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Anomauyia—B paHii cTaTTi pO3rIAHYTO OpPraHisanilo KepyBaHHsA ILIAT(GOPMOIO 3 KOPUCHUM HaBaHTaxkeHHAM. Ilix cio-
BOM KepYBaHHS PO3yMi€ThcsA: HeHTPYBaHHA M1aTdopmu B «0», moBopoT niaargopmMu Ha 3aJaHuil KyT 3i cTa1010 IIBHAKI-
€TI0, Oe3nepepBHe 00epTaHHS MJIATGOPMH 32 Ta MPOTH YacOBOI CTPIIKH, KOMaHAM CTAPT/CTON, Monpaska Ha BiTep. IIpn
Po3po0dii eJIeKTPOHHOI CHCTeMH BHKOPHCTOBYIOThCS Cy4aCHi eJIeKTPOHHI KOMIIOHEHTH. B sikocTi KOpHCHOTO HABAHTAKEHHS
MO:Ke BUCTYNaTH npodeciiina ekmH-kamepa. CrucremMa po3paxoBaHa HA YHiBepCa/IbHICTh Y BAKOPHCTAHHI.

Knrwuogi cnosa — obepmanna nnamepopmu; enekmponne kepysanuua; BLDC-0suzyn; o6epmansnuii mpancgopmamop.

Bctvn

OCTaHHIMHU POKaMH 3pOCTA€ MOMYJISPHICTH Ta MOMHUT
Ha BUPOOH, M0 MAIOTh €ICKTPUIHUNA ABUTYH. [0 Takux
KIHIIEBUX TPOAYKTIB MOXKHA BIIHECTH €JIEKTPOMOOLTI,
€JIEKTPOBEIIOCUTIE/IH, CAMOKATH, TOIIO. A cepea MOJIOAL
1 HE TITBKH, Bce OUTbIIE 1 OiIbIiNe 3’ ABIASETHCS JFOACH, 110
3aiiMaroThesl  GoTorpadicro, 3HOMKOIO BiZICOPSAIB Ta
IHIIMMU BHIaMH QOTO Ta Bieo-3ioMKku. OCKIIBbKH, iHOI
MpoIeC 3WOMKHM MOYKE TPHBATH TOJMHAMH YU THIMH,
B Pi3HY HOTOAY Ta Yac IHS, BUKOPUCTAHHS 3BUYAHHOTO
IITATUBY MOXE BUKIHKATH AESKI HE3PYUYHOCTI Ta MPO-
onmemu. ToMy HOIIEHO CTBOPHUTH CHCTEMY, IO MOTJIA
0 KepyBaTH BiJHOCHO HEBEJHKOIO Imiardopmoro. Taka
cuCTeMa BKJIIOYaTHME B ce0c eNeKTPUYHUHA IBUTYH
1 eKIITH-KaMepy K IPHUKIIa] KOPHCHOTO HABAHTAKCHHS Ha
wiarhpopmy, MmO obepratuMmerbes. [lpu 1mpoMy He
000B’3K0BO, MO0 JIFOAMHA 3HAXOAIACh TOpy4. Take pi-
LICHHSI [I03BOJIAE BECTU 3HOMKY B YMOBax IIOTaHOI
moroau. CrucTeMa, MO MPOMOHYETHCS 10 PO3TILALY, Ma€e
HaOip nocTatHiX (QyHKIiH, 100 BecTn 3HoMKy. [lpu
FOMY 3pYUHICTH TAHOPAMHHUX 3HOMOK 1 TaliMJIaIICiB 3po-
CTE B pa3i.

