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Summary. The process of shells formation, finding the position of grid elements after deformation is
investigated. Minimization of potential energy is carried out numerically by iterative method. The result is the
formation of antenna array by electric arc spraying method.This techonology of manufacturing shells from mesh
material can be used for the manufacture of axisymmetric and non-axisymmetric reflectors or individual elements
of mirror antennas.
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The production of antenna systems and the production 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 of production with scientific
potential. The technology of shells manufacturing from mesh material can be used for the
manufacture of axisymmetric and non-axisymmetric reflectors or individual elements of mirror
antennas [1].

The following shape-shifting operations of sheet metal stamping are known: hood,
rotary hood, embossed molding, upholstery, including rubber, liquid, hydromechanical and
explosion hood, electric discharge stamping, electromagnetic stamping, which makes it
possible to obtain shell from sheet material (continuous, gas and water-permeable) by pressing
it to the matrix or punch by the transfer medium. The shell with certain errors reproduces the
profile of the forming element [2]. The main design and technological ideas that are
implemented in antenna systems are:

e preservation of the basic principles of aviation technologies in the production of
antennas and with the exception of technological processes of the influence of subjective factors
on product quality;

e optimization of structures according to the criteria — rigidity — accuracy — mass;

¢ use without stacking assembly and adjustment of antennas on objects;

¢ use of vector diffraction methods in optimizing the electrodynamic characteristics of
the antenna system at the design stage [3];

e control system of antenna positioning, control of the speeds of it’s movement,
diagnostics of condition at operation, self-testing, is carried out on the basis of digital
information processing [4].

Operations of forming the reflective surface of a given profile, for example, by casting are
known. The closest is the method of making the reflector shield. It lies in the fact that the reflective
surface of the reflector is formed on the matrix, then the power frame of the multilayer composite
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type is made, the lower end surface of which repeats the profile of the matrix. After
polymerization process of the power frame it is subjected to natural or artificial aging. Then the
power frame is glued to the reflective surface without removing it from the matrix and
compensating for errors in the profile of the connecting surfaces with different thickness of the
adhesive seam. The disadvantage of this method is the low performance, increased overall
dimensions of the shell thickness and, accordingly, the weight of the product, unsuitability for the
creation of breathable shells that transmit reduced wind load, significant manufacturing costs.

The investigation of the process of shell formation consists of predicting and verifying
the deformation of two-dimensional grid. The difficulty of describing the deformation process
is that the mesh behaves in deformation qualitatively differently than a sheet of solid material.
This is due to its structure, in particular, the ability to rotate mutually perpendicular wires of
the grid relative to each other at the nodes.

One of the tasks studied in the formation of the shell is to find the position of the
elements of the grid after deformation, which in our case is to find the position of the nodes of
the grid after deformation. this problem must be solved for known vectors of displacement of
all nodes during deformation.

The energy of the entire grid can be found by calculating of each element and summing
the values obtained for all elements. Minimization of potencial energy is carried out by iterative
method.

Deformation depends on the effort applied to the ends of the mesh element. The stiffness
matrix of the element is located using DIP-FEM package, for which a model of the element is
created and at a given unit effort for each direction, the application of the displacement load is
calculated [5].

The energy of the entire grid can be found by calculating the energy of each element
and summing the values obtained for all elements.

Approbation of the method is performed in the manufacture of axisymmetric mirror
antenna. Galvanized steel wire mesh is used as a blank. Spraying is carried out by electric arc
sprayer with aluminum wire

The task is to form the shell of the antenna array by electric arc spraying method, the
stages of which are presented graphically:

The frame grid is given (Fig. 1 a):

Figure 1 a. Shaping — stage 1

Forming is carried out by means of punch (fig. 1 b)

Figure 1 b. Shaping — stage 2
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The result of deformation — the formed shell is investigated (fig. 1 with)

Figure 1 c. The result of shaping

While describing this model of the frame grid deformation, we use cylindrical
coordinate system. The grid in the unformed state lies in plane z = 0 (Fig. 2 a). Nodes of the
grid are the point of intersection of perpendicular wires of the grid, we assume that only
rotation of the wires of the grid relative to each other are acceptable in the nodes, while shifts
are not acceptable. In fact, shifts (ambiguous) exist, but in the first approximation they can
be neglected [6].
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Figure 2. a — Frame mesh; b — Grid nodes

Thus, according to the above mentioned assumptions, the position of the grid will be
well known if the positions of its nodes are known. Therefore, the task is to find the position of
the grid nodes after deformation. While solving the problem due to symmetry, it is reasonable
to consider only that part of the grid which is in the first quadrant. In order to find the position
of the nodes of the grid as a whole, it is sufficient to consider that the grid has symmetry about
z axis. The grid node is numbered with two numbers i and j (Fig. 2 b).

