICE piston, vermicular graphite,
stress-strain state, aluminum CGI.
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The object of research in this study is electroconductive
epoxy compositions with carbon fillers. Based on the porous
structure of the filler, the technology of manufacturing compos-
ite materials in the form of films using ultrasound is proposed.
The effect of the type and content of the carbon filler on the
electrical properties of the epoxy composite is investigated. It is
found that the resistivity in the direction perpendicular to the
axis of formation of samples with content of thermally expanded
graphite (normal and after ultrasonic grinding at room tem-
perature) can reach 7.5:1076 Q-m, while for carbon nanotubes is
5.1-108 Q-m. It is found that the percolation threshold for sys-
tems of epoxy resin — thermally expanded graphite is ~5 wt. %,
and for epoxy resin systems — carbon nanotubes is ~1 wt. %.
Research results of the effect of carbon filler on the dielectric
properties of epoxy composite are presented. It is experimentally
established that as the filler concentration increases, the dielec-
tric constant increases in the polymer matrix. A sharp increase
in the dielectric constant of research systems is observed with
a CNT concentration of 1 %. An increase in the dielectric losses
of the orientational polarization is observed as the frequency of
the alternating current increases to 10° Hz.

Keywords: carbon nanotubes, epoxy composite, thermally
expanded graphite, resistivity, dielectric constant.
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The object of research is the repair of press molds with the
help of plasma-MIG surfacing. The weld metal on the repaired
press molds wears out unevenly, has a different structure and
hardness, which is characteristic of multi-layer surfacing of al-
loyed steels. The greatest way to manage the storage and quality
of surfacing is a combined method — plasma-MIG surfacing.
An analysis is made of all plasma-MIG surfacing options for
surfacing in order to strengthen the surfaces in the repair and
manufacture of products operating under thermal cyclic loads.
It is established that when restoring press molds working un-
der thermocyclic loads, to ensure uniform hardness over the
cross-section of the welded metal layer, the surfacing should
be carried out with a minimum step in the optimum operating
regime: oy=16-19 g/A-h. yps=4-5%; Ky=91 %. It has been
experimentally proved that in order to reduce the width of the
eutectic sections that is distinguished along the grain boundaries,
and hence also the decrease in the probability of crack formation
in the deposited layer, the plasma-MIG surfacing on the devel-
oped unit should be carried out at the lowest possible current
I=75-90 A. This will significantly increase the crystallization
rate of the deposited metal.

Keywords: plasma-MIG surfacing, flux-cored wire, structural
heterogeneity of surfaced metal, working capacity of press molds.
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INVESTIGATION OF THE INFLUENCE OF ORGANOMINERAL
ADDITIVES ON THE COLLOID-CHEMICAL PROPERTIES OF
GEOCEMENT DISPERSION
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The object of research is the geocement dispersion of the
heulandite-clinoptilolite composition of the structural formula
Nay0-Aly03-6Si04-20H,0, modified with an organomineral
additive

The results of the effect of an organomineral additive on
the colloidal-chemical properties of geocement dispersion are
presented. Mathematical models that characterize the effect of
the concentrations of constituent organomineral additives on
changes in its basic physical and colloidal chemical properties
are obtained:

— conventional viscosity;

— density;

— wetting angle;
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— surface tension;

— works of adhesion, cohesion and wetting of geocement
dispersions, factors X1...X3 have an influence that are significant.
Also, the joint effect of factors, respectively, x1x2x3, x1x2, x1x2
and x1x3 has a significant effect.

The coefficients of wetting and spreading of geocement dis-
persions are significantly influenced only by the joint action of
the factors x1x23.

Relationship is established between the conditional viscos-
ity and the wetting coefficient, between the wetting angle,
adhesion, wetting and spreading work and between the density,
surface tension and work of cohesion. The composition of the
organomineral additive is optimized and the areas of permissible
concentrations of its constituents are determined:

— along the X1 axis, 2—2.3 % of polymer RI-5517;

— along the X2 axis, 2.1-2.5 % of microcalcite;

— along the X3 axis, 4.5-6.5 % of aluminate cement,
which, when introduced into a geocement dispersion, allows
NayO-Al,03:65105:20H,0 to stabilize its colloidal-chemical
properties.