1. AHAJI3 PUHKY

[lepeBaxkHa KiNBKICTH TOTOBOI MPOMYKINI CXOXOi
TEMaTHKH Ma€ KOHKPETHE HAIllPaBJICHHS Y KOPUCTYBaHHI
i He MOke OyTH BUKOpHCTaHE AciHAe. SIK MpaBHiIO, TAKUX
YHIBepCaIbHUX CHCTEM MaJlO i BUTOTOBJISIFOTHECS BOHH Ha
KOHKpPETHE 3aMOBJICHHs. Hampukiran, moBOpOTHHH mITa-
tuB-mwatgopma Time Lapse kommnanii Puluz [1] (Puc. 1),
o0 BUPOOJISE MPOAYKLIiO it (OTO Ta BifeO-3HOMKH,
ABJIsiE COOOI0 HEBEIMKHUHA INTAaTHB, Y BEPXHIH YaCTHHI
SIKOTO PO3TAaIIOBYEThCS OJOK KepyBaHHSA. B 3asBiieHiit
XapaKTEPUCTHII TO3BOJIIETHCS 3aKPIIIJIIOBATH BAaHTAX HE
OumbIne 1 Kr, 110 € HAATO Moo Barorw. MakTUIHO, Take
00OMEXEeHHS TOBOPHUTH PO Te, 110 Olblle HiXk cMapT(hOH
9y MajiorabapuTHy KaMepy 3aKpillUTH Ha ITATUB HE BJa-

cTbest. DYHKLIOHAT MPUCTPOIO 103BOJIAE 00SPTATH ILIAT-
¢dopmoro Ha 360 rpaaycis [2], ane pu koMY 00epTaHHS
BiIOyBA€THCS TIIHBKU Ha (PIKCOBAHUI KyT IMOBOPOTY, IO
TaKOXX HAKJIaJa€e MeBHI 0OMEKECHHS KOPHCTYBaUCRI.

Jlo HeoiKiB BiTHOCHTHCS HEMOMIIUBICTH KOHTPOITIO
IIBUJIKOCTI 00epTaHHs IIaThopMHu, a Iie, B CBOIO Yepry,
BIUIMBAaTUME Ha TNPOMYKTHBHICTH POOOTH KIiHIIEBOTO
KOpHCTyBada. JJOCHTh BaXKJIUBY POJIb IPa€ i T€, 0 BUPO-
OHMKM Takoi NMPOAYKUIl €KOHOMJIATh Ha EJIEKTPOHHHUX
KOMITOHEHTaX CHCTEMH, IO B MalOyTHhOMY BimoOpa-
3UTHCS HAa TEPMiHI IPUIATHOCTI MIPUCTPOIO.

Jlo mepeBar MOXKHA BiJTHECTH MaJIOTa0apUTHICTH CHC-
TEMH Ta BiJIHOCHY 3pYYHICThb Y ii BUKOPHCTaHHI. AJe
B TOH e Yac (pyHKITIOHAT PO3TIITHYTOTO BUIIE TPUCTPOIO
HA/ATO OOMEKCHUH.

Puc. 1 lItatuB kommnanii Puluz
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IcHYTOTH 1 iHIII BUPOOH, 1110 MAIOTh TOMIOHUHN TTPHH-
mun pobdotu. Croau BiTHOCATHCS 00EPTabHI IMiJICTaBKH
JUIsl: KOHAWTEPCHKUX Ta FOBETIpHUX BHPoOiB, 3D doTo-
Ta BiJIc0-3HOMKH, IEMOHCTpAIlil TOBapiB Ha BUCTaBKaXx,
MOKa3y eKCIIOHATIB B My3esX Ta IHIIKX MOAIOHHUX 3aKia-
nax.

SIk BUCHOBOK MOYKHA CKa3aTH, L0 332 PaxXyHOK BHKO-
PUCTAHHA SKICHHX 1 HaIiHHUX €IeKTPOHHUX KOMIIOHEH-
TiB Ta PO3MIMPEHHS QYHKIIOHAJIBHUX MOXKINBOCTEH CHC-
TEMH, MOXKHA CTBOPHUTH KiHIEBY MPOIYKIIitO, PiBEHb SKO1
Oyzie BUIIMM, HIXX TOM, 1110 Hapa3i iCHyE Ha PUHKY.

