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Abstract. This paper presents the results of modernization an improved design of the azimuth drive, in
which reliable and inexpensive asynchronous electric motors with frequency control of rotation speed and
planetary gearboxes, which are serially manufactured by domestic enterprises, are used as engines. The use of the
developed azimuth drive allows to quickly and relatively inexpensively restore the performance of the antenna
system, as well as increase the speed of pointing along the azimuth axis from 4 degrees/s to 15 degrees/s,
significantly simplify the design and reduce the weight of the drive.
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1. INTRODUCTION

The design of high-precision systems to control massive objects for their pointing at
specified coordinates, as well as tracking and following the trajectories of moving objects is an
urgent task for many branches of mechanical engineering and defence. The devices for moving the
antennas along the azimuthal and angular axes which are intended for fast and accurate pointing of
the reflector beam and tracking of space objects by the antenna system are important elements of
such systems. Therefore, it is an urgent task to design electromechanical drives using relatively
inexpensive domestic mechanisms (frequency-controlled asynchronous electric motors, reduction
drives) that can provide fast and accurate pointing of the antenna over a wide range of speeds.

The design and calculation of electric drives for large-diameter antennas are
characterised by significant geometric dimensions of the reflectors [1] and, accordingly, large
moments of inertia on the shafts of electric drives, wind loads, changes in moments due to the
angles of rotation and tilt of the antenna reflector, etc. [2, 3].

During the modernisation of the azimuth drive of the «Crystal-5» antenna system, we
analysed a number of papers on improving the design of similar systems. We focused on studies
related to improvement of the efficiency of azimuth drives and their adaptation to modern
requirements.

A considerable part of the studies focuses on the usage of modern frequency-controlled
electric motors to ensure smooth and accurate pointing of the antenna along the azimuth axis.
For example, papers [4-6] show that the introduction of frequency-controlled asynchronous
motors can not only improve the reliability of the drive but also reduce the cost of its
maintenance and operation.

The studies presented in [7, 8] demonstrate the effectiveness of using planetary
reduction drives, which provide high torque transmission accuracy with minimal dimensions
and weight of the mechanism. In particular, it is indicated that planetary reduction drives have
a significantly higher efficiency compared to traditional reduction drives, which reduces energy
losses and improves the dynamic characteristics of the drive.
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As for reducing backlash in gearing, several authors [9-11] emphasise the importance
of synchronising the operation of two identical drives to minimise the side clearances. This
reduces the influence of backlash and improves the accuracy of antenna pointing, which is
critical for radio monitoring and space communication systems.

Thus, the analysis of the available research results confirms the feasibility of introducing
modern frequency-controlled asynchronous motors and planetary reduction drives into the
construction of the azimuth drive [12, 13]. In addition, the synchronous operation of two
identical drives is an effective solution for backlash compensation, which makes it possible to
simplify the overall design and increase its reliability [14, 15].

The authors have developed a design of the electromechanical drive of the «Crystal-5m»
antenna system around the azimuth axis using three-phase frequency-controlled electric motors,
which will restore the performance of the regular construction and reduce its cost while
increasing the pointing speed along the AZ axis to 15 deg/s.

The «Crystal-5m» antenna systems have been in operation since the late 80s of the
last century, and during this period some of their nodes and mechanisms have exhausted
their useful life or completely lost their performance. In addition, the development of space
communication systems, radio monitoring, etc. has made it necessary to improve some of
their technical characteristics. In this case, it is necessary to increase the rotation speed
around the AZ axis from 4 deg/s to 15 deg/s and develop a new azimuth drive design, as the
standard planetary reduction drive, which was designed specifically for this antenna, has
failed and is currently expensive and impractical to restore. The initial data required for the
design are given in Table 1.

Table 1

Initial data for design

Maximum rotational speed along the AZ axis NAZ max 15 degree/s
Minimum speed along the AZ axis NAZ min 4'ls
Pointing limits along the AZ axis +270 degree
Maximum acceleration along the AZ axis €AZ 5 degree/s?
Gear ratio of the standard spur gear transmission | I3y 17,55

2. KINEMATIC CALCULATION OF THE AZIMUTH DRIVE

Figure 1 shows the kinematic diagram of the designed rotation drive for the «Crystal-5m»
antenna around the azimuth axis (AZ), further referred to as the «azimuth drive».

A number of mechanical assemblies in the drive remain unchanged as compared to the
standard design: 4 — gear wheel with the diameter of ds=1790 mm; 3 — spur gear with the
diameter of d3=102 mm. However, according to the technical specification, instead of the
«DBN-185-16-0.3-2» torque motor, we used a domestic inexpensive and reliable asynchronous
electric motor 1 with a speed sensor, electromagnetic brake and frequency control. A planetary
gearbox 2 is used to provide the speed range along the AZ axis required by the technical
specification.