It is determined that the changes in the values of the other
output parameters are tied to the change:

— the conditional viscosity and their values are in the fol-
lowing limits:

p=1.571-1.766 g/cm?, cos® = 0.50-0.67;

— surface tension 6 = 114128 mN/m;

— works of adhesion, wetting and cohesion, respectively,
184-204 mN/m;

— coefficients of wetting and spreading —0.77—(-)0.84,
—37—(-)55 mN/m.

Keywords: geocement dispersion, optimization of organomi-
neral additive composition, colloid-chemical properties.
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The object of the research is the circuit simulation model
of a streamer breakdown of a rod-rod air gap when exposed to
positive voltage pulses. One of the most problematic places in
this task is determination of the time interval of the streamer
propagation. The lower bound of this interval corresponds to
the beginning of the streamer propagation, and the upper bound
corresponds to the time when the streamer reaches the opposite
electrode. To create such model, it is not enough to take into ac-
count only the functional relationship between the breakdown
voltage and the spacing between the electrodes.

With the help of Kind’s equal-area criterion in the circuit
simulation programs it is possible to create the model of electrical
breakdown of any air gap, including the rod-rod configuration.

The article shows how to create the model of electrical break-
down of the air gap in the evaluation version of the Micro-Cap
11 circuit simulator. Using the model, the breakdown time of
the air gap is determined when subjected to the lightning pulses
of positive polarity with different amplitudes. Wherein, the mo-
ments of breakdown of the air gap both at the front and at the
tail of the applied voltage pulse are measured. Simulation results
are compared with experimental data. It is determined that the
simulation relative error does not exceed 10 %. As experimental
data, the experimentally obtained expression for the volt-time
characteristic of the rod-rod air gap subjected to the positive
polarity voltage pulses is used.

The proposed model allows to predict the volt-time cha-
racteristic of various air gaps in a virtual experiment. The model
can be used in scientific work or in the educational process as an
auxiliary tool for visual demonstration of the conditions for the
electric breakdown in long air gaps.

Keywords: circuit simulation, high voltage engineering, elec-
trical breakdown, volt-time characteristic, equal-area criterion.
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The object of research is a direct mutual conversion of ther-
mal and electrical energy using anisotropic optical thermoelec-
tric elements (AOTE). Receivers of through-type radiant flux,
containing optically transparent heat sinks, to which the AOTE
attach with the help of an adhesive dielectric layer, lead to a sig-
nificant distortion of the amplitude-phase characteristics of the
transmitted radiant flux. This is limited the energy and timing
characteristics of receivers. Therefore, the task of creating such
design of the receiver, which would be free of these shortcomings,
is necessary.

The design of a radiant flux receiver based on an aniso-
tropic optical thermoelement is developed and tested, and the
amplitude-phase characteristics of the flux do not change during
its passage. The receiver can be used as a filter or a semitranspar-
ent mirror of an optical resonator. Such effect is due to the fact
that at a thickness of 1 cm AOTE is selected with parameters
0=10"4V/K, x=102W/(cm-K), p=10-3Q, current /=10 A
and temperature of the thermostat 300 K cm gives the minimum
temperature of 239 K.

A separate anisotropic thermoelement, which is made of
a material with the same kinetic parameters under the same
conditions, yields 265 K. Thus AOTE leads to an increase in the
temperature drop.

Keywaords: anisotropic optical thermoelectric elements (AOTE),
transverse thermoelectric power, AOTE with lateral temperature
regulation.
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The analysis of existing gravimeters of aviation gravimetric
systems (AGS) is carried out. Their main disadvantages are iden-
tified: low accuracy of measurement (3—10 mGal), mandatory
necessity of application of filtration procedure of output signal
of AGS gravimeter; instability of the static transfer coefficient of
the AGS gravimeter; low speed. The expediency of using AGS for
carrying out gravimetric measurements and obtaining informa-
tion about the Earth’s gravitational field is substantiated. Aero-
gravimetric surveying requires a significant increase in the accu-
racy and speed of aviation gravity measurements. Therefore, the
study of this issue remains an important problem. To date, there
are already theoretical developments and prototypes that almost
completely solve all the main disadvantages. Modern advanced
developments in the field of aircraft gravimeters are considered:
gyroscopic, ballistic, piezoelectric, capacitive, string gravimeters.
They are distinguished by high accuracy (1-2 mGal) and speed.
It is proposed to use a two-channel (differential) method for GA
measurement in all gravimeter designs. Then the useful signal is
doubled 2g, and the signals of the main disturbing vertical acce-
leration, instrumental errors from the influence of changes in tem-
perature, pressure and other environmental factors are canceled.