II.  TIPOBJIEMATHKA

OcHOBHa TpobsieMa Takoi MPOIYKINI 3HAXOTUTHCS
B ii peamizalii, BapTOCTi ENEKTPOHHUX KOMIIOHEHTIB Ta
iHTepecy 3BHYAMHUX KOPHUCTYyBauiB. BiAmoBimHO momuT
Ha TaKU{ IMpUIIa] MOXKe JEeIlo 3HU3UTHUCh. B Toll xke Jac,
HEMaJIo BaXXJIMBY POJIb TPA€ 1 yHIBEPCATBHICTD CTBOPIO-
BaHOI cucTteMy. BoHa npu3HayeHa He TIIBKY JUIA €KIIH-
KaMep 9M 3BHYaiHUX cMapTQoHIB. B gxocTi kopucHOTrO
HaBaHTAXKEHHS HAa IIATGOPMY MOXKE BHCTYHATH OYIb-
10, YoMy noTpibeH obepransHuil pyx. B pe3ynsTati Ha
BUXOJI 3’SBUTHCS YHIBepCaIbHUH MPUCTPiH, HaIIHHICTD
SIKOTO Oy[ie BUINIOIO, HiK IIPEACTaBICHI MOJIENi Ha PUHKY.
B 3aranpHOMY Taki CHCTEMH HE HAJATO PO3MOBCIOKEHI
i TOTpiOHI 11 BHKOHAHHS Crenu(iYyHUX 1, B IEIKUX
BUIIJIKax, CKJIaIHUX 3aB/IaHb, [0 HOTPEOYIOTh HE TLIBKA
obOepranHs TWIATPOPMH, a 1 EIEKTPOHHOIO OJIOKY, IO
Oyzne oOpoOIATH BENHUKY KUTBKICTB iH(pOpMAaIIii.

III. Ommmc MoAEM

®Di3U4HO MpeACTaBIeHa CHCTEMa CKIaTaTUMEThCS 3
e  be3KoNeKTOPHOTO ABUI'YHA MOCTIHHOTO CTPyMY
e  Ob6eprasbHOTO TpaHchopMaTopa

e [Inarpopmu, mo Oyne oGepTaTich

e  EnexrpoHHOro0 0JI0KY KepyBaHHS.

B cBoro uepry 050K €IeKTpOHIKH Ta 00pOOKH JaHUX
CKJIAZIA€THCA 3:

e JlpaiiBepy AJsl KEpyBaHHS JBUTYHOM.

e  Mikpocxemu sl 0OpOOKH JaHUX 00EPTar0dOTo
TpaHcdopmaropy.

e  SoC-mporecopy.

Bci i koMIutekTyroui 3i0paHi B 670K Ta BCTAaHOBJIEH]
Ha J)KOPCTKY TpUHOTY. Take pilleHHs JO3BOJIUTH BUKOPH-
CTOBYBAaTH CHCTEMY B O1JIbII arPECHBHOMY CEPEIOBHIIII.

Ha Puc. 2 300paxeHa CTpyKTypHa CXeMa CUCTEMHU.

B croporieHoMy BHTIISIII TIPHHIAIT POOOTH CHCTEMU
MOXXHa OIMCAaTH HACTYNMHUM 4YMHOM. SoC-mpouecop
MOCHJIA€ CUTHAN ApaiiBepy, mo kepye BLDC-nBurynom.
JpaiiBep 3amycKae MIiCT 3 IECTH MOJIBLOBHUX TPAH3UCTOPIB
B TMPaBUJILHIN MOCITIIOBHOCTI i IBUTYH TIOYMHAE 00epTa-
TUCh. IIIBHAKICTh 00EpPTaHHS Ta HANPSAM 3aJ1a€ IPOLIECOP
1 mepenae npaiiBepy. B cBor depry IBUTYH 3’€THAHUHN
3 obepTaibHUM TpaHcHOPMATOPOM (PE30IBBEPOM), IO
CIyIy€ IUIsl 3YUTYBaHHA KyTa IOBOPOTY Bajly JBUIYHA.
Jani 3 ob6epTanpHOTo TpaHChHOpMATOPA, IO MEPETBOPIOE

CHHYCOIIAJIbHI CUTHAJIM B €JIEKTPUYHY HAIpyTy, IMOCTY-
MAIOTh HA CIICIiali30BaHy MIKpOCXeMy, o 00poOITtoe 1X
1 Iepeae 10 mporecopy.

