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Pestome. Jocniosceno oOuHamiyHi noOXuOKY, U0 BUHUKAIOMb NPU HABeOeHHI mda CYnpoeooi
MpacKmopii CynymHuKie y cucmemi Kepy8aHHs 6eluKko2abapumuol0 aHmeHOoK 3 YACMOMHO pe2yilbO8aHUM
ACUHXPOHHUM eNeKMpPONPUBOOOM NpPU GUKOPUCMAHHI PI3HUX 3aKOHI6 KepyeaHHa. Haseoeno pesynomamu
MOOen08ants, ma 3pobieHo NOPIBHAHHA 3 eKCNePpUMEHMATbHUMU OQHUMU, OMPUMAHUMU NPU GUNPOOYBAHHSX
pO3pobaeHOl cucmemu Kepy8anHs AHMEHOI0 Ni0 YAc GIONPAYIOBAHHS MECMOBUX MPACKMOPI.

Kniouosi cnosa: anmenna cucmema, ONOPHO-NOGOPOMHUL NPUCMPIl, OUCMAaHYiliHe 30HOYBAHHS.
3emni, acunxponHuil 08ueyH, iMimayitine MOOeNOGAHHS, CUCTNEMA KePYBAHHSL.
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INVESTIGATE OF DYNAMIC ERRORS OF PRECISION SYSTEM
ANTENNA CONTROL WITH ASYNCHRONOUS DRIVER

Summary. This paper considers the investigation of dynamic errors occurring in the control system of
precision antenna complex using frequency regulated asynchronous electric drive as the actuator. Simulation
model of the system induction motor - frequency regulator is synthesized. The detailed parameters calculation of
asynchronous motors (AM) and frequency regulator is carried out.

Simulation model of frequency speed AM adjusting for precision control of AS mechanical modules in
the system Matlab/Simulink is synthesized. PID controller coefficients is synthesized for the model of frequency
regulation as a part of the overall as management system to control the trajectory support. Computing power
UFR appreciates the current angular position of the rotor flux linkage vector-based interpretation in real-time
systems of differential equations, according to the mathematical model of the asynchronous engine.

The comparative results of the survey errors obtained using simulation modeling in different modes
for different law of the torque support at low revs are presented. The experimental data of operation of the
large-sized antenna control system with vector control in frequency regulated device during working of test
trajectories are presented. The results of simulation and comparison are made on experimental data obtained
while testing AS «EgyptSat-1» during working out the test trajectories.

The developed technique makes possible to choose reasonably the method of control and parameters
of the system asynchronous motor — the device of frequency regulation in the problems of control systems
synthesis by complex objects. The use of techniques for creation precision control systems for antenna complexes
to ensure communication with LEO satellites of remote sensing and the radio systems is of practical value,
which will improve reliability and reduce the cost of such systems.

Key words: antenna system, support-rotary device, Earth remote sensing, asynchronous driver,
modeling, control system.

Beryn i akryanbHicTe mpo6Gaemn. [1o0ynoBa BUCOKOTOUYHUX CHUCTEM KEpyBaHHS
MacHUBHUMH OO’€KTaMU 3 METOIO iX HaBeJeHHS Ha 3aJlaHi KOOpIMHATH, CYIPOBOJY IIO
3aIaHAX TPAEKTOPISX ab0 CIHIAKYBaHHS 3a PyXOMHUM OO0’ €KTOM 3 HEBH3HAYCHOIO Hamepe.
TPAEKTOPIEIO € aKTyaJIbHOIO Ul 0araTboX Trajxy3ell MallmHOOYayBaHHs, BIHCHKOBOI cdepu.
3okpeMa 1€ aKTyalbHO JJIsi CHHTE3y CHCTeM KEpyBaHHS AaHTEHHHMHU KOMILIEKCAaMU
CYIIPOBOJly HU3BKOOPOITAJIBHUX CYIYTHHMKIB AuCTaHLiiHOrO 30HAyBaHHa 3emii (/133), abo
CHUCTEM pPaJIIOMOHITOPHHTY, B SIKAX HeCyda KOHCTPYKIIiS OIOPHO-ITOBOPOTHOI IIATGOPMHU 3
BEJIMKOra0apuTHUM pe(dIeKTOpOM Mae Bary BiJl OJMHUIL JO JECATKIB TOHH. [Ipu 1mpomy
HEOOXiTHO 3a0€e3MeUnTH BUCOKY TUHAMIUYHY TOUHICTh HABEJICHHS IIPOMEHS aHTEHU B OJIMHUIIL



KYTOBUX MIHYT INpH BEIMKUX KYTOBHUX IIBHAKOCTSX PYXy IO KUTBKOX KOOpJIWHATax (0
10 rpan./cek) [1].