The side clearance (backlash) in the gearing 3—4 of the azimuth drive is transmitted to
the AZ axis and therefore significantly affects the kinematic accuracy of the pointing angles
along this axis. To eliminate this backlash, the standard design includes a special backlash-
reducing mechanism with a torsion shaft, an electromagnetic friction brake, and two bevel
reduction drives. In practice, such a mechanism is not very reliable, it complicates the design
of the drive and adds to its cost.

ISSN 2522-4433. Bicuux THTY, Ne 1 (117), 2025 https://doi.org/10.33108/visnyk_tntu2025.01 ..........ceveeereereererrenrrernrenrenn. 55



Modernization of the azimuth drive design for the antenna system

Azimuth Az{muz‘h
. drive
drive
AZ axis
\ /
Maz ‘
> 4
! =
il il
B - 3 J
4 . de=1790 ol d5=102

Figure 1. Kinematic scheme of the azimuth drive

In the devised design, two identical drives are used to rotate the antenna rotator along
the AZ axis, which operate synchronously and in parallel. However, since there are no identical
mechanisms, the friction losses and torques of these drives, in practice, will differ slightly, but
not significantly. In this case, the side clearances in the gearing 3—4 between the two gears 3
and the gear wheel 4 will be selected due to the difference in torques on the gears 3 of the two
drives. In fact, these two drives operating in parallel, in addition to their main purpose, serve as
a backlash-selecting mechanism.

The main kinematic characteristics of the standard gears 3 and 4 used in the designed
drive are as follows:

— 3isacylindrical gear with a dividing diameter of ds=102 mm and a module m=6 mm;

— 4 is a cylindrical wheel with a dividing diameter of de = 1790 mm and a module
m =6 mm;

According to the technical specification, the maximum speed along the AZ axis
should be increased to naz max = 15 degree/s = 2.5 rpm. The minimum speed along this axis
IS NAz min =4'/s = 0,011 rpm.

An asynchronous 6-pole electric motor with a rotational speed of Nen. nom = 920 rpm at
a rotating field frequency of 50 Hz is used as the azimuth drive motor. The speed of rotation of
such motors is amenable to frequency control in the range of 2...75 Hz, and with the use of a
shaft speed sensor (incremental encoder), these limits can be significantly expanded.

Let’s find the gear ratio of reduction drive 2 to provide a maximum speed along the axis

AZ Tz =2,5 rpm. Let’s assume that the motor will be supplied with a maximum supply

: 75
i (9 = 9205 =1380

frequency of 75 Hz, which will result in a speed of
gear ratio of the azimuth drive is

rpm. Then the total

iAZ.Z = :i34'i2- (1)
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Hence the gear ratio of the reduction drive 2 is

Ngs 1380
2,5-17,55

i = _ 31,45. (2)
’ r]AZ max | 34

Let’s take a domestically produced two-stage planetary reduction drive 3MPM-50

with a gear ratio of i, =31,5

drive is

. The total gear ratio of the azimuth drive with such a reduction

i,y =g i, =17,55-31,5="552,8. ©)

=4"/s=0,011rpm

The minimum speed along the AZ axis "4z min will be achieved at the

electric motor speed of Zenmn = 0,011-552,8 = 6,08 rpm

frequency of the rotating field:

. It will achieve this speed at the control

_6,08-50

min = =0,33Hz. 4)
920

The rotational speeds of the upgraded azimuth drive of the «Crystal-5my» AS at different
control frequencies of the rotating field of the induction motor are given in Table 2.

Table 2

Rotational speeds along the AZ axis of the modernized drive at different rotating field control frequencies

The frequency of the

rotating field in Hz S 50 25 1 0,33
Ir\r/)Ir(:]tor rotational speed in 1380 920 460 18.4 6,08
Rotational speed along the 2,49 0,011
AZ axis in rpm (14,99 degree/s) 1,66 0.83 0,033 (4'1s)

3. POWER CALCULATION OF THE AZIMUTH DRIVE

Fig. 2 shows the design scheme of the power calculation of the azimuth drive. The

minimum calculated torque on the motor shaft - that is required to point the antenna
along the AZ axis with the specified parameters (speed, acceleration) is equal to the sum of all

resistance moments (counteracting moments) applied to the motor shaft™ "™ ¥ : static

moments (in this case, friction forces in the supports) ~ *«icsen - dynamic moments (inertia
M, . M. . . .

forces) " @msver s moments from weight loads ™ s sver ; gerodynamic moments (from wind

IOadS) Mﬂc’l‘.gh'en .

