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Tlpusedenvt Hexomopvie OCHOBHbIE NAPAMEMPbL CEMENOIOMHA, GIUAIOWUE HA PAOUOOMPAdICAIoUuUe
ceolicmea pegpiexmopa, u MexHoaA02Usi OOCMUIICEHUs. IMUX NAPAMEMPOE ¢ NOMOUbIO KOHMPOIS YCUNUsL
HAMAICEHUS CeMENOIOMHA HA PA3IUYHBIX DIANAX U320MOBAEHUSL PAOUOOMPANCAIOWEN NOBEPXHOCMU peg-
nexmopa. Coenan Kpamiuti 0630p cywecmsyiowux u npumensemvix na npeonpuamuu AO « PELIIETHEB»
MemMo008 UsMEPEHUsL U KOHMPOJISL YCULUSL HAMSICEHUST CeMenoiOmua peqhieKmopos KOCMUYEeCKUX annapa-
MO8 U NPedCmAagier AHAIU3 HedoCmamKkos 8 pezyibmame ux ompadomxu. [Ipednooicern Ho8vlll Memoo
KOHMPOJS YCUNUSL HAMAICEHUSL, OCHOBAHHBII HA JOKATLHOM 0eOPMUPOSAHUU CEMENONOMHA CUNLOL Oaée-
HUS 8MAUBAEMO20 8030YXa Hepe3 e20 nogepxHocmo. Ilpedcmasnenvl pesynomamul paspabomky u Ucnbvi-
Manuli Memooa u nPOMomuna yCmpoucmea 01 KOHMPOas YCUIUsL HamsaxceHus: cemenoiomua. llenvro uc-
CAe008AHUSA ABIANOCH OnpedeieHue pabomocnocoOOHOCHU YCMPOUCMEad U 803MONCHOCIU €20 OAbHelue20
npuMmeHeHus: 0Jisk KOHMPOJsl HAMSAINCEHUsL CeMenoiomHa Ha padoyux pepiexmopax.

Paspabomannvlii. memod u npomomun ycmpoucmed, e20 peanu3yioujeco, No360J5H0M ONEePAMuUGHO
npoBOOUMb KOHMPOb YCUNUA HAMANCEHUA CeMEeNnoOmHA NpU a0O0M €20 NPOCMPAHCIMBEHHOM HOLOMCe-
HUU.

IIpeonooicenvt u NPOAHATUUPOBAHBI NEPCHEKTNUBLL BO3ZMONCHO2O UCNONb308AHUS MEMOOA 8 PAKEMHO-
KOCMUYECKOU NPOMbBIULEHHOCIU NPU U320MOBNIEHUU PAOUOOMPANCAIOWUX NOBEPXHOCMEL AHMEHH KOCMU-
yeckux annapamos. Ilo pe3ynsmamam npogedeHH020 UCCIe008aHUA YCMAHOBLEHA 3A8UCUMOCTNG YCUNUL
HAMAICEHUs. CeMEeNnOIOMHA OMm CUIbl OABNIeHUS 8MASUBAEMO20 B030YXA Uepe3 CemenoiomHo. Bvisenena
HeobXooumMocms 6 OanvHeuuel 0opabomke paspabomanHo20 YCMpoUcmea Oas NO8bIUEHUS MOYHOCU
NOJYYeHUs OAHHBLX U3MEPEHUIL.

Ipu ycnewrom ucnvimanuu 00padboOmManHo20 YCMpoucmea KOHMpOJIs YCUNUS HAMANCEHUs Cemenoiom-
Ha 8 1a60opamopHblx yCi08usx, 6y0ym npogedeHvl 0arbHeluiue UCHbIMAHUS HA CMAadul packpos cemeno-
JIOMHA U HA CeMenoaomHe 8 cocmase peghiekmopa.

Knioueswie cnosa: pedmekmop, paduoompamcarou;a}z NOBEPXHOCNb, Memallu4ecKoe CemenojlonHo,
ycuiue HamsdceHus cemenojlomud, KOSd)d)l/ll/ﬂ/leHm OompaMCeHusl.
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This article presents some of the main parameters of metal mesh that affect the radio-reflective proper-
ties of reflectors and the technology for attaining these parameters by controlling the tension capacity of
the mesh sheet at various stages of the radio-reflective surface manufacturing. The article also includes a
brief overview of the developed methods (applied at the RESHETNEV JSC) of measuring and controlling
the tension capacity of spacecraft reflectors with mesh shields, along with the analysis of the shortcomings
revealed in the application of these methods. The authors introduce a new method of the tension capacity
control based on the local deformation of the metal mesh by pressure of the air drawn through its surface.
There are the results of development and testing of the metod, and of a model device for controlling the
mesh tension capacity. The purpose of the research is to determine the operability of the device and the
ways of its possible application in controlling the tension of the mesh-made reflectors ready for operation.

The developed method and the model device for its application allow in-process control of the mesh ten-
sion at any spatial position of the mesh sheet.