BaxiauBuM eneMeHTOM Takoi CHCTEMH KEpyBaHHS € BUKOHABYMMN EIEKTPOIPHBOJ
BEJIMKOT TIOTY)XHOCTi, SIKMM TIOBHHEH 3a0€3MeYUTH IMHPOKUN JHHAMIUYHUN JTiarma3oH
pEryJitoBaHHS 3 BUCOKOIO TOYHICTIO Ta CTa0iIbHAM MOMEHTOM. B iCHYIOUMX aHTEHHHUX
cuctemax (AC) mperusiiiHe KepyBaHHS CHJIOBHMH IIPUCTPOSIMH  3a0e3MeuyeThes
BUKOPUCTAHHSM CIICHiaIbHUX TUMIB JABUTYHIB JIBM, CHHXpOHHUX, a00 JBUTYHH MOCTIHHOTO
ctpymy [2,3]. AcuuxpoHHi aBUTYHH (AJl) 3 KOPOTKO3aMKHEHHUM POTOPOM, IO IMHPOKO
BUKOPHCTOBYIOTBCSI B IPOMHUCIIOBOCTI, MAalOTh pPsJI HE3alepedHUX IepeBar IOpPIBHSHO 3
IHIIMMHY THITAMHU €JICKTPOIIPHBO/IIB. 30KpeMa, Iie BUCOKA HAMIMHICTD 1 CTIHKICTD JIO JKOPCTKHAX
KJIIMaTUYHUX YMOB, MEHIIIA Bara Ha OJMHUIIO IMOTY)KHOCTI, BHCOKUH K.K.J1. (Ha 24-38%
MIEPEBUIIYE JIBUTYHH TOCTIHHOTO CTPyMY), MEHIINI BHMOTH 10 OOCIYrOBYBAaHHS 3aBJISKH
BIICYTHOCTI  KOJIEKTOpa 1  IIITKOBOTO  IPHCTPOIO, HHU3bKAa  BapTICTh,  BeJIHKa
NepeBaHTAXyBaIbHA 37MaTHICTH [2]. IIpoTe acMHXpOHHI JBUTYHH 3a CBOEIO IPUPOJIOI0 HE
NpU3HAYEH] JUIS PEryJIIOBaHHS IIBHIKOCTEH y IIMPOKOMY Jiarma3oHi 0e3 BTpaTh KPYTHOTO
MOMEHTY 1 BUKOPHCTOBYIOTBCS 3/IeOUIBINIOr0 B 3ajiavyax, Je¢ HeoOXiIHA MOCTiiHA IIBHJIKICTh
oOepTaHHs a00 He3HAUHE 11 peryItOBaHHS.

[TosiBa e(heKTHBHUX €JIEKTPOHHUX MPHUCTPOIB YacToTHOTrO peryiroBanus ([TUP) A/ 3
peaiizali€ro pi3HHX 3aKOHIB KepyBaHHsS Takux (ipm, sik ABB Industry (IlIsewmist), Hitachi,
Omron (Smownis), Siemens, SEW Eurodrive (Himeuunna), Telemecanique (®panitis) # iHImx
[3] mo3Bonsie PO3MMPHUTH AMHAMIYHUEN Jiala30H PETYJIIOBAHHS 13 MIATPUMKOIO KPYTHOTO
MOMEHTY. TOMY NEpCIEeKTUBHUM € BUKOPHUCTAHHS TaKUX MPHUCTPOIiB pazoM 3 AJl y cucrtemax
nperm3iiiHoro kepyBaHHs AC 1 akTyalbHHM 3aJaHHSIM JociipkeHHs nuHamiku AC mpu
BiJIITpAIfOBaHHI HaBeJICHHS Ta CYIPOBOAY HU3BKOOPOITATBHHUX CYITyTHHKIB J133.

