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CONCLUSION

We can make a conclusion based on the analysis of the data that owing to the suggested
outer modification acetone is located on borders of structural formations of polymer,
changing their mobility, that allows to intensify solid phase formation due to increase of
relative slip of premolecular formations, significant facilitating of process of polymer
chains orientation and thus decrease of residual stresses and stability of geometrical
dimensions of the final product.

In this way. solving the main problem of treatment with pressure in the solid phase by
using the stage of preliminary preparation of blanks, will allow to propose the low cost
technology of industrial manufacturing of products made of polymer (including
nanocomposite) materials by treatment with pressure in the solid phase and improving
the complex of properties of composite polymer materials.
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ABSTRACT

Continuous improvement and technical sophistication of modermn machinery and
cquipment, extreme conditions of process operations dictate strict requirements for
ructural materials to ensure their high strength, workability and reliability. A
perspective way to improve the operational and technological properties of aluminum
alloys is various external impacts on the crystallization processes. Such methods of pre-
and crystallization treatment of molten metals will allow to get the target structure and
inechanical properties of the alloy. This article is devoted to the investigation of the
inechanical properties of aluminum alloy grade AD31 crystalized under a centrifugal-
pravity field. An external impact on the crystallization processes and mechanical
properties of the alloy were induced by the rotation of the container with the molten
‘netal, The container is fixed on a centrifuge rotating in the horizontal and vertical
planes. Simultancous action of constant gravity and variable centrifugal forces results in
| strong decrease in strength properties and an increase in the duetility margin of AD31
alloy. In addition, we can gingle out a certain angular frequency of 30 rpm, at which
ireme values of mechanical properties were recorded. Thus, the research results show
(I opportunity to use the method of centrifugation to control the crystallization process
of the molten metal.

keywords: alloy, mechanical propertics, crystallization, centrifuge

INTRODUCTION

( ontinuous improvement and technical sophistication of modern machinery and
cquipment, extreme conditions of process operations dictate strict requirements for
[iuctural materials to ensure their high strength, workability and reliability. There are
Lunous ways for improving the properties of structural alloys [1-3]:

optimization of alloy composition by combination of metal and technological
spproaches, which will allow to determine the required alloy structure and the way to
achieve it;

~01
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— physical methods of influence on the crystallization process: electromagnetic and
mechanical mixing of the molten metal bath of the ingot, impact of high frequency
vibration, ultrasonic treatment of the molten metal, etc.;

— methods of refining and degasification based on the principle of adsorption, as well as
modifying the molten metal in order to achieve specified quality indicators and
guaranteed operational reliability of products. Increase in the aviation and aerospace
systems technical efficiency is associated with the use of materials with high specific
strength, specific rigidity and certain factors of safety at operating loads and
temperatures. Deformable alloys grade AD — Duralumins (Al-Mg-Cu system) and
Avials (Al-Mg-Si system), are widely used aluminum alloys. Rolling and extrusion are
common forming methods for deformable alloys, where primary parts shall combine
sufficient strength and high plasticity [6-8]. However, ingots produced in strand casting,
are characterized by relatively low ductility margin, and lose ductility with subsequent
aging due to the release of strengthening phases. As a result, forming processes require
additional or intermediate thermal treatment, which leads to increase in cost of
production and does not exclude defects.

An cffective way to improve the operational and technological properties of aluminum
alloys is various external impacts on the crystallization processes. Such methods of pre-
and crystallization treatment of molten metals will allow to get the target structure and
mechanical properties of the alloy. A review of domestic and foreign publications
revealed an increased interest in studying the crystallization regularities under various
conditions to obtain information on opportunities of alloy synthesis with specified
advanced structure and properties. However, there is no consensus on this issue even
after a series of metallurgical experiments conducted in space in orbiting space labs.

This article is devoted to the investigation of the mechanical properties of aluminum
alloy grade AD31 crystalized under a centrifugal-gravity field.

Materials and Methods of Research

A target of research is deformable AD31 aluminum alloy of Al-Mg-Si system, with My
content of 0.3 — 0.8 wt.%. Si 0.2 — 0.6 wt.%, Cu < 0.1 wt.%, Mn < 0.1 wt.%. This is &
high-ductile cost-effective alloy without expensive alloying elements, characterized by
moderate strength and good corrosion resistance.

An external impact on the crystallization processes and mechanical properties of the
alloy were induced by the rotation of the container with the molten metal. The container
is fixed on a centrifuge rotating in the horizontal and vertical planes [9]. In this case, the
mechanical impact on the alloy simultancously produces a centrifugal and gravity forces
under conditions of a smooth temperature decrease. The details of the Experimentul
Centrifugal Unit are shown in Figure 1.