Keywords: sensing element, gravimeter, gravity acceleration,
gravitational field of the Earth.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/1(35), 2017

87—)



(— ABSTRACTS AND REFERENCES: ELECTRICAL ENGINEERING AND INDUSTRIAL ELECTRONICS

I55N 2226-3780

10.

11.

12.

13.

14.

15.

16.

17.

References

. Bezvesilna, O., Bezvesilna, O., Tkachuk, A., Nowicki, M., Szewc-

zyk, R., Shadura, V. (2015). Aviation gravimetric system. In-
ternational Journal of Scientific & Engineering Research, 6 (7),
1122-1126.

. Gravimetry. Available: http://www.all-pribors.ru/groups/gra-

vimetry-61. Last accessed: 21.01.2017.

. Matveev, V. V. (2014). The engineering analysis of lapses of

strapdown inertial navigational system. Izovestiia Tul’skogo gosu-
darstvennogo universiteta. Tehnicheskie nauki, 9 (2), 251-267.

. Kaufman, A. A. (2011). Printsipy metoda gravimetrii. Tver’, 360.
. Bykovskii, A. V., Polynkov, A. V., Arseniev, V. D. (2013). Aero-

gravimetricheskii metod izmereniia gravitatsionnyh anomalii.
Aviakosmicheskoe priborostroenie, 12, 11-19.

. Mobil'nyi gravimetr «Chekan-AM». State Research Center of the

Russian Federation Concern CSRI Elektropribor, JSC. Available:
http://www.elektropribor.spb.ru/prod /rgydro_1. Last accessed:
26.10.2016.

. Gravimetry. JSC YUZHMORGEOLOGIYA — On land and at sea.

Available: http://www.ymg.ru/ru/content/gravimetr. Last ac-
cessed: 21.01.2017.

. Inertsial'no-gravimetricheskii kompleks MAG-1A. Federal’noe

gosudarstvennoe unitarnoe nauchno-proizoodstvennoe predpri-
iatie «<GEOLOGORAZVEDKA». Available: http://geolraz.com/
page/GSA-2010/. Last accessed: 18.10.2016.

. Strunnyi aerogravimetr «Graviton-M». GNPP <«Aerogeophysi-

ca». Available: http://www.aerogeo.ru/index.php?option=com_
content&view=category&layout=blog&id=25&Itemid=17&lan
g=ru. Last accessed: 18.10.2016.

Bezvesilna, O., Kaminski, M. (2017). Gravimeters of Avia-
tion Gravimetric System: Classification, Comparative Analysis,
Prospects. Automation 2017. Springer International Publishing,
496-504. doi:10.1007/978-3-319-54042-9 48

Gravimetr CG-5 AutoGrav. Geotsentr-Moskva. Available:
http://geocentr-msk.ru/content/view/441/137. Last accessed:
18.010.2016.

Aerogravimetr GT-2A. GNPP <«Aerogeophysica». Available:
http://www.aerogeo.ru/index.php?option=com_content&view
=category&layout=blog&id=25&Itemid=17&lang=ru. Last ac-
cessed: 18.10.2016.

TAGS-6 Gravity Meter (Turnkey Airborne Gravity System)
with Aerograv Data Processing Software. Micro-g LaCoste, Inc.
Available: http://www.microglacoste.com/tags-6.php. Last ac-
cessed: 26.10.2016.

Bykovskii, A. V., Polynkov, A. V. (2013). K voprosu o razrabotke
malogabaritnogo aerogravimetra. Vestnik MGTU im. N. E. Bau-
mana, 2 (14), 32—41.

Osborne, 1. S. (2016). An on-chip cold-atom gravimeter. Science,
354(6317), 1246—1247. doi:10.1126 /science.354.6317.1246-f
Afonin, A. A., Sulakov, A. S., Yamashev, G. G., Mihailin, D. A.,
Mirzoian, L. A., Kurmakov, D. V. (2013). O vozmozhnosti post-
roeniia besplatformennogo upravliaiushchego navigatsionno-
gravimetricheskogo kompleksa bespilotnogo letatel'nogo appa-
rata. Trudy MAI, 66, 47-53.