MeTta po6oTH — 10CTiKEHHS TUHAMIYHUX TTOXUOOK, [0 BHHUKAIOTh NP HaBEJICHHI
Ta CYNPOBOJII TPAEKTOPid CYNMyTHHKIB Yy CHHTE30BaHii HaMu cucTeMi kepyBaHHS AC mpu
BUKOPUCTaHHI PI3HUX 3aKOHIB KepyBaHHs 0OEpTOBUM MarHiTHUM mojieM cratopa AJl 3a
JTIOTIOMOTOFO 3aC001B IMITAIlIMHOTO MOJICITFOBAHHS, & TAKOX €KCIIEPUMEHTAITLHOIO TIEPEBIPKOIO
pe3yJbTariB.

Po3paxyHok mapaMeTpiB aCHHXPOHHOI'O €JIEKTPONPHBO/IA /ISl CHHTE3Y MOJeJi.
Jns mpenmsiiiHoro xepyBaHHs HaBeneHHSM AC Ta CynpoBOAY TPaeKTOpPii CYMyTHHKIB Ha
OocHOBI AJ] 3 4YaCTOTHMM pETyJIOBaHHSIM MIBHIKOCTI BaXXJIMBO IPABHILHO CHUHTE3YBaTH
cucreMy AJl — 4acTOTHUH PeryisTop — KOHTPOJIEp i3 ypaxyBaHHSIM 0cOOIUBOCTEH pobOTH
AC, MeToJIiB KepyBaHHS, ITapaMeTpiB YaCTOTHUX PEryJIsATOpiB Ta mapameTpiB AJl, 1 4oro
HEOOXi/IHUI  JeTalbHUH  pO3paxyHOK EIIEKTPOMEeXaHIYHUX xapakTepuctuk AJl Ta
HaJIAIITYBaHHS IMapameTpiB peryoBanus [TUP.

CyyacHi iHTENEKTyalbHI €JIEKTPOHHI IMPHCTPOI HYACTOTHOTO peryioBaHHS AJ]
MICTATh BOYZOBaHI BHCOKONPOJYKTHBHI OOYHMCIIOBaJIbHI OJOKM HA OCHOBI CHTHAITBHUX
nporecopiB (DSP), B SKuX TpPOBOAUTHCS OI[IHIOBAHHS TOTOYHOTO KYTOBOTO TOJIOKEHHS
BEKTOpa MoToKo34eruieHHs: poropa i cratopa (V') ,¥2) Ha OCHOBI PO3B’S3Ky B pealbHOMY Yaci
cucTeMU Ju(epeHiaTbHUX PIBHIHD, CKIaIEHUX Y BIAMOBIAHOCTI 3 MAaTEMAaTHYHOIO MOJIEIUIIO
nBUTYHA [4], a Takok OaraToyHKIIOHATBHI TeHEPATOPH CUTHAIIB JIJIS peaji3allii aIropuTMiB
BEKTOPHOI IIMPOTHO-IMITYJIBCHOI MOJYJISIIIIT Ta KEPYBaHHS NOTYKHUMH IHBEPTOPAMH.

[CHYIOTB pi3HI METOJM i alIrOPUTMH YacTOTHOro KepyBaHHS AJl, 3TiJIHO 3 SKUMH
YaCTOTHHH PETYJATOpP NpPU OTPHMaHHI KEPyIOUOro CHUTHAITY BiJl KOHTpOJepa IIBUAKOCTI
3MiHIO€e vactoty f, cTpyMm I i 3HaueHHS HANpPyr®W JKUBICHHS aCHHXPOHHOTO ABUTyHa U 3a
PI3HUMH 3aKOHAMU 3aJIe)KHO Bif oro HamamTyBanb: U/f = const, ¥; = const, ¥, = const [5].

