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Abstract 

Background/Objectives: Current importance of the 

investigation has been stipulated by the development of large-

sized reflector antennas and particularly by the development 

of the test rig for radio-technical metal mesh. Methods: The 

study describes the design of the experimental prototype of 

large-sized antenna reflector structures for space vehicles 

employing such new materials as radio-technical metal mesh. 

Findings: Several designs of the test rig for radio-technical 

mesh has been described. The rig deformation analysis has 

been carried out under low and high temperatures in the range 

of -170 оС to +150 оС. Based on the results of the calculations 

the most appropriate design of the rig has been selected for the 

purposes of the tests. Applications/Improvements: The study 

helps develop the test rig that would preserve stable 

dimensions under the conditions of high and low 

temperatures.  

Keywords: Radio-Technical Metal Mesh, Large Deployable 

Reflector, Cosmic Materials, Space Vehicles, Test Rig 

 

INTRODUCTION 

Deployment of large-sized deployable reflector antennas at 

low Earth orbit is associated with the perspective development 

of global telecommunications, remote Earth sensing and with 

the investigations of the Universe. The practical interest in 

these areas of cosmic research urged the development of the 

methods to design and to manufacture the radar-reflective 

metal mesh.1 

The requirements set before the reflectors of modern space-

borne antennas are getting ever more demanding in terms of 

their useful life, of their ability to maintain the precise shape 

and dimensions, of their linear density (a measure of mass per 

unit of surface). To minimize the deviations of the reflector 

shape and dimensions (to make them no more than the value 

of ∧/16, where ∧ is the antenna operating wavelength), the 

designers have to pay attention to the characteristics of each 

element, to understand the effects they may produce on the 

principal operational features of the antenna. The major 

difficulties in taking into account all these effects are 

associated with the constructive complexity of the structures, 

with the application of dissimilar materials and with the 

alternating loads.2 

During the orbital flight under extreme vacuum the reflector 

of space-borne reflector antenna (SRA) will be heated by 

thermal radiation flows coming from the Sun, by the solar flux 

reflected by the Earth and by the Earth’s planetary emission. 

The major source of the external heat impact on SRA reflector 

is represented by the thermal flow of direct solar radiation. 

Moving along the geostationary orbit the satellite will come 

under the Earth’s shadow twice in a year during the periods 

close to vernal and autumnal equinox with maximal duration 

of 71 min. At the orbital eclipse period the thin-walled 

elements of SRA reflectors can cool down to low 

temperatures (lower than 100 K), while at the sunlit portions 

of the orbit they can heat up intensively. Should this thermal 

dynamics be neglected, the temperature drops can become the 

reason for structural deformations that would destroy the 

directional response. From this perspective, one of the 

principal stages of mesh reflector design is represented by 

consequential simulation of the thermal environment, of 

strain-stress state and electromagnetic fields of the antenna 

reflector structure under investigation. To simulate the heat 

regimes not only for the reflector but for the entire 

telecommunication satellite, the following data are required: 

the amount of solar flux which is absorbed by the elements of 

the structure, their intrinsic temperatures and the amount of 

heat energy which is emitted into the environment during this 

process. As for the reflector, it would also be necessary to 

know what amount of solar flow comes through the mesh 

surface. In turn, the precision of simulation depends upon the 

precision of the initial data on thermal, physical and optical 

characteristics of the applied materials.3,4 

Both in this country and abroad space communication systems 

featuring the on-board reflector antennas are developed 

extensively. Continuous increase of the amount and the 

diversification of the types of the data transmitted via 

satellites are accompanied by ever demanding requirements to 

the efficiency and to the throughput capacity of cosmic radio 

communication systems. Today the most developed frequency 

ranges are L (1 to 2 GHz, Λ of 300 to 150 mm), C (4 to 8 

GHz, Λ of 75 to 37.5 mm), Ku (12 to 18 GHz, Λ of 25 to 

16.7 mm); more attention is paid to satellite communication 
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systems operating at high-frequency range Ka (27 to 40 GHz, 

