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Summary. The results of calculating the total error testing support rotation angle satellite antenna
system. The analysis suggested calculating the optimum design rotation device, in which the total working angle
of rotation error will not exceed 4”.
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Statement of the problem, its importance. Designing high precision systems for large-
sized objects control designed for specified coordinates direction, tracking by given trajectories
or detection of movable objects is an important problem for many branches of mechanical
engineering, defense field. Particularly, this is relevant for the synthesis of the systems for
superdirectional satellite antennas and satellite antenna systems control.

The important elements of such systems are devices for determination of the angular
positions of antenna axes designed for precision measurement of the angles of the reflector
beam directing and tracking the space objects by the antenna system. The efficiency of the
entire antenna complex operation depends on the accuracy of measuring the absolute angular
positions of the antenna axes position, since the angle measurement errors result in improper
guidance and loss of communication with the satellite. Therefore, the task to detect and analyze
the error sources in the designs of angle gage devices, as well as the units of their interfacing
with the axes of antenna systems in order to minimize these errors is of great importance.

Analysis of the results and investigations of the problem. Numerous errors occurring
in antenna systems and determining the total error of guidance of the electric axis of the antenna
direction diagram (ADD) on the satellite are analyzed in many sources [1 — 2]. Mainly analysis
of the errors of support-rotating device structures of SA (inaccuracy of the axes installation,
deviation from the axes perpendicularity, deformation of SA structures under the influence of
weight, etc.) is carried out.

With the development of space communication systems, radio monitoring, remote
sensing of the Earth (RSE) in order to provide greater flow of information exchange, the SA
designers move to higher frequency ranges from 8 GHz to 20 GHz (and more), and use
parabolic antennas with large diameters of reflectors from 5 to 12 m, providing the narrowing
of SA direction diagram and necessity to determine the angles of the antenna beam directing to
satellites with errors that do not exceed 1 — 2 angular minutes. This demands the increased
requirements for the accuracy of angle sensors, the use of advanced intelligent angular
sensors [3 — 5], as well as the improvement in the interface units of angle measurement devices
with antenna axes.

The objective of the paper. Analytical estimation of sources and total error of interface
units of angular sensors in the structure of the support-turning platform of antenna devices in
order to optimize the design and software — hardware minimization of errors of the SA pointing
angle determination.
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Analysis of the errors sources and calculation of the total error for angular position
measurement devices. For precision measurements of the rotation angles of antenna system
with 5 m reflector diameter, we designed the angle measuring device including an angle sensor
and interface mechanism with the antenna axis.

The device is mounted on the support-rotating antenna platform and controls the angles
of each axis rotation directly to the shaft without the use of any additional mechanical gears.
According to the technical requirements, the error of angles follow-up should not exceed 4
(angular minutes). The optoelectronic angular sensor, designed by PV of TNTU with the
resolution of 20 angle sec., and the total error up to 2 is used in the designed device. Therefore,
the total kinematic error of the mechanism of the angle sensor shaft connection with the fixed
antenna case (actuator of the angle sensor) should not exceed 2.

The version of the design of the corner-shaped device with the rigid bearing shaft and
two couplings for interfacing with the axis of «Crystal-5m» SA, for which the control system
has been developed by us, is shown in Fig.1.
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Figure 1. Scheme a) and construction b) angular measuring device with a rigid shaft and a flexible coupling

The designed device consists of the optoelectronic angle sensor with built-in
microcontroller for the information processing 1 (intelligent sensor) [4] elastic coupling 2
compensating possible radial and angular inequality of the sensor output shaft and the rigid
bearing shaft 3, and the hinge-cross coupling 5. The sensor driver construction is free from
slack. Kinematic errors while measuring the antenna rotation angle occur only due to elastic
deformations of the coupling 2 from the action of the friction moment Tsensor resist. In the angle
sensor supports 1 and the springs deformation 6 in the hinge-cross coupling 5 from the total
moment Tsensor resist. and resistance moment Tresist switches Occurring in the final switches
mechanism 4. When the antenna is reversible, these elastic deformations are doubling.
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Results of the evaluation of errors sources of such construction version are given in
Table.1. Calculations are made for two versions of the coupling 2: with elastic element in the
form of spiral cylindrical threading and with ring cuts up to the half of the coupling diameter
(has larger twist rigidity). It is also considered that optoelectronic angular sensors can be used
in both versions: with sliding bearings and a cuff for sealing the output shaft (sealed, can
be used under atmospheric conditions, it is experimentally investigated that their own resistance
moment is 0.075 Nm) and with roller bearings (have their own moment of resistance forces
0.015 Nm).

