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COMPUTER MODELING OF ANTENNAS
FOR SMALL SPACECRAFTS

Abstract

Antenna systems used in small spacecraft are a very important element of the spacecraft. The limited size and
operating features of these devices adjust the development processes of subsystems for them. In this work, wire
and microstrip antennas for small spacecraft will be modeled and studied. The software environment chosen for
modeling was CST Microwave Studio, which allows modeling antennas and ultra-high-frequency devices as close
to reality as possible. In this work, a wire dipole antenna operating at a frequency of 433 MHz and a microstrip
antenna operating at a frequency of 2200 MHz will be simulated. The dimensions of the antenna will be selected
according to calculations, materials will be selected as close as possible to those available to the authors. The results
of the study will be useful for further prototyping and research of these antennas.
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Inroduction

Currently, one of the trends in the development of science and technology is the use of small
spacecraft to carry out various missions, including scientific research, education, remote sensing and
imaging of the Earth's surface, etc. The relatively low cost of small spacecraft makes it possible to
attract small businesses and enterprises for their creation higher technical educational institutions,
that is, contributes to the creation of a “border zone” development/education [1].

Limited size and communication resources require advanced solutions in this area. Efficient use
of space on board the small spacecraft is very important in this case. Therefore, optimization of the
physical dimensions of small spacecraft components, including antenna devices, is an urgent task.

To transmit and receive data (tracking, telemetry and control (TT&C), imagery, etc.) many
CubeSats in service or in service use different types of antennas, depending on the mission, space-
craft capabilities, and frequency range. design. Most CubeSat missions used VHF and UHF radio
frequency (RF) communications with typical data rates of 1.2 and 9.6 Kbps for both telemetry and
payload data transmission. Typically, wire, ribbon monopole and dipole antennas are widely used in
the VHF and UHF bands due to the ease of their manufacture [2, 3]. Patch antennas, which primar-
ily operate in the L- and S-bands, are the second most popular due to their low profile, light weight,
and lack of additional deployment mechanisms [4, 5, 6, 7]. Review papers [8—10] list and describe
modern antennas of various types used in small spacecraft. In practice, depending on the mission,
deployable and protruding antennas are most often used [11-15]. The work [16] presents the concept
of a tunable antenna, implemented using polyamide tape for operation in the S band. A feature of this
antenna is the ability to change the configuration of the diagram. At the same time, for full opera-
tion, the authors propose to use a servomotor, which has a certain mass and occupies a certain place.
The antennas studied and proposed in these works have fairly good characteristics, but the need for
additional mechanical, software actions and resources increase the likelihood of failure of the small
spacecraft mission. As is known, small spacecraft usually use several separate communication chan-
nels to transmit signals in the Earth-to-space and space-to-Earth directions, where antenna systems
are used that cover and operate in several frequency ranges. Studies [17-20] proposed antennas for
operation in multi-band and wideband frequency ranges. In [17], a star-shaped fractal antenna struc-
ture for operation in two bands was developed, modeled and manufactured. The geometric shape of
this antenna starts with two conductive squares forming an octagonal star, which makes this antenna
multi-band. [ 18] describes a multi-band miniature fractal microstrip antenna with high gain for mod-
ern communication systems. In the proposed design, a hexagonal Sierpinski pad is loaded onto a
square microstrip antenna, which allows the spot area to be reduced by 68.4% and the perimeter to
be increased by 168.8% by loading multiple triangular slots of different sizes in different iterations.
[19] used dual fractal techniques to design a fractal Koch-Sierpinski microstrip antenna (KSFM) for
wireless applications. The Koch fractal concept is applied to the outer periphery of the rectangular
region, and the Sierpinski gasket concept is applied to the inner segment of the square region to re-
duce the influence of surface currents. The frequency characteristics of these antennas are achieved
by fractal geometry, cutouts of different shapes and lengths. It should be noted that when developing
these antennas, classical fractals were mainly used, in which large changes occur in all directions as
the iteration number increases. This feature can degrade the basic characteristics of antenna systems.

Main provisions
This article performs computer modeling and research of wire and microstrip antennas for small
spacecraft. The results of the study will be useful for understanding methods for modeling antenna

systems for this type of device and for further research and development of effective antenna systems
taking into account the limitations and requirements of this technology.
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Methodology

CST Microwave Studio (CST MWS) is a program designed for fast and accurate numerical
simulation of high-frequency devices (antennas, filters, power couplers, planar and multilayer struc-
tures), as well as analysis of signal integrity and electromagnetic compatibility problems in the time
and frequency domains using rectangular or tetrahedral partition meshes.