ExBiBasienTHa cxema AJl, 10 BpaxoBye €JCKTPOMArHITHI MPOIECH B JBHTYHI IPH
CUHTE31 Horo Mojieni, HaBe/ieHa Ha puc.1.
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PucyHok 1. T-nozni6Ha cxema 3aMillleHHsI aCHHXPOHHOTO IBUTYHA

Figure 1. T-type equivalent circuit of the induction motor

Mogens A/l i3 ypaxyBaHHSM HU3KH TPUHHATHUX JJISI MOJICTTIOBAaHHS MPHUITYIIECHB [ 5]

OIIUCYETHCS CUCTEMOIO 6 AudepeHIiaTIbHUX PiBHIHBb

u,, =1, R, + d;‘” ,
u,, =i, R1+di’;”’,
u,, =i, R1+d2/t“,
0=1i,, R2+d§;/t“,
0=12b-R2+d2/t“,
O:’“'R2+m§r2€’

A€ Uy Uy Uy s Uy s Uy s Uy,

Laslipslieslagsbpslh,— MHUTTEBI 3HaueHHs (asHUX CTPYMIB
WiasWipsWiesWausWaps W, — NOBHI IOTOKO3YEIITIEHHA (pa3HUX OOMOTOK;

R, R,— aKTHBHI 0oITOpx 0OMOTOK CTaTopa i poropa.

craropa

(1)

MUTTEBI 3HA4YCHHS (a3HUX HAIPYTH CcTaTopa 1 poTOpa;

poropa;

JInst mOoCTiDKeHHS IMHAMIYHUX BIACTHBOCTEH JBUTYHA 3 TICPCHECCHHSIM aKIEHTY Ha
3MiHy MOMEHTY Ha BaJly JIBUTYHA CUCTEMY PiBHSHB IPEJICTABIISIOTH Yepe3 MOTOKO3UCTICHHS
B 0OMOTKaX cTaropa i poTopa siKk (GyHKIIiT BiJl CTPYMiB, IHJYKTUBHOCTEH 1 KyTiB 3MIIICHHS (a3
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ne L,=L_+L,L, =L, +L,6 — noBHI eKBiBaJEeHTHI iHIYKTUBHOCTI (a3 cTaropa i poropa,

Kl CKJIQAIOThCS 3 1HIYKTUBHOCTEH Bij IIOJIIB PO3CiIOBaHHS (LIG,LZG) 1 TOJIOBHOTO MOTOKY

(Lm = %le )3

L,, —MakcuMasbHa B3a€EMHA 1HYKTUBHICTb MiK OyJ(b-sIKOI0O OOMOTKOIO CTaTopa 1 Oy 1b-sIKOIO

00OMOTKOO pOTOpa, sIKa Ma€ MicIle TIPpH CYMIIEeHHi X OCeif;
0, — IOTOYHUH KyT MiX ocsiMH 0OMOTOK (ha3 cTaTtopa i poTopa.

PiBHsHHS (2) MICTHTH TapMOHIYHI Koe(illieHTH, IO CTBOPIOE TPYIHOII IPH
JOCTi/DKeHHI  mepeximuux  mporeciB. 1100 BHUKIIOYATH TapMOHIYHI  KOeQilli€HTH,
BUKOPHUCTOBYIOTh TI€PETBOPEHHSI KoopawHat. [l 1bOro peajbHi 3MiHHI cTaTopa i poTopa
3aMIHIOIOTBHCS X MIPOEKI[ISIMHA Ha B3AEMHO MEPIEHIUKYJIISIPHI 0C1 KOOPAWHAT, 10 00epTatOThCs

3 JOBUTBHOIO MBHAKICTIO ,. CHcTeMa piBHSHB y3araJlbHEHOTO aCHHXPOHHOTO JIBUTYHA Y
BEKTOPHI# popmi

i = iR+

0=f2R2+d(Z2, (3)
v, =1L +i,L,e’",
W, =1L, e’ +1i,L,,

[IpuBiBImIM cucTemy piBHSHB (3) A0 CHCTEMHU KOOPJMHAT, SIKA € HEPYXOMOIO BIJHOCHO
MOJIST CTaTtopa, M0 00epTaeThCs 3 KYTOBOIO MIBHIKICTIO ,, a TIOTIM, CIHPOEKTYBaBIIH

oTpuMaHi piBHSHHS Ha oci d I g, Mo 00epTaroThes 3 YAaCTOTOKO IMOJISI, OTPHMAEMO CUCTEMY
PIBHSIHb aCHHXPOHHOTO JIBUTYHA B CHCTEMi KOOPJIMHAT, IO 00EPTAETHCS 3 YACTOTOFO TTOJIS:

ahi’{;(hi = Uy H QW00 — AW 00 T OW 10,
dlg;oq = Uy, H K00, — AW 10y — O 1045
d‘/;;w = KO 10a = Col s + BY 204 )
d‘/a/,tzoq = ka0, — W a0y = BY 2045
— ;,Lsz{ . (z//zodl//wq —l//zqu1od)>
6;? _ ?.(pM -M,).

