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EOEKTUBHE JEMII®IPYBAHHSA KOJIMBAHD B PO3I'AJIYKEHUX
EJIEKTPOMEXAHIYHUX CUWJIOBUX CUCTEMAX I'IbPUIHUX
TPAHCHOPTHHUX 3ACOBIB I'"PHUYO1 MTPOMHUCJIOBOCTI

Beryn. [JlemndipyBaHHS NPY)XHUX KOJHBAHb B PO3TATYKCHHX E€ICKTPOMEXAHIYHUX CHCTEMAaX IOTY>KHHX
ribpuaHux TpancnopTHuX 3acobax (I'T3) mixBuiye HamiHICTE Ta Oe3neKy pyXy IPH 3HWKEHHI 3HOCY CHIIOBOT'O
obnasnanns. ['T3 MaloTh 3HaYHY NMEpPCEKTHBY B TipHUYIH rajiy3i, TOMY CJiJl MPUBEPHYTH OCOOJIUBY yBary po-
3po01li HOBITHIX 3aKOHIB pPyXy, 110 3a0e3Ne4YyI0Th 3MEHIICHHSI JMHAMIYHUX HaBaHTa)KeHb, 0COOJIIMBO B pO3rajiy-
KEHHUX CJICKTPOMEXaHIUYHUX cHUcTeMaX 3i ciabkum abo BiacytHiM gemmdipysanasm (puc.l). Haiibinsim
PO3IOBCIO/KEHUMH Ta HAHOLIbII epEeKTUBHUMH € 3aKOHH, IO IPYHTYIOThCS Ha OOMEXEHHI APYroi MoxigHol
wBuakocti [1 — 6]. Hampukiaza, 3akoHE KepyBaHHsI, siKi OOMEXYIOTh PHUBOK, 3a0€3Me4yIOTh MOKpAIaHHs -
HaMIKH €JIEKTPOMEXaHIYHUX CHCTEM IIBUAKOXIMHUX MQTIB 1 MaXTHUX MigioMHUX ycTaHoBok (ILITY), omxe Ha
I'T3 cnix ckopucTaTHCs IEBHIM JOCBIZIOM CHCTEM ITiIHOMY.
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Puc.1. CnpolieHa cTpykTypHa cXeMa po3rajly’KeHoi eleKTpOMeXaHi-
YHOI CHCTEMH 31 c1abkuM abo BiZICYTHIM JieMIihipyBaHHIM

Orasia ctaHy NUTaHHs. Bniepie Ha HEOOXiIHICTE 0OMEXEHHS PUBKY OyJIO 3BEpHEHO yBary MpH eKCIuTya-
Tarii mBuaKOXigHUX HiTiB [1], 1e OyI0 BcTaHOBIECHO, IO OOMEKEHHS PHBKY 3al00irac HETaTHBHUM BILIMBAM
Ha JIIOJIMHY, aje, K 3’sCyBajoCh, TAKOXK OOMEXEHHS PUBKY MO3UTHUBHO BiIOMBAETHCSI HA JUHAMII ITi{iHMaTb-
HUX KaHATIB.
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Oo6mexyBatu puBok Ha IIIITY Bnepuie 3anponoHoBaHo B po0oTi [2], e 3raapKyBaHHs 110 Hapadoui rnepe-
XOiB MPH TPHOXIEPIOIHIN Aiarpami MIBUIKOCTI Ta JOBXKHHI MEPioy 3rilaKyBaHHs, sikuid nopiBHIoe 10 % Big
3araJibHOTO MEPioAy 3MiHH IIBHUAKOCTI, 3a0e3medye 3HMKEeHHS JUHAMIYHAX HABAaHTAXXCHb B CIIEKTPOMEXaHIuHIH
cucremi LIITY. Takuii 3ak0H 0OMEKEHHS PUBKY HE BpaXxOBYeE MapaMeTpu 00’€KTy KepyBaHHS Ta He 3a0e3mneuye
nemriipyBaHHS OCHOBHOI (HalfMEHIIIO1) 9acTOTH KOJMMBAHb eJlekTpoMexaHiqaol cuctemu LIITY B kinmi nepiomy
3MiHH npucKopeHHs (mBuakocTi). [Ipote B poboTax [3 — 5] Takok BBaKA€ThCA 3a IOUUIBHE OOMEKYBaTH APYTY
TIOX1THY TIIBHIKOCTI.

