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XMenbHUIBKHN HAIOHAIBHUH YHIBEPCUTET

MOJAEJIOBAHHA CUHXPOHHOTI'O JIBUT'YHA B CEPEJOBHUIII MATLAB

CuHxpoHHULI dgugyH 3HALILIO8 CBOE 3ACMOCY8AHHS 8 CUCMEMAX Kepy8aHHs Ma pi3HOMaHIMHUXx deugyHax. [Ipome,
deuzyH Ha nocmiliHux mMazHimax HedocmamHv0 onucaHull 8 cy4acHiii aAimepamypi. B po6omi npedcmagaeHo aHaniz po6omu
Modeni CUHXPOHHO20 d8U2yHA HA hocmilHUX MazHimax ma tio2o cucmemu Kepye8aHHSsI.
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MODEL OF SYNCHRONOUS MOTOR WITH PERMANENT MAGNETS IN MATLAB

Motors utilize a lot of power in the whole world. Reducing of power consumption required not only for high-power motors like for
factory's motors. On other side low-power motors are very common for personal use. Main types of home-type motors are asynchronous.

Synchronous motor with permanent magnets (PMSM) is known long time. In Ukraine this type of motor does not used wide
enough. Synchronous motors require less power to provide enough work as well known asynchronous motor. It is shown what PMSM require
control hardware to provide rotor soft start, movement and stop. Three control schemas known for now. But only encoder control gives
adequate start of synchronous motor. In article it is shown model of control with encoder with variable load. PMSM allow to archive constant
speed rise, fast reaction of rotor load. Output torque of PMSM automatically adjusted with supply voltage and current with stable rotations.

In article it is shown

Keywords: synchronous motor, control, encoder.

Beryn

3pocTaHHs Yy BChOMY CBITI YBart J1o 3axXMCTy HaBKOJIMIIHBOTO CEPEIOBHUINA, 30€peKeHHs eHeprii Ta 1HIINX
BUJIIB PECYPCIB NMPHU3BEJIO J0 3POCTaHHS YBarum €KOJIOTIYHOCTI HE TINBKU NMPOMHCIOBOTO OOJIQJHAHHS, a TaKOX 1
JIOMAIIHBOro oOJagHaHHA. 3pO3yMijo, IO JOMAIIHI NPHUCTPOi BOJIOJIIOTH 3HAYHO MEHIIMMH EHEPreTHYHHMH
roka3HuKamH. IIpoTe mmpoke po3noBCIOKEHHs MO0YTOBOI TEXHIKM BUMarae iHTEHCUBHOTO aHAIII3y B IiH 00JIacTi.
YacTka €HeprocroXMBaHHSA MMOOYTOBOTO OOJaTHAaHHS CKiIamae 3a pizHMMHU omiHkamu a0 40% Bim cyKymHOi
TIOTY>KHOCTI, [0 BUPOOIISETHCS PI3HUMHU TEXHITHIMHA 3aCO0aMH.

Po3BHTOK cHCTEM aBTOHOMHOIO €HEProCIIOKHMBAHHS 3a PAaXyHOK TaKUX JDKepesd, K COHsSYHA CHepris,
eHepris BiTpy abo0 TiIpOeNeKTpOCHEepreTHKa CTAaBUTh HEOOXITHMM 3MEHIIEHHS IMOTYKHOCTI OONIaIHAHHS IIpH
30epeKeHHI TaKOro  PIBHS KOPUCHHX BiacTHBOCTe. OJHMM 3 HAMOINBIINX CIIOXKHBAa4iB eHeprii B MOOYTOBUX
NpuiIagax € JBUTYH. B MIMPOKO PO3MOBCIOMKEHUX ACHHXPOHHUX JBUTYHAX HE BUKOPHUCTOBYETHCS IHTENIEKTYyasbHI
CHCTEMH KepYBaHHs, a TAKOXK € HEJOCSHKHUMHU MEXaHIYHMX MOKa3HUKH, TaKi AK:

1) BHCOKI MeXaHIYHUII MOMEHT Ha POTOpi IBUTYHA, B TOMY YHCIIi Ha HU3bKHX 00epTax;

2) BUCOKA LIUIBHICTH MOTYKHOCTI Ha 00’€M JIBUTYHA.

B CHHXpOHHHX MBUT'YHAX JOCSIKHA 3MiHA MIBUIKOCTI Y MIMPOKHX MEXaX.