JIist po3B’SI3Ky CHCTEMH PIBHSHB (4) YACIOBHMH METOJAMHU 3 METOI0 3HAXOJ KEHHS
HOTOKO3YCIUICHHS cTaTopa i potopa i/, 1¥/,,, MOMeHTY M i MIBUAKOCTI 0OEpTaHHS poTopa @
PO3paxoBaHO €NEKTPOMEXaHIuHI MapaMeTpu cxeMu 3amimieHHs: AJl, 1110 BUKOPUCTOBY€ETHCS B
po3pobeHiit AC mist KoxkHO1 oci. [1oTykHicTh ABUTYHA BUOMpPATH, BUXOIIYH 3 HEOOXITHOTO
HaBaHTaXCHHS TpuBeneHoro Jjgo Bama: tun ANMP80B4, 1,5 KBt, Tpuxdazamii.
EnekTpomexaHiuHi mapaMeTpy HaBeJeHI B TaOHIN | 1 BHKOPUCTOBYIOTHCS JUIS ITOIAITBIIIOTO
cunTesy imitaniitnoi moneni ITYP y cucremi Matlab/Simulink.
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Ta6auus 1
EnextpomexaniuHi mapaMeTpu CXeMH 3aMillIeHHS] ACHHXPOHHOTO JBUTYHA

Table 1
Electro-mechanical parametres of asynchronous motor replacement scheme
U, = U, _380 _220B ®a3zHa Hanpyra
LN RN Y (mix’ eqHanHs (a3 TPUKYTHUKOM)
60 - 60-50 .
n, = / =T, 1500 06/xs CHHXpOHHA NIBUJIKICTb
p
n —n 1500 -1390
s, =——+= 0,073 HomiHanbHe KoB3aHHS
n, 1500
S =8, =(m . + Jm?,. —1)=0,284 Kpurnune koB3aHHs
2
o, = it =157 pan/c IIBuakicTh 00€PTOBOTO MArHiTHOTO TOJIS
p
o = N, 1y, 5.5 pan/c HomiHasnbHa KyTOBa HMIBUAKICTH OOEpTaHHS
30 Basa
P _ .
M, = a)H 103 Hm HominanbHuii MOMEHT
M, e =m 4 M, =22,66 HM MakcuMaabHUA MOMEHT
M,=m,-M, 6 =22,66 Hm [TyckoBuit MOMEHT
1, =(0,01-0,05P, =15Brt Mexaniuni BTpatu
C = (1,01 -1,05) = 1,05 KoediuieHT npuseaeHHs
Ry :l‘ PH +17.wex :3,246 OM
3 2. 1-s, [IpuBeneHuit akTMBHUIA oMmip poTopa
H SH
U -cosg(l1— 11, .
R, = —]¢ dop) C'R, = Wil 7,491 Om AKTUBHUIA onip cTaTopa
L=L, = U : ~8.66-10°TH Hpnneneﬂa IHIYKTHUBHICTb PO3CISIHHS CTaTOpa
4-7-f-(1+C*)-K, -1, i potopa
L= Uz 2z fi-M =0,36 -
27 f -1 /1 cos> $-=- T Mare S InayKTHUBHICTB cTaTOpa
3 ru w
L,=L—-L_=0352Tn [HOYKTUBHICTB JIAaHLIFOTa HAMarHigyBaHHS

Cunre3 imiTaniiiHoi Moaesi cucTeMu KepyBaHHs ejekTponpusoaoM AC i3
qJacToTHUM peryaoBaHHaM mBuakocti A/l Ha puc.2 HaBemeHa Mojenb YacTOTHOTO
perymoBanHs o0eptiB AJ[ y cmcremi Matlab/Simulink 1 mpernu3iiiHOTO KepyBaHHS
MexaHiyHuMH MoaylsiMu AC Ha ocHoBi 3akoHy U/f = const i3 BukopucTaHHIM R/
KOMIICHCAIIi1 IS MIATPUMKH KpyTHOTO MoMeHTy [TYP mpu manux oGeprax JBUTyHa.
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PucyHnok 2. Mogenb 4acToTHOTO peryitoBaHHs o0eptiB AJl 3a 3akoHom U/f = const