1106 xopucTyBay 3Mir OauuTH BCi HEOOXiIHI TapaMe-
TP CHCTEMH Ta HEI0 KepyBaTH, Hajxam Oyie po3poliie-
HUH cIemiajJbHAil Jo4aToK Hanucanuii Ha moBi C Ta
Verilog.

CrcTemMa MOBUHHA MaTH JOCTATHIN HAOIp pillieHb, 0
3MOXKYTh 3a0€3IICUUTH HACTYIHI (YHKIIIT:

e [lpaBuibHHil 3aMyCK OE3KOJEKTOPHOIO JBHUIYHA
MOCTIHHOTO CTPYMY.

e  KepyBaHHs HanpsIMOM 00EpPTaHHS ABUTYHA.
o KepyBaHHs MIBUAKICTIO OOCpTaHHS.
e  OOepTaHHSA 3 TOCTIIHOIO MBUIKICTIO.

e  lleHTpyBaHHS MOJOKEHHS MIATGHOPMHU NPH 1HiLIi-
ami3sarii CHCTEMH.

e MoXIHMBICTh aJanTyBaHHs OOEpTaHHS Mija yac
CHIIBHOTO BITpY.

J71s1 Iep1oro NpoTOTUIly TaKOI CUCTEMU BUKOPUCTO-
BY€TbCS OE3KOJICKTOPHUM ABHTYH IOCTIHHOTO CTpyMy
3 mortyxHicTio 105 BarT, MakcMMaJbHOIO WIBHAKICTIO
obepranas 4000 rpm Ta oOepTarouMM MOMEHTOM
0,25 H*m.

JI7is KepyBaHHS JBUTYHOM BUKOPUCTOBYETHCS MIKPO-
cxema-npaiiep [3]. Taxwii BUI eNEKTPOHHUX KOMIIOHECH-
TiB MalOTh MiIBUIICHY HaIiHHICT. B HUX mepenbadcHHI
cremiajJbHO Ha3HAYeHi MiHU U 3aXUCTY BiJl KOPOTKOTO
3aMUKaHHs, MEPEBUINCHHS 32 CTPYMOM Ta HANPYTOIO,
HETPaBHWIIHOTO YBIMKHEHHS Ta IOJAHHS CHTHAIIB Ha
TPAH3UCTOPHHUIA MICT, IO B CBOK YEpry sBJsIE COOOKO
KIHIIEBUI aBTOMAT 3 IIiCThOMA CTaHAMH, IO TAKOXK TPae
KIIFOYOBY POJIb B KEPYBaHHI JJBUTYHA.

BaxxnmuBo He 3a0yBaTd IPO CHIOBY YacTHHY Kepy-
BaHHS JBUTYHOM. SIK TPaBWIIO, MPOCKTYBaHHS CHIIOBOI
YAaCTHHHM TOYMHAETHCS 3 BHOOpPY TpaH3ucTopiB. Haii-
Kpale Ui TakuxX [uted miaxonaate moiasoBi MOSFET
TpaH3ucTopH [4].

DRV Driver

BLDC motor

SoC-processor

Resolver

Resolver Controller

Puc. 2 CtpykTypHa cxema
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Puc. 3 [Nopsinok koMyTaliiif 06MOTOK