Huang, Y., Olesen, A. V., Wu, M., Zhang, K. (2012). SGA-WZ:
A New Strapdown Airborne Gravimeter. Sensors, 12 (12),
9336-9348. d0i:10.3390,/5120709336

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kazama, T., Hayakawa, H., Higashi, T., Ohsono, S., Iwanami, S.,
Hanyu, T., Ohta, H., Doi, K., Aoyama, Y., Fukudaa, Y., Nishi-
jimag, J., Shibuya, K. (2013). Gravity measurements with a por-
table absolute gravimeter A10 in Syowa Station and Langhovde,
East Antarctica. Polar Science, 7 (3-4), 260—-277. doi:10.1016/
j.polar.2013.07.001

Calvo, M., Hinderer, J., Rosat, S., Legros, H., Boy, J.-P., Du-
carme, B., Zurn, W. (2014). Time stability of spring and super-
conducting gravimeters through the analysis of very long gra-
vity records. Journal of Geodynamics, 80, 20-33. doi:10.1016/
1,j08.2014.04.009

Agostino, G. D., Desogus, S., Germak, A., Origlia, C., Quagliot-
ti, D., Berrino, G., Corrado, G., Derrico, V., Ricciardi, G. (2008).
The new IMGC-02 transportable absolute gravimeter: measure-
ment apparatus and applications in geophysics and volcanology.
Annals of geophysics, 51 (1), 39—-49.

Roussel, C., Verdun, J., Cali,]., Maia, M., d’EU, J. E (2015).
Integration of a strapdown gravimeter system in an autonomous
underwater vehicle. ISPRS — International Archives of the Photo-
grammetry, Remote Sensing and Spatial Information Sciences, XL-
5/W5, 199-206. doi:10.5194 /isprsarchives-xl-5-w5-199-2015
Hudzinskiy, L. L., Bartashevich, L. M., Sorokin, V. L. (2002).
Issledovanie absolyutnogo ballisticheskogo gravimetra i puti
povysheniya tochnosti izmereniy. Vseros. nauch. konf. Geologiya,
geohimiya i geofizika na rubezhe XX i XXI vekav. Vol. 3.
Bezvesilna, O., Tkachuk, A., Chepyuk, L., Nechai, S., Khylchen-
ko, T. (2017). Introducing the principle of constructing an avia-
tion gravimetric system with any type of gravimeter. Eastern-
European Journal of Enterprise Technologies, 1 (7 (85)), 45-56.
doi:10.15587/1729-4061.2017.92941

Bezvesilna, O., Nowicki, M., Szewczyk, R., Tkachuk, A. (2015).
System of aviation gravimeter. International Journal of Scienti-
[ic & Engineering Research, 6 (8), 956-958.

Bezvesilnaya, E. N., Tkachuk, A. H. (2014). Corrected gyrocom-
pass synthesis as a system with changeable structure for avia-
tion gravimetric system with piezoelectric gravimeter. Aviation,
18 (3), 134—140. doi:10.3846,/16487788.2014.969878
Korobiichuk, I., Bezvesilna, O., Tkachuk, A., Chilchenko, T., No-
wicki, M., Szewczyk, R. (2016). Design of Piezoelectric Gra-
vimeter for Automated Aviation Gravimetric System. Journal
of Automation, Mobile Robotics & Intelligent Systems, 10 (1),
43—-47. doi:10.14313 /jamris_1-2016/6

Korobiichuk, I., Bezvesilna, O., Kachniarz, M., Tkachuk, A.,
Chilchenko, T. (2016). Two-Channel MEMS Gravimeter of
the Automated Aircraft Gravimetric System. Advances in Intel-
ligent Systems and Computing, 481—487. doi:10.1007/978-3-319-
48923-0 51

Korobiichuk, I., Bezvesilna, O., Nowicki, M., Szewczyk, R. (2015).
Filtering of the output signal of dynamicallytuned gravimeters.
International Journal of Scientific & Engineering Research, 6 (7),
1332-1338.

Korobiichuk, 1., Bezvesilna, O., Nowicki, M., Szewczyk, R. (2015).
The goniometeronlasergyrobase. International Journal of Scienti-
[fic&Engineering Research, 6 (9), 256—258

Meurers, B. (2017). Scintrex CG5 used for superconducting
gravimeter calibration. Geodesy and Geodynamics. doi:10.1016/
1.8602.2017.02.009

;SB

TEXHONOTTYHHIA AYAMT TA PE3EPBH BHPOEHMLTBA — Ne 3/1(35), 2017