Haii6inpiry monmysspHICTh B IIAXTHOMY MifioMi HaOyB 3aKOH KepyBaHHSA PO3TISIHYTHH B poboTi [6], me
OyI0 3ampOIIOHOBAHO TpamleneinaabHU 3aKOH 3MiHA NPUCKOpeHHs (JiHIHHWUNA 3aKOH KepyBaHHS), 10 3abe3re-
yye aemrdipyBaHHs OCHOBHOI YaCTOTH KOJIMBaHb eleKkrpoMexaHiuHoi cucremu LITY, 3a HacTymHOIO yMOBOIO
JOBXHHM nepiony (tp) oOMexkeHHs IpUCcKOpeHHs OapadaHy:
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Jie ®c — OCHOBHA (HalMeHIIIa) BIaCHA 4acTOTa KOJIMBAaHb IPYKHOI cuctemH, pag/c; k=1,2,3,....

Cnin 3a3HaunTH, 0 3aK0H (1) 3a0e3meuye nemrdipyBaHHS HI3bKOYaCTOTHUX KONMMBaHb 000X cyauH LIITY
3a YMOB, III0 HaMEHIIi BJIACHI YacTOTH (TOHM) KOJIMBaHb KOXHOI BITKH IiIiHMaJbHOI yCTAHOBKH KpaTHi OJHa
onHiid. OZIHAK B OCHOBHUX THIIOBO-TEXHOJIOTIUHUX peskumMax podoru LITY Taka ymMOBa He BUKOHYETBCS.

B [7] 3ampononoBaHi pizHOMaHiTHI 3akoHH KepyBanHs LIITY, mo 3a0e3nedytoTs MiHIMIi3alio mepepery-
JIOBaHHS MPHUCKOpeHHs OapabaHy. 3akoHH KepyBaHHS [7] Oa3yroTbes Ha iH(poOpMaIii PO OCHOBHI (Ta KpaTHUX
M) BIacHI YaCTOTH KOJIMBAHb €IEKTPOMEXaHIYHOI CHCTEMH Ta JJO3BOJISIOTH 3a0e3MeunTH iX qeMidipyBaHHs.

MeTa po0oTH — MOKpAIICHHS AMHAMIYHUX XapaKTepUCTHK eJeKTpoMexaHidHnx cucreMm ['T3 3a paxyHOK
JIeMidipyBaHHS N-TAPMOHIHHOTO CKIIaay KOJIMBaHb CHCTEMHU.

IMocTanoBKa 3agadvi. 3 METOIO MMOKpAIIaHHA TUHAMIKH elekTpoMexaHiuHux cucteM ['T3 po3poburtu crmo-
ci0 gemripyBaHHs IEBHOTO N-TAPMOHINHOIO CKJIaay KOJHBaHb.

Marepianu nocuigkeHHsl. 3riIHO TOCTIKEHb [7], GOPMOYTBOPEHHS CUTHATY KEpYBaHHS 3a TPhOMa TO-
HaMU KOJIMBaHb B 3arajibHOMY BHIIAJIKy MOXKHA pPO3paxyBaTH 32 BUPa3aMHu:
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ne hy, hy, h— 3aBnanss Ha MWBUAKICTH, IPUCKOPEHHS Ta PUBOK OCHOBHOTO PYIIIHHOTO OpraHy, BiIMOBiIHO,

Mm/c, M/Cz, M/c3; f(t)— iMIysnbcHa QYHKUISL (IOBXKHHA IMITYJIBCY T, MaKCUMaJbHE 3Ha4eHHS gy :m);
To
t, - yac JOCATHEHHS HOMiHaNbHOI (MaKCHMMalbHOI) IIBUIKOCTI, C; Tp, T, — BIANOBIJIHO OCHOBHUH mepiof (TOH)
KOJIMBAaHb €JIEKTPOMEXaHIYHOT CHCTEMHM HAa MOMEHT 30UIbLICHHS Ta 3MEHIICHHS NPHUCKOPEHHS OCHOBHOTO DY-
mriifHOTO Oprany I'T3, c.
IIpraomy gac 36inbIIeHHS (3MEHIIIEHHS) TPUCKOPEHHS (3yCHILISL) BU3HAYAETHCS

