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DESIGN OF A THREE-DIMENSIONAL MODEL OF THE ROT-54/2.6
RADIO-OPTICAL TELESCOPE

To define and verify the geometric and radio technical parameters of the ROT-
54/2.6 radio-optical telescope antenna, currently, in a preserved state, within a virtual
environment, and to virtualize various additional technical tests, a decision has been made
to design an accurate three-dimensional model of the antenna using the SOLID WORKS
software. This software application enables the calculation of antenna parameters based on
input data. Consequently, estimating the work required to revitalize this antenna becomes
straightforward, and similar calculations can be performed for other comparable antennas in
a virtual environment. This article details the research focused on creating a three-
dimensional model of the ROT-54/2.6 radio-optical telescope antenna and the preparation
process informed by the research findings. The study has utilized data from the antenna’s
technical passport recorded during its construction, and actual measurements of several
geometric parameters of the preserved antenna structure conducted between 2019 and 2021.
The three-dimensional modeling process was executed in the SOLID WORKS software,
typically employed for creating mechanical models.

Keywords: antenna, radio-optical telescope, ROT-54/2.6, SOLID WORKS, three-
dimensional model.

Introduction. The ROT-54/2.6 radio-optical telescope constructed between
1980 and 1987 (Fig. 1), boasts the world's largest double-reflector spherical
antenna. This remarkable instrument has been pivotal in researching this unique
type of antenna. Over the years, it has demonstrated its versatility by exploring
space, and for future it can be used for facilitating deep space communications and
monitoring space debris.

The ROT-54/2.6 antenna's precision allows it to operate at extremely short
wavelengths, down to 1 mm. Its primary advantages include the highest accuracy of
mirror surfaces (50 microns), high gain at the shortest wavelength (approximately
70 dB for 1 mm), and an exceptionally low level of self-noise (2.7 K), indicating its
high sensitivity. The antenna's unique optical design prevents diffraction rays from
the edges of the reflectors from reaching the focus point, effectively shielding it
from the surrounding high temperatures (around 300 K). Consequently, the antenna
maintains a very low level of self-noise [1-4].
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Since 2012, the ROT-54/2.6 radio-optical telescope has remained in a
preserved state primarily due to financial constraints. Being in a canned state for a
long time has probably led to a deviation of some antenna parameters [5].

To calculate and refine the ideal physical, geometric, and radio technical
parameters, it is essential to have access to the ROT-54/2.6 radio-optical telescope's
technical passport, which details its complete specifications at the time of
construction [6,7]. Additionally, to estimate the scope of work for its configuration,
a three-dimensional model of the antenna must be created. This model will allow
for virtual measurements and parameter adjustments, effectively simulating the
assembly work before its actual implementation and serving as a guiding tool
throughout the process. Besides the three-dimensional model, a software is
currently being created using the C++ programming language. This software will
allow users to provide starting information—which includes geometric and radio
engineering aspects—and carry out automated calculations concerning the antenna
by applying the known formulas.

Despite the antenna being in a preserved state, experiments were conducted
to demonstrate its operability in this condition. These experiments highlighted the
need to de-conserve the antenna for use in various space research activities. In
particular, recordings of the sky signal around the time of the passage of the
Cygnus region were conducted. The first recording was made, and the second one
followed 13 days later. Without any direct source identification, this data should
allow us to detect the time shift of the pattern between the two dates. Remarkable
structures, probably originating from astronomical sources, appear time-shifted
between the two epochs of recording.

Problem statement and justification of the methodology. It is evident
that the ROT-54/2.6 antenna requires repairs, including lubrication and inspection
of its portable mechanisms. It also needs to be equipped with modern digital
control systems, restoration of certain services, and comprehensive adjustments.
There is a project aimed at revitalizing the ROT-54/2.6, transforming it into a fully
operational instrument and establishing the Herouni Space Center (HUSC) on-site.