Table 1

Calculation total error kinematic drive mechanism angular sensor with a rigid shaft and flexible coupling

resistance forces 1 (shift Teensor resist sleeves and seals bearings
effort)
0,075 Nm 0,015 Nm
> 2] =2 2
Eks 3 © 5 3
2. Hardness when Coree 3 _g?g = =1 _g?g =
twisting elastic coupling elastic coup. @ = T M= =
40 250 40 250
Nm/rad | Nm/rad Nm/rad | Nm/rad
3.Strength of spring 6 of _
cross coupling 5 Fpring 6 10N
4. Arm r of the cross
. r 14 mm
coupling 5
5. Moment of resistance
forces of the final Tresist. switches
switches mechanism 4 0,075 Nm
6. The minimum Feoupling=
required force of the T 536 H
H T resist.
spring 6 when = —Sem;r =2 (Feoupting< Fspring 6, then the spring
transmitted by the cross deformation 6 and the elastic dead stroke
coupling 5 of the torque Tresist.switches of the coupling 5 are equal to zero)
T sensor resist. T\ resist. switches + 2r
Pelastic coup. =
7. Twisting angle of the , , , ,
elastic coupling 2 _ Tsensor resist. 6.4 1,03 12 0,2
Celastic coup.
) 12,9
8. Elasyc dead stroke Ay stroke=
during reverse 2' 2,4 0,4'
movement = 2Qe1astic coup.
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The version of the angle gage device design with long thin shaft and rigid coupling is
shown in Fig. 2.
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Figure 2. Scheme a) and construction b) angular measuring device with a thin Hu¢ko shaft and deaf coupling

The peculiarity of this construction is that the shaft of the sensor 1 through the rigid
coupling 2 and the thin steel shaft 3 with diameter d = 6 mm and operating length | = 107 mm
direction is directly connected to the antenna body. There are no gaps in the connection. The
permanent cross coupling (not shown in Fig. 2) connects to the fixed antenna case only final
switches mechanism and is not affected by its error on the dead stroke of the sensor drive. The
deformation of the fixed coupling 2 and the output shaft of the sensor are neglected. The
possible inequality of the sensor shaft 1 and shaft 3 is compensated due to the elastic
deformations of the thin, and, therefore, relatively flexible shaft 3. Unfortunately, the twisting
angle of such flexible shaft from the resistance moment Ton.xas. iN SENSOr supports is harmful. It
will create the kinematic error in this design version of the angle gage device when measuring
the antenna rotation angle.
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Table 2

Calculation of total kinematic error Azimuth device with a thin flexible shaft coupling and deaf

With slide .
: bushings slip and With roller
1. Resistance forces moment of T _ : bearings
the angle sensor 1 sensor resist. Seals
0,075 Nm 0,015 Nm
2. Length | and diameter d of I 1=107 mm;
the steel shaft 3 d d=6 mm
3. Modulus of elasticity at 4
torsion G 8x10* MPa
4. Polar moment of inertia of _ mat 4
the shaft 3 cross-section b == 127,17 mm
¢= 2,75 0,54
5. Torsion angle of shaft 3 Teonsor resise. * |
= : (0,0008 rad) (0,00016 rad)
G-I,
6. Elastic dead stroke at reverse
motion Ag stroke= 29 5,5 1,08’

Conclusion. The total error of the rotation angle follow-up in the angular gage device

do not exceed 4' only in the following cases: for the construction version shown in Fig.1 — in
case the elastic coupling 2 with ring cuts is used, and the springs 6 loading should be not less
than 5,36 N; for the construction version shown in Fig.2 — in case the angle sensor with roller
bearings is used.
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AHAJII3 JPKEPEJI HOXUWBOK KOHCTPYKIII KYTOBHUX
BUMIPIOBAJIBHUX MPUCTPOIB Y BACOKOTOYHUX AHTEHAX