The problem will be solved if the vectors of displacements of all nodes during
deformation are found [2]. Let us denote the displacement vector of the node (i, j) as uij. There
are a finite number of such vectors. Along with the vectors uij, we also introduce the vector-
mapping function u (x, y). The content of this function is that each point (x, y) of planez =0
corresponds to the vector u (X, y) and thus sets the mapping of plane z = 0 on the surface, each
point of which is point (x, y) the plane z = 0, shifted by vector u (X, y). We consider the mapping
to be mutually unique, and the function u (x, y) itself to be continuously differentiated in the
whole domain. We impose another condition on the function u (x, y): if xj and yi are coordinates
of the node (i, j) then: u (X;, yi) = ujj. In other words, let us define the function u (x, y) in such a
way that it reflects the grid on the surface:
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2= t(p)

11
T (L.1)

Since the diameter of the wire mesh material is small, and the workpiece provides free
sliding of the wires in the nodes, we can assume that it will take the shape of the working surface
under its own weight (Fig. 3)
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Figure 3. Profiling of the frame grid on the reference surface of the punch in the final version

While calculating the energy, we use the obvious fact that the energy of the element
depends only on the deformation of the element itself, and the deformation in turn depends on
the effort applied to the ends of the element. It is also obvious that the energy of the whole grid
is equal to the sum of the energies of its parts.

The calculation of the grid energy can be represented by its mathematical model with

concentrated parameters in the form of a set of masses i, localized in nodes

t=12,..,m] =12 .15 shown in Fig.2 b) [8].
Then the minimum potential energy is as follows:

Win = szijELEj (1.2)

Figure 4. Displacement of nodes in formation
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If the surface of the punch in the coordinate system OX¥Z js represented by its
mathematical model

F(x,v.z)=0 (1.3)
Then
L;=1Z;—z; 1.4

where the value Zi7 = 9is found as the solution of equation F(¥:,¥,q)= 9,

A detailed description of the deformation calculations of the grid elements is performed
in the paper presented in the conference abstracts [9]. Therefore, the most common approach is
used to solve the problem, namely the theorem on the minimum potential energy of the system
at equilibrium. At the same time friction in the system is neglected; it can be taken into account
when improving the developed methodology. Minimization of potential energy is carried out
numerically by iterative method. The stiffness matrix of the elements is located using DIP-FEM
package.

If the element is alternately applied in such a way that in each case in vector Fi is
different from O only one component (alternately from the first to the sixth), and this component
is equal to 1. According to the relationship between displacements and forces for the element:

6
D; = ZBU «F
=1

Bij is equal to D; when applying a unit force in the «direction» j. Then Cij is located as a
matrix inverted to Bjj. With a given unit effort for each direction of application, the displacement
loads are calculated by the package. Illustrations representing the element deformation element
when applying loads are given in the graphic part of the work. The search of inverse matrix is
done by the program written in Borland Pascal. The stiffness matrix for the grid with 7.5 mm
step made from the steel wire with 0.75 mm. diameter is given below. As expected, it turned
out to be symmetrical (accuracy to errors caused by rounding).

Table 1

The stiffness matrix of the grid element

i\ 1 2 3 4 5 6

1 2.582E+05 9.566E-10 1.405E+06 7.845E-13 | -4.415E+02 | 2.163E-14
2 9.612E-10 8.962E+04 5.333E-11 3.361E+02 2.061E-13 -3.361E+01
3 1.405E+06 1.318E-11 1.181E+07 | -2.354E-13 | -8.395E+02 -2.311E-15
4 8.073E-13 3.361E+402 | -3.356E-14 | 1.694E+00 | -3.566E-16 -1.346E-01
5 -4415E+02 | 2.092E-13 | -8.395E+02 | -3.414E-16 | 1.776E+00 -7.324E-17
6 1.891E-14 | -3.361E+01 | -2.328E-14 | -1.346E-01 | -7.048E-17 3.611E-01

Another problems that arise while implementing the spraying technique are positioning,
trajectory, linear and angular velocity of the nozzle of the sprayer, which would ensure the
uniformity of the coating layer over the entire surface. Without going into technological details
of the process, let us consider the condition of the torch orientation, perpendicular to the
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working surface. The minimum distance of the initial position of the nozzle with coordinates
(X f’};') to the reference surface (Fig. 4) spraying is found as the length of the segment normal
to this surface passing through the point with coordinates (¥ e,%‘,O),and intersects the surface at
the point with coordinates(*oi» Yos Zo:;): [10].