Considering several factors, particularly the current inability to perform real
measurements due to the mismanagement by CJSC National Authority for
Standardization and Metrology, which currently owns the ROT-54/2.6, and the
necessity to virtualize various scientific studies as new technologies develop, a
decision was made to simulate various parameters of the ROT-54/2.6 radio-optical
telescope using an accurate three-dimensional model. Creating a model in the
SOLID WORKS software environment allows to conduct various tests in the same
software environment, as well as process and analyze the test results using a
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computer. In order to build the model accurately, it is necessary to coordinate the
software environment. In order to ensure greater accuracy of the system of units of
measurement provided to the software environment, as well as to avoid additional
conversion of actual measurement results, the SOLID WORKS program was
switched from the standard IPS system (inches, pounds, seconds) to the MMGS
system (millimeters, grams, seconds). The MMGS system is more effective for
special cutting, grouping of elements, and building precise inclined planes (such as
the plane of the antenna’s large reflector)[8].

Fig. 1. The manufacturing process of the ROT-54/2116 radio-optical telescope

Table 1
Panel lines of the surface of antenna’s large reflector
Line number Quantity Panel form

0 1 Hexagon

1 6 Trapezoid
2 12 Trapezoid
3 12 Trapezoid
4 24 Trapezoid
5 48 Trapezoid
6 48 Trapezoid
7 96 Trapezoid
8 96 Trapezoid
9 96 Trapezoid
10 96 Trapezoid
11-27 192 Trapezoid
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Results and analyses. Firstly, in order to manufacture the model, it was
necessary to conduct an accurate study and calculation of the design of the radio-
optical telescope. The information gathered from actual measurements of the
structure conducted from 2019 to 2021 was supplemented by calculations using
various archival images during the model's creation. To provide a clear and
comprehensible description of the preparation process and the mathematical
calculations, a substantial number of photographs from the SOLID WORKS
software environment were utilized.

In the initial stage of measurements, the number of panels on the surface of
the antenna's large reflector was determined, along with their surface area and
arrangement in rows. Subsequently, a table was compiled detailing the rows and
panel structures. To accurately construct a three-dimensional model, starting from
the upper - first row of the antenna's large reflector panels, the lengths of the circles
formed by the rows of panels were calculated by reducing the radius by 1 meter at
each step, using the formula (1) to calculate the circumference:

[ = 2nr. (1)

The following relevant results were obtained for each lap.

The calculation of the circle lengths begins at 26.5 meters instead of 27
meters because the height of the panels in each row is 1 meter, while the width of
the upper and lower parts of the panel varies. For this reason, half the height of the
panel was taken as the average width data. Having the data from Table 2 and using
the ratio of this data to the number of panels listed in Table 1 (2), by row, we get
the size of panels in each row:

W = é = 21r/Q, 2)

where W is the average width of each panel of line, 1 is the length of the circle from
Table 2, and Q is the quantity of panels in each line.
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Table 2

Circumferences of the surface of antenna’s large

reflector for each meter of radius

Radius (m) Length of the circle (m)
26.5 166,4995
25.5 160,2165
24.5 153,9335
23,5 147,6505
22,5 141,3675
21,5 135,0845
20,5 128,8015
19,5 122,5185
18,5 116,2355
17,5 109,9525
16,5 103.6695
15,5 97,3865
14,5 91,1035
13,5 84,8205
12,5 78,5375
11,5 72,2545
10,5 65,9715
9,5 59,6885
8,5 53,4055
7,5 47,1225
6,5 40,8395
5,5 34,5565
4,5 28,2735
3,5 21,9905
2,5 15,7075
1,5 9,4245
0,5 3,1415
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Table 3

Average width of panels of each line

Line number Average width of each panel (m)
27 0.8671
26 0.8344
25 0.8017
24 0.769
23 0.7362
22 0.7035
21 0.6708
20 0.6381
19 0.6053
18 0.5726
17 0.5399
16 0.5072
15 0.4744
14 0.4417
13 0.409
12 0.3763
11 0.3436
10 0.6217
9 0.5563
8 0.4908
7 0.4254
6 0.72
5 0.589
4 0.9162
3 1.309
2 0.7853
1 0.5236

Using the data from the previous three Tables, the large reflector of the
antenna was assembled. The total number of panels on the model, consistent with
the actual count, amounted to 3,799.