There is an analysis of possible application prospects of the method in rocket and space industry for
manufacturing radio-reflecting surfaces of spacecraft antennas. According to the results of the research,
the ratio of the mesh tension capacity to the pressure of the air drawn through the sheet was determined.
The need for further improvement of the designed device aimed at increasing the measurement data accu-
racy was also pointed out..

In case the laboratory testing of the upgraded device for controlling the mesh tension capacity proves suc-
cessful, further tests will be carried out in the process of sheet cutting and in the reflector shield manufacture.

Keywords: reflector, radio-reflective surface, metal mesh, mesh tension capacity, reflection coefficient.

Introduction

Desingn of fundamentally new transformable antennas for spacecraft required the development of
metal mesh products, tactical and technical characteristics of which could ensure the highest reflection
coefficient of microwave radiation at minimal tension force, minimum specific weight and maximum
isotropy of mechanical and radio engineering properties [1-3].

The reflective surface of space communication antennas is subject to specific operational require-
ments, one of which is maximum radio-reflecting capacity at minimal tension of the load-bearing
frame [4].

The problem of reflective surface manufacture was solved through the development of new woven
metal mesh materials made of galvanically gilded wire, which best meet the present requirements for a
reflection coefficient of > 98 %.

The required antenna reflection coefficient depends, among other parameters, on the amount and
uniformity of the mesh sheet tension over the entire diameter of the operating reflector aperture.

The article gives a review of the methods applied at the RESHETNYOV JSC for measuring and
control of the mesh tension value when dealing with large-size transformable antenna reflectors; there
is also a presentation of a new control method.
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Formation and control of the surface profile of radio reflectors

Tungsten and molybdenum mesh with gold coating is used as the material for the radio-reflective
surfaces of large-size reflectors.

To maintain the specified coefficient of radio reflection in the process of antenna deployment, the
radio-reflecting surface of the corresponding profile must be supplied [5; 6].

When the profile able to eliminate sagging of the mesh shield framed by power spokes is manufac-
tured, the mesh must have the tension determined at the JSC RESHETNYOV - conducted test session
(the figures obtained see in Table 1).

Table 1
The value of operational mesh tension capacity
for various mesh sheet grades

Mesh grade Mesh tension capacity, g/cm
CMeT-31B15x2(A+A) 5+£1

CMeT-31B15x2(T+C) 11+1
CMeT-31Mo20x1(A+A) 241

Control of the mesh tension capacity is specified in the design documentation for transformable re-
flectors and metal mesh [7; 8]:

— at the stage of mesh sheet cutting;

— at the dimensional template, when the mesh sheet is lined out;

— at various production stages of the reflector.

The number of control points depends on the diameter of the antenna and ranges from several tens
to several hundreds.

Analysis of methods of tension capacity measurement and control maintaining the antenna
radio-reflective parameters

At present, the JSC "RESHETNYOV" makes use of the following developed and industrially ap-
plied methods of mesh tension measurement and control:

— a method of tension capacity control based on the density of loops in the mesh, that is, on count-
ing loops on digital photographs at any stage of the mesh fabrication [9-12];

— a method of tension capacity control by measuring the mesh sheet deflection when a certain pres-
sure is applied to its surface [13—15].

The resonance method was also proposed and investigated. The method bases on exposing the
mesh to the effect of sound waves of various frequency until the frequency of the wave from the ex-
ternal source equals the natural frequency of the sheet’s free vibrations, which causes resonance. Thus,
depending on the mesh tension capacity, the natural frequency of free vibrations also changes; this
changes the resonant peaks arising at coincidence with the frequency of sound waves from the external
source. The moments of resonant peaks were registered by sensors distributed over the mesh sheet,
then the obtained values were displayed on a multimeter (measurements given in millivolts) - these
proved proportional to the tension effort applied to the mesh [16].

The analysis of the methods’ application showed that the device for measuring the deflection of the
mesh sheet allows monitoring only on the mesh-cutting platform, and is not suitable for the parametri-
cal control of the sheet as part of the reflector.

The method of tension capacity control by measuring the density of loops in the mesh does not
provide the required control accuracy. The main reason is the need to keep the photocamera lens per-
pendicular to the surface of the mesh, which is not possible due to the spherical setting of the mesh as
part of the reflector. Moreover, the method does not provide operational responsiveness in measure-
ments.
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The method applying sound waves is operational only at the stages of mesh cutting or manufactur-
ing limited mesh segments. The method is also not applicable to actual reflectors, as it appears non-
productive in technique.

Method based on the local deformation of the mesh by the pressure of the air drawn through
its surface

Considering the shortcomings of the above reviewed methods, a new method of mesh tension ca-
pacity control was worked out, a method of the local deformation of the mesh sheet by the pressure of
the air drawn through its surface.

The operating principle of the method is in measuring the pressure of the air drawn through the
mesh at the moment of the target mesh deflection.

To confirm the efficiency of the method, tests were carried out to assess the effect of the mesh ten-
sion capacity on the pressure of the air drawn through the mesh surface until the deflection is caused .

To carry out the tests, a special framework simulating the mesh shield tension on the reflector
frame was assembled.