3MiHHa IIBHJIKICTH OOEpTaHHS BUKOPUCTOBYETHCS B Cy4YaCHHX MOOYTOBHX MPHUCTPOSX, TAKUX SIK
XOJIONWJILHUKH Ta MpajbHI MAlllMHY, B PI3HOMAHITHUX MiKcepaxX. B IUX mpuCTposiX XapaKTepHI HU3bKI MIBUAKOCTI
o0epTaHHs Ta BUCOKHI MOMEHT ITi/l 4ac CTapTy Ta Mo4yatky poOoTH. TexHiKW BUSBICHHS MO3MLIT POTOPY AJIS IHX
CHCTEM JIO3BOJISIOTH OTPUMATH BHCOKI MOKAa3HWUKHW TIparie3faTHOCTi. EnexkTpoHHi kepoBaHi TpudasHi KOHTpOIEPH
3a20e3MedyI0Th JOCATHEHHS BICOKMX TTOKAa3HUKIB €()eKTHBHOCTI.

Buepe y kinmi 1960-x pokiB OyIo mpencTaBleHO BEKTOPHE KepyBaHHS (200 Tak 3BaHEe KePyBaHHS IOJIEM)
IUIsl aCHHXPOHHMX ABUTYHIB. 3aCTOCYBaHHS L€l HOBITHBOI TEXHOJOTIi JO3BOJIMJIO OTPUMATH IIBHIKIA BiATYyK B
TATOBOMY 3YCHJUII, SIK€ MOPIBHAHE 3 MallMHAMHU MOCTiiHOro crpymy. Ha xiHenp 2018 poky TeXHIKM KepyBaHHS
OTpUMaJTH NIMPOKE 3aCTOCYBAHHS Ta CTAJIM IIMPOKO 3aCTOCOBYBAaHMMH Y BEJIHKIH KITBKOCTI PIllICHB.

[yt BEKTOPHOTO KEepyBaHHS CHHXPOHHHUX MallIuH MMoTpiOHa iH(opmaris 1moa0 no3umii poropa. 3a3Buyai
MO3UIIiS POTOPY BHU3HAYAETHCS TMO3MIIIHHIM CHKOJCPOM, Pe30JbBepoM abo ceHcopaMu Ha edekrti Xoua. 3a 1€
TEXHOJIOTIEI0 JATYMK OOEpTaHHS BCTAHOBIICHO O€3MOCEpeAHBO HA POTOpi 0O€3 JONAaTKOBHX EJIEMEHTIB Iepenadi
06epTiB. OHOYACHO 3 MM MOTYXKHICTh TepefaeThesl Oe3nocepeqHbo Ha poOoumid mpucTpiil. B pesynprari Taka
KOHIICTILIiSl JJO3BOJNMJIA OTPUMATH IMIBUAKUIA THHAMIYHUHA BiTYK 3a TATOK Ta OJHOYACHO 3MEHILUHMTH aKyCTHYHHUIT
IIyM, 3MEHIIIUTH PiBeHb BiOparlii, a TAKOXK JOCATTH CyTTEBOTO 3MEHIICHHS CIIOKWBAHOI MTOTYKHOCTI, 1[0 TIPU3BEIO
JI0 CYTTEBOTO 3POCTaHHS 4acy poOOTH CHCTEMH.

Jlo ocoOnmmBOCTEH TakMX CHCTEM CIiJ BiJHECTH BHCOKE 3HAYEHHS MEXaHIYHOI TITH TPH HYIBOBIH
MIBUAKOCTI abo "yTpumyBanHs" poropy. Takox 0COOJIHMBOIO BIACTUBICTIO € IOCTIHHA MOTYXKHICTh MPU HIMPOKii
3MiHi J[lara3oHy MIBUIKOCTEH. A TOMYy CHHXPOHHHMH JBHI'YH Ha IIOCTIHHMX MarHiTaXx Ma€ MpalloBaTH HE TITbKU Ha
HOMIHAaJIbHIHN HIBHKOCTI, @ TAKOX 3a0e3MeuyBaTH CTaTy MOTYXKHICTh 1 Ha OUIBIINX IIBHIKOCTSIX.

OcHoBHA YacTHHA

OTxe, 1uis1 3a0e3MedeH s mapaMeTpiB poOOTH MOOYTOBOT TEXHIKHM BUKOPUCTOBYIOThCS SIK OAHO(]A3HI, TaK i
TprdazHi IBUTYHH.

