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Summary. In the course of the work, the process of forming reflective shells and finding the position of
grid elements after deformation was investigated. Fixation of mesh nodes by electric arc spraying. After that, a
composite material such as polystyrene is applied to form reflective shells. Minimization of potential energy is
carried out numerically by an iterative method. The result of the work is the formation of the antenna array shell
by the method of electric arc spraying and the application of the composite material. The following forming
operations of sheet metal stamping are known: drawing, rotary drawing, relief forming, trimming, including
rubber and liquid drawing, hydromechanical drawing, explosion drawing, electric discharge stamping,
electromagnetic stamping, hydropneumatic drawing, which allow to obtain a shell from sheet material (solid or
gas and water permeable) by pressing it against a die or punch with a transfer medium.
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Statement of the problem. The production of antenna systems and the manufacture of
reflective surfaces is based on new technological and design ideas, the implementation of which
requires appropriate scientific and technical support, and is possible in close cooperation
between production and scientific potential. The technology of manufacturing mesh material
shells can be used to produce axisymmetric and non-axisymmetric reflectors or individual
elements of mirror antennas [1].

Analysis of known research results. The article deals with the methods of
manufacturing antenna systems and reflective surfaces based on new technological and design
ideas. The process of shell formation from mesh material is investigated. The complexity of
describing the deformation process lies in the fact that the mesh behaves qualitatively
differently when deformed than a sheet of solid material. This is due to its structure, in
particular, the ability to rotate mutually perpendicular mesh wires relative to each other at the
nodes. The design, production, and engineering were carried out by scientists from Ukraine and
abroad, which is reflected in [2, 3].

Purpose of the work. The main design and technological ideas implemented in antenna
systems are:

- preserving the basic principles of aviation technology in the production of antennas
and excluding the influence of subjective factors on product quality;

- optimization of structures according to the criteria of stiffness, accuracy and weight;

- use without slipway assembly and on-site adjustment of antennas;

- use of vector diffraction methods in optimizing the electrodynamic characteristics of
an antenna system at the design stage [4];

- the antenna positioning control system, control of its movement speed, diagnostics
of its condition during operation, self-testing, is based on digital information processing [5].
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Formation of reflective shells by electric arc spraying and application of composite material to the punch

General provisions. Mirror (reflector) antennas are aperture antennas that use the
phenomenon of wave reflection from a metal mirror (reflector) to convert weakly directed
electromagnetic waves generated by a primary radiator (irradiator) into sharply directed waves
emitted into space.

The most common types of mirrors are the paraboloid of rotation (Fig. 1) and the
parabolic cylinder (Fig. 2).

Linear
irradiator

Figure 1. Paraboloid of rotation Figure 2. Parabolic cylinder

A paraboloid is a surface described by a parabola when it is rotated about its axis. A
parabolic cylinder is formed by moving the parabola along parallel lines called the cylinder's
generators. There are other mirrors based on a parabola.

The aperture of a mirror antenna is the part of the plane bounded by the outer edges of
the reflector. The aperture of a parabolic cylinder has the shape of a rectangle along the sides a

and b.

The focal length f of a parabolic reflector is the shortest distance from its surface to the
point F, which is called the focus of the parabola.

The focal line of a parabolic cylinder is parallel to the cylinder's constituent parts and
passes through the focus of the original parabola.

2y
Mirror opening angle - ~ 0 double the maximum angle value ¥
The equation of a parabola:

f

- cos? (0,5) @)

and the opening angle 2l'//O is related to the diameter of the paraboloid d and its focal length f
ratio:

4f
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: o 2 .
A reflector is called deep (short-focus) if: Yo~ ”, f<0,25d and the focus F is located

in the middle of the mirror; if, 2V/O <7 f>0,25d and the focus is out of the plane of the
opening, then the reflector is called shallow (long-focus). The phase center of the irradiator is
aligned with the focus of the mirror, and a counterreflector is placed behind the irradiator to
minimize the radiation of the irradiator outside the angle of the mirror opening.