282
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| —direct current motor; 2 — coupling;
3 —centrifugal unit; 4 — container

. . Figure 1 — The Experimental Centrifugal Unit
For the investigation of the mechanical properties of AD31 aluminum alloy

\ ceramic container is fixed on each centrifugal blade; it
wound on the ceramic body and terminals for connect
Ihlcre are ampoules with aluminum alloy ingots of equal weight in ceramic cylinder
\ier heating to a certain temperature, the terminals are disconnected from thg currerf;
power supp_ly, the feledric motor is turned on, and the alloys crystallization takes pl
m all containers with a gradually decreasing temperature and a variable resultant Fo??e
alfeeting the molten metal. A variable-speed unit is provided for smooth adiust; ;;E
angular velocity of centrifuge blades. ~ A
Ihe research of the thermal and mechanical impact on the strength and ductil
properties of AD31 aluminum alloy was carried out during the alloy ¢ stallizat'I :
under normal conditions (without centrifugation) and during the allo crystaJl’ twn
with the cemrjfugation in the vertical plane at a constant angular velocit; N
\ller cr_ystalhzatiﬂn in the centrifuge, the alloy billets were used to prepélre samples fo
mechanical tests at monoaxial stretching, with drawing a tensile stress-defognat' .
m.ngrum and calc_u]ation of yield point, yield strength and ductility margin ks
During the centrifugation, the gravitational and centrifugal forces affect [.hf: crystalized
hody, anq the to_tal force varies in magnitude and direction, depending on the position of
the container with respect to the axis of rotation, A specific feature of the Cryzallizat' 5
in 1|u.-' centrifuge is the stability of the gravitational component during the test. Onl :;1):
centrifugal force may vary in magnitudes; it depends on the velocity (l.in‘a f d
wpular) and the radius of trajectory of the container movement: et

_is equipped with a heating coil
ing the temperature regulator.

Fe = mV%r = mer,

Where Fe — centrifugal force, N;
m — body weight, kg:
V — linear velocity, m/s;
w — angular velocity 1/s;
r—radius of trajectory, m;
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The linear velocity depends on number of revolutions per minute and the trajectory
radius of the container movement. With the unchanged weight of the erystalized molten
metal, the magnitude of the centrifugal force can be changed by varying the values of
these two parameters. Thus, in case of determining the constant value of the centrifugal
force, the centrifuge angular frequency can be a variable factor in the test. The

combined effect of gravitational and centrifugal forces causes a variable force-

frequency effect on the crystallizing molten metal similar to a wave load with a certain
amplitude-frequency characteristic.
This paper represents testing results of mechanical properties of aluminum alloy grade
AD31 obtained in a container rotating in a vertical plane, depending on the following
parameters of the unit:

- angular frequency varied in the range from 10 to 45 rpm;

- centrifugal force varied in the range from 0.05 to 1.ON.

Experimental Results

Dependences of ductility margin, yield point, and yield strength on the centrifuge
angular frequency increase in the vertical plane are shown in Figures 2-4. AD31 alloy
vield point dependence on the centrifugal foree is shown in Figure 5.

It was found that with an increase in the centrifuge angular frequency, a stable increase
in the ductility of the alloy is observed, which is described by a parabolic curve with i
maximum at 30 rpm (Figure 2). With increasing angular veloeity, the flexibilising effect
of the force-frequency of the unit is removed. The mechanical strength characteristics
6. and o, vary in reverse way (Figures 3, 4). An increase in the centrifuge angular
frequency results in a significant drop in the alloy strength within the range from 10 10
45 rpm. There is a distinct phenomenon of "the alloy force-frequency ductilising and
plasticizing." The minimum value of strength corresponds velocity totalling 30 rpm.
The yield point decreases most of all, by about 25%, while the decrease in the
temporary resistance makes up approximately 5.0%. This result is in good agreement
with the data the change in ductility (Figure 2).

MPa

1arrgin

Yield poim

Ductility v

Angular frequency, r/min Angular frequency in
Figure 2 — Dependence of Figure 3 - AD3l Alloy Yield Poim
AD31 Alloy Ductility Margin Dependence  on  Centrifuge Angular
on Centrifuge Angular Frequency Frequency
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Yield point, MPa

Angular t juency, r/mir

l'igure 4 — AD31 Alloy Yield
Strength Dependence on
Centrifuge Angular Frequency

Figure 5 - AD31 Alloy Yield Point
Dependence on Centrifugal Force

\f ‘I.ngh v;ilues o‘f _zmgular frequency, a slight increase in strength characteristics and a
decrease in ductility are observed. Therefore, we can assume the centrifuge angular
licquency 91‘ 30 rpm as a critical angular velocity, at which the mechanisms undcrlgui
crystallization and structure formation processes are likely to change e
\ comparative analysis of the results provided in Figures 2-4 shows. that the curve knee
point takes plazce under the following conditions of crystallization: angular frequency n
) rpm, trajectory radius r = 0.1 m, and the calculated value of centrifugal foice

makes up Fe = 0.443 N, at the above figures. ;