Λ of 11.1 to 7.5 mm). The transformable reflector developed 

within the framework of this study is supposed to operate in 

range L.5 

Along with the wider frequency ranges, there are also stricter 

requirements to the precision of the antenna reflector profile 

whose shape represents the open parabolic shell. According to 

the modern ideas, the admissible deviations of reflector shape 

and dimensions caused by either heating or cooling should be 

within the limits of Λ/50 to Λ/16, where Λ is the radio-

frequency wavelength. The value of the deviations of the 

reflecting surface, apart from the tolerances that occur in the 

process of reflector manufacturing, includes the effects caused 

by such operational factors as deformations resulting from 

mechanical and heat loads during the flight. The mechanical 

loads that affect the antenna reflector in space are quite small 

and of a short-term nature, as they appear during reorientation 

and maneuvering of space vehicle (SV). The shape of the 

reflecting surface is mostly affected by the heat loads: during 

the flight the antenna reflector can heat non-uniformly up to 

150 С at the irradiated section of the orbit and cool down to 

minus 150 С or lower when the SV comes under the Earth’s 

shadow.6 

Application of the knitted materials in different areas of 

technology has been stipulated by the unique physical and 

mechanical properties intrinsic to their loop fabric combined 

with the specific properties of the cords. 

Among other types of technological knitting the technique of 

producing knitted materials from metal cords of different 

composition and diameter has gained wider application over 

the last decade. 

Most types of metallic knitted fabric possess the 

microstructure that is characteristic for mesh and that is used 

for manufacturing different types of filters, separators, 

vibrating screens and curtains in different units of equipment. 

The prospects of space communications, the investigations of 

the Earth’s natural resources and the studies of the radio 

transmitters in the Universe are associated with the 

development of such special tools as space radar telescopes, 

space-borne and ground-based communication systems. 

Modern trends in space communication system development 

predetermined the necessity to design highly efficient 

parabolic antennas to be installed on board space vehicles. 

Deployable (transformable) antennas made it necessary to 

create flexible radio-reflecting surfaces featuring high 

(97...99 %) radio reflection coefficient within the operational 

range of frequencies, minimal tensile force, high stability of 

physical, mechanical and electro-physical properties over the 

long storage and operational life.7 

 Among the multiple materials used as reflecting surfaces 

of deployable antennas described in literature there are 

such materials as follows: 

 metalized polymeric films; 

 metalized woven materials made of synthetic and 

artificial cords; 

 metalized woven materials made of artificial textile 

threads with the inclusion of metal cords of high 

electrical conductivity; 

 metalized knitted materials made of polymeric textile 

cords; 

 knitted mesh materials made of textile cords consisting of 

metallic conductive and chemical fibers; 

 knitted mesh materials made of metal cords 

(monofilament, multifilament, yarn). 

 

The latter do not feature the disadvantages intrinsic to the 

mesh materials made of polymeric cords and, at the same 

time, possess all their advantages: elasticity, low weight of the 

unit of surface, sufficient strength. Metal mesh does not lose 

its reflecting properties after being fold several times. 

Based on the analysis of foreign literary sources it can be 

concluded that deflecting surfaces (DS) of space-borne 

deployable parabolic antennas are usually made as mesh of 

molybdenum micro-wire of 30 micron diameter coated with a 

layer of gold. 

Modern designs featuring knitted mesh of metal cords can be 

used for the antennas operating at frequencies up to 40 GHz. 

These materials are supposed to be employed in the 

prospective structures of transformable space-borne antennas 

of large diameters that are developed by both foreign and 

domestic companies. 

Deployable antennas possess such characteristic as 

transformation coefficient which is the ratio of the volume of 

the antenna in its folded state to the antenna reflector area 

when it is open. Besides, the efficiency of the antenna design 

can be evaluated based on specific weight of its square meter. 

For these parameters the values below are considered 

efficient: 

 transformation coefficient approximately equal to 46; 

 weight of one square meter of reflector surface 

approximately equal to 0.37 g/m2. 

To achieve these values, the parameters of the metal knitted 

materials used for antenna deflection surface (DS) are of 

paramount importance. 

The DSs of the antennas of space communication systems 

have to meet specific operational requirements, among which 

the most important are as follows: 

 flexibility and elasticity to ensure folding and deployment 

of the antenna under minimal forces of the bodywork 

load-bearing frame; 

 no creases and wrinkles occurring during folding and 

unfolding the frame of the antenna; 

 capability to sustain multiple folding and unfolding 

without losing radio-reflecting capacity; 

 localization of the damages of the deflective surface of 

the antenna under operational loads; 

 minimal weight at the preset mesh width; 
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 resistance against the effects of space environmental 

factors; 

 maximal radio-reflecting capacity at the preset mesh 

width; 

 isotropy of principal mechanical, radio-reflecting and 

other properties.7 

Technical requirements to DS of the ground-based antennas 

differ by the increased values of strength and larger mesh size. 

These requirements are predetermined by the atmospheric 

conditions that affect the material of DS (wind load, snow, 

human factor, etc.). All other requirements are the same. 