The inner surface of the mirror should have the highest possible conductivity. To reduce
the windage and weight of the mirror, it is sometimes made not of a solid surface but of a mesh
or perforated sheets. The dimensions of the holes are selected so that no more than 1...2% of
the power of the waves incident on the mirror leaks through them [6].

Existing methods of manufacturing reflective surfaces. Stamping. This process is
widely known, so only some aspects are discussed. The practice of manufacturing shells for
radar by stamping has determined the following.

Its advantages include:

- is awell-studied process both theoretically and practically;

- the existence of press equipment and tooling in Ukraine.

Disadvantages:

- The main disadvantage is the inability to obtain the exact geometry of the reflective
surface of the RA with the reliability of repeating the process;

- when the overburden is more than 1.0 m, it is necessary to have special powerful
pressing equipment and high losses on dies;

- shells for individual panel structures and non-axisymmetric RAs with a small depth
of curved surface are produced from dies with very large deviations;

- large areas, powerful equipment, significant energy consumption, and highly
qualified personnel are required both in the production process and during the release of
products.

Therefore, stamping technology is not suitable for manufacturing high-precision
shells.

Tightening. Borrowed from the aviation industry. It is mostly used to produce shells of
individual panels or shell sectors with a thickness of 1.5-2.5 mm for prefabricated (riveted)
RAs, which are assembled on special slipways with the installation and inspection of the
working surface according to the «flag-template».

Advantages:

- the ability to manufacture symmetrical and asymmetrical shells in a wide range of
sizes with the appropriate plasma support;

- the ability to manufacture symmetrical RAs from duralumin alloys that have
significant hardness and stiffness during operation.

Disadvantages:

- manufacturing accuracy of parts is not higher than +0.6 mm;

- expensive, special powerful equipment that takes up large areas;

Such equipment exists only at Ukrainian aircraft plants.

Rotary run-in. Rotary turning (RR) is performed on lathes or lobing machines. The
curved surface is programmed by a computer numerical control (CNC).

The tool is a hardened steel roller. Plastic deformation occurs at the point of contact
between the roller and the workpiece.

There are two ways of RO:

- rolling on arigid punch;

- free running without punching

On a rigid punch. The punch, most often made of a cast iron or steel casting, is
mounted on a machine tool platen and, in most cases, immediately machined on the machine
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on a working surface that matches the shape and dimensions of the theoretical reflective
surface of the RA. At the top, in the center of the punch, there is a pin for basing the
workpiece, which is a circle with a small hole in the center.

The caliper with a running-in roller moves according to a predetermined program, in
accordance with the punch surface from its center to the periphery. At the same time, the metal
is plastically deformed on the punch in the contact zone due to the clamping force and a curved
surface of the part is formed.

There is no control over the accuracy of the resulting shape, as it is believed that it is
maintained by the punch.

Advantages:

- the shells are produced with a fairly high accuracy, deviations within +0.3 mm, and
reliable process repeatability;

- the ability to obtain the required diameters and depths of the RA profile in a wide
range, given the availability of appropriate equipment and punches;

- short production time.

This is the most efficient way to produce radar shells with a diameter of up to 1.5 m for
wavelengths up to 10 mm. Larger diameter shells are also quite accurate, but during subsequent
assembly of the radar, they partially distort the shape due to the action of the frame's force
elements.

Disadvantages:

- the need for large carousel or CNC lathes when forming shells with a diameter of
more than 0.9 m, and, as a result, high costs;

- Dependence of RA accuracy on the performance professionalism of the work shift;

- the need to have a separate machine for machining only one RA diameter, with a size
of 1.5-2.5 m, due to the difficulty of removing and installing the punch (especially on lobing
machines);

- obtaining only axisymmetric RAs for a frequency range not exceeding 10 mm due to
the wave traces of the roller remaining on the reflecting surface.

Kramatorsk Heavy Machine Building Plant manufactures lobing machines with a
processing diameter of up to 2.5 m. The process of rotary rolling on a rigid punch is well
mastered at Ternopil-based Ternotechn, which produces shells from 0.4 to 2.5 m.

Free running (without punch). This is a very promising method. So far, it has been
implemented only on carousel machines, although there is every opportunity to implement it
on lobing machines. The essence of the process is as follows.

