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CXEMbl CUNOBbIX LLENEN B NEKTPOMNPUBOOAX
NMEPEMEHHOI'O TOKA, BbINMOJIHEHHBIE MO YCJIOBUIO
MUHUMYMA 3SNIEKTPUYHECKUX NMOTEPb

M.A. Npuzopbes, H.FO. CudopeHko, C.U. Kunac

OmnpeneneHa HEOOXOAUMOCTh BBIOOpA ONTUMATIBHOM CXEMBI CHIIOBBIX IIENel JIEKTPONPUBOJA C CHHXPOH-
HBIM PEaKTHBHBIM JBHUTaTeJIeM HE3aBHCHMOTO BO30YxaeHus. [Ipon3BesieH pacueT yaeabHBIX BECOBBIX KO-
LIUEHTOB, NIPEJCTABIEHb! B 3aBUCIMOCTU OT BEJIMYMH HOMUHAJIBHOI'O TOKA JIMHEHHBIC PErpeCCUOHHBIC 3aBUCHU-
MOCTH yJEIbHBIX ITOTEPh B MOJIYIIPOBOJHUKOBEIX IIPe00pa30BaTeNsiX YaCTOTHL. BBIIBICHO, UTO C yBEIHICHHEM
Hecyme# gactoTsl IIIMM ymyumaercs BeIxoAHas ()opMa TOKa, HO YBEIMIHBAIOTCS HOTEPH, TOITOMY HEOOXO-
JFIMO B 3aBHCHMOCTH OT PeIlaeMoil 3a/laddl OIpeeIeHHBIM 00pa3oM BBIOHpaTh HECYITYI0 9acToTy. st pemie-
HUS 337291 ONTHUMU3AIUH 10 KPUTEPHIO MHUHIMYyMa JICKTPHIECKUX MOTEPh MOCTPOCHA PETPECCHOHHAs 3aBH-
CHMOCTb JJIEKTPUYECKHX IOTeph B IpeoOpasoBaresie 4acTOThl oT Toka npu 4actore LIMM-curnama 0 I'm.
IIpencraBieHa MOBEPXHOCTh KPUTEPHs ONTUMU3AIMU B 3aBUCUMOCTH OT HOMHHAJIBHOI'O MOMEHTA JIBUraTels U
yucna ¢a3. B anexrponpusonax ¢ CPIHB npu ManbIx MOIIHOCTSX KPUTEPUil ONTHMHU3ALMK HOJIydaeTcsl ca-
MBIM IIIOXHM Uil MHOTO(a3HbIX cxeM. [Ipyu yBeIMdeHHH MOIIHOCTH JaHHAasl TeHACHIUS COXpaHsSeTCs, HO CTa-
HOBUTCS] HE3HAUUTEIBHBIM PA3ININe ONTUMAIBHEIX peIeHnit it Tpexda3Hoil u MHOrodasHoi cxeM. OT0 0056-

SCHSETCS IMHSHHOCTBIO 3aBUCHMOCTH IEKTPHIECKHUX MOTEPh OT TOKA.
Knrouegvie cnosa: cunxpounwviii peakmueHbwiii 0guecament He3a8UCUMO20 8030YHcOeHUs, YOenbHble dNeKMPU-

uecKue nomepu.

YcnoBusi, Py KOTOPBIX MPOU3BOIUTCS pa3Mellie-
HHE CHJIOBOTO 00OPY/I0BaHUS, OTPAHUYEHBI HA OTpe/Ie-
JICHHOTO POjia TEXHOJOTHYECKUX 00bekTax. K mpume-
PY, DIEKTPONPHUBOABI OYpOBBIX YCTAHOBOK pacroja-
ralTCsl B KOHTEHHEPE C OrPAHUYCHHBIMU YCJIOBUSMHU
TPaHCIIOPTHPOBAaHUSl pa3Mepamu. M3HayanbHO TiaB-
HBIM JBJICKTPONPHUBOAOM BBICTYIIAI MPUBOJ IMOCTOAH-
HOTO ToKa [1]. 3aMeHa CyIIecTBYIONIETO dIEKTPOIPH-
BOJla IMPUBOJOM NEPEMEHHOI'0 TOKa ITPUBCIIa K TOMY,
YTO MPUIILIOCH HHBIM 00pa3oM pa3pabaThiBaTh CHUCTE-
My OXJaXKACHHUSA. DTO OOBSCHICTCA TEM, YTO HArpeB
MPOCTPAHCTBA BOKPYT MpeoOpa3oBarens YacTOThl, a
TaK)Ke MOTEPU B HUX, BHIIIIE.

C yBennueHneM yncia a3 BO3pacTaroT IEKTPHU-
YEeCKHE MOTePH M KOJUYECTBO IMOIYIPOBOAHUKOBBIX
AJIEMEHTOB JJIEKTpHYecKoro mpeobpazoBatens [2—4].
Ho B TO e Bpems, maccorabapuTHbIE MOKa3aTesn
ANIEKTPOMEXAHMUYECKOTO Mpeodpa3oBaTelis IOIyda-
I0TCSl HawnydmuMu npu [ >6. Orciona onpenens-
eTcsi He0OXOIUMOCTh BBIOpATh OMTUMANIBHYIO CXEMY
CUJIOBBIX [eMell 3JICKTPONPHUBOAA C CHHXPOHHBIM
PCaKTHBHBIM JBHTATEJIeM HE3aBUCHMOTO BO30YxIe-
uwus CP/IHB [6].