T
Ty = 714_ -2 +70.
2 2
PosrnsayTi B [7] 3aK0HN KepyBaHHA 3a0€3Me4yIoTh AeMIl(pipyBaHHS KOJIMBAaHb (IPUCKOPEHHS, 3yCHIIb, MO-
MEHTY Ta MIBHIKOCTI) MIaXTHOI MiJHOMHOI YCTaHOBKH B KiHIIl 3MiHM NPUCKOpPEHHs O6apabaHy HACTYIHHX TOHIB!

T T T .. . . .. . . .
0. 1 ; —2, ne k; =1,2,3,... — uini HeBix emui uyncna; Ko, =1,3,5,...— 1idi HemapHi HeBia eMHi yucna. Y

ki ' ko' ky

T2 T . N . . C e
BUIIAJIKY, KOJIH 74—’50 < ? 3a6€3He'ly€TbCH 61J‘ILIIII/II/I TEMII PO3TOHY B IOPIBHAHHI 3 JIIHIMHUM 3aKOHOM Ke€E-

pyBanHs (1) Ta HaBIaKy.
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Takum unHOM B [7] Gyno chopMysiboBaHO NpaBuio (GOPMYBAHHS CUTHATY KEpyBaHHs 3a TPbOMa OCHOBHU-
MH BJaCHHUMH 4acTOTaMH (TOHaMH) KOJIMBAaHb €JIEKTPOMEXaHIYHOi CHUCTEMH, NMPUYOMY Jisl BOI'O 3aKOHY Ke-
pyBaHHS Ha KpaTHI YaCTOTH € MOOIYHOIO Ti€TO0.

To06T0, 32 TAKUM MPUHIMIIOM MOKHA CPOPMYBATH KEPYIOUUH BIUIMB B CHCTEMI aBTOMATHYHOTO KEPYBaHHS
(CAK), sxuit 3abesmeunB Oum aemmgpipyBaHHSI OyAb-IKHX N-TApMOHIHHUX CKJIAQHOBUX. /{7 IIBOTO CHTHAN
3aBIaHHS HA KepyBaHHA (puC. 2) HeoOXigHO PopMyBaTH BiAIOBIIHO 10 BUPa3iB (2), mpuaoMy (YHKIIS 3aBIaHHS
wa pusok hy (t) BusHawaeTcs:
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Puc.2. CtpykTypHa cxema pOpMOYTBOPEHHS CUTHATY KepyBaHHS IS
3amkHeHo1 CAK mpu n-rapmoHniitHomy kepyBaHai ['T3

BucnoBku. CHHTE30BaHi 3aKOHM NPOrPaMHOTrO KepyBaHHs ejekrpornpuBogoM ['T3 Mo)Ha BUKOPHCTO-
BYBAaTH JUUIsl 3MCHIIICHHS TUHAMIYHMX HaBaHTAXXEHb B CJ1a00AeMI(ipOBaHUX €JIEKTPOMEXaHIYHUX CHCTEMaX, 110
MaroTh IIEBHY KUIBKICTh PE30HAHCHUX YaCTOT, SIK KPATHHUX TakK 1 HE KPaTHUX OCHOBHIHN (HalMEHIIIN).

Ha mincTaBi nmpoBeAeHNUX JOCHTIHKEHb HEOOXITHO BiJ3HAUYUTH:

— CHTHAJ KepyBaHHS 3 BUKOPUCTAHHAM (YHKIIIT pUBKa, 10 BH3HAaYCHUH 3a (3), 3a0e3meuye aeMriipyBaHHS
MPUCKOPEHb (MIBHIKOCTEH) Ha BUXO1 Oy/Ib-sIKO1 JTaHKH {Wl(p) - W, +1(p)} BiIIOBiTHO 0 pucC. 1;