A fixture is mounted on the platen, which is a conventional stand for mounting and
securing the workpiece. The workpiece in the form of a circle is mounted on the stand, which
has an annular protrusion and hinged bolts. A ring with bolt slots and an annular groove is
placed on top, which evenly seats the periphery of the workpiece, forming a flanging along the
annular projection and holding it stationary. The die is rotated. The roller moves along the
working (reflective) surface from the center to the periphery and in several (4-6) passes pushes
the workpiece to form the shell profile.

The process of RO is carried out with the gradual stretching of more and more sections
of the workpiece to the periphery. The shape accuracy is checked immediately on the fixture
according to the template. During the molding process, it is also possible to check the accuracy
of the shape.

Advantages:
sufficiently high accuracy of the part shape within +0.4 mm on a diameter of 2.8 m;
no need for a punch;
the ability to produce different diameters and depths of shells with minimal tooling

costs.
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Disadvantages:

- the need for carousel machines, space for them, and maintenance;

- only axisymmetric shells are produced;

- the need for preliminary culling, significant time for fixing and processing;

- the presence of small waves on the surface from the roller marks, which makes it
possible to use RA only in the frequency range not exceeding 10 mm.

Ukrainian enterprises have every opportunity to introduce this method of radioactive
waste production.

Formation of the current working environment by pressure

The molding process is carried out by pressurizing a liquid or gas against a rigid die or
punch. The simplicity and low cost of the equipment determine the increasing use of this
method.

The process takes place without frictional forces at the deformation site and is
accompanied by intense thinning of the workpiece deformed under biaxial tension. The
maximum loads of the workpiece zones for different types of forming are not precisely
determined, since theoretical premises differ from practical consequences.

Among the common methods of producing RA, static hydro- and gas-forming have
found a special place.

The advantages of these methods include:

- simplicity and low cost of the process and equipment;

- there is no need for highly qualified personnel;
good accuracy of +0.1 mm with reliable process repeatability;
short process time;

- no mechanical damage to the working surface of the shell, which makes it possible
to use it for radar in the millimeter range;

- the possibility of obtaining both axisymmetric and non-axisymmetric RAS;

- the ability to organize production in small areas and enterprises.

Disadvantages:

- limited depth of molding of the part, h/d < 0.21;

- the need to have a matrix for each type of RA;

- hydroforming, due to the high carelessness of the process, gives unsatisfactory
working conditions (humidity, corrosion of equipment), and water drainage requires a sewer
system;

- the appearance of an under-formed area at the top of the shell, which reduces the
accuracy [7].

Formation of shells by electric arc spraying and application of composite material.
This is because the formation of this material consists of several stages. The first stage is
deformation of the two-dimensional mesh and fixing of the nodes by electric arc spraying with
aluminum. The second stage, after sputtering on the punch, is to obtain a surface with a high
temperature and apply a composite material such as polystyrene.

Polystyrene is a polymeric material that is used in the manufacture of various products
due to its unique properties. Here's a closer look at the chemical properties of polystyrene:

e Thermoplasticity: Polystyrene is a thermoplastic material, which means it can easily
melt at a certain temperature and be molded into different products. This makes it possible to
produce polystyrene products in different shapes and sizes.

e Chemical resistance: polystyrene has a fairly high chemical resistance to many
substances, including acids and alkalis, which makes it resistant to destruction in contact with
them. However, it can react with some organic solvents, so this should be taken into account
when choosing a material for a particular application.
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e Electrical and thermal insulation: Polystyrene has low thermal conductivity and good
electrical insulation, making it useful for the production of insulation materials, including
thermal insulation panels for buildings and electrical insulators.

e Transparency: In its clear form, which is often used, polystyrene can be very
transparent and transmit light better than glass. This makes it popular for the production of a
variety of packaging materials and display cases.

e Mechanical strength: While some types of polystyrene can be brittle, there are also
impact-resistant variations of this material that have increased strength and resistance to
mechanical stress [8].