After constructing the antenna's large reflector (Fig. 2), the next task was to
accurately build the tripod. To this end, actual measurements provided the cross-
sectional diameters of cylindrical tubes from various sections of the tripod's metal
structure. These data are essential for the construction process:

o the diameter of the large iron pipes forming the quadrangle of the tripod
legs is 150 mm;
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o the distance between 2 opposite tubes is 1000 mm;

o the diameter of the stepped legs on the legs is 30 mm;

o the distance between the legs is 300 mm;

e the number for each leg is 95;

e the diameter of large pipes of the tripod legs is 100 mm;

e the distance between them is 780 mm;

e the number on each leg is 19;

o the absolute value of the slope of the legs is 17204.94 mm.

Fig. 2. The process of carrying out the antenna’s large reflector

Once this information as gathered, detailed effort was put into the SOLID
WORKS graphics platform to craft the tripod with equal precision. To make the
tripod bases, various sections from the antenna's large reflector's panels were cut
out, and the exposed portion of the tripod legs started from these areas.

After making the tripod (Fig. 3), the next step is to make a small reflector
and an optical telescope (Fig. 4). Here are the data used to create this structure.

e the diameter of the small reflector is 5000 mm;

o the length of the small reflector—bearing structure, counting from the central
crossbar, is 14,500 mm;

e the crossbar diameter i1s 6000 mm;

o the height of the crossbar is 1500 mm;
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o the diameter of the main rods of the small mirror-bearing structure is 200 mm;

o the diameter of the additional rods connecting the main rods of the structure
carrying a small mirror is 100 mm;

o the height of the supporting structure of the optical telescope is 9850 mm;

o the length of the optical telescope body is 5200 mm;

o the diameter of the optical telescope is 2600 mm;

o the total diameter of the observation deck is 5500 mm;

o the height of the fence posts of the observation deck is 1000 mm;

o the number of fence posts of the observation deck is 100;

o the diameter of the main rods of the optical telescope 's supporting structure is
200 mm;

o the diameter of the additional rods connecting the main rods of the supporting
structure of the optical telescope is 100 mm.
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Fig. 4. The process of making a supporting structure of optical telescope and small
reflector
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Conclusion. The process of preparing a three-dimensional model of the
ROT-54/2.6 radio-optical telescope have necessitated numerous additional
measurements (Fig.5). The extensive data collection have revealed valuable
information about the antenna's structure, which can serve as a supplementary
addition to the telescope's technical passport. The process of building the three-
dimensional model has also provided extensive experience in the physical aspects
of designing and assembling similar antennas.
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Fig. 5. The final view of ROT-54/2.6 three-dimensional model

Once created, the three-dimensional model will be utilized for remote, virtual
execution of various physical and radio engineering measurements. This will
significantly contribute to the process of configuring and integrating the antenna.
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U.U. UULQUSUL, L2, ZUURULNRUSUL, L.U. UUNrQULN3UL
N01-54/2.6 NUPNONSPUUYUL ThSUUD BNUQUQ UNYELE USEBN0NRUL

Zwpyh wntubkiny, np OY-54/2.6 nunhnowynhjuljut ghunwlp gnignmd k Yntubpug-
Jwsd yhdwynwd, npu Jipugnpswupluwiy, Jhpnniw] dhpwjuypnid Epjpusuhwljut b nw-
nhnnbjuhjulwt wwpwdbnpbph hwpdupyh junwpdwi, hyybu b tmwuppbp jpugnt-
ghs mkpuhyujut thnpdwpynidutph Jhpnniwugdwt tyuwnwlnyg npnoyty L unbnst) wi-
wnktuyh dogphun pwswth Unpkp SOLID WORKS spuigpuyyht dhgwduypnid: ‘Unyh twyjunw-
yny unbnsymu t spugpughtt hwdwhp hudbpdwsh wkupny, npp poyy E nwghu hwpgwp-
by whnbbugh wupudbnpbpp jupa]ws dnunpughtt udyuyitphg: Uyu wphrunwbipbibph wpn-
mibpnid pujuijuiihn hbpwnn Yihth qiuwthunnly 20%-54/2.6 nuimhnoujinhljuljutt nhinwlh k-
pugnpswupldwt wowwnwtputph swdup, hul wwbwnhy wy)] whnbkbwiubph phypnid
htwpwynp Yihuth Jhpnniw) dhpwduypnid juwnwpt) puqidwphy hwyquplubp: Zngjusnid
tjupugqpjws i nuunidbwuhpmipiniutp, npnip nminnjus ku (F01-54/2.6 nunhnouwjuih-
Julwl nphnwlh winktugh tpwswh dnpbih unbnddw gnpépupughtt’ juhijws mwppkp
wupwubnpbph suhnidubphg unwugyus njujibphg b Up owpp htiinmwgnunipiniiubph
wpnniupubphg: Zknmwgqnuinipmnitt hpujutwgyl] B winbkbwh juenigdut dudwiul
Juqujus nmbkjpuhjulwt wtdtwgph ndjujikph b 2019-2021 pduljubtkphtt whnbkuugh
Ynuubpqugué yhdwnd hpwuwtugyus dh owpp tpipuswthuljui wupudtnpkph
hpufui swthmdubph wpyniiputph hhuwb Jpu: Grwgwth dnnbjh unbnddwt gnpéplipugu
hpuwwuwgyk) £ SOLID WORKS spwugpuyhtt thpwduypnid, npt ogurnuugnpdynid k dkpawtih-
Julub dngkjutph uvnbnsdwt nhwypnid :