Kpurepuem ONTUMH3AIMH MOMXET BBICTYIATh
(bYHKIMS CIIeTyIOLIero BUA:

0 0 0 0 0
AP(X) AP(F3.Fi.F'.D)[D,.d", 1)
oM M '
3mece AP — BenuuMHAa, KOTOpasi MPOMOPIHOHATIbHA

CYMMAapHBIM 3JIEKTPUYECKUM IOTEPSM, Fg , F/(,), F°,

0 0
D, /DC , 0 He U3MEHSIOTCS, a f — MEHSETCs oIpe-

JeJICHHBIM 00pa3oM B Tpefenax JOIYCTHMBIX 3Haue-
HU F = {f:O <f< oo}; M - 3HavYeHWEe HOMHHAIb-

HOTO JIEKTPOMAarHUTHOTO MOMEHTA JBUraTeNs.

UroOBl NMPOM3BECTH pacyeT YACIbHBIX BECOBBIX
Koa¢duimeHToB, obparuMcst K puc. 1, Ha KOTOpPOM
IPE/ICTABICHBl B 3aBHCUMOCTH OT BEIMYMH HOMH-
HaJIbHOTO TOKA JIMHEHHBIE PETPECCHOHHBIE 3aBUCHMO-
CTH yJIIeNIbHBIX IIOTEPh B MOJYMPOBOJAHUKOBBIX IPE00-
pasoBarensix 4acToTel [5, 7-9]. Cratuctudeckas o0-
paboTka NPUBEICHHBIX 3aBHCHUMOCTEH IIpecTaBlICHA
B TabmI. 1.

Jna mpoBeneHHs CTaTUCTHYECKOW 0OOpabOTKH
JAaHHBIX ObLIa B3sATa BhIOOpKA oO0beMom N =31. Pac-
CUMTaHHBII KO3 duIHeHT pactnpenencHuss CTbIOJeH-
Ta ! He IpeBbIIIaeT Kputuiyeckoro 3Hauenus [10—-13].
Ilocne aHanmM3a MMEIOIIMXCS KPUBBIX IMOKA3aHO, YTO
aOCOIOTHBIC 3JIEKTPUYECKHE MOTEPH OINPEHEIIIIOTCS
KaK KJIacCoM IIpeoOpa3oBatens, TaKk U IPOU3BOJHUTE-
aem (cm. puc. 1). Hanpumep, Control Techniques
MPOM3BOIUT NPeoOpa3oBaTeId PA3NUYHBIM THUIIOB.
U camsbrlit noporocrosiuii nmpeodpazosarens Unidrive SP
BBIITYCKAETCSl C MOHMKCHHBIMH JJIEKTPHYECKUMH T0-
TepsIMH B CpaBHEHHUHM C pemieHusmMu Ha Gase SE [14].
Bo03MOXHO, 3TO AOCTUraeTcsi MCHOIb30BaHUEM IIOJTY-
MPOBOIHUKOBBIX KIIFOYEH C MEHBIIMM MPSMbBIM T1ajie-
HHEM HalpsDKEHHMS.

Ha puc. 1 mpoxozsime ropu3oHTaIbHO perpec-
CHOHHBIE 3aBHUCHMOCTH 2, 3, 4 TOBOPAT O TOM, YTO
AIIEKTPUYECKHE TOTEpU B MpeodpazoBaTessIX IpoIop-
IIMOHAJBbHBl TOKY M MOTYT alllPOKCUMHPOBATHCS JIH-
HEWHBIMH QYHKIHSIMU.
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Puc. 1. PerpeccuoHHble 3aBUCMMOCTH, onpeaensiiowue yaenbHble NOTepu B BEHTUNbHLIX Npeo6paso-
Bartensx: 1 — SE Control Techniques, 2 — SP Control Techniques, 3 — ACS800-01 ABB, 4 — ACS880 ABB,
5 - ACS550-01 ABB, 6 — 3G3RVA Omron

Ta6bnuua 1
CraTtuctnyeckana o6paboTka perpecCUMOHHbIX 3aBUCUMOCTEN yaAeNbHbIX NOTepb
B 3aBUCUMOCTU OT HOMUHAINIbHOIo TOKa
N ITapametp
h Iy, A Pyun /1 » BT/A Pogr /1y, BT/A d d*
1 5 15,62 14,45 1,17 1,36
2 11 13,07 14,24 -1,17 1,36
3 20 15,14 13,96 1,19 1,4
4 25 15,14 13,81 1,33 1,77
31 1000 12,24 12,13 0,11 0,012
0,73
Sq 0,001
Jn
tepur 2,042

V3BecTHa 3aBHCHMOCTH JJIEKTPHYECKUX MOTEPh
npeoOpa3oBaTeNsl OT 3HAUCHHS HECYIIEH YacTOTHI.
VYBenuuenueM Hecyiueld yactotel HIMM ymyumaercs
BbIXO/IHas ()OpMa TOKa, HO YBEJIMYMBAIOTCS MOTEPH
[16-18]. TTosTOoMy HEOOXOOMMO B 3aBHCHMOCTH OT
pemaeMoii 3a1a4n oIpeeIeHHbIM 00pa3oM BEIOHpaTh
HECYIIYIO YacTOTY.