Since the first stage is the most important because a reflective surface is formed on the
punch, the study of the shell formation process consists of predicting and verifying the
deformation of a two-dimensional mesh. The difficulty of describing the deformation process is
that the mesh behaves qualitatively differently when deformed than a sheet of solid material. This
Is due to its structure, in particular, the ability to rotate mutually perpendicular mesh wires relative
to each other at the nodes. In addition, the conditions that the solution must satisfy differ from the
standard ones: the surface on which the mesh should lie after deformation is specified, while the
forces applied to the mesh at the nodes remain unknown in the problem formulation.

Finding the position of mesh elements after deformation is reduced to finding the
position of mesh nodes after deformation. This problem must be solved with known
displacement vectors of all nodes during deformation.

Therefore, the most general approach is used in solving the problem, namely the
theorem of the minimum potential energy of the system in the equilibrium position. At the same
time, friction in the system is neglected; it can be taken into account when improving the
developed methodology. The minimization of the potential energy is carried out numerically
by an iterative method.

The deformation depends on the forces applied to the ends of the mesh element. The
stiffness matrix of the element is found using the DIP-FEA package, for which the element model
is created and, given unit forces for each direction, the applied displacement load is calculated.

Mesh deformation process. This section is devoted to the development and verification
of deformation of a two-dimensional mesh.

The complexity of describing the deformation process lies in the fact that the mesh
behaves qualitatively differently during deformation than a sheet of solid material [9].

This is due to its structure, in particular, the ability to rotate mutually perpendicular
mesh wires relative to each other at the nodes.

In addition, as described in more detail below, the conditions that the solution must
satisfy differ from the standard ones: the surface on which the mesh should lie after deformation
is specified, while the forces applied to the mesh at the nodes remain unknown when the
problem is formulated.

Therefore, the most general approach was used to solve the problem, namely the
theorem of the minimum potential energy of the system in the equilibrium position. At the same
time, friction in the system, as usual, is neglected; it can be taken into account when improving
the developed methodology.

The potential energy is minimized numerically by an iterative method. The problem
statement, solution methods, and software implementation of the method are described below.

Problem statement. A surface of rotation is given, the equations of which are described
by the following system:

{Z:f(p),

(3)
px 2y ?
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The surface is given in the cylindrical coordinate system. When p is greater than some
value of RO, f(p)=0.

A grid that was undeformed in the plane z=0 and had a spacing of s is deformed so that
it lies on a given surface.

The mold is formed using a ring with an axis radius equal to RO (Fig. 3).

Friction in the system is completely neglected. The task is to find the position of the
mesh elements after deformation.

Figure 3. Scheme of grid formatio

Solution methodology. Before developing a solution methodology, it is necessary to
clarify how the grid position should be set. The easiest way to do this is to reference the mesh
nodes (i.e., the intersection points of mutually perpendicular mesh wires).

For this purpose, we assume that only rotations of the mesh wires relative to each other
are allowed at the nodes, while displacements are not allowed. In fact, displacements (small ones)
do exist, but they can be neglected to a first approximation. Thus, under the assumptions made,
the position of the mesh will be fully known if the positions of its nodes are known. Therefore,
the problem is reduced to finding the position of the mesh nodes after deformation [10].

Description of the grid position. When solving the problem due to symmetry,
it is advisable to consider only the part of the grid that is in the first square. To find the
position of the grid nodes as a whole, it is enough to consider that the grid has symmetry C4
about the z-axis.

The node of the grid will be numbered with two numbers, i and j (Fig. 3). The problem
will be solved if the displacement vectors of all nodes under deformation are found.

We denote the displacement vector of node (i,j) as uij. There are a finite number of such

vectors. Along with the vectors uijj , we also introduce the vector mapping function u(x,y) .
The meaning of this function is that at each point (x,y) of the plane z=0, the vector U(X ¥)

is assigned to the vector (x,y) , and thus a mapping of the plane z=0 to the surface is given, each

point of which is some point of the plane z=0 shifted by the vector YY) | The mapping is

assumed to be mutually unambiguous, and the function YY) is assumed to be continuously
differentiable over the entire domain of definition. Let us impose another condition on the

) XY ) o ) u(x.y.)=u..
functionU(*¥): if 1" "1 is the coordinates of the node (i,j), then it mustbe: ~ 3 1 1,