Figure 2. Model of AD speed frequency regulation by law U/f = const

Jlns  xepyBaHHSL CyHpoBOJOM TpaekTopii Oyno cunrtezoBano IIIJI-konTposep,
HaJIAIMTOBAaHO KOe(iIli€eHTH Ta MepeBipeHO PoOOTY MOJIET YaCTOTHOTO PEryJIATopa B CKIIAITi
3arajbHOI Mojelti cuctemMu kepyBaHHS AC [7] i3 BianpalmroBaHHS TApMOHIYHUX 1 CIEIIaTbHOT
TecToBOi TpaekTopil cympoBoay. Koegimientu IIIJ[-perynsropa # TecToBa TpaeKkTOpis
3aBaHTAXKYBAJINCA TONEpeHhO0 B poboumii mpoctip MatLab/WorkSpace. Pesynbratn
BinpalfoBaHHs TecToBoi TpaekTopii AC i3 BukopuctanusMm [[YP 3a 3akoHOM peryioBaHHS
U/f = const 3 OycT-KOpeKIli€l0 HaBeJeHO Ha puc.3 (BepxHi Tpadikd) g KyTa MicIs H
asumyTa BiAnoBigHO. [1o oci Y — 3HaYeHHS KyTOBUX BIAXUJICHb y rpalycax.

/ Y R

H H H |
5 <5 15 5 0 s

meotset 0 |tmeomnst o

— Z
EH|(|LPLL ABBE B AR ~leElorre ARBE D AR >

| e )

L i

a) std(error_el(:,2)), ans= 0.1905; 0) std(error_az(:,2)), ans = 0.0738

PucyHok 3. Pe3ynbTaTil BinmpalroBaHHs TECTOBOI TPAEKTOPIl 3a a3MMYTOM i KyTOM MiCLiI 3 YaCTOTHUM
peryoBaHHsM 3rigHo 3 3akoHoMm U/f = const

Figure 3. The results of a test trajectory tracking along azimuth and elevation using speed frequency regulation
by law U/f = const

Ha mmxHIX rpadikax HaBeJIeHO MOXHOKH CYIPOBOIY TPAEKTOPIH MO KyTy Michs i
a3uMyTy BiamoBigHO. CepeHhOKBAAPATHYHE BIIXWICHHS BiJ 3a7aHOi TECTOBOI TpaeKTOpii
(ans) 3aramom 3amoBiIbHE 1 3a KyToM wMicn (el) cranoButh = 0,1905°, a 3a azumyTom
ans(error az) = 0,0738°. Ame Ha OKpeMHUX JIUISHKaX TPAEKTOPil MOXHOKH JOCSTalOTh
3HaueHHs 1,2°, 0 NepeBuIIye TOMyCTUMY.
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[Ipu BektopHOMY KepyBaHHI B AJ[ peami3yeTbCsi NPUHLIMI 3MIHH Opi€HTAIi]
BEKTOPIB CTPYMIB 1 HAIPYT MIOAO0 BEKTOpa IMOTOKO3UYEIIJIEHHS POTOPA, IO MOXKE 3a0€3MeUnTH
e(eKTUBHIIIIe KepyBaHHS JUHAMIYHUMU 00’ ekTamu [6]. O6uncmoBanbuuit 6ok [TYP ortintoe
MIOTOYHE KYyTOBE IOJOXEHHS BEKTOpa MOTOKO3YEIUIEHHS pOTOpa Ha OCHOBI pPO3B’S3KY B
peaibHOMY 4Yaci cucteMu audepeHIitHIX piBHSIHB (4) BiIMOBIAHO 10 MaTeMaTHYHOI MOJIENi
nuryHa. llpm  mpomy  3abe3medyeTbcsl  pO3AUTbHE — YOpaBIiHHS  MOMEHTOM 1
MOTOKO3UYETUICHHSIM ISl TUHAMIYHHX 1 CTATUYHUX PEKUMIB pOOOTH MPHUBO/IA.