Unwhgpuyplr punkp. wunbiw, nunhnoyunhluluwh nhunwly, +O}-54/2.6, SOLID
WORKS, tnwswith Unply:
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A.C. CAPI'CSIH, H.A. AMBAPLYMSIH, .M. MAPT'APAH

CO3JAHME TPEXMEPHOM MOJEJIH PAITMOOIITUYECKOIO
TEJIECKOIIA POT-54/2.6

B Hacrosimee Bpems Uil pacyeTa FeOMETPHYSCKHX M PaJHOTeXHHYECKHX MapaMeT-
POB aHTEHHBI pagroonTHIecKoro Teneckona POT-54/2.6, Haxomsmierocss B 3aKOHCEPBUPO-
BaHHOM COCTOSIHWH, & TAaKKe I BUPTYaIU3ALMH PA3IMYHBIX JOTOJTHUTEIBHBIX TEXHUUECKHX
WCIIBITAaHUH OBIJIO PEIICHO CO3/1aTh TOYHYIO TPEXMEPHYIO MOJIENIb aHTEHHBI B TPOTPAMMHOM
cpene SOLID WORKS. C 3Toii 1ensto co3faeTcsi IporpaMMHbII KOMILIEKC B BUAE MPUIIO-
JKEHHs1, KOTOPBIH ITO3BOJISIET PACCYUTATH ITapaMeTPhl AHTCHHBI B 3aBHCHMOCTH OT BXOJHBIX
MaHHBIX. B pesynbprare 3THX paboT OyOeT IOBOJNBHO JIETKO OLEHUTH 00BEM pPaboOT 1o
BOCCTaHOBJICHUIO 3TOW aHTEHHBI, a B Cllydae APYI'HX aHAJOTMYHBIX aHTEHH MOKHO Oyner
BBINOJIHUTH MHOKECTBO PacyeTOB B BUPTYaJIbHOM cpeze. B cTaThe onmcaHbl MccineaoBaHus,
HalpaBJICHHBIC Ha CO3J]aHUE TPEXMEPHOIH MOJAENN aHTEHHBI PaJHOONTHYECKOTO TEJIECKOIa
POT-54/2.6, 1 cam nporecc MOJArOTOBKH B 3aBUCHMOCTH OT Pe3yJIbTaTOB HCCIIEIOBAHUSI.
HccnenoBanue MpoBOAMIOCh Ha OCHOBE JAHHBIX M3 TEXHWYECKOTO MAclopTa aHTEHHBI,
3a()MKCUPOBAHHBIX IIPH €€ CTPOSHHH, U PE3yIbTaTOB (PaKTHUECKHX N3MEPEHHH HECKOIbKHX
TeOMETPUYECKUX ITapaMeTPOB KOHCTPYKIMU aHTEHHBI B 3aKOHCEPBUPOBAHHOM COCTOSHHUM,
npoBeneHHbIX B 2019-2021 roxax. Ilporecc co3ganus TpeXMEPHON MOJIEIH BHITIOIHSIICS B
mporpammuoit cpexe SOLID WORKS, ucnons3yemoit [ist co3JaHust MEXaHHIECKIX MOJICIICH.

Knroueevie cnosa: anteHHa, paamoonTtHueckuii Temeckor, POT-54/2.6, SOLID
WORKS, TpexmepHas MOJ€enb.
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