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Antenna System MARK-4B 2
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1 — naneni moBepxHi; 2— ¢epMOBHUil Kapkac; 3l HeHTpasbHa cTynums; 4,5 —
KyTOMIiCHa CEKTOpHa WIeCTepHs 1 By3oa ii KkpimienHs; 6 — mnporuBaru; 7 —

KOHTppediekTop 1 eneMeHTH ioro kpimeHHs; 8 —iixtap 1 wmrup Jjixraps; 9 —
KyTOMicHa Bick; 10— KyTOMICHI HiJIIUITHUKY 1 By31H X KpituieHHs; 11 — kyTomicHui
jJaryuk: 12 — npuctpiii 3amruproBanss; 13 — Oydepu (kyromichi); 14— xyromicHui
penykrop; 15 — KoXKyx Ui HOTUPBOX J3epKai XBuieBona; 16 — pebpuctuit pynop;
17 — kabina ans xaOenpHOI MeTii 1 mpucTpiii HamoTyBaHHs Kabeins; 18 — cuioBuit
kapkac, 19 — asumyraneHuii migmunauk; 20 — asuMyTtaneHui peaykrop; 21 —
asuMyTallbHEe KOJIeCO; 22 - IIEHTpaIbHa BiCh.




AS MARK-4B CONSTRUCTION PARAMETERS 3

» The diameter of the main mirror is 32 m, of the counter-reflector is 2.8 m.

« The F/ D ratio is approximately 0.35.

« Shading overlapping of the main mirror of the counter-reflector by its
supports 2%.

 The standard deviation of the surface shape E/ D * (36): 4-107

« -under normal operating conditions (wind speeds up to 48 km / h -(13.6 m /
s)with gustsupto 72km/h (20 m/s) — less

 under extreme conditions (wind speeds up to 72 km / h (20 m / s) with gusts
upto 96 km/h (27m/s)less 6-107°

The maximum permissible wind speed is 193 km / h (53 m / s); expansion should be

carried out at a wind speed of 129 km / h (36 m/ s);

Weight on an angle axis 121 t, total weight on the rails 243 t;

Rails diameter 16.97 m; wheels diameter of the cart - 900 mm;

Permissible solar radiation of 1.2 kW / m?;

« Ambient temperature -30 ... + 50 C Relative humidity 0-100%;

« Acceptable: rain 100 mm / h; snow 10 cm / h, 30 cm / day;

« Earthquake Resistance: 8-th Mercalli Modified Intensity Scale; ground tangential
acceleration 0,3g;

 Frequency eigenvalue at the rotor slowing 2 Hz.



REQUIREMENTS FOR THE AS CONTROL SYSTEM 4

« The improving of the antenna accuracy of guidance and tracking by the
Improving the control system;

» Improving of the accuracy and reliability of the antenna angular position
determining ;

« The extending of azimuth angles range (up to /- 270 degrees)

« Mechanics disadvantages compensation (OPP, deformation, etc.) by

electronic and algorithmic methods, adaptability to changes in mechanics,
robustness;

« Adaptation to OPP and electric drives (modular hardware and algorithmic);

 Functionality extension, AS intellectualization: automatic execution of most
operators functions : forecast of trajectories of CO in the observation area,
guidance tables calculation, synchronization of time with GPS/UTC / UT1,
search of the max. signal mode , self-diagnosis;

e CS cost reduction due to the modern element base.

e It is necessary to develop both schematic and software-
algorithmic methods in CS AS.



STAFF EQUIPMENT of ACS

AC drive with thyristor control of electric motors;

Research objectives :
1. Errors source analysis, occurred in tracking Antenna Systems

2. Analysis of design methods of antenna control system;

3. Model synthesis of antenna control system;

4. Experimental validation of models;

5. Analysis of experimental results of antenna control system;
6. Conclusions.




ACCURACY POINTING with Various Reflector Diameter 6

Necessary accuracy pointing of the antenna with various beams is:
(tenth (1/10) diagram of width antenna beam on level 3dB, units = angular minutes).