I
| . 2 2
D= -.J (X; —xq)* + [}; - }’u}') + [‘ZDE}') (1.5)

The equation of the normal to the surface at pointMr oi5 (Xoi: Y050 Z0i5) s as follows:
X—xg  Y—=¥y —Zy;

dF " dF " dF '
E(Mﬁi}'j @(Muuj E(MDE_J':]

(1.6)

Based on the system of equations given by relations (1.3-1.4) we can estimate the minimum
distance of the node (i, j) of the grid (Fig. 2 a), which is in the initial position (Fig. 1 a), from the
reference surface [11].

The change of distance h of the position of the sprayer nozzle end to the workpiece
surface changes the temperature in the area of contact of the sprayed particles of material with
the workpiece surface and air pressure in this area, which makes it possible to control the
process of applying the material. The grid serves as a power frame and provides intensification
of the coating process, which enables to form better reflective surface of the shell. Subsequent
passages with smaller distance h increase the reliability of grid nodes fixing [12].

Testing of the method was performed in the manufacture of axisymmetric antenna
mirrors with 1.5 meterdiameter. Galvanized steel wire mesh with 0.5 mm diameter and mesh
size of 5 mm was used as a blank. Spraying was carried out by electric arc sprayer with
aluminum wire on industrial installation [14].

The described method of problem solution is implemented for the case when f (p) is the
next function (Fig. 5).
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Figure 5. Focal length of the axisymmetric Figure 6. Mirror axisymmetric antenna
antenna mirror with 1.5 meterdiameter

It is evident from Fig. 5, Ro=b+d that if parabola has focal length f [13], then
mathematically it is difined in the following way:
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( r*b

O
a=ﬁ+r*<1—\/ﬁ>;

The following values of variables are taken in the solution (1.7):
r=12 mm; b=200 mm; f=500 mm.

The grid is taken in the form of the square with mesh size | =5 mm. The resulting shape
of the sprayed grid is shown in Fig. 6. The mirror of the axisymmetric antenna with 1.5 meter
diameter is sprayed with electric arc sprayer with aluminum wire on the industrial installation.

Conclusions. In the course of the work the methods of production of antenna systems and
production of reflective surfaces based on new technological and design ideas are considered. The
process of forming shells from mesh material, which can be used for the manufacture of axisymmetric
and non-axisymmetric reflectors or individual elements of mirror antennas, has been studied.

One of the task investigated in the formation of the shell is to find the position of the
elements of the grid after deformation, which in our case is to find the position of the elements
of the grid after deformation. Finding the position of the elements of the grid after deformation.

Minimization of potential energy was carried out numerically by iterative method.
When calculating the energy, the obvious fact is used that the energy of the element depends
only on the deformation of the element itself, and the deformation in turn depends on the effort
applied to the ends of the element. It is also obvious that the energy of the whole grid is equal
to the sum of the energies of its parts.

The grid serves performs the function as a power frame and provides intensification of
the coating process, which allows you to form a better reflective surface of the shell. Another
problem that arises in the implementation of the spraying technique is the positioning,
trajectory, linear and angular velocity of the nozzle of the sprayer, which would ensure the
uniformity of the coating layer over the entire surface. This techonology of manufacturing shells
from mesh material can be used for the manufacture of axisymmetric and non-axisymmetric
reflectors or individual elements of mirror antennas.
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JOCJIIIZKEHHA ITPOLECY TA 3AJTAYI, IO BUHUKAIOTH ITPHA
YTBOPEHHI OBOJIOHOK METOJAOM EJIEKTPOAYI'OBOI'O
HAIINWJIEHHA

Tapac Jdyounsak'; Poman Jixxumxxopa®; Onexcanapa Mausiii?;
Cranicias Anapeituyk?

