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AHHOTALUSA

B cTathe paccMOTpEH MPHUHITUIT TOCTPOCHHSI YACTOTHOTO YITPABJICHUS ACHHXPOHHBIM JBHUTATENIEM C IIECTHKA-
HAJIBHBIM JaTuukoM — (opmuposatenem anroput™a. Hean: [Iupokuii CiekTp MPEUMYIIIECTB ACHHXPOHHOTO
JNEKTPOJIBUTATENS ¢ KOPOTKO3AMKHYTHIM POTOPOM COBMECTHO € YaCTOTHBIM MPeodpa3oBareieM MPUBEI K Pacipo-
CTPaHEHHOMY HCITOTBL30BAHKIO TAKOTO HICKTPONPHBOA BO MHOTHX c(epax. [Ipr 5TOM XapakTepUCTHKN CHCTEM aB-
TOMATHUYECKOTO YITPABICHHS YaCTOTHBIM MPEOOPA30BATENIEM CIIOXHBI B TEXHUUESCKON pean3aliyu, a uX CTOUMOCTh
3HAYUTENHHO MPEBBINIACT CTOUMOCTh aCHHXPOHHOTO JBurates. [Ipemiaraemplii cmioco0 ypaBlieHUsI YaCTOTHBIM
npeoOpa3oBaTesieM, OCHOBAHHBIN Ha MPSAMOM BEKTOPHOM YIIPABIICHHH OT ONITPOHHOTO TATYHKA — (hOPMUPOBATEISI
AITOPUTMA, TO3BOJISET MOMYYUTh MIMPOKHUIN UAa30H PEryIMPOBAHHUS CKOPOCTEH 3IEKTPOIBUTATENS TIPH OITH-
MaJIbHOM COOTHOIIICHHH SHEPTreTHYCCKUX U MEXaHUUECKUX CBOMCTB. JKecTkas CBsI3b MaTUMKa C POTOPOM IBHTA-
TeJIst 33/1aCT TIOCTOSIHHOE CKOJIBXKEHHE M OTIPE/ICTISICT AITOPUTM pabOThI KITFOUSi MHBEPTOpa C 33 ]aHHON 4acTOTON
U TIOJIOXKEHHE BEKTOPA MOTOKOCIICIUICHHS POTOPA OTHOCHTEIBHO BEKTOPA MOTOKOCICIUICHHSI 0OOMOTKH CTaTopa BO
BCEM Jinana3oHe peryaupoBanus. Meroabl: [IpoBeeHbI SKCIIEPUMEHTATBHBIC HCCIICAOBAHUS HA Tab0paTopHOit
YCTaHOBKE, MOMYYCHBbI paboune, MEXaHHYECKUE W PETryIMPOBOYHBIC XapaKTEepUCTHKH. Pesyiabrarhi: Bpino
YCTaHOBJICHO, YTO 3aBHCUMOCTh CKOPOCTH JIBUTATENIs OT HAMPSDKEHHS HA BXOJEC HHBEPTOPA HOCUT JTMHEHHBIN
XapakTep, pOCT MOMEHTA BBI3BIBACT CHIDKCHUE CKOPOCTH JBUTATENS