Muxaiino Ilanamap; FOpiit Hakoneunuii; FOpiit Anocrou;
Muxaiiino CrpemOinbkuii; Crenan Mamransp

Tepnoninvcovruil HAyiOHAILHUN MeXHIYHUL YHigepcumem imeni leana [lynios,
Tepnoninw, Ykpaina

Pe3tome. Haseoeno pesynvmamu aHanimuyHo2o oYiH8aAHHs 0xcepes NOXUOOK ma pO3PAXYHOK CYyMAPHOT
nOXuOKY GIONPAylO6anHs Kyma HNOBOPOMY DIZHUMU KOHCMPYKYIAMU KYMOGUX GUMIPIOGATIbHUX NPUCPOLG
cynymuuxosux awmen. lIpoananizogano KOHCMpYKYii 3 HCOPCMKUM 8ANOM HA NIOWUNHUKAX KOUeHHs [ 08oma
KOMAEHCYIOUUMU MYy@Dmamu ma KOHCMPYKYIL 3 MOHKUM SHYUKUM 6AI0M I OOHIEI0 21yX010 0e33a30PHOI0 MYPmOoo.
Ilpeocmasneni pesynomamu po3paxyHKié c8iouamv, w0 MiHIMAILHOL NOXUOKU (00 080X KYMOGUX MIHYmM) V37116
CHPAINCEHHS KYMOBUX CEHCOPIB 3 OCAMU AHMEHU MONCHA O0CASMU 8 NEPULOMY BUNAOKY (KOHCMPYKYIs 3 HCOPCMKUM
8AIOM HA KYIbKOBUX NIOWUNHUKAX) MINbKU NPU 3ACMOCYBAHHI KYMOBUX CEHCOPI8 3 NIOWUNHUKAMU KOYEeHHSA ma
NPYAHCHOL My@mu 3 Kiltbyesumu HAOPI3amu, KA mac OLibuly KpymuibHy JHcopcmkicms. A 6 opyeomy eunaoky
(KOHCMPYKYIA 3 MOHKUM SHYYKUM 8AJIOM 1 271YX010 0e33a30PHOI0 MYQmoio) — npu 3aCMOCy8aHHI KYMOBUX CEHCOPI6
3 NIOWUNHUKAMU Ko4erHs. Bpaxoeyrouu, wo eapianm KymomipHo2o npucmporo 3 eHy4KuM 8aioM MA€ NPOCMiuLy
KOHCMPYKYIIO 1 MEHULy KiIbKICMb 8Y37116, W0 MONCYMb 0ymMu NOMEHYIUHUM 0XHCePeloM NOXUOOK 8IONpayio8amnHs
KYmMa nosopomy (Hanpuxiao, ei0cymHs WAPHIPHO-Xpecmosa My@hma, a 3amicims NPYHCHOL My¢hmu Ha GUXIOHOMY
8Aly CEHCOpA 3acmoco8ana 0e33a30pHa 2nyxa), ybomy eapianmy ciio naoasamu nepesacy. B Oocniodcenni
OYIHIOBANUCy MINLKU NOXUOKU 8Y371I8 CNPAICEHHS BUXIOHUX 8Ali8 KYMOBUX CeHCopig 3 ocamu anmenu. Tloxubxu
CamMux Kymogux ceHcopie npu po3paxyHKy CyMapHoi NOXUOKU KymOMIpHUX NPUCMPOI8 NPUUMANUCL 0OHAKOBUMU,
momy wo y 6CIX pO32NAHYMUX KOHCMPYKYISAX 3aACmocosyeanucs po3pobneni Ha kageopi I[IB THTY
OnmMoeneKmpoHHi Kymogi CeHCopu i3 3a2aibHO0 NOXUDKOI0, Wo He nepesuyye 080x Kymogux minym. Ha ocnoei
aHanizy po3paxyHky 3anponoHO8AHO ONMUMANbLHY KOHCMPYKYII0 KYMOMIPHO20 NPUCMPOIO, 8 SKill CYMApHA
noxubdxa sionpayio8anus Kyma nogopomy me o6yoe nepesuugysamu 4’ (Kymogux minym).

Kniouosi cnosa: cynymuuxosa amnmena, a3uMymanvbHa 6iCb, 0asay Kymd, NPYICHUL Mepmeutl Xio,
noxubka Kyma nogoponty.
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