In other words, let's define the function u(x,y) so that it maps the grid to the surface.
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Suppose that before the mesh was deformed, some of its wires were parallel to

Y=Y,

the x-axis, i.e., had the equation

Node (6.5)

Figure 4. Node numbering scheme

Then, as it directly follows from the definition of the functionu(X’ y), after
deformation, the wire will lie on a curve whose equation in vector form is as follows:

R(X) =Rx(X)-i+Ry(X)- j+Rz(x)-k
Ry (X) = X+ Uiy (%, Yg)
_ (4)
Ry (X)=y+uy(x,yg)
Ry () = (X, Y;)

where i,j,k are the coordinates of the x,y,z axes of the global coordinate system.
Given R(x), you can also find the tangent line to the wire at any point.
Energy of the grid. When calculating the energy of the grid, we use an obvious fact:
the energy of the entire grid is equal to the sum of the energy of its parts. The smallest element

of the grid is a part of a wire with a length of a period (Figure 5) [11].
Zl

-

Yl 5 | <

0 X1

Figure 5. A grid element
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The energy of the entire mesh can be found by calculating the energy of each element
and adding the values for all elements. Obviously, the energy of an element depends only
ondeformation of the element itself. The deformation, in turn, depends on the forces applied to
the ends of the element.

Let's place the local coordinate system of the element as shown in Figure 5. In this case,
point O (the left end of the rod) will be considered rigidly fixed.force P and a moment M are
applied to the ends of the element  Let's combine these two force factors into one six-

: : FE . F,3=P Fpee=M
dimensional vector i, with 123 XY,z and 456 T Xy.Z,
When you apply these forces, point A will move to some vector A and return to some
vector?.

) ) ) D. )
The last two vectors will also be combined into one vector 1, and there is a
correspondence between 123 X.V.Z and 456 XY,z

. : F. D. . .
In terms of Hooke's law, the relationship between the components 1 and 1 is linear.
In its most general form, this relationship is expressed by the formula:

6
=GP ()
j=1

C..
where Y is a sixth-order square matrix, which we call the stiffness matrix.
The inverse matrix is called the malleability matrix:

S . . F
Suppose we have an equilibrium state with some given forces 1. Let's change these

dr. . . . L dD.
forcesto 1. In this case, we will have an increase in displacements 1

6

When the displacements change, the forces applied to the element at point A will do
some work. According to the law of conservation of energy, this work is equal to the change in
the potential energy of the element. Therefore, for the element's potential energy differential,
we have the following expression [12]:

6 6
dU = 3 «( ¥ Cj;-D;)-dD;, (8)
i=1 j=1

It is easy to see thatdU is indeed a complete differential. This can be easily shown by

using the order-reversal theorem, which states that for the functionU , the variables Di and Di
must be equal:

2 2
azu op. O
0°D;

im0, ©)

ISSN 2522-4433. Bicnux THTY, Ne 2 (114), 2024 https://d0i.org/10.33108/visnyk_tNtu2024.02 ..........cco.cemreeremrrerrenerensrenss 127



Formation of reflective shells by electric arc spraying and application of composite material to the punch

C.=C..
It is easy to see, using (8), that condition (9) can be rewrittenas Y J'. This means
that the stiffness matrix must be symmetric. As practical calculations show, this is indeed the

case. Therefore, dU is a complete differential. The functionU itself can be found by simple
integration and has the following form:

L3¢ p2 D; -D

i>5i Y J

According to the physical meaning of the functionU as the potential strain energy of a

mesh element,U should be positive definite. Specific numerical calculations have confirmed
this for one case. For physical reasons, this should be true in general.

Finding the stiffness matrix of an element. The stiffness matrix of an
element can be found using the DIP-MKE package. To do this, create a model of
the element in the package according to Fig. 5. If the element is subjected to

such forces in turn that in each case only one component in the vectorFi
is different from 0 (alternately from the first to the sixth), and this component
is equal to 1.