Admissible angles error for pointing of antenna beam (angular minutes)
for different frequency ranges provided 1/10 diagram width

Frequency Wave The diameter of antenna reflector D, m
N Mo/ MMM 3,0 3,6 5 7 9 12,0 25,0 32,0

L 08/10 375/300 35,0 28,8 21,1 15,0 11,7 8,75’ 44 33

S 20024 150/125 18,0 15 10,5 75 5,8 44 2,2 1,3’

C 40060 75/50 8,8 4,9 53 38 2,9 2,2’ 11 0,75 (42”)

X  80-84 30-36 35 7.3 2,1° 1,5 117 0,9’ 0,44’ 0,35’ (22”)
Ku/Ka 12,0/18,0 25/17 2,9’ 2,4 1,8 1,3 0,9’ 43sec. | 21 sec. 16 sec.

Q 20,0/30,0 15/10 1,8 1,46° 1,1 45 sec. 35 sec. 26 sec. 13 sec. 9,0 sec.

The Accuracy of static and dynamic tracking of satellites is provided by the antenna control
system (AS).

Since the weight of such antennas ranges from one to tens of tons, the support-
rotary platforms (SRP) has a significant influence on the accuracy of the
guidance and the tracking of the trajectory.




ANTENNA CONTROL SYSTEMS of AS MARK-4B
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Block Diagram of ACS MARK-4B 8
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FUNCTIONAL SCHEME of ACS “MARK-4B”

Ol >

=2

610K KepysaHHA ma iHOukayui
USB ]

o ]

O O m

°© ] 1

N \é
RS-422 Ethernet
I
a L BA0K B0k KepysaHHsA
s1ama
KoHmponepa KOHmMposepa enexmponpueoda/vlu
KepyeaHHA
R
Q
1 lnama I/O BAoK 3usneHHs
Br Cl EI2 Jasayi nonoxeHHA e/1eKMpPOHIKU
% % pUCMpPOIo 3aWMUPIOBAHHA a5
— -
X % ‘a o E AD Aasayi KiHY,.
] 5 nonoxcerHa KM
Jasadi KiHy. GPS
AD r0s103#eHHA A3
L BSSI Aasay nonoxceHa KM
fﬁra:t;’i'i xXp BSsi - Jasay nonoseHsa A3
1 DAC/DO_A¢
DAC/DO_EI Lenze Lenze_CAN
Y :«H\E A En_E] R. A¢ Bum.A3
Eal SRS “‘—‘ ®. A3 F*J Cepsonepe- O]
Br ClEl En A¢ meoprosay A3 — [
E‘bE L DAC/DO_A¢ T L | ] =
. I At P |
Run A¢ El Tembnep
Bum. KM

. El
En_Ag ‘13 i J Cepesonepe-
Br Cl Az2 EnEl meoprosay KM

Br Cl Azl

D1 1% D2 DAC/DO_E] T ——

C]

C]

C]
/3221 /:‘zzz - Runfl ] [

- . 36y0xeHHA A3 4@

= ca. £

" . 36y0nceHHA KM _ij
o A [ O
Br Cl Az2

K

Br ClEl1
Br Cl EI2

B. A¢
¢a. A¢ - AD an

Lenze_CAN
4—,,7 AD

Aasay

myepm, 2anem
Kyma Az




PARAMETERS of ACS MARK-4B

2 1IIT.

+180 rpan.
6...90 rpan.

2*7,5 kBT
2*7,5 kBT

0,7 rpan./c.
0,4 rpan./c.

0,6 rpan./c.
0,3 rpan./c.

0,3 rpan./c2.

0,3 rpan./c2.
- py4HE Ta TpOTpaMHE pEryllOBaHHS YacTOTH
oOepTaHHS IBUTYHA;
- TMpOTrpaMOBaHUN dYac PO3TOHY Ta TUIABHOTO
raJbMyBaHHS,
- MBUJIKA 3yMTMHKA JBUTYHA TIPHU €KCTEPHIN 3yTTHHII
AC;
- YIpaBIiHHS TAJIBMaMH JIBUTYHIB.

380 +£10% Tproxda3zna Mmepexa
40 kBt
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CONTROLS AND DISPLAYS. REMOTE CONTROL
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The Software of Antenna Control System 13
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The Software of Antenna Control System
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The Software of Antenna Control System 15
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SOFA - Standards Of Fundamental Astronomy
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Comparison of legacy algorithm and SOFA
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ANTENNA CONTROL Methods and Devices Overview 18

An important element of Antenna control system is an executive electric

drive of high power, which should provide a wide dynamic range of adjustment
with high accuracy and stable point.