A whip dipole antenna, also called a Hertz vibrator, consists of two identical arms made of metal
pins. Most often, the total length of the antenna is half the wavelength of the 0.95 A radio signal. The
full wave is calculated using the formula:

=3, (1)
f
where ¢ — is the speed of propagation of an electromagnetic wave in vacuum, f— is the frequency of

the signal.
For a frequency of 433 MHz, the wavelength is 693 mm, respectively, the length of the half-
wave dipole will be 329 mm.
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Figure 1 — Modeling of a half-wave dipole antenna

The distance between the two shoulders is 1-2 mm. Wire thickness 3 mm, material — copper. All
antenna characteristics are defined in the software environment, which makes it possible.

Microstrip antennas, along with monopoles and dipoles, are probably the easiest to design. These
antennas are also so easy to integrate on a printed circuit board that they are widely used in advanced
systems such as 5G antenna arrays and radars. These antenna arrays are described by a simple set of
design equations for the fundamental and higher order modes, so they can be designed without even
using a simulation tool.

A microstrip antenna is essentially an open resonator. The antenna is located above the ground
plane and the field limitation between the strip antenna and the ground plane determines the set of
eigenmodes on which the antenna can operate (similar to longitudinal wave transmission lines). The
eigenmodes correspond to certain modal field distributions within the resonant cavity created by the
antenna, although such antennas usually operate on the fundamental mode. A microstrip antenna
consists of an emitter, a dielectric substrate and a ground plane (figure 2, p. 210).

The main dimensions of a microstrip antenna are calculated using formulas (2) and (3), where ¢
is the speed of propagation of the electromagnetic wave, f0 is the signal frequency, € R is the dielec-
tric constant of the substrate, h is the thickness of the dielectric substrate.

w=_—°
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Figure 2 — Microstrip antenna structure

In the CST MWS software environment, a patch antenna was simulated to operate at a frequency
of £ =2200MHz (figure 3).

Figure 3 — Modeling a microstrip antenna

According to calculations for an antenna with substrate material FR-4 with a substrate thickness
of 3 mm, the radiator size is W=82 mm and L=62 mm. In addition, matching cutouts were made at
the junction of the emitter and the power line.

Results and discussion

This section shows and describes the results of modeling antenna systems. One of the most im-
portant characteristics of antennas is parameter S, , shown in Figure 4 (p. 218), where the working
area is taken as the area where the reflection coefficient is below -10. According to the graph, the
dipole antenna operates in the range 390-442 MHz, maximum resonance 420 MHz.
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Figure 4 — S, of a half-wave dipole antenna

Figure 5 shows the radiation pattern of a dipole antenna, showing the antenna's ability to direct
the main energy in the desired direction. According to the figure, the dipole antenna directs the main
beam of the signal along the arm, while in the transverse direction the signal shows minimal radia-
tion. This means that this antenna is close to omnidirectional in directional characteristics. The maxi-
mum gain is 2.26 dB, which corresponds to the performance of a dipole antenna (figure 5).
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Figure 5 — Radiation pattern of a half-wave dipole antenna at a frequency of 433 MHz

Figure 6 shows parameter S, of a microstrip antenna, according to which this antenna operates
in the range of 2150-2260 MHz with a maximum reflection coefficient of — 34 dB. In addition, there
is a second resonance with a central frequency of 3450 MHz.
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Figure 6 — S | of microstrip antenna
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Figure 7 shows the radiation pattern of a micropolka antenna at the fundamental frequency of
2200 MHz, according to which the antenna has more directional characteristics at this frequency.

Farfield Gain Abs (Phi=90)
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Figure 7 — Radiation pattern of a microstrip antenna at a frequency of 2200 MHz.

The main beam of the diagram corresponds to the direction of the antenna, the maximum gain at
the frequency in question is 2.69 dB. The data obtained correspond to the calculations and show the
performance of the antenna in this range.

Conclusion

In this work, antenna systems for small spacecraft of the wire and microstrip types were pro-
duced and studied. The research method chosen was computer modeling in compliance with the
requirements of boundary conditions. A simulated wire dipole antenna for operation at 433 MHz
shows performance at this frequency and has a maximum gain of 2.26 dB. Also, a simulated micro-
strip antenna for operation at a frequency of 2200 MHz shows performance at the required frequency
with a maximum gain of 2.69 dB. In general, the characteristics of the antenna systems modeled for
small spacecraft correspond to the calculations and are suitable for prototyping for further research.
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ITATBIH FAPBIII AIIITAPATTAPBIHA APHAJITAH
AHTEHHAJIAPAbI KOMIIBIOTEPIIIK )KOBAJIAY