It has to be noted that metal cords suitable for processing at 

the knitting machines possess greater contact resistance 

between the elements of the structure which increases the 

resistance of the mesh, reduces the reflecting capacity of these 

materials and makes it necessary to apply coatings of nickel, 

gold and other materials to reduce contact resistance. 

The materials for DS can be represented by filling-knitted 

mesh and by frame-warp mesh. 

Filling-knitted mesh possesses a number of serious 

disadvantages that hamper its wider application for DS. These 

disadvantages include the limited mesh size and faster 

unweaving when the cords are damaged. Frame-warp knitted 

mesh enables obtaining the mesh sheets with practically 

unlimited minimal and maximal mesh dimensions, thereat 

preserving the stability of the preset dimensions under strain.  

This knitted fabric does not unweave in cases of local 

damages of cords in the loop structured elements. An 

important characteristic of frame-warp knitted mesh is 

represented by its breadth. The modern frame-knitting 

machines are capable of producing the mesh featuring the 

breadth up to 6 m with tight knitting. The breadth will depend 

on the size of the mesh element. For example, the mesh with 

the mesh side length of 40 mm, when unfolded, can occupy 

the area 4 times larger than it does when folded and thereat its 

breadth increases more than 10 times. 

As the mesh side length increases in the range of 10...40 mm, 

there are no creases on the mesh sheet made of steel micro-

wire of 50 micron diameter. When multifilament metal cords 

of micro-wire with 15...20 micron diameter are used there are 

hardly any wrinkles even in cases with the mesh featuring the 

minimal mesh size. 

These advantages make it possible to apply frame-warp 

knitted metal mesh as a material for DS of any types of 

antennas. 

The problem of the development of DS of transformable 

ground-based and space-borne antennas can be conventionally 

subdivided in two parts. The first implies the selection of the 

material of the conductive cords that would simultaneously 

ensure the technological efficiency of their processing at the 

existing types of knitting equipment and possess the electro-

physical, physical and mechanical properties that would meet 

the radio-technical and mechanical requirements to DS 

materials. 

 

The second part implies the development and the selection of 

the structure of the metal knitted mesh that would meet the 

preset requirements. 

Space-borne and ground-based antennas operate in the wide 

range of wavelengths and frequencies. There is a dependency 

between the length of the electromagnetic wave and the mesh 

side length of the metal knitted mesh of the antenna DS. The 

mesh side length is assumed to be equal to λ/(10...20), where  

λ is the wavelength. 

The structure of the mesh is selected according to the preset 

parameters of the electromagnetic wave. 

To design the mesh with the mesh size of 40...1 mm the 

knitted material of 2-3 comb fillet knitting is used. 

Designing the structure, the whole complex of the 

requirements set before the DS material has to be taken into 

account: weight characteristics, elasticity, wrinkle resistance, 

surface electrical resistance and maximal isotropy of 

mechanical and radio-physical properties. As the mesh size 

gets smaller, the mesh still has to meet the preset requirements 

in terms of strength, wrinkle resistance, dimensional stability. 

The initial materials for producing metal mesh were 

represented by steel, tungsten, molybdenum, copper and other 

cords of 30...90 micron diameter. Metal mesh sheets were 

manufactured with commercial knitting machines supplied by 

both foreign and domestic companies. Considerable changes 

have been introduced into the design of the beaming 

machinery, and also into the thread feeding mechanisms of the 

loop-forming sinker web machines. 

As the frequency of electromagnetic waves and the precision 

of the antenna reflector surface increase, so do the 

requirements to DS material. 

To create the materials that would operate at the increased 

frequencies of electromagnetic waves, the metal cords (micro-

wires) of single diameter (up to 15...20 micron) should be 

used to produce them. These cords should possess the 

minimal attainable coefficient of thermal expansion, sufficient 

strength for technological processing, and low electrical 

resistance. 

To knit the mesh that has to possess the preset physical, 

mechanical and radio-physical properties using such 

monofilament cords is a task associated with the formation of 

the metal cord that would possess sufficient technological 

efficiency for further processing at the knitting machines. 

The peculiar features of this knitted fabric make it possible to 

change geometrical dimensions and shape of the mesh within 

the wide range, by contrast to the filling-knit fabric. There is 

practically no any upper limit of the mesh size in these 

structures. Geometrical dimensions of the mesh in the 

structures shown in the figures which is determined as a side 

equivalent to the area of the square mesh can be altered within 

the range of 1...8 mm, thus giving the possibility to vary the 

weight and the radio-reflecting properties over a wide range. 