According to the
element:

relationship between displacements and forces for an

6
Di =X Bij -Fj (11)
j=1

Bi: . D. . . o o . Cii .
I} is equal to "1 when a unit force is applied in the «direction» j. " is then found as the

inverse of i :

Given unit forces for each direction of load application, the displacements are
calculated by the package. Illustrations showing the deformations of the element when loads
are applied are given in the graphical part of the paper.

The inverse matrix is found by a program written in Borland Pascal 7.0. For a mesh
with a spacing of 7.5 mm made of steel wire with a diameter of 0.75 mm, the stiffness
matrix is shown below. As expected, it turned out to be symmetrical (with an accuracy of
errors caused by rounding).

Table 1

Stiffness matrix of a grid element

il 1 2 3 4 5 6
1 | 2582E+05 | 9566E-10 | 1405E+06 | 7.845E-13 | -4.415E+02 | 2.163E-14
2 | 9612E-10 | 8.962E+04 | 5333E-11 | 3.361E=02 | 2.061E-13 | -3.361E+01
3 | 1405E+0.6 | 1.318E-11 | 1.181E+07 | -2.354E-13 | -8.395E+02 | -2.311E-15
4 | 8073E-13 | 3.361E+02 | -3.356E-14 | 1.694E+00 | -3.566E-16 | -1.346E-01
5 | -4.415E+02 | 2.092E-13 | -8.395E+02 | -3.414E-16 | 1.7766E+00 | -7.324E-17
6 | 1891E-14 | -3.361E+01 | -2.328E-14 | -1.346E-01 | -7.048E-17 | 3.611E-01
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Finding Di for the element. Consider an element that is projected on the plane z=0 in
a segment parallel to the x-axis in an undeformed state. Let this element be bounded by the
nodes (j,i) and (j+1,i).

The coordinates of the nodes in the undeformed state have the following
values:

x0=(j—1)-s

Yo=(-1)-s
s (12)
B

yg =(i-1)-s

In the deformed state, the coordinates of the nodes have values:

xb =X +uX(xO, yO)
y(l) =Yo +uy(X01 yO)

zh =u (X~,Yn)

0~ "2V0'70

: 13
X =X, +U (Xpr Ya) 13
AT TATEXVATA

y:A\ = yA"'Uy(XA,yA)

ZiA\ =Uz (XA, yA)

D.
The deformation vector ! of an element must be expressed in the local coordinate
system of the element (Figure 5). To do this, first of all, let's find the orthoi of the local
coordinate system (or rather their coordinates in the global coordinate system). As can be seen

. X . . . .
from Figure 5, the ortho of the | axis coincides with the tangent to the element at point 0.
Therefore, we have:

ol
| ||
IX:1+au—X
ax’ (14)
auy
Y™ ax
L g
z OX

where the derivatives are taken at the point (Xo: Yo) |

Next, we assume that the ortho of the 7 axis coincides with the normal to the surface
(1) at point 0.
Then:
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I
kl_m
X
ox p Op (15)
o %z__y o
"y poop
I, =1

i (ki - _

Finally, the orth of the Yi axis is simplyJI [ ' "], as it is in any right-handed
coordinate system.

For an undeformed element, the coordinates of the end A would be:

RY =Ry +i -s+k; -h, (16)
where Ro is the radius vector of point 0
In fact, Rx looks like this:
RA:RB+kI-h, (17)

where Re is the radius vector of point D;

kl — is the normal to the surface (1) at point B.
From (16) and (17), the displacement vector is equal:

0
A=R, -R
A A (18)

Dypg =Gy Jy k)
For small end angles (in radians), the following relationships also apply:

i . i .

D, = ox =—‘kl —kl‘-5|gn[(kl k) |

D5 =dy =-1y ' (19)
Dg =92 =ly,

where, 2 I are the components of a single vector tangent to the element at point A in the local
coordinate system. They can be found by taking the derivatives at point B.