At the existing antenna systems precision control of power devices is
provided by the use of synchronous DC motors, special types of brushless
DC (BLDC) engines or valve motors (Servo Drivers)

Induction motors (IM) in squirrel cage, or asynchronous drive (AD), widely
used at the industry, have a number of advantages compared with other types
of drives. IM with frequency control are used in many technological processes.

However, induction motors inherently are not designed for speed control

over a wide range without loss of torque and is used mainly in tasks that require
constant rotational speed or slightly its regulation.

The use of IM in conjunction with frequency control devices in precision
control systems of AS is a promising solution and will allow to reduce the cost
of the AS and increase their reliability.

More research is needed on their use in accurate pointing and
tracking systems.



ASSESSMENT FEATURES AS a CONTROL OBJECT 19

*Object features and management system structure:

the moments of inertia of the modules are dependent on the angles of inclination of
the reflector and the ratio of positions of the modules of the antenna for different
axes change;

« change of rigidity of mechanical transmissions;

« changes in friction resistance;

« the impact of backlash;,

« instability of the electric drives characteristics;

» stochastic effect of wind loads, etc.

As a dynamic system the control object is non-linear.

Substantiation of the choice of the topology of the ANN of the neurocontroller in
the control circuit:

Recurrent NC, unlike other types of NC, are dynamic networks that convert inputs into
sequences of reactions capable of producing effective control actions under uncertainty when
managing complex systems.

The neurocontroller of the control system is built on the basis of the of EIman NC [3], which
Is an advanced modification of the ANC of Jordan the feedbacks in it are brought from the
outputs of internal neurons to additional inputs of the intermediate layer, and not to the
primary inputs, which makes it more stable than other recurrent ones. .



AS control structure circuits
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AS

CONTROL SYSTEM SIMULATION MODEL
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Elman’s Modified Recurrent ANN Model Synthesis

In MatLab / Simulink
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Comparison of the operation of the ANC and the PID when
changing the dynamic parameters of the object
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Advantages of CS using ANN 24

Precise mathematical models of the control object do not need to be used in the

control circuit;

» ANC can be effectively trained in adjusting dynamic objects with variable
parameters;

 Itis important for ANCs to choose an effective topology and training sequences
that fully cover possible system behaviors;

 For control actions, it is efficient to use recurrent SNMs , particulary it is
researched and substantiated the usage of EIman ANC with additional feedback,
which increases the ANC's training capacity;

« Itis rationaled the studying ANC trainings by gradient method (Fletcher-Reeves
algorithm variant).

« The behavior of a control system with a neurocontroller in the mode of testing
Input trajectories with random perturbations is investigated.

The use of ANC allows us to adaptively adjust the parameters of the CS AS
taking into account the peculiarities of the mechanical structures of the RD
AS without detailed bulky calculations of the parameters of the actuators,
and on the previously prepared training test trajectories of the AS.



ERROR SOURCES IN THE ANTENNA POINTING 25

The total errors for electrical axis pointing AS consist the following groups:

1. Methodical, astronomical from inaccuracy coordinates determination ()

2. Instrumental: angle measurement, influences of mechanisms angle sensors fastening,
Support-Rotary-Device-constructions influences, influence of the reflector construction.

Behavior of them is unchangeable during a large period of time or changes according to the
certain law.

Features of the object and structure of the control system:

The most significant sources of errors in control system is:

- the moments of inertia of modules vary from the angles of the reflector and the ratio
of positions of the antenna modules for different axes,

- change in stiffness of mechanical gear

- changes in friction resistance,

- backlash

- Instability characteristics of electric drives,

- stochastic influence of wind loads, etc.

Such dynamic systems as management objects have a nonlinear character

The error reducing methods based of constructive ways are complicate
mechanical parts of SRD and lead to increase costs for their projecting,
adjustment and maintenance.



ACS ERRORS ESTIMATED

Effect of temperature on the refraction

Comparision of observerd coordinates for t=25°C and t=-10°C
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Effect of humidity on the refraction

Comparision of observerd coardinates for rh=50% and rh=50%
70 . ) T T

observed coordinates difference, "
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Effect of air pressure on the refraction

observed coordinates difference, "
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Comparision of observerd coordinates for P=1000hFa and P=950hFa
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29

Effect of the Earth attitude and rotation

« UT1-UTC is less than 1s and affects observed coordinates
for less than 15”

» Effect of polar motion xp, yp 1s less than 1”
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Error measurement
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CABLING ROUTING TO INCREASE as ROTATION RANGE m
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The report is finished
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