M = Mresist given =M +M +M +M

en.min.cal static given dyn. given weigt given aer.given”* (5)
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Figure 2. Scheme for power calculation of the azimuth drive

The static moment equal to the frictional moment M jc.vearing in a roller bearing with

a diameter of 4» =1.6m , Is calculated by the formula:
d 1,6
M fric.bearing — F:, ' fA : ?n =20000- O, 03- 7 =480 Hm, (6)

where F is the axial load on the bearing, according to the technical specification, the weight of
the rotating antenna components is Fa=20000 N; fa=0.03 is the rolling friction coefficient of
the bearing.

The static load moment applied to the motor shaft is

M.
M _ 7 fricbearing _ 480 =0,868 Hm (7)

static given .
i,, 5528

_ 2 _ 2
When the antenna rotates with acceleration of & 42 =5 degree/s” = 0,087 rad/s . a

dynamic load torque M 4 s generated. This moment, applied to the motor shaft, is calculated
=1 "“€or Here €« is the acceleration of the electric motor;

Z given

by the formula @ sver

L5 given is the moment of inertia of the moving masses of the antenna, applied to the motor
shaft.

I . +1_+1
n ref s 0 :1,53510_4_'_7814'82,1:-390

rot.en ] 2
lizs )

1 =15-1

—0,0093Hm.  (8)

X given
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In this formula, Toen is the moment of inertia of the rotor of the electric motor. Since

a particular electric motor has not yet been selected, we take the average value of the rotor

moments of inertia for this series of induction motors with a power of 1 to 1.5 kW
rot en ~35- 10_4 Kg- 1’1’1

. is the moment of inertia of the antenna mirror relative to the AZ axis. We

assume that the mass of the antenna mirror that weighs G, =8700 H is centered

at a point located at a distance of d> = 1340 mm from the AZ axis (see Fig. 2). Then
1 G 2_1 8700 )
I,y ==——(,) ==-——-1,34* =781k
ref 2 g (2) 2 1 11 g m

T is the moment of inertia of the gear section and the angular drive relative to the AZ
axis. We assume that the mass of the sector that weighs G, =3500 H is centered at a point

located at a distance of di=685 mm from the AZ axis. Then the moment of inertia is

G,
L2 (172139 685 —82,14g-m?.
2 g 10

2
1

[ —

* is the moment of inertia of the other moving parts of the antenna that rotate in
relation to the AZ axis. We take them in the form of a disc that weighs
G,=G,-G,-G,, =20000—-3500-8700=7800H and has the diameter of d=2m. The

2
moment of inertia of such a disc is 7 ZE'_'(EJ 1-@-(% =390 kg-m?.

g \2 2
Dynamic moment applied to the motor shaft is

M =0,0093-0,087-552,8 = 0,447 Hm. 9)

dyn.given

M —
For this design scheme, the weight moment — *“¢*£™ will be equal to M g gven =0
As for the wind loads, since no changes to the design of the mirror of the modernlzed

antenna were made, we assume the maximum moment from wind loads is the same as that used

in the design of the «Crystal-5m»: M .. = 3100 Hm o the maximum wind speed of V' =20m/s

Then the torque from the aerodynamic load applied to the motor shaft is

aer.given = Maer = ﬂ = 51 6 Hm. (10)
e 552,8

The torque of resistance of all the listed opposing forces applied to the motor
shaft is

M =0,868+0,447 +5,6 =6,9 Hm. (12)

resist given
The minimum calculated power of the electric motor is

M _ Mresist given ’ wen _ 6, 9 : 96, 3
en. min. cal T]Az_z O, 388

~1712,5 Watt (12)
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In this formula, “ is the nominal angular speed of the electric motor

Ten, 7T 920

30 30 42X is the energy conversion efficiency of the developed
azimuthal drive and it is calculated by the formula

=96,3rad/s n

1
Mazs=—(1, 1 )= >(0,97:0,8)=0,388, (13)

t

N

k=2

where is the temperature coefficient that takes into account the thickening of lubricants

in bearings and gears at subzero temperatures; > = 0.8
the planetary gearbox; "+ = 0.97 s the energy conversion efficiency of the spur gear.

We take an asynchronous 6-pole electric motor «KAUP9OL6EY 3» with flange mounting,
with a power of 1.5 kW, with a rated speed of nen=920 rpm and an electromagnetic brake as an
electric motor of the developed azimuthal drive. Given that the rotation of the antenna along
the AZ axis is realized by two identical drives and, accordingly, two motors operating in parallel
(see Fig. 1), we obtain a significant power reserve.