Experimental investigations of the radio-reflecting properties 

of mesh of different structures produced from steel micro-wire 

show anisotropy of these properties caused, in turn, by 
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anisotropy of electrical properties of mesh, particularly, by 

contact resistance between the elements of the knitted material 

structure. 

Generally, the higher the contact resistance is, the higher the 

coefficient of anisotropy. The value of contact resistance 

depends upon the mechanical load on the mesh: the higher the 

load is, the lower the contact resistance. 

Further investigations revealed the dependency between the 

coefficient of reflection and electrical resistance of the metal 

mesh: the higher the specific surface resistance of the mesh is, 

the lower the coefficient of reflection. The significance of the 

obtained dependency is that it establishes the unambiguous 

correlation between the coefficient of reflection and surface 

electrical resistance. Thus, this allows applying the indicators 

of surface resistance as reference for the purposes of 

evaluation of radio-reflecting properties of metal knitted 

mesh.8 

To carry out the required experiments with the radio-technical 

mesh, the test rig should be designed capable of withstanding 

high temperature ratios. 

Stabilization of thermal deformation is a serious issue for 

many structures related to space industry. Achievement of low 

indicators of thermal deformation is an important task for both 

foreign and domestic experts. There is a foreign analogue of 

the composite platform that minimizes the indicator of 

thermal deformation almost down to zero and that isolates 

residual thermal expansion by way of applying flexible 

structural connections instead of using the methods of thermal 

protection that were applied earlier and that were extremely 

energy-consuming.6,7,9 

Also, abroad there are methods for calculating thermal 

deformation by redistributing temperature with air heater. 

Those investigations initially apply finite-difference methods, 

and then the temperature stress caused by the deformation is 

calculated applying the finite elements method which is used 

in this study as well.7,11-16 

 

CONCEPT HEADING 

The requirements to radio-technical mesh for large-sized 

deployable antenna reflectors of space vehicles are as follows: 

 flexibility and elasticity to fold and unfold the antenna 

under minimal forces of the bodywork load-bearing 

frame; 

 no creases and wrinkles should appear during folding and 

unfolding the frame of the antenna; 

 capability to withstand multiple folding and unfolding 

without losing radio-reflecting capacity; 

 localization of the damages to the deflective surface of 

the antenna under operational loads; 

 minimal possible weight at the preset mesh size; 

 resistance against the effects of space environment; 

 maximal radio-reflecting capacity at the preset mesh size; 

 isotropy of basic mechanical, radio-reflecting and other 

properties 

This complex of requirements is met in full by the radio-

reflecting mesh made of metal micro-wire of 0.02 up to 

0.05 mm diameter (steel, molybdenum, tungsten) coated with 

gold or nickel at surface density of 20 to 100 g/m2 that 

features the frame-warp knitted structures (Figure 1). Such 

mesh can operate over the whole range of radiofrequencies 

applied nowadays. In order to obtain the specified knitted 

structures, the relevant industrial technologies have been 

developed. 

 

 

Figure 1. Microstructure of knitted metal mesh: a) gilt tungsten mesh; b) molybdenum mesh uncoated; c) nickel plated steel mesh 
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At this stage the justification of the structure of the 

experimental element made of radio-technical metal mesh for 

large-sized deployable antenna reflectors of space vehicles 

was carried out due to the reasons described below. 

First, the experimental prototype of the mesh has to be 

representative, i.e. its dimensions have to be several times 

larger than the dimensions of the elements it is made of. In 

this case this unit is represented by the mesh element that 

takes part in forming the knitted structure of the mesh sheet. It 

is known that there is a dependency between the length of 

electromagnetic wave and the dimension of the side of the 

mesh. The size of the mesh side is determined as Λ/(10–20), 

where Λ is the wavelength. The large-sized deployable 

antenna reflectors in modern space vehicles are designed to 

operate at the wave frequencies of 30 up to 40 GHz which 

means that the mesh side of the reflecting mesh should be as 

small as fractions of millimeter. 

Second, the experimental element under investigation should 

provide the possibility to vary the mesh tensile strength, 

inasmuch as its radio-technical, thermal and physical 

properties depend upon it. Also, the uniformity of the tension 

of the mesh has to be ensured (Figure 2). 

 

 

 

1 – mesh sample; 2 – load distribution platform; 3 – pressure ring; 4 – rig frame; 5 – demountable joint 

Figure 2. Deformed state of the experimental prototype of the mesh under load in special rig 

 

 

Third, the test rig on which the metal mesh is to be fixed 

should affect the measured physical properties of the mesh 

under investigation as little as possible. 