Ecmu xputepreM ONTUMHU3ALUM BBICTYHAeT KpU-
TepUil MUHUMYMa 3JEKTPUUECKUX MOTepb, HEOOXOIH-
MO ONpEAETUTh 3aBUCHUMOCTH BEIMYUHBI IOTEPH OT
Hecymeit yactotel LIIIWM [15]. JInsg pemnenus naHHOM

3a/1a4y IOCTPOCHA PETPECCHOHHAS 3aBUCUMOCTD JIEK-
TPUYECKUX MHOTEPh B INpeoOdpa3oBaresie YacTOTHl OT
Toka npu gacrore IIIMM-curnana 0 I'm.
Craructuyeckast OlleHKa pe3yJIbTaToB IPHUBECHA
B Tabi. 2. Kak BUIHO U3 puUC. 2, €CIM YCTaHOBUThH He-
CYIIYI0 YacTOTy MHHHMAaJbHOTO 3HA4YCHHs, MOTEPU
MOTYT OBITH CHIKEHBI IPUOIH3UTENBHO B 1,5 pasa.
3ajaua ompeneNeHus ONTUMYyMa BEIMYMHBI ¢
BIIOJIHE MOXET peIIaThCs Kak 3ajada OZHOMEPHOIO
MOUCKa YUCICHHbIME MeTosamu. Ha puc. 3 npencras-
JIeHa TOBEPXHOCTh KPHUTEPUS ¢3 B 3aBUCHMOCTH OT
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OueHKa noTtepb B NpeobpasoBaTesnisix ¢ y4eToM paboTbl Npu pasnuyHon yactorte LUAM

Ta6bnuua 2

K s
7, t t d E =d-t-% E,=d+t—%
SKCII PET 1 N 2 In
1 59 58,87 0,13 —-0,04 0,31
2 62 62,28 0,28 0,1 0,45
4 68,8 0,2 0,02 0,38
8 82,1 0,09 -0,09 0,26
12 95,9 0,03 -0,15 0,21
16 107,01 0,01 -0,16 0,19
0,17
0,03
2,571
t. C?
110
—
100 o
20 “ 4/ 4\
[—
70 /-——-——_- 3 .
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40
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Puc. 2. MoTepy B NonynpoBoAHMKOBLIX Npeo6pa3oBaTensx Npu pa3fnuyHON HecyLlen YyacToTe:
1-1klMy, 2-2klMy, 3-4klMy,4-8klMy, 5-12klMNy, 6 —16 k', 7 — 0 KMy
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Puc. 3. 3aBUCUMOCTL KpuTepus ¢; = AP(X)/M OT MOMEeHTa U KonuyectBa a3 f
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HOMHHAJIEHOTO MOMEHTa JBHUTaTels u uncia a3 [17,
19-21]. B anexrponpusonax ¢ CPAHB npu mamsix
MOILHOCTSIX ¢ II0JY4YaeTCs CaMbIM IIOXUM JUIs MHO-

ro¢asHbeix cxeM. [Ipy yBelTMueHNN MOIIHOCTH JaHHAS
TEHJCHIMSI COXPAHsETCS, HO CTAHOBUTCS HE3HAYH-
TENBHBIM pa3fM4yKMe ONTUMANbHBIX PELICHUH s
Tpex(aszHoit n MHOrogasHoi cxem [22]. D10 00BsIC-
HSETCS JIMHCHHOCTBIO 3aBUCHMOCTH JJICKTPUYCCKUX
moTeph OT ToKa (cM. puc. 1).
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POWER CIRCUIT DIAGRAMS IN THE AC ELECTRIC DRIVES MADE
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The paper identifies the necessity of optimal power circuit diagram selection for electric drive with field
regulated reluctance machine. The authors present computation of specific weight coefficients and give, in rela-
tion to the rated current, linear regressional dependences of specific losses in semiconductor frequency conver-
ters. It is found that increasing PWM carrier frequency improves output current waveform, but increases losses,
so it is needed to choose the carrier frequency in a certain way according to problem. To solve the optimization
problem considering minimal electrical losses the authors constructed regressional dependence of electrical
losses in the frequency converter on current at a frequency of PWM signal of 0 Hz. The paper presents optimi-
zation criterion surface depending on the rated motor torque and the number of phases. The optimization crite-
rion in electric drives with FRRM at low power is the worst for multiphase circuits. At power increase this trend
persists, but difference between optimal solutions for three-phase and poly-phase circuits becomes insignificant.
This is explained by linear dependence of electrical losses on the current.

Keywords: field regulated reluctance machine, unit electrical losses.
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