Ha puc.4 HaBemena imirtamiiiHa MOJENh YaCTOTHOTO PETYyJIATOpa IIBUIKOCTI
obOeptannst AJ] Ha OCHOBI BEKTOPHOTO 3aKOHY KEpYBaHHS, SKa MPUBOIUTH Y PYX MEXaHiuHi
Moy AC, (a — 3araipHa MOJIeNb; 0,B — CyOMo1eJll OKpEMUX BY3ITIB).
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PucyHok 4. Imitanitina moxens [TYP 3 AJ] (a) Ta okpemux cyOMoyiiB (0,B) Ha OCHOBiI BEKTOPHOTO 3aKOHY
KepyBaHHS

Figure 4. Simulation model of frequency regulation with AM (a) and some submodule (b, c) based on vector
control law
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Pesynpratn MonemoBanHs po6ot AC aisl aHAJOTIYHUX TECTOBHX TPAEKTOPIH Ha
OCHOBI BEKTOPHOT'O 3aKOHY KepyBaHHsI A/ HaBeseHO Ha puc.5.
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PucyHok 5. Pe3ynbratu BinnpamtoBanHs tectoBoi Tpaekropii AC 3 Bukopuctanism [TYP
3 BEKTOPHUM KEPYBaHHIM

Figure 5. Results of AS test trajectory tracking using frequency regulation with vector control

CepeTHBOKBaIpaTHYHE BiJIXMIICHHS BiJ 33JIaHOT TECTOBOI TPAEKTOPIT 38 KYTOM MiCIIst
cranoBmwio 0,1326°, a 3a asumytom ans = 0,0607°. MakcumalnbHi BIAXWUJICHHS BiJ] TECTOBOI
TpaekTopil 3HaXoAThcs B Mexax: (-0,4° .. +0,2°) mia kyra micrg i1 (-0,15° .. +0,15°) s
azuMyTa.

ExcnepuMeHTaNIBHI J0CTIKEHHsI Ta aHAJi3 pesyabraTtiB. JIsi peryioBaHHS
gacToTH oOepTanHs AJ] KoxxHOT oci y po3pobiieHiii Hamu cucteMi kepyBanus AC «EgyptSat-
1» [7] Bukxopucrano ITUP tummy ATV-31HU29M2 ¢ipmu Telemecaique. YactoTHuii
PETYJIATOP 3alie)KHO BiJ HAJAIITyBaHHS MiATpUMYE 3 pexkumu podotu [9]: 3a 3akonom U/f =
const (pexuMm L), 3 MOXKIUBICTIO KOPHTYBaHHS KPYTHOTO MOMEHTY INpPH MajluX oOepTax;
BEKTOpHE KepyBaHHS (n) Ta eHeproomaHuil pexum (P).

Ha puc.6a HaBegeHo rpadik BiANparroBaHHs CHCTEMOIO KePYBAHHS TECTOBOI TPAEKTOPIl
3a a3UMYTAJIBHOIO Biccio 3 BeKTOpHUM KepyBaHHsM [[UP AJl, a Ha puc.60 — rpadik moxubok
peryJIoBaHHS JIUIA ABOX ocel (kpuBa 1 — a3uMyT, KpuBa 2 (3elieHa)— KyT MicIis).
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Pucynok 6. Pesynbratu BinnpairoBaHusa TectoBoi Tpaektopii AC «EgyptSat-1»

Figure 6. Result of tracing test trajectory AU «EgyptSat-1»
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3a pe3ynpTaTH EKCIHEPUMEHTAIBHHUX JIOCHIUKEHh OTPHMAHO Taki IMOXHOKA
CYNPOBOJIy TpaeKTOpii: C.K.B. KyTa Micisg ctaHoBuTh 0.1096°, c.k.B. azumyty = 0.0787°,
MaxkcuManbHi BIAXWJIEHHS BiJl TECTOBOI TpaeKTopii /uis KyTa Mmicis craHoBisth (-0,15° ..
+0,35°), a s azumyTta 3HaxoAAThCsA B Mexkax (-0,15° .. +0,12°), mo moOpe KopemroeThes 3
pe3ylbTaTaMu IMITaIiifHOr0 MOIETTIOBAHHS.

BucnoBkn. Buxopucrtanns AJl y Toe€mHaHHI 3 €JIEKTPOHHUMH TIPUCTPOSIMU
YaCTOTHOTO PETYJIOBaHHS INBHJKOCTI B CHCTeMax NpenusiiiHoro xepyBaHHs AC 103BOJIsIE
3a0e3nmeunTH HEOOXIIHY TOYHICTh HABEJIEHHS Ta CYNPOBOJY CYIYTHHKIB 1 pa3oM 3 THUM
HiIBUIIUTH HAIIAHICTh Ta 3/ICIIEBUTH CHCTEMY KePYBAaHHS aHTEHHUM KOMILIEKCOM.