[Tpn BHOOPI TpaH3UCTOPIB HEOOXIAHO 3HATH MaKCH-
MaJIbHO MOKJIMBHI CTPYM 1 BEIMIMHY HAaNpyTH, Bif sIKOT
JKUBUTBCS MBUTYH [5]. B OULIBIIOCTI BUIAIKIB TpaH3HUC-
TOpH BUOHMpPAIOThCSA 3 KoedilieHToM 3amacy 2-2,4 1o
crpymy. Takox my’Ke BaIIMBUM MAapaMETPOM B TPaH3H-
CTOpax € OMip BIAKPUTOTO TpaH3UcTopy. Moro Bennumaa
BapilOETHCS B MeXax Jekinbkox MOMm. [Ipocte mpasuio:
YMM MEHIIMH BHYTPILIHIN OMip TPaH3UCTOPA, TUM Kpalie
[6]. Amxe B MOMEHT IEpeMHUKaHHS [IeYeH TPAH3UCTOPIB,
MOTY>KHICTB Pi3KO 3pOCTE 1, BIIIOBITHO, IOYHYTH BHILIISI-
THCh BeNuKi 00’ emu Teruia. 3 ¢popmynu (1) BUIHO: SKIIO
BHYTpIIIHIH omip TpaH3UCTOpa Oyae OLTBIINM, TO TOTY-
JKHICTB 3pOCTE, a, 0TXKE, 1 OLIbIIe Temia 0yae BUALISTHCH
Ha Tpan3ucropi. ToMy BaXJIMBO He 3a0yBaTH ITPO poO3Ci-
toBanHs Temia. [1{o0 3aBaguTu nmeperpiBy 1 BUX0Ay 3 JaLy
TPaH3HUCTOPIB, € HEOOXITHICTh CTABUTH PaiaTop.

2
P=Rys 1y M

e P — notyxHicTe, Ry, — BHYTpilHIii omip TpaH3uc-
Topa, I — CTpyM.

HeoOxigHo 1 mam’sTaTy Mpo TaKWUi TapaMerp, K
Dead Time. Bin rpae Hemaiy poJib B IpaBHILHOMY (yH-
KIIIOHyBaHHI KepyBaHHs ABUTYHOM. Dead time — 1ie
3aTPUMKA, sIKa MOTPiOHa JyIs TOTO, 1100 BCl TPAaH3UCTOPH,
SIKi TIOTPiOHO, 3aKPUITUCH Ta 3aKIHUMIIMCH MTEPEXiTHI Mpo-
necu [7]. Takorw 3aTpUMKOIO NOBHHEH KEpyBaTH CaM
JpaiBep.

3a nmomomororo apaiiBepy Oyje KepyBaTHCh IIBHJ-
KicTh 00epTaHHA IWIATGOPMH Ta HAIIPAM. 3yCTPIdarOThCs
JpaiiBepy B SKHX BCEPEAMHI BCTAHOBJICHI JATYMKH
Xouna. 3 iX JOTOMOTOI0 MOYKHA OTpUMAaTH OibIie iHdo-
pMarii mpo IMBHAKICTE OOepTaHHS IBUTYHA Ta IIOJIO-
KEHHsI Baly. Takox i Ha JEIKHUX eNEKTPUYHUX MOTOpax
BcTaHOBJICHI martynku Xomna [8]. Tomy 3amis yHHK-
HEeHHSl HA/UIMIIKOBOCTI Yy (DYHKIIIOHaNI KOMIIOHEHTIB
HEOOXiJHO IIe BPaXOBYBAaTH.

A 5 Widiv
B ]
———
HPE: 5 Vidiy
e

HFC: 5 Vidny

Puc. 4 Yacosa niarpama

TABIUL 1 [HOOPMALILA 3 TATUMKIB

3HaveHHsn 1aTYHKiB Xou1a da3za
101 A-B
001 A-C
011 B-C
010 B-A
110 C-A
100 C-B

B sxocti apaiiBepy mis JABUTYHA 3aCTOCOBYETHCS
Mmikpocxema komnanii Texas Instruments — DRV8306.
B Hiii € Bech HEOOXiTHUH QYHKITIOHAI.