The framework design is shown in Fig. 1. In the course of tests, a mesh fragment (1) measuring 17
x 17 cm was rigidly fixed to a rectangular frame along two perpendicular sides (2). Weights (3) were
suspended on the other two free sides at regular intervals, creating a uniform tensile load on the mesh.
To assure the accuracy of the tests, a target test area was selected in the center of the fragment (4), as
the tension force is most evenly distributed within this area.

Fig. 1. Mesh with evenly distributed load:
1 —mesh; 2 —rigid fastening; 3 — loads; 4 — test area

Puc. 1. CerenonoTHo ¢ paBHOMEPHOI! pacnpeeneHHO Harpy3Koi:
1 — ceTernonoTHO; 2 — XECTKOe KperuieHue; 3 — rpyssl; 4 — uccienyemast 06aactb

To test the method, a model device for the tension capacity control was constructed.

The working principle of the device is shown in Fig. 2.

The operation principle of the device is as follows: the fan impeller (1), located inside the inlet
pipe (3) and powered by the electric actuator (2) connected to the power source (9) through the fan
control unit (7), creates a reverse airflow. The free end of the inlet pipe (3) touches the mesh sheet, and
with the potentiometer hand control (8) attached to the fan control unit (7), the drawn air flow can be
regulated till the mesh gets deflected (11).
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Fig. 2. Design of the device for tension capacity measurement and control:
1 — fan impeller; 2 — electric fan actuator; 3 — inlet pipe (diameter 10 mm); 4 — contacting unit;
5 — digital display; 6 — control LED; 7 — fan control unit; 8§ — regulating potentiometer; 9 — power source;
10 —ring-shaped end of the pipe that contacts the mesh; /7 — amount of the mesh deflection

Puc. 2. Cxema ycTpoicTBa Ul KOHTPOJISL YCUIIMS HATSDKEHUSL:
1 — KpbUIbYaTKa BEHTWIATOPA; 2 — 3JIEKTPOIIPUBO/I BEHTUIIATOPA,;
3 — BIyckHOM natpy6ok auamerpoM 10 MM; 4 — KOHTaKTHAas! [PYIIIa;
5 — unupoBoii AUCILICH; 6 — KOHTPOJILHBII CBETOMOI;
7 — OJIOK ynpaBJIeHUS] BEHTHIISITOPOM; 8 — PEryJIUPYIOLIUi NOTEHIIMOMETD;
9 — UCTOYHUK NUTaHusT; /() — KOJIBIIEBOI KOHTAKT MaTpyOKa C TIOJIOTHOM,;
11 — BenuuHa poruda MmoJI0oTHa

As soon as the air flow pressure becomes sufficient, electricity is fed from the contacting unit (4) to
the mesh sheet. The moment the feeding starts, the control LED (6) lights up - that signals for taking
readings from the digital display (5), which shows the voltage on the regulating potentiometer (8).

The digital display readings are proportional to the force of the drawn airflow acting on the mesh
sheet.

This way, five tests with the device were carried out for loads of 0, 50, 100, 150 and 200 g per side
of the mesh fragment. In each test, the measurements were taken three times in order to confirm the
results and reduce errors.

The ratio of the pressure of the air drawn through the sheet to the mesh tension capacity are given

in Table. 2.
Table 2

Ratio of the drawn airflow force to the mesh tension capacity

Ne | Total load per TZI;S;;Z t;(;r)ce Digital display readings, mV Average value
tst. side (m), g p ofom ’ 1 msm. 2 msm. 3 msm. acc.to all measurements, mV
1 0 0 459 460 465 461,3
2 50 2,9 465 465 470 466,6
3 100 5,8 470 471 473 471,3
4 150 8,8 472 476 479 475,6
5 200 11,7 475 479 481 4783

As the result of the research, the general ratio of the mesh tension capacity to the pressure of the
air drawn through the sheet was determined (Fig. 3).
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Fig. 3. The ratio of the force of the air drawn through the mesh surface
to the tension force applied to the mesh

Puc. 3. 3aBHCHMOCTH CHJIBI BTSATHBAEMOTO BO3/AyXa Yepe3 MOBEPXHOCTh CETEMOIOTHA
OT YCHJIMSI HATSDKCHUS, IPUII0’KEHHOTO K CETEHONIOTHY

According to the the graphic chart of the ratio, the greater is the tension applied to the mesh, the
greater force of the drawn air is necessary to induce powered contact of the contacting unit and the
mesh sheet.

Conclusion

The present research determined the ratio of the tension applied to the mesh to the force of the
drawn air the mesh surface is exposed to.

It was stated that, in order to use the method, additional adjustment of the designed device should
be carried out before actuall operation. In this regard, the tension capacity control device should be
calibrated and checked on a reference mesh fragment for each mesh grade. Accordingly, a calibration
table should be drawn up, showing how the mesh tension capacity is reflected by the digital indicator
readings for each value of the applied tension.

The method needs additional research and improvement in order to increase the accuracy of the
model device readings; the construction of the device should also be made simpler. However, the de-
vice demonstrates obvious prospects of its further industrial application, as, unlike other methods, it
allows taking measurements of the mesh tension capacity on a spherical surface, displaying in the
process correct digital values.
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