Sx mokaszamm pe3yibTaTH IMITAIlifHOTO MOJETIOBAaHHS Ta EKCIIEPHUMEHTATBHUX
NOCHiDKeHb, cucTteMa KepyBaHHS AC 3 4acTOTHO pEryJbOBaHUM ACHHXPOHHUM
€JIEKTPOIIPUBOIOM 3a0e3Teuye 3aJ0BUTbHE PEryIIOBaHHS Ha FApMOHIYHHMX TPAEKTOPIsX, ajie
BUSIBJICHO HEJIOJIIKM peryJIIOBaHHS IpHU BiIIpaIfOBaHHI MPUCKOPEHb Ha CIelialibHil TecTOBIH
TPAEKTOPIT 3 Pi3KIMIOIO 3MIHOO MMBHJIKOCTEH (pHC.3).

Menmi nuHaMivHI TOXHMOKHM Ta Kpally sKICTh pPEryjIioBaHHS 3a0e3lneduye MeTo
BekTopHOTO KepyBaHHSI AJl. [IpoTe Ha ManMx KyTOBHX MIBHJIKOCTSX 3HAYHO 3POCTAE CTPYM
cniokuBaHHs AJl, 10 py JOBroTpUBaiIiif poOd0Ti MOXke MPU3BECTH JI0 HOTO TeperpiBaHHS.

Yacrotae perymoBanas AJ] Ha ocHOBI 3akoHy U/f = const i3 BUKOpHCTaHHIM R/, —
KOPEKIT JJIS MATPUMKH KPyTHOTO MOMEHTY Ha MalHMX 00epTax MpH IpaBHILHOMY BHOOpI
mapaMeTpiB TaKOX MOKE BUKOPHUCTOBYBATHUCS JUIS HABEIECHHS 1 CIIKyBaHHS, ajleé B MEHINUX
JUHAMIYHHX Jiana3oHaX. Hampuknan, mpu HaBeleHHI ¥ CIIKYBaHHI 3a TeOoCTalliOHAPHUMHU
cynmytTHUKaMu a0 B AC 3 MUPIIOFO JIiarpaMor0 HaIpaBIeHOCTI.

JlocsiTHeHa TOYHICTH MOJEN NpUiHATHA A JOcikeHHs BiacTuBocTedt AC sk
JMHAMIYHOTO O0’€KTa KEpyBaHHS W JIO3BOJIIE CHHTE3yBaTH 3a ii JIOMOMOTOIO CHCTEMY
KepyBaHHS Ta JOCTIKYBAaTH (YHKIIOHAJIbHI MOXKIIMBOCTI, BIUIUB IapaMeTpiB PEryItOBaHHS
Ha sKicTh KepyBaHHs AC 6e3 BUKOPHUCTAaHHSI CKJIAJIHOTO 00’ €KTa.

Conclusions. The use of asynchronous motors together with frequency speed
regulation electronic devices in precise control systems of AS allows to ensure the required
accuracy of satellites pointing and tracking, and at the same time to increase the reliability and
to reduce the cost of control system for antenna complex.

The results of simulation and experimental researches shows that the control system
of AS with frequency-controlled asynchronous electric drive provides a satisfactory
adjustment on harmonic trajectories. Shortcomings of regulation during acceleration testing
on a special test trajectory with more abrupt speeds change were found (fig.3).

The vector control method for asynchronous motors provides the smaller dynamic
errors and better quality regulation. However, current consumption of AM is sufficiently
increased in the low angular speeds during long-term operation and may cause the motor
overheat.

A frequency AM regulation based on the law U/f = const using R,/; — correction for
torque support low turn based on the right parameters choice also can be used for pointing and
tracking of AS on a smaller dynamic ranges.

For example, the frequency regulation can be used for pointing and tracking of
geostationary satellites or in AS with wider direction chart.

The achieved model accuracy is acceptable for the study of the AS properties as a
dynamic management object and allows to synthesize the control system and to investigate
the functionality and influence of regulation parameters on quality of the AS control without
using complex object.
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