Thus, it was possible to express Pi in terms of u(x,y). When implementing the method,

the derivatives of u(x,y) should be (of course, approximately) expressed as Uy For example, for
node (i,j) we have:

X X
ouy Ui+t j 7Y j (20)

oy 2s
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In this way, Dj is expressed through U; , Which is necessary.
Minimize energy consumption. According to the method of solving the problem,
energy minimization is planned to be carried out numerically as a minimization of a function

of many variables. In this case, the energy depends on the variables U; .
First, we write down the zero approximation:
X
UIJ =0
uf = f(s((i -2+ (j-12)

Ewu,)

Then, as described above, we find the energy of the mesh and partially the

derivatives of the displacements:

m OE

4] :_GUiT (21)

To reduce the energy, we take the following approximations Ui in the form:

(Ui D1 = (i e =2 )y | (22)

where K is the approximation number;

A — some became>0;
The energy change is expressed by the formula:

OE
dum- Z—/Ii’z (airT]j)ﬁ’ (23)

dE, =
K=: = I

i,J,mauimj

As can be seen from (23), dE, <0 4ngdE, =0 only if all derivatives of E are 0.
The value of 4 should be chosen experimentally. By calculating the derivatives at some

u..
point in the space ", you can improve the solution until E. starts to grow. Then you should
find the derivatives at a new point and continue the process. There is a way to find A directly,

but it requires the numerical calculation of the derivatives of E byuii. It is planned to be
implemented in the future [13].

Implementation of the developed method.

The study of shell formation consists of predicting and verifying the deformation of a
two-dimensional mesh.

The method was tested by manufacturing an axisymmetric antenna mirror with a
diameter of 1.5 meters. A mesh made of galvanized steel wire with a diameter of 0.5 mm and a
mesh size of 5 mm was used as a blank. The coating was carried out by an electric arc sprayer
with aluminum wire on an industrial installation.
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The described method of solving the problem is implemented for the case when f(p) is
the following function (Fig. 6).

\f1 H v
N :
™

T
al
e
o
m

Figure 6. Focal length of an axisymmetric Figure 7. Mirror of an axisymmetric antenna with a diameter
antenna mirror of 1.5 meters

As can be seen from Fig. 5, Ro =b+d. If the parabola has a focal length f, then as we can
show mathematically, we get:

d=r* b ,
4f 24p2
2 (24)
b b
a=—+r*(1- );
4f 4f 24p 2

The following values of the variables in (24) are used in the solution:
r=12mm; b=200mm; f=500mm.

The mesh was taken in the form of a square with a mesh size of I=5 mm. The resulting
shape of the sprayed mesh is shown in Fig. 7. The mirror of the axisymmetric antenna with a
diameter of 1.5 meters was sputtered with an electric arc sprayer using aluminum wire on an
industrial installation [14].

Conclusion. In the course of the work, the methods of manufacturing antenna systems
and manufacturing reflective surfaces based on new technological and design ideas are
considered. The process of formation of shells from mesh material that can be used for the
manufacture of axisymmetric and non-axisymmetric reflectors or individual elements of mirror
antennas is investigated.

One of the tasks investigated in shell formation is to find the position of mesh elements
after deformation, which in our case is reduced to finding the position of mesh nodes after
deformation. finding the position of mesh elements after deformation.

The potential energy is minimized numerically by an iterative method. The energy
calculation uses the obvious fact that the energy of an element depends only on the deformation
of the element itself, and the deformation, in turn, depends on the forces applied to the ends of
the element. It is also obvious that the energy of the entire mesh is equal to the sum of the
energies of its parts.
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VIIK 531.374

YTBOPEHHS BIABUBAIOYNX OBOJIOHOK METOJ10OM
EJEKTPOAYI'OBOI'O HANMJIEHHSI TA HAHECEHHSM
KOMITIO3NIOINHOI'O MATEPIAJIY HA ITYAHCOH

Tapac Ayounsk; Borogumup HeBoxaii; Anapiii Pemes;
Muxoaa HHommuBak; Ilerpo Mukyauk