PobGota nmBuryHa mossrae B TOCITIJOBHOMY BKITIO-
YeHHI MIeBHUX Map 0OMOTOK TaKUM YHHOM, 00 BEKTOPH
JIBOX MATrHITHUX IIOJIiB OYyJIM OPTOTOHANBHI OIHMH [0
onuoro. ITOKpOKOBe YBIMKHEHHS TAKHX AP MPU3BEIC 10
PYXY pOTOpa 3a 4aCOBOIO a00 NPOTH 4acoBOi CTPUIKH [9].
Ha Puc. 3 300paskeHui MOpsAIOK YBIMKHEHHS OOMOTOK.
BaxmmBo BiIMITHTH, 1[0 YBIMKHEHHSI 0OMOTOK TIOBUHHO
OyTH B CYBOpil MOCTITOBHOCTI, a/pKe BiX I[hOTO 3aie-
KHUTh KOPEKTHICTH poboTu nBuryHa. llpm HempaBuib-
HOMY IIOJaHHI HANpyrH Ha OOMOTKH, POTOp IOYHE
pPOOUTH KOPOTKI «CTPUOKH» B Pi3HI CTOPOHH 1 HE 3pY-
mATBCS 3 Micll. Takuid THUI KepyBaHHS JO3BOJISIE
HAOpaTH MIBUIKICTh MPOTATOM KOPOTKOIO Yacy, ajie mpu
FOMY HE JI03BOJISIE KEPYBATH JIBUTYHOM ILIABHO.

ITpu nmoxavi mocTiiHOrO CTpyMy Ha OOMOTKY, BOHA
CTa€ eJEeKTPOMAarHitoM. B pe3yibTari, KON KOTYIIKH
3HAXOJATHCS TiJ HANpPyrow, IMPOTHICKHI MOJIOCH
poTopa Ta cTaTopa MOYMHAIOTH NPHUTATYBATHUCH OJUH JIO
ognoro. Konu nomocu HaONU3UINCH OAUH IO ORHOTO,
BMHKA€EThCA 1HIIA Iapa 0OOMOTOK, NPOTHJICKHI HOJIIOCH
3HOBY ITOYHHAIOTh NPUTSATYBATUCH 1 TAK KPOK 38 KPOKOM.
Ha Puc. 4 306paxeHa yacoBa giarpama poOOTH TaTIHKIB
Xomnna.

B Tabnmus | HaBexeHa iHQoOpMamis yBIMKHEHHS
KJIFOYiB B 3aJI€XKHOCTI BiJI CHTHAJIIB IaTYUKIB X0JUIa.

Jlo nBuryHa mia’ € JHY€ThCS TOYHUH 00epTarounii Tpa-
Hcgopmarop JIII3.010. Bin Mae 1oBOM Mainy MOXUOKY
BUMIpiB 1 ckmamae Bcyoro 0,05%. A kiac TO4HOCTI mpu
BunpoOyBanHsx ckias 0,05 3a odiuiiHIM macmopTom.

ObepTarounii  TpaHCPOPMATOP BHKOPHUCTOBYETHCS
B SIKOCTi 3BOPOTHOTO 3B’SI3KY 1 CIITY€E ISl IEPETBOPCHHS
KyTa MOBOPOTY Bajly OBUI'YHA B CJICKTPUYHY HAIPYTY,
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aMIUTITYJa K01 IpomnopIiiHa abo B3arami € (yHKII€
cuHyca abo xocunyca kyta [10]. ns pobGotu Takoro
KOMITOHEHTY HEOOXiTHUI JOJATKOBHUH ITiICHITIOBAY 3 Be-
JUKUM KOe(II[iEHTOM MiJCUICHHS, TaK K BUX1THA ITOTY-
JKHICTh CHUTHay o0eprarouoro TpaHchopmaropa mana.
Ha Puc. 5 300paxxennii obepTarounii TpanchopmMaTop.

Jlani 3 TpancopmaTopa HaIXOJATh O CIETliai3oBa-
HOI MiKpocxeMHu, 1o 00po0itoe naHi i mepenae 1o SoC-
npotiecopy. I Bke 3a JOnoMoror po3po0eHoro 101aTKy
KOPHCTYBa4 3MOKe T00AYHTH, Ha SIKMH KyT MOBEPHYJIACh
miatgdopma.