Fourth, the metal mesh sheet should be fixed before and 

removed after the experiment. Thus, the design of the rig has 

to be simple and reliable and should ensure the possibility to 

install and/or fix it at the test bench. 

Fifth, designing the structure of the experimental element of 

metal mesh it is necessary to take into account the dimensions 

and technical characteristics of the testing equipment that is 

supposed to be used for further investigations of the sample. 

Given the assumptions above, the following version of 

experimental element made of radio-technical metal mesh has 

been developed (Figure 3). 
 

Figure 3. Model of experimental element of radio technical 

metal mesh fixed in the rig 

 

The free surface of the mesh is shaped as a circle of 130 mm 

diameter that is many times greater than the mesh size. To 

investigate the experimental sample of the mesh, the test rig is 

applied that fixes (surrounds tightly) the metal mesh along the 

perimeter with two snap-rings. The sample of the mesh used 
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in the experiment is represented by a piece of 200×200 mm 

including the tolerance. The structure of the rig makes it 

possible to fix the mesh uniformly and reliably avoiding any 

creases or wrinkles. The structure of the developed rig 

(Figures 3) for the experimental sample of radio-technical 

metal mesh is equipped with the demountable joints to install 

the rig into the test equipment (showed as orifices). The 

dimensions of the experimental element correspond to the 

dimensions and to the technical characteristics of the testing 

equipment. Experimental investigations are supposed to be 

carried in the climate chamber featuring the interior 

dimensions of 1.0×1.0×1.0 m at temperature changes from 

minus 60 up to plus 150 С. 

In order to select the material of the rig and to adjust its 

dimensions, the deformation of the rig has been simulated 

under the specified temperatures. The calculated schematics 

are shown below (Figure 4). 

Two optional materials have been considered: aluminum-

magnesium alloy АМг-6 acc. to GOST 4784-97 and invar 

alloy 36Н acc. to GOST 10994-74. 

 

RESULTS 

The simulation results of the test rig thermal deformation are 

shown below (Figures 5–8). 

 

Figure 4. Calculated schematics of the rig to secure the 

experimental metal mesh element 

 

Figure 5. Volumetric deformation of the test rig made of alloy 

36Н acc. to GOST 10994-74 under temperature of T = 150 °С 

 

 

Figure 6. Volumetric deformation of the test rig made of alloy 

АМг-6 acc. to GOST 4784-97 under temperature of T = 

150 °С 

 

 

Figure 7. Volumetric deformation of the test rig made of alloy 

36Н acc. to GOST 10994-74 under temperature of T = -170 

°С 

 

 

 

Figure 8. Volumetric deformation of the test rig made of alloy 

АМг-6 acc. to GOST 4784-97 under temperature of T = -

170 °С 
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Maximum values of volumetric deformation of the rig 

obtained in the course of simulation are presented in Table 1. 

 

Table 1. Maximum volumetric deformations of the rig 

obtained during simulation 

 

Material of the rig Maximum volumetric 

deformation, mm 

Т=150 оС Т= -170 оС 

Alloy 36H acc. to GOST 

10994-74 

0.2307 0.0346 

Alloy АМг-6 

Acc. to GOST 4784-97 

0.4912 0.7368 

 

DISCUSSION 

The theoretical and experimental investigations described 

above are unique and of current importance as they reveal the 

opportunities for further improvement of the materials for 

antenna surfaces, including the development of principally 

new materials and equipment. 

 

CONCLUSION 

The investigations resulted in the development of the 

experimental prototype of the structures for space vehicle 

large-sized deployable antenna reflectors applying such new 

materials as radio-technical metal meshes. In the course of the 

investigation this experimental prototype showed the results 

as follows: 

 the experimental prototype makes it possible to test the 

mesh with the mesh side length as small as fractions of 

millimeter; 

 the experimental prototype enables the regulation of the 

mesh tensile force under experimental investigations; 

 the effects produced by the experimental prototype on the 

physical properties of the mesh measured in the course of 

investigations are minimal;  

 the experimental prototype ensures safe fastening of 

metal mesh; 

The material selected for manufacturing the elements of the 

test rig is invar alloy 36Н acc. to GOST 10994-74 which has 

been chosen based on the simulation results obtained for 

volumetric thermal deformation and also because of the high 

rigidity of the rig made of this alloy. The test rig can be 

manufactured with the required precision by mechanical 

processing at CNC milling machine. 
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