Teproninocokuii nayionanvnuii mexniunutl ynieepcumem imeni leana Ilynios,
Tepnonins, Ykpaina
2Hayionanvuuti ynisepcumem «JIveiscoka nonimexwixay, Jlvsie, Yxpaina

Pesiome. P0321mHymo Memoou 6upo6mmm3a AHMEHHUX CUCMeM mMd 6U20MOBICHHS BI00UBAIOUUX
noe6epxornsv, ulo 6a3y€mb(:ﬂ HA HOBUX MEXHONO2IYHUX 1 KOHCMPYKMOPCbKUX idesix. OchosHuMU Hanpsamkamu €
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30epedcents npu GUPOOHUYME] AHMEH OCHOBHUX NPUHYUNIE AGIAYIUHUX MEXHON02Il | 8UOAICHHS MEXHON0SIYHUX
npoyecie  6niugy Cy0 €KmMueHUX HezamueHux axmopie. Onmumizayis KOHCMPYKYIU 3a Kpumepisamu
HcOpCmKicmov-moyHicmo-maca. Buxopucmanns bescmanenvHo2o CKAAOAHHA [ 10CMYB8AHHA AHMeEH HA 00 €Kmi.
Buxopucmannua memodis eexmopuoi ougparyii npu onmumizayii e1eKmpoOUHAMIYHUX XAPAKMEPUCUK
anmeHHoi cucmemu Ha cmaodii npoexmysanus. CmEOpeHHA cucmem YNpAaeNiHHA NO3UYIIOBAHHA AHINEHU,
VNPAGNIHHA WeUOKOCmAMY T nepemiujeHHs, OiaeHOCUKA CMAHy HApU eKCHAyamayii, camomecmyeaHHs,
30iticHIOEMbCA HA 6a3i yugpoeozo onpayiosants iHgopmauyii.

Hocnidocenno npoyec ymeopenHs 000I0HOK 3 CIMUACHO20 MAMePIany, wo Modxce Oymu 8UKOPUCIAHO
07151 8USOMOBNIEHHS OCECUMEMPUUHUX | HEOCECUMEMPUUHUX PeDNeKMOopi6 ab0 OKpeMUX eleMeHmiE 03ePKAIbHUX
aumen. OOHI€0 3 3a0ay, SKI Q0CIONHCYIOMb NPU POPMYBAHHI 0DOIOHKU, € 3HAXOONCEHHSL NONONCCHHS e/IeMEHMIE
CimKuU nicis 0eQopmyants, wo y HauoMy GUNAOKY 3600UMbCS 00 3HAXOONCEHHS NOJIONCEHHS! 8Y3116 CIMKU NICIL
Odehopmayii, 3HAXOOHCEHHS NOJONCEHHSL eleMEeHMIE CIMKU NiCas 0eOopMYSaAHHSL.

Minimizayis nomenyianvHoi enepeii 30ilICHEHO YUCeNbHO Imepayiunum memooom. Ilpu po3paxyHky
eHepeii GUKOPUCOBYEMbCSL 04eBUOHUL PaKkm, w0 eHepeis eleMeHma 3aiedxicums auwe 8io deghopmayii camozo
enemenma, a depopmayis, 8 c8ow0 uepey, 3aiexrcums 8i0 3YCuUlb, NPUKIAOEHUX 00 Kinyie enemenma. Taxoow
0UeBUOHUM € Me, WO eHep2is 8ciei cimKku dopienioe cymi enepeiil ii uacmun. Cimka 8UKOHYE PYHKYIIO CUT08020
Kapkacy i 3abesneuye inmeHcugixayio npoyecy HaHeceHHs NOKPUMM, Wo 00380JAE CQOPMYBaAMU AKICHIULY
8i06uUBaO4y NoBepxHI 000a0HKU. MWW npobriemoro, KA GUHUKAE NpU peanizayii MemoOuKu HANUNEHH:, €
NO3UYIOHYBAHHS, MPAEKMOpPIs, JNIHIHA U KYMoed WweUOKOCMi nepemiljeHHs CONnId HAnumosaud, AKi 6
3abe3neuysanu piGHOMIPHICMb wWapy NOKpUmMms no 6citl noeepxwi. [ana mexnonocis eueomoeieHHs 000I0HOK i3
cimuacmozo mamepiany mogce 6ymu GUKOPUCIAHA OISl 8USOMOBIEHHS OCECUMEMPUYHUX | HEOCeCUMEMPUYHUX
perexmopis abo okpemux enemeHmis 03epKaibHUx aHMeH.

Kniouosi cnosa: enexmpooyeoee nanuienus, cimrka, nomeHyianbHa enepeis, 03epKano, 0cecuMempuina
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