BUCHOBKH

[IpencraBnena cuctemMa Mepi 3a Bce po3paxoBaHa Ha
yHIBepCaJIbHE BHUKOPHUCTAHHS SK B IOBCIKICHHOMY
JKUTTI, Tak 1 Juia cnenuivHux 3amad. Po3risHyTa
crcTeMa J00pe MiAXOIUTh IS Iy>Ke TPUBaIoi 3HOMKH Ha
cMapThOH YU KaMepy.

SIKIo Mo Takoi CHCTEMH IOMATH OOYMCIIOBAJIBLHUN
670K, TO (yHKIIOHaT Ta chepa BUKOPUCTAHHS 3POCTYTh
Ha mopsaku. Hanpuknaz, 3a J0MOMOror CIenialbHOro
obuncmoBanbHOr0 ONOKy 1 obepranbHOi MmIaThopMu
MOJKHA PO3PaxyBaTH aKyCTHKY MTOTPIOHOTO IPUMIILICHHS.
[HOMMMEU coBaMu cucTeMa BiJKpUBa€ IIiyie Tojie JUIst
eKCIIEpUMEHTIB y 1 BUKOPHCTaHHI. A HpoCTUil crocid
KepyBaHHS OyZe TUIBKH COPHUSTH [IEOMY.

Takok BapTO BIAMITUTH, IO IPU BUKOPUCTAHHI ONH-
CaHMX B CTATTI KOMIIOHEHTIB Ta HAIMCAHOMY HOJATKY
cUcTeMa cTae HaJiiHOIO y ekciuryaramii. [Hmmmu cio-
BaMH, JIpyTa CKJIaJI0Ba, Ha SIKy OpIEHTOBaHA Mpe/ICTaBIIe-
HUH MPHUCTPIl — I HAIHHICTB.

Puc. 5 O6eprarounii Tpancpopmatop JII3.010
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Abstract—This article proposes an idea for developing a hardware complex and software for electronic control of a
payload platform. As such a load, there can be anything that needs rotating motion, be it a camera, a smartphone, an elec-
tronic computing unit, an antenna, and so on. Physically, the system is a rigid tripod on which the platform is located. The
rotation of the platform gives a brushless DC motor. The motor is controlled by a special driver, which was previously
software and hardware configured. It is important not to forget the power part of the engine control. Generally, the design
of the power section begins with the selection of transistors. MOSFETs are best suited for this purpose. When choosing
transistors, you need to know the maximum current and the voltage from which the motor is powered. In most cases, the
transistors are selected with a power factor of 2-2.4 current. To obtain data on the rotation of the angle of the motor shaft,
a rotating transformer connected to a special controller is required. All output from the motor driver and the rotary trans-
former controller comes to the SoC processor. With it, the user will be able to control the system as a whole. The use of
electronic components from electronics giants such as: Texas Instruments and Intel FPGA will increase the reliability of the
system during operation. The system is also designed for versatility in operation.

In a simplified form, the principle of operation of the system can be described as follows. The processor sends a signal
to the driver that controls the engine. The driver starts the bridge of six field effect transistors in the correct sequence and
the motor starts to rotate. The processor sets the rotation speed and direction and passes it to the driver. In turn, the motor
is connected to a rotary transformer, which serves to read the angle of rotation of the motor shaft. Data from a rotary
transformer that converts sinusoidal signals into electrical voltage is supplied to a specialized microcircuit, which processes
them and transfers them to the processor.

The finished system should provide the user with such functionality: the correct start of the brushless DC motor, control
of the direction of rotation of the motor, speed control, rotation at a constant speed, centering the platform position during
system initialization, the ability to adapt rotation during strong winds.

To increase the functionality of the system, you can add to it a computing unit, which will be a separate board with its
own processor. This will allow you to use the device for more complex tasks.

Keywords — electronic control; BLDC-motor; resolver.
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