\ more 'con'lpleX curve describes the dependence of the yield point on the magnitude of
||Iu‘ pr;:vnanonal force (figure 5). We can single out several areas with different rate of
| n.mlgg‘ thereof, depending on the centrifugal force. With an increase in the centrifugal
lorce Fe up to 0.15 N, a sharp drop in the yield point, by approximately 6.0 MPa is
-unulf:d. This area can be characterized as an area of high sensitivity t;) avit
0 nlnluga_] force. The second area, within the range from 0.15 N to 0.44 Ng:mwt}i;
u :lll::|l.l-,)1(n glsoih!a}llrcau;tﬁgzeids b)lg a rat‘lilgr low influence on the yield point. A ve;y sharp
poaptoin b ver}; Slights-erve in the range 0.44-0.5 N, where the change in the
Ihe knee ppint of AD31 aluminum alloy yield point — centrifugal force curve during th

i w.mlhzanon_ma!tches to the centrifugal force of 0.444 N. It is fair to assume tha% thz
wurve kne‘e point is associated with a change in the direction of the total force projection
o the axis of ordinates from the negative (the lower position of the container) to the
ponilive ((]’:IE upper position). Thus, during the centrifuge rotation, the alternating loads
i terms of magnitude and direction, are applied to the erystallizing molten metal. '

{ ONCLUSION
.‘-...ulluincnus ac}ion of constant g;ravity and variable centrifugal forces results in a
rong decrease in strength properties and an increase in the ductility margin of AD31

Lo S i s !
Iy In addition, we can single out a certain angular frequency of 30 rpm, at which
Ky . Y 1 1 :

reme values of mechanical properties were recorded. This suggests that this value of

dororg/10.5593/s
org/ sgem2018/6.1 285
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angular frequency is critical for AD31 alloy, and the crystallization process has a wave
nature and is characterized by certain values of amplitude-frequency parameters.

The obtained results are in agreement with the author's point of view [10]. In the
author's opinion, the states of any substance in the processes of melting (erystallization)
and dissolution are associated with certain vibrational modes and strong vibrational-
electronic interactions. The author believes that the processes of melting
(crystallization) are associated with the nonequilibrium excitation of typical vibrational
states, which energy considerably exceeds the average energy proportional to kB.

Thus. the research results show the opportunity to use the method of centrifugation to
control the crystallization process (crystallization capacity) of the molten metal. The
combined action of the gravitational and centrifugal forces during the centrifugation of
the crystallizing aluminum alloy has a significant effect on the structure formation and
mechanical properties.
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MINIATURIZATION AS A WAY TO PRESERVE MATERIAL IN THE
MANUFACTURE OF MICROSTRIP DEVICES
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ABSTRACT

Microstrip devices have found wide application in various fields of radio engineering.
I lowever, such devices are made on dielectric substrates from various materials - glass,
mica, ceramics, ete. In the process of manufacturing microstrip devices, it is possible to
iise, as etching method, this removal of excess copper coating, and removal of copper
coating with special equipment, for example a milling machine . As a result. at various
“iages of manufacturing, material waste remains in large guantitics, a solution for
ctching, milling the milling cutter and many other things are consumed. In order to
reduce the amount of waste and the total amount of material used, it is proposed to use
ihe miniaturization method, which, through more efficient use of the substrate arca,
iminimizes the cost of producing microstrip devices. Modeling was carried out in the
program for electrodynamics analysis of radio electronic devices in the NI-AWR
Design Environment program 13. In this paper, a miniature crossover was developed,
e dimensions of which were reduced by meta-structures by 70.1% compared to the
dimensions of a traditional design, while maintaining characteristics in a wide band of
operating frequencies.

kevwords: material, microstrip line, dielectric, substrate, miniaturization.

INTRODUCTION

Various microstrip devices are made on dielectric substrates, for example, antennas,
directional couplers, filters, etc. Foiled materials of the microwave range arc sheet
aterials, the hasis of which are high-temperature polymers with excellent dielectric
Characteristics, coating with copper galvanized foil. Depending on the brand of
icrowave, materials have different dielectric permittivity, but, in general, all are
designed for manufacturing printed and strip-printed circuit boards of the microwgve
/unge, antenna clements and other microwave products. Using the miniaturization
process, it is possible to substantially save material and expenses for its production.

Miniaturization is one of the directions of modemn radio electronics aimed at designing
devices with significantly reduced overall dimensions, weight, etc. Reducing the size of
Aructures is achieved through the use of new design and technological solutions based
o the use of elements that have similar characteristics with conventional microstrip
lines, but due to its geometry and interelement links makes it possible to increase the
packing density of standard designs. As you know, its size depends on the operating
licquency of the device, and therefore the lower the frequency, the greater the
dimensions of the device. Consequently. the most relevant for the miniaturization range
i the decimeter wavelength range. In this paper, we will show the result of the
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