Jo KIacHYHUX IBUTYHIB BITHOCSATBCS:
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- omHO(da3Hi ACHHXPOHHI IBUTYHH;

- onHo¢asHi yHIBepCallbHI JBUT'YHH.

Jlo cyuacHUX JIBUTYHIB BITHOCSTBCS:

- Tpuda3Hi aCHHXPOHHI JIBUTYHHU;

- Tpuda3Hi CHHXPOHHI IBUT'YHH.

Cepell CHHXPOHHHX JBUTYHIB, CHHXPOHHHI [BHT'YH Ha MOCTIHHHX MArHITaX € €JIWHAM BapiaHTOM
Tpudasnoi MamuHU. CTaTop TaKOro IBUTYHA Mae€ KJIACHYHI TpudasHi 0OMOTKH. B pOTOpi CHHXpOHHOTO JBUTYHA
NOCTilHI MarHiTH BUKOHYIOTH TaKy K caMmy Jil0, K i B KJIaCHYHili CHHXpOHHi#f MammHi. X cTBOpeHHs cTamo
MOXJIMBUM 33 PAXYHOK CTBOPEHHS HOBHMX MATHITHHX MaTepialliB, B TOMY YHCII i3 3aCTOCYBaHHSAM PiIKO3EMETbHUX
MaTepiaiB.

CHHXpOHHUH OBUTYH HA TOCTIMHAX MarHiTaX BOJIOMI€ I[UTUM PSAOM ITIepeBar ISl CTBOPEHHS CYyJ4acHOL
CHCTEMH KepyBaHHS pyXoM. BUKOpHCTaHHS NOCTIIfHUX MarHiTiB IJIsi CTBOPEHHS MOTY)KHOTO MarHiTHOTO MOTOKY B
MOBITPSIHOMY 3a30pi Mi’K pPOTOPOM Ta CTaTOPOM JIO3BOJISIE OTPUMATH BUCOKOC(EKTHBHHUI CUHXPOHHHU ABUTYH Ha
MOCTIHHNX MarHiTax.

SIk BiZIOMO, B CHHXPOHHOMY JIBUTYHI HIBHJIKICTh OOEpTaHHS BU3HAYAETHCS IIBHIKICTIO O0EPTaHHS IOJIS
CTaTopa, SIKa Ha3MBAETHCS CHHXPOHHA MIBUAKICTh. CHHXPOHHA IBHJKICTH () BU3HAYAETHCS YACTOTOO YKHBIICHHS
cTaTopa f;, Ta KiIbKicTIO momocHuX nap p. Crarop Tpu¢asHOl CHHXPOHHOI MalllMHU Mae 3a3BH4Yail OOMOTKHU 3a
CHHYCOITATbHUM 3aKOHOM PO3IOILTY.

Konu potop nmBuryHa 30ymkyeTbesi TpH(Da3HOK HAMpPYrol >KUBICHHS, BHHUKA€ MAarHiTHE MoJje, IO
o0epTaeThesl B OHY ab0 iHIMY CTOPOHY 3aJIeKHO BiJ mopsiaKy BximHux ¢as. IIpuiimMaeTncs, o0 MarHiTHE IoJe
TaKOX PO3MOAIJIEHO 32 CHHYCOiaJIbHUM 3aKOHOM PO3TOALITY.

[IBuaxicTs obepranHsa N (CHHXpOHHA MIBHIKICTH) BU3HAYAETHCA (1).

N = 120 f, ’ 1
P
e f; —9acrora 3MiHHOI HarpyTH, ['11;
P — KINBKICTh MOJIOCIB;
IIpo6JiemMu 3amycKy CHHXPOHHOI'O JBHTYHA

VY BumaaKy CHHXPOHHOT'O ABUTYHA Ha IOCTIHHUX MarHitax, OfHa 3 IPHHIMIIOBHX MPOOJIEeM — IOYaTOK PYyXY
3 HeBigoMoi mo3uwii. [ToyaTtok pyxy 3a HEBIiZJOMOI MO3HMIIIT POTOPY MOXKE MPHU3BECTH JI0 TIEBHOTO 0OEPHEHOTO PYXY
pOTOpY /0 MOMEHTY CIIiBHAJiHHS TOJIB POTOPY Ta CTAaTOpy. 31 3pOCTaHHSM IIOTY>KHOCTI JBHI'YHa L€ MOXeE
NPU3BECTH HAaBiTh 10 TNOIIKO/PKEHHs JIBUTyHAa a0o 10 mpoOjeM 3 CTapTOBUMH CTpyMaMH. Takuii CTaH €
HETIPUHHATHUM JIs1 0araThOX BUIAIKIB 3aCTOCYBaHHS. Tak, SKIO CHHXPOHHHUH JABUT'YH BUKOPHUCTOBYETHCS 38 YMOB
TIEPBUHHOTO HaBaHTaXEHHS HA POTOP, HAITPUKIIA] ISl KyXOHHHUX Ji(TiB, e MOXe MPU3BECTH A0 MOIIKODKEHHS HE
TITBKH IBUTYHA, ajle i MeXaHi3My B LIJIOMY, HE KQKy4H 38 TIOIIKOKECHHS BAHTAXKY.

ToMy, KOJNH MOYAaTKOBE MOJIOKEHHS POTOPY € HEJOCTYIHHM IIepel IMOYaTKOM OOCpTaHHS, 3aBXKIU CIIJ
BUKOPHCTATH TICBHY MPOLEAYPY 3aIyCKy IS MOCATHEHHS Oe3MeYHOro MmoyaTkoBOoro obepraHHs. B mitepaTypi
BHUIUIAIOTH TaKi MOXKJIMBI TIPOIEAYPH TIOYATKY PYXY, SK:

- TI0OYaTOK PyXy 3a YMOB BiJIOMOTO CTapTOBOT'O IIOJOKEHHS POTOPY

(kepyBaHHSA 3 0OEPHEHUM 3B’ SI3KOM);
- KepyBaHHA 3a IPOCTHM TPHHUMIOM '"Hampyra-gacrora';
(kepyBaHHs 6€3 00EPHEHOTO 3B’S3KY);

- BU3HAUYEHHS MOJIOKEHHS POTOPY 32 TIEBHUM AJITOPUTMOM.

[epmmit MeTox KepyBaHHS € HaWOUIBII 3pyYyHHM 3 TOYKU 30pY
3a0e3revyeHHs TOYHOCTI Ta IIBUIKOCTI BU3HAYECHHS ITO3UIIi MarHiTHOTO IOJS B
npocropi. e Moxke OyTH NOCSATHYTO BHKOPHCTAHHSM 3BOPOTHOTO 3B’SI3KY IS
BUSIBJICHHS TIO3MMIi Bajly pOTOpY IUIi KOHTpoJiepa KepyBaHHS mois. [Ipote
HAJIHHICTh IFOTO METOAY MOXKEe OYTH HEIOCTaTHS 3a HasBHOCTI HABaHTA)KEHHS
Ha Baly poTopa. CHHXpOHHHH IBHTYH 3 JBOIIOJIOCHHM CTaTOPOM MA€ PiBHY
KiTBKicT 00epTiB ApoTy Ha ¢a3y. [IoTiK MarHiTHOTO IONS pPOTOpa MOXKHA
MIPUAHATH CKOHIIGHTPOBAaHMM MO d-BiCl, MOKH IO BiCl ¢ TOTIK Oy/e HyJIbOBHM.
Takuit cran TakoX € y IHIYKUIHHAX JBUTYHIB 3 HENPSMHM BEKTOPHHM .
KepyBaHHsAM. Takok NpPUIMAEThCsl BIACYTHICTh BTpaT. Takok NpUAMAEThCs Puc. 1. InkpemenTnuii enxonep
NOCTIMHICT TIOTOKY IOJISI pOTOpa y BU3HAYEHil ToUll MpOCTOpy. 3MIHHICTH TEMIIEPAaTypH POTOpa BILUIMBAE Ha
MarHiTHUH TOTIK, aje B JOBrOTPHBAJIOMY IHTEpBaJi NPUIMAEThCS sIK HecyTTeBa. Hemae HeoOXigHOCTI
BHUKOPUCTOBYBATH PIiBHSHHS HAIPYTHd Ha POTOpi K IS iHAYKUIHHOTO JBUIYHA, OCKUIBKU JDKEPENO MAarHiTHOTO
TIOJIs € MAaTHITH POTOpPA, a OTXKE i KOJIMBaHHS MMOTOKY Y IOBFOTPUBAJIOMY iHTEpPBaIli € HECYTTEBHMH.

MartemMaTH4Ha MOJe/Ib CHHXPOHHOI'O IBUTYHA

B Mopeni cHHXpOHHOTO IBUTYHAa BUKOPUCTAHO PIBHSHHS CTATOpa IHAYKIIHHOTO JBUTYHA Ta B3AEMOMIS 3
poTopoM depe3 MarHiTHUH MOTiK. [103uIlisl MarHiTiB pOTOPY BH3HAYEHA KOHCTPYKIIEI0 CaAMOTO POTOpa, IPUIOMY
HE3aJIe)KHO BiJl HANpYr Ta CTPyMy cTaTopa. Bu3HaueHMM € TakoXk MHUTTEeBe 3Ha4deHHs HaBeneHoi EPC, a omxke
CTAlOTh BIIOMHMH CTPYMH CTaTopa Ta MOMEHT CHJIHM poTopa. [IpoTe TyT aHajoris 3 aCHHXpOHHHUM JBUTYHOM
3aBepIIyeThCA. [IOTOKM MAarHiTHOrO IIOJISI POTOpa HE € He3aIeKHHMMH. BOHM BH3HA4YalOThCsA Yy B3aeMOIIl 3
HampyraMmy Ta CTpyMaMmu crartopa. Ko posrismaroThCs OIOpHI IUIOII pOTOpa, IIe O3HA4ae, M0 EKBiBaJeHT
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IUIOMIMH ¢ Ta d TIePEeTBOPIOIOTHCS HA BIATIOBIAHI OTOPHI IUIONI, IO MPU3BOAATH IO OOEPTaHHS Ta BU3HAYAIOTH
MIBUAKICT 00EpTaHHs POTOPY. B CHHXPOHHOMY JBHTYHI PI3HHISI MK MarHiTHHM IIOJIEM POTOpa Ta CTaTtopa €
HyJ1bOBOI0. CaMe TOMY BHTYH 1 OTPHMaB CBOIO Ha3BYy — CHHXPOHHUIL. BiAmoBiHo miori ¢ Ta d potopa Ta ol ¢
Ta d ctaropa MaroTh (ikcoBanuii (pa30BHil 3CyB OMH IO OJHOTO.

PiBHSHHS, 110 TTOB’S3yI0Th MarHiTHI OTOKH:

- r r
s = quqs + p//"qs + wrﬂ’ds ’ (2)
roo_ -7 r r 3
Vds = Rd lggt D )‘ds - a)r)‘qs > 3)
e R, Ta R;— onopy KBaapaTypHOi MiomuHy (quadrature) Ta npsiMoi (direct-axis) IIOLIMHN BUTKIB CTaTOPA.

TyT Ta mami BHKOPHCTOBYETHCS ommip Rs, a s ¢ Ta d TUIOIIMH MarHIiTHUM TMOTIK CTaTopa 3B’sA3aHUH 3
MIOTOKOM POTOpa PIBHSIHHIMH:

)‘c;s = Lsi;s + Lmic;s (4)
/,i’drs = Ld i;’s + Lmif;s (5)

[IpoTe camoinmykiis craTopa B IUIONMHAX ¢ Ta d NOPIBHIOE L TIIBKM KOJM MarHiTd poTopa MaroTh
enektprynnid KyT v 180°. Ile Mae 3Ha4eHHS, KOJH BiCi MarHiTy Ta MKIIOISIPHI Bici € pisHUMH. Kol momokeHHs
00MOTOK cTaTopa (HamnpuKias, d IUIONIMHA) y CHIBPO3MIIIEHHI 3 MOJIEM MarHiTy poTopa, CHja BIAIITOBXYBAaHHS €
MaKCHMAaJIbHOIO: MarHiTHE BiNIITOBXYBaHHS MAarHITY € Maike TakuM, IO 1 BIAIITOBXYBaHHA depe3 MOBITPSHUHN
3a30p. A TOMy IHIYKTHBHICTh € HailMEHIIOI B Ied 4dac. Toxai iHAYKTHBHICTh NMPUHAMAETHCS SK IHIYKTHBHICTH
TpsMoi TTomuHn Ly, B me#t yac mommaa ¢ 00MOTOK HarpaslieHa Ha MKITOJISIPHAHN IUISIX pOTOpPa, MAaTHITHAH MTOTIK
He BU3HAYAETHCSI MATHITAMH, OCKUIBKH 3HAXOIUTHCS B TOUI MiHIMaJIbHOTO PiBHS MOTOKY. TOMY BiAIITOBXYBaHHS €
MiHIManbHUM, a iHIYKTHBHICTh MaKCUMAJIHFHOIO. IHIyKTHBHICTD ¢ IUIOLIMHY BioMa AK L.

OCKIUIbKY MarHiTH poTopa Ta IUIOLIi HAalpaBJIeHHsS 00MOTOK CTaTopa ¢ Ta d BU3HAYEHO B MPOCTOPI, TaK 10
IHAYKTUBHICTh HE MIHSETHCS CYTTEBO 3aJISKHO BiJl OJIOXKEHHs poTtopa. Toxi, 11 00paXxyHKY MOTOKY BTpAT cTatopa
y ¢ Ta d TIomMHAaX, CTpPyMH pOTOpa Ta craropa moTpiOHi. 30y/PKeHHS y IOCTIHMX MarHiTax Moxke OyTH
MPOMO/IENBOBAHE, MPUHHSBIIHN MOCTIHHUM CTPYM JikKepena, is. IToTik poTopa po3millieHo y d MIIONHHI, TOMY CTPYM
potopa y d miomudi € i;. CTpyM B ¢ IUIOIIMHI IPHIIMAETBCS PIBHUM HYIIIO, IPHHHSABINHM, 10 HEMAE IIOTOKY B IIiif
rronyHi. Tozl MOTOKK MOXXYTh OYTH ONHMCaHI SK:

ro_ .7
Ags = Lyigs » 6)
r g .7
;Lds = Ldlds + Lmlfr ’ (7)
e L,, — B3aeMHa IHAYKIIiS MK 0OMOTKaMH CTaTOpa Ta MarHiTaMH POTOpa.
SIKIIo MiACTaBUTH 11l BUpa3H y BUPA3u HAIlPyTH CTATOPa, LIe Ja€ TaKH BUPA3H SIK:
7 .7 .
Vgs | Ry +Lyp oLy iy N @,L,,1 5 ®)
Vi —0.Ly  Ry+Lg )\ 0

EnexTpoMarHiTHU MOMEHT BU3HAYAETHCS SIK:

3P . .
Te = Ez(ﬂ’gv Z;S - )‘(;x l;’s ) (9)
SIKW, BUKOPHCTABIIH MTiICTAHOBKY IMOTOKIB y TEpMiHaX 1HIYKTUBHOCTI Ta CTPyMY, Oy/ie HACTYITHUM:
3P . o
Te =53(2’qu;¢~ +(Ld _Lq)l;slgs) (10)
TYT IIOTIK BTpaT poTopy Oyne
A, ;= L & (11)

MopesnroBaHHs CHHXPOHHOI'O IBUTyHa B cepenouini Matlab
st MoIenmoBaHHSI CHHXPOHHOTO JIBUTYHA BHMKOpHCTaHo cepepoBuiie Simulink B Matlab. Ha puc. 2
HI0Ka3aHa MOJEIb KepyBaHHS CHHXPOHHUM ABUTYHOM 3 OOEPHEHUM 3B’ SI3KOM.

»
»

is_abc (A)
<Rotor speed wm (rad/s)>

, p>———>
wenakicTe potopa (paa/c)

<Rotor angle thetam (rad)> we (rad/s)

Kyt potopa (pan)
<Electromagnetic torque Te (N*m)>
I EnekTtpomarxiTHe sycynns (H*m)

OnopHa idref vb
WBMAKICTb iaber
ioref

Tm
2000 : : =
B
S
Cc

v

ve

PWM CUHXPOHHUI NpuBiA Ha

the NOCTIMHNX MarHiTax

nepeTeoptoBaY

dq2abc

vbe vbe (V)

Puc. 2. Mojaesb kepyBaHHsI CHHXPOHHUM JIBUTYHOM Y cepeaosuini Matlab Simulink
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3amavero MOIETIOBAHHS € TOCIIHKEHHS 3MiHU CTPYMIB Ta iMITyJIbCiB KepyBaHHS IS 3a0e3neueHHs 3a1adl
3aIycKy ABHI'YHA, BUX1J HOr0o Ha poOouy IBUKICT Ta yTPUMYBaHHS MOMEHTY Ha Bally pOTOpa.
Puc. 2 MicTUTh CHHXPOHHUH JBUTYH Ha IOCTIHHHX

MarHitax, 4acToTa oOepTaHHS SKOT0 BHU3HAYAE€ThCS CHUTHAIAMH

kepyBaHHs Bix PWM meperBoproBaya. Y cBowo uepry, PWM ®_>

TICPETBOPIOBAY TEHEPY€E BUXIIHHUNA CUTHAJI HA OCHOBI iH(opMarrii iaref

IIOI0 CTPYMIB CIOXWBaHHS [IBUT'YHa, MOTOYHOI IIBHIKOCTI @—> Fen

JBUTYHa Ta IOTOYHOI MO3WIil poTtopa. Pl KoHTpomep BH3Hauae idref Mux Mux _>®
LIBHJKICTH PEaKIlil CHCTEMH Ha 3MiHy 0OepTaHHs Ha OCHOBI YaciB e~ Sher
IHTETpYBaHHA Ta TU(EPEHINIOBAHHSA CTaHy BXIIHOTO CHTHAIY — ®_’

MMOTOYHOI IIBUAKOCTI Ta BIAMIHHOCTI ii Bif omopHOi. fKmo dac ioref

IHTETpYBaHHA € BEIMKUAM, TOJIi CHICTEMa MOBLUIBHO pearye Ha 3MiHy @_> Fcn2

mwBHAKOCTL. lle 0coONMBO BaXIMBO TpPU TUHAMIYHIA 3MiHI
HaBaHT@KEHHS Ha Baly JBUIyHa. IIpu KOpPOTKOMy daci
IHTErpyBaHHS HaBIIAKH JIOCATAETHCS] BUCOKA MIBUAKICT peakiii Ha
3MiHy curHany. [udepeHnianbHa 4YacTHHA Yacy BUMIPIOBaHHS BH3HAYa€ IBHJKICT 3MiHHM BUXIJIHOTO CHTHAIy Ha
OCHOBI pi3HHIEBOI iH(opMmarii. Bennke
3HAQUEHHS  MOXE  IPH3BECTH [0

the

Puc. 3. Biok db2abc

Configuration | Parameters | Advanced |

Back EMF waveform: | Sinusoidal - .o . .

[ ] ¢uryKTyaniit Ta BiMOBITHOTO OUTTSI pU
Mecharicalinputs  [Torque Tm ~| obeprammi, 0COGIMBO HA  MOYATKY
Preset model: [07: 20 m 300 vdc 2200 RPM - 33.9 im ~|] obeprannsa poropa. Ha puc. 3 moxaszaHo

CTPYKTYpHY cxeMy Onoky db2abc, mo
BUKOHYE IIEPETBOPEHHS CTaHy 2-X

Puc. 4. Bu6ip nepeaBcTaHOBJIEHOI0 THILY JBUTYHA

TMIOJIFOCHOTO JIBUTYHA (¢ Ta b tutonuHu) y 3-¢a3Huii curHai.

HasBua B cepemoBumni Matlab Simulink Monens nBuryHa Mmae psii HONEpeIHbO BCTAHOBICHUX THITIB
nBuryHiB. Tak, AJst MozientoBaHHs 0OpaHo IBUTYH 3 Tsaroio 20 HM Ta MakcuMmanbHOIO MBUAKICTIO o0epTanus 2200
06/xB. Ha puc. 5 moka3aHO mapaMeTpd, IO BiAMOBIJalOTh CTaHy JIBUTYHA Ta BHU3HAYAIOTh HOTO EHEPreTUYHI
MMOKa3HMUKH.

Configuration Parameters Advanced

Stator phase resistance Rs {(ohm):

0.129

Inductances [ Ld{H) Lg{H) ]:
[0.00153 0.00153]

Spedfy: |Flux inkage established by magnets (

Flux linkage established by magnets {\.s):
0.1821
Voltage Constant (V_peak L-L [ krpm):
132.1171
Torque Constant (N.m f A_peak):
1.0926
Inertia, friction factor and pole pairs [ Jkg.m*2) F{M.m.s) p{]:
[0.003334 0.000425 4]
Initial conditions [wm{rad/s) thetam{deg) ia,ib{a)1:
[0, 0,0]

Puc. 5. Cropinka 3 eJJleKTPHYHHMH NIapaMeTPaMHU MoJieJTi JBUTYHA

B MozenmtoBaHHI TOCTIIKEHO BIATYK CHCTEMH Ha BIUIMB 3MiHM HaBaHTaKeHHs Ha potop uepe3 0.02 cexyHn
yacy MOJENIoBaHHsA. BimmoBinHo, Ha puc. 6, puc. 7 Ta puc. § MOKa3aHO 3MiHY CTPYMY >KHUBJICHHS JBHIYHA,
IIBUIKICTH 3MiHHM YacTOTH OOCPTaHHS Ta MEXaHIYHOI TSTH.

Puc. 6. I'padik 3mini cTpymMy :KUBJIEHHS IBUTYHA
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Puc. 7. I'padik 3minu mBuaKocTi odepTanHs

Puc. 8. 3mina MexaHi4HOI TArH HA POTOPi ABUryHa

BucHoBknu
OTxe, B pe3ysbTaTi 3MiHN HABaHT)KEHHS Ha JIBUTYH, CHCTEMa KepyBaHHs 3a0e3Medye CTaliCTh IIBHIKOCTI
HApOCTaHHS YacTOTH OOEepTaHHs IBUI'YHAa HE3aJe)KHO BiJl 3MIHM HABaHTa)XEHHs, a TOMY CHHXPOHHHUH IBHI'YH
3a0e3neuye CTalicTh MEXaHIYHHUX MMOKa3HUKIB PyXy He3aJIe)KHO BiJ 3MiHM HaBaHTa)XEHHs Ta ooepraHHs. [Ipu pomy
Hampyra Ta CTpyM KepyBaHHS IBUTYHOM JMHAMIYHO 3MIHIOIOTHCS 1S 3a0e3IeYeHHsI BUX1THUX TTOKA3HHKIB.

JlirepaTypa

1. EI Shahat, A, "Universal PM Synchronous Motor Drive System for Automotive Applications".
Department of Electrical and Computer Engineering, Ohio State University, USA, JES 2010 on-line:
journal.esrgroups.org/jes

2. Kanakaraj, J.: Electrical Machines and Appliances Theory, A Publication under Government of
Tamilnadu Distribution of Free Textbook Programme, Tamil Nadu Textbook Corporation, College Road, Chennai -
600 006. (2011).

3. Balazovic Peter; Sensorless PMSM Control for an H-axis Washing Machine Drive, Designer Reference
Manual, Freescale Semiconductor, Inc. (2010) http://www.freescale.com

4. Daniel Fita; Field Weakening Control of PMSM, Master Thesis, School of Graduate Studies of Addis
Ababa University, Department of Electrical and Computer Engineering. (2005)

5. Topsimenko K.JI. TenpeHTil po3BUTKY CYy9acHOI CHIIOBOI €JIeMEHTHOI 0a3u sl KEPyBaHHS MIPUCTPOSMH
nerkoi mpomucioBocti / K.JI. Topsmenko, C.JI. Topsmenko // BicHUK XMENTbHUIIBKOTO HAIOHATHHOTO
yHiBepcuretry. — 2004. — Ne 5. —Y.1. - C. 174-177

6. Krishnan; Electric Motor Drives Modeling, Analysis and Control, Prentice Hall, Inc. Upper Saddle
River, New Jersey 07458 (2001).

References

1. EI Shahat, A, "Universal PM Synchronous Motor Drive System for Automotive Applications". Department of Electrical and
Computer Engineering, Ohio State University, USA, JES 2010 on-line: journal.esrgroups.org/jes

2. Kanakaraj, J.: Electrical Machines and Appliances Theory, A Publication under Government of Tamilnadu Distribution of Free
Textbook Programme, Tamil Nadu Textbook Corporation, College Road, Chennai - 600 006. (2011).

3. Balazovic Peter; Sensorless PMSM Control for an H-axis Washing Machine Drive, Designer Reference Manual, Freescale
Semiconductor, Inc. (2010) http://www.freescale.com

4. Daniel Fita; Field Weakening Control of PMSM, Master Thesis, School of Graduate Studies of Addis Ababa University,
Department of Electrical and Computer Engineering. (2005)

5. Horiashchenko K.L., Horiashchenko S.L. Tendencii rozvitku suchasnoi silovoy elementnoy bazi dlya keruvannya pristroyami
legkoy promislovosti. Khmelnytskyi. Herald of Khmelnytskyi National University. Technical sciences. 2004. Issue 5. Part 1. P. 174-177/

6. Krishnan; Electric Motor Drives Modeling, Analysis and Control, Prentice Hall, Inc. Upper Saddle River, New Jersey 07458
(2001).

Penensis/Peer review : 17.10.2018 p. HanpyxoBana/Printed :25.11.2018 p.
Cratrts pereH30BaHa PeAaKIiliiiHO KOJIETIE0

BicHuk XmenbHUYbK020 HayioHa/bHo20 yHigepcumemy, Tom 1, Ne6, 2018 (267) 247