Teprnoninbcokuu HayioHanbHUU mexHiuHuu yHigepcumem imeni leana 1lynros,

Tepuonins, Ykpaina

Peztome. Jlocnioscenno npoyec ymeopemnms 8i00UBAIOYUX 0OOJOHOK, 3HAXOONCEHHS HNONOINCEHHS

enemenmie cimxu nicis oegpopmysanns. Qikcayis 8y3nie cimiku Memooom erexmpooye06020 Hanuienus. Onicis
8100Y8AEMbCsl HAHECEHHS KOMROZUYILHO20 MAMEPIALy MUny noaAicmupo 0Jis YMeopeHHs. 8i00UBAUUX 0O0NIOHOK.
Minimizayito nomenyianeHoi enepeii 30ICHEHO YUCENbHO imepayitinum Memooom. Pesyremamom pobomu €
VYMBOPEHHsL 000JIOHKU AHMEHHOT PeuimKi Memooom ereKmpo0y208020 HANUNEHHs MA HAHECEHHS KOMIO3UYILHO20
mamepiany. [{ocriodcenno npoyec ymeoperts 000J0HOK 3 CIMYAcmo20 Mamepiary, wo Modice Oymu 8UKOPUCIAHO
OJ15 BUCOMOBIICHHS OCECUMEMPUYHUX [ HEOCECUMEMPUUHUX PepieKmOopié abo OKpeMux eieMeHmie 03epKaibHUxX
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anmen. OOHielo 3 3a0a4 OOCHIONCEHHS HOPMYBAHH 0OONOHKU € 3HAXOONCEHHS NOJONCEHHS eleMeHmi8 CImKu
nicisi 0eOpMyB8aHHs, WO Y HAUWOMY SUNAOKY 3600UMbCSL 00 3HAXOOICEHHSI NOJONCEHHS. V38 CIMKU NiCs
Odegpopmayii. Bioomi ¢hopmosmintooui onepayii 1ucmogoeo wmamny8ants: GUMSNCKA, POMAYIUHA SUMSNCKA,
penvepue opmysanns, 0OMANCKA, 8 MOMY YUCHI BUMSNCKA, PIOUHOIO, CIOPOMEXAHIUHA SUMSAICKA, BUMSIIICKA
BUOYXOM, WMAMNYBAHHS eNEKMPUYHUM PO3PAOOM, eNeKMPOMACHIMHE WIMAMNYBAHHSL, 2I0PONHEBMOBUMAICKA, K]
00380110Mb ompumamu 000IOHKY 3 JTUCTNOB020 Mamepiany (CyYiibHO20 4y 2a30- i 2I0PONPOHUKHOZ0) UISIXOM
NPUMUCKAHHSA 11020 00 Mampuyi abo nyaHcoHa nepedaryum cepeooBUUYEeM.

OcHOBHUMU KOHCIMPYKMOPCLKO-INEXHOL02IUHUMU [0esMU, AKI peani3yromvcs 8 AHMeHHUX CUCIEeMAXx, €:

- 30epediceHHs npu eUPOOHUYMBE AHMEH OCHOBHUX NPUHYUNIE A8IAYIIHUX MEXHOA02I | 3 BUKTIOYEHHAM
MEeXHONIO2IYHUX NPOYeci8 8NAUBY CYO EKMUBHUX paKkmopie Ha AKICMb NPOOYKYii;

- onmumizayis KOHCMPYKYIil 3a KPUMePIAMU — JHCOPCMKICIb-MOYHICIMb-MACA,;

- gUKOpUCManHsa Oe3 cmaneibHo20 CKIA0AHHS | IOCMY8AHHA AHMeH Ha 00 €Kmax;

- GUKOpUCMAHHA  MemoOi8  8eKmMOpHOI  Ooudpaxyii npu  onmumizayii  e1eKmpOOUHAMIYHUX
Xapakmepucmux aHmeHHoi cucmemu Ha cmaoii NPOeKmy8aHHsL;

- cucmema YNpaeguiHHA NO3UYIIOBAHHS AHMEHU, YAPAGNIHHA WEUOKOCMAMU 1T nepemiujenns,
0laeHOCMUKA CMAany npu eKCniyamayii, Camomecmy8anHs, wo 30IUCHIOEMbCA Ha 0a3i yughpoeozo onpayiosanisl
iHghopmayii.

Knrouosi cnosa: enekmpooyzose HanuieHHs, CimKa, KOMNOZUYIUHUL Mamepian, NyaHcoH, 03epKaio,
ocecumempudHa aHmena.
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