For reliable operation at low speeds (provided by frequency control), the electric motor
is additionally equipped with a speed sensor.

is the energy conversion efficiency of

4. CONCLUSIONS

The design of the azimuthal drive of the «Crystal-5m» antenna system has been
developed using a reliable and inexpensive asynchronous frequency-controlled asynchronous
motor and a planetary reduction drive, which are serially manufactured by domestic enterprises.
The application of the developed azimuthal drive allows to quickly and relatively inexpensively
restore the performance of the «Crystal-5m» antenna system, which has been in operation for
more than 30 years, as well as to improve some of its technical characteristics: to increase the
pointing speed along the AZ axis from 4 degree/s to 15 degree/s, to significantly simplify the
design and reduce the weight of the drive.
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MOJEPHI3ALISI KOHCTPYKIII ABUMYTAJBHOI'O IPUBOJIA
AHTEHHOI CUCTEMH

Muxaiino Ilanamap; FOpiii Hakoneunuii; Anapin Ilanamap;
Muxaiino CrpemOinbkuii; FOpiit AnmocroJ

Tepnoninbcokuu HayionanbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pezrome. Hasedeno pesynvmamu yOOCKOHAIEHHS, KOHCIPYKYIT a3uMymaibHO20 NPU8ooy aHMeHHOI cucmemu
«Kpucman-5my, axuil npusHauenuil 015 Ha8eOeHHsl pehieKmopa aHmeHu no a3uMymanbHil ocl. AHmenHi cucmemu
«Kpucman-5m» excniyamyromucs 3 Kinys 80-x pokie Murynio2o cmoaimmsl i 3a yeil nepioo 0esiKi ix 8y3nu ma Mexamizmu
supobunY CGill pecypc abo noguicmio empamunu npayezoammuicmo. Kpim yboco, 3 po3eumkom cucmem KOCMIYHO20
38’513KY, padiOMOHIMOpUH2Y Ma iH. BUHUKAE HEOOXIOHICMb )y NOKPAWeHHT 0esKUX iX MeXHIUHUX Xapakmepucmux.
Haseoeno pesynomamu npoexmyearnHs yOOCKOHANEHOI KOHCMPYKYII a3uMymanibHo20 npueooy, 6 AKOMY 6 AKOCMI
08USYHIB 3aCMOCO8aHT HAOMHI Ul HeOOPO2i ACUHXPOHMI eleKMPOOBUSYHU 3 YACMOMHUM KEPYBAHHAM UBUOKOCHI
obepmanHs U NIAHEMAapHi peOyKMopU, sKi CEpiliHO BUSOMOGIAIOMb GIMYUSHAHI NIONpUEMcmed. 3acmocy8anHs
PO3DOONIEHO20  A3UMYMATILHO2O NPUBOOY 003601A€ WIBUOKO U BIOHOCHO HE00po2o BIOHOBUMU NpAYe30amHICIb
anmennoi cucmemu «Kpucman-5m», a maxooic 30invuumu weuokicme Haseoenns no oci AZ 3 4 epad/c oo 15 epaodrc,
CYMMEBO CHPOCMUMU KOHCIMPYKYiI0 Ma 3MeHuumu 8azy npusody. B pospobaeniii koncmpykyii 3acmocosano 06a
abconomno I0eHMuUHUX nPUBoOU, Wo 00epmMaions ONOPHO-NOBOPOMHUTL RPUCIPILL AHMEHU HABKONO A3UMYMAILHOI
oci. Lfi npueoou npayrorome cunxponto il napaneivto. OCKilbKu abCcoIOmMHO 00HAKOBUX MeXaHizmie He OYede, mo
6mpamu Ha mepms U KPYMHI MOMEHMU Yux Npueooie, AK cei0uumv npakmuka, O6yOymv, XOU HE3HAYHO, die
siopizusamucs. Tooi 60ko6i 3a30pu 8 3yduacmomy 3auenienti, wo obepmae anmeny no oci AZ, 6ydyme subupamucs
uepe3 pi3HUYIO KPYMHUX MOMEHMIE HA WeCMmIPHAX 000X npusodie. Daxkmuuno yi 06a NpusooU, Wo npayionmsy
napanenbto, KpiM OCHOGHO20 NPUSHAYEHHS GUKOHYIOMb we Ui (yHKyilo mogmosudbupaiouozo mexaismy. Omoice,
3aCcmocy6anHs po3pooaeHo20 a3UMymanibHO20 NPUBOOY 0a€ MOICIUBICIL GIOMOBUMUCS GiO WMAMHO20 CREYIANbHO20
J0HMOUOUPAIOU020 MOPCIOHHO20 MEXAHIZMY 3 eNeKMPOMASHIMHUM 2ANbMOM | 06OMA KOHIUHUMU pedykmopamu. L]e
0ano 3M02y Cymmeso CRpOCHUmMu KOHCIpYKYIo npueooy, SMeHUUMU 1020 6apmicmy i RIOSUWUMU HAOTIHICMb.

Kniouosi cnosa: cynymuuxoea ammend, a3umymaivHd 8iCb, ACUHXPOHHUL eNeKMPOOSUSYH, KPYMHUL
MOMEHM, WBUOKICIb 00epMAHHSL.
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