Anjarna

[larprH FapbIll armapaTTapblHia KOJIJAHBUIATEIH AaHTCHHAJIBIK JKYHesIep FaphIll alapaThlHbIH 6T¢ MaHbI3/IbI
aneMeHTi. bysl KyphUIFBUIapIbIH IIEKTEYN MeJmepi MEeH XYMBIC MYMKIHIIKTEpl onap YIIiH imki xyienepui
J3ipIiey MpoIecTepiHe TY3ETylIep eHri3eai. byt »KyMBICTa TIaFBIH FAPHIII alapaTTapblHa apHAJIFaH CBIMIBI JKOHE
MUKPOKOJIAaKTHl aHTEHHAJIAp MOJCIBICICAl KOHE 3epTTeIeNi. Moznem)z[ey YIIiH TaHJaIFaH OaFmapiamaiiblk
opta — CST Microwave Studio. On aHTeHHAIap MEH yabTpa KOFaphI KULTIKT1 KYPBLIFbLIAP/TbI 6ap1>1Hma IIBIHAKBI
MOJICIIBICYTE MYMKlHJllK oepeni. B¥n KYMBICTA 433 MI 11 KUUTIKTE )KYMBIC ICTCUTIH CBHIMJIBI IUIONbII AaHTCHHA
skoHe 2200 MI'1 )KUITIKTE HKYMBIC ICTCUTIH MHUKPOXKOJIAKTHI aHTCHHA UMHUTALUSUIAHAIbl. AHTCHHAHBIH OJIIIEeMIepP1
ecenTeyepre Coiikec TaHIaNlaIbl, ajl MaTepHajaap aBTOPIAP/IBIH KOJTBIH/IAFbl MATCPHAIAPMEH YKCACTBIPLIBIT
TaHAanaabl. 3epTTeY HOTIKENEPi OChl aHTEHHAIAP/IB! OaH opi IIPOTOTUIITEY MEH 3epPTTEY/IC Taliaalbl.

Tipek ce3nep: antenna, CubeSat, sxobasay, TUITOIb, MUKPOXKOJIAKTHI aHTCHHA.
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Kazaxckuit HamoHaNbHBIN yHUBEpcUTEeT UM. anb-Papadu, 050040, r. Anmatsl, Kazaxcran

KOMIIBIOTEPHOE MOJAEJINPOBAHUE AHTEHH
JJIAA MAJIBIX KOCMHUYECKUX AIIITAPATOB

AHHOTAIUA

AHTEHHBIE CUCTEMBI, UCIIOJIb3yEMbIE B MaJIbIX KOCMHUYECKUX alapaTax, ABISIOTCS OYE€Hb BaXKHBIM JIEMEHTOM
KOCMHYECKOro arnmnapara. OrpaHHdeHHOCTh Pa3MEpPOB M 0COOEHHOCTH pabOThI JAHHBIX allapaToB BHOCSAT KOPPEK-
THBBI B TIPOLIECCHI Pa3pabOTKH MOACKCTEM AT HUX. B manHO# padoTte OymyT cMOJETHPOBAHbI U HCCIIEJOBAHbI IPO-
BOJIOUHAs U MHUKPOIIOJIOCKOBBIE AHTEHHBI JUI MAJIBIX KOCMHYECKHX anmnaparoB. IIporpaMMHO# cpenoit i Moze-
nupoBanus BeiOpana CST Microwave Studio, mo3Bosisitolasi MOJICIMPOBATh aHTEHHBI U CBEPXBBICOKOYACTOTHBIC
yCTpoiicTBa MaKCUMaJILHO MPUOJIMKEHHBIMH K peajbHOCTH. B naHHoii paboTe OyayT CMOJEIMPOBaHbI TPOBOJIOYHAS
JIMIIOJIbHAS aHTEHHa, paboratomas Ha yactore 433 MI'1, n MUKpOIIOJIOCKOBas aHTeHHa, padoTarollas Ha 4YacToTe
2200 MI't. Pasmepbl aHTeHHBI Oy/yT MOAOOPaHBI COMIACHO pacueTaM, MaTepHaibl OyIyT BHIOpaHbl MAaKCHMaJIbHO
NpUONMKEHHBIMI K HMEIOLIMMCS y aBTOPOB. Pesynbrarsl nccnenoBanus OyayT MOJIE3HBI A JalbHEHIIETo Ipo-
TOTHITUPOBAHMS U NCCIIEJOBAHNS JTaHHBIX aHTEHH.

Kuarouesble ciioBa: antenna, CubeSat, MoeMpoBaHue, AUIONb, MUKPOIIOIOCKOBasI aHTEHHA.
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