— SIKIIO €JIEKTPOMEXaHiuHa CHCTEMa MICTUTh BiJ’€MHI 3BOPOTHI 3B’SA3KH 3a MPYKHUMH 3yCHILISIMUA 200 MO-
MEHTaMH, TOJI CHCTeMa KepyBaHHs NOBHMHHA OyTH OOOB’S3KOBO 3aMKHEHOIO 32 KOOPJAMHATOO, 3aBJIaHHS Ha
nepeMilieHHs K01 (OpMyeThCA B 3aal0UOMy MPUCTPOi, 32 yMOB, IO MiHIMaJdbHA JOBXHWHA IMITYJIbCY PHBKA
MOBUHHA OyTH OLIBIIO0, HIXK 3 — 4 CTANNX Yacy 30BHIITHBOTO KOHTYPY KEpYyBaHHS;

— OTpUMaHi aHAJITHYHI 3aJIeXHOCTI JI03BOJISIOTH 3B’SI3aTH MapaMeTpu ejeKTpomexaHiuHoi cucremu I'T3 3
3aKOHAMM KEpyBaHHsS 332 N-TAPMOHIHHMMH CKJIAJOBMMHU BJIACHMX YacTOT KOJIMBaHb Ta OOYMCIMTH 4ac 3MiHH
NPUCKOPEHHS KOOPJMHATHU PYXY 3 YpaxyBaHHSIM TEXHIKO-TEXHOJIOTIYHUX OOMEXEHb 00’ €KTY KepyBaHHS;

— BpaxyBaHHS OCHOBHHMX TOHIB KOJIMBaHHSI PO3Taly’)KEHHX €IEKTPOMEXaHIYHUX CHUCTEM 332 YMOBH BHCOKO-
tToyHoro BianpaioBanHs CAK 3aBraHHs Ha IIBUIKICTH (IPUCKOPEHHS) NPH CHHTE31 3aKOHY KEpyBaHHS, IO
3aCHOBAaHWI Ha BUKOPUCTaHHI 3BOPOTHHX IepefaTHUX (YHKIiH KOHCEpBAaTMBHMX JIAHOK i3 BIJIIOBIHUMH CTa-
JMMH Yacy, 3a0e3rnedye MiHiMi3amilo MepeperyIroBaHHs MIBHIKOCTI (TIPUCKOPEHHS) KOOPANHATH PyXy IpH 00-
ME)XEHHI pUBKa.
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EFFICIENCY OF PERMANENT MAGNET IN ELECTRIC GENERATORS
WITH MAGNETOELECTRIC EXCITATION

As a result of creation of iron-based, neodymium-based and boron-based permanent magnet (PM) with
high specific energy the range of capacity for permanent magnet machines enables them to compete with elec-
tromagnetic excitation electric cars by their parameters and excel them in weight-size parameters. Synchronous
machines with PM have a relatively simple design, are featured as reliable and able to maintain long-run (from 5
to 10 years) initial technical performance . In addition, they are easy to maintain and characterized by high effi-
ciency factor because of lack of power losses in the excitation and sliding contact. Only high price of PM limits
its large-scale implementation. Therefore, at the initial stage of structural design of PM it is necessary to deter-
mine (at least approximately) the right size and weight of the magnets and estimate the associated costs.

The paper [1] proposes the formula for determining the amount of PM in electric machine in generator
mode:
2K4 -K; 'S,

Vm:nz.f-KU-B,-HC(EO*-lk*)

: M

where Ky — convergence ratio for longitudinal armature reaction to the form of magnetomotive force ( MMF )of

magnet; K, - the depredation factor; Sy - generator capacity; f — current frequency;
Ky = u(\/l—uzcosch -u Sln(pj - coefficient characterizing operating conditions; u = E—: U - output voltage ;
0

E, - electromotive force (EMF) at idle winding course; cosg - power factor; B,, H, - residual magnetic induction
and coercive force of the magnet; E¢*, I* - relative values of EMF Eq and short-circuit current .

Product Eq* « [,* is for a magnet utilization factor. Ideally, when there is no dissipation of the magnetic
flux of the magnets and armature winding and with zero air gap value Eo* « I,* = 1 according to [1] and use of
PM would be ideal and amount of magnets can be minimal .

In the case of magnets with linear demagnetization curve we get [1]:

*

As

E'=— 02—+
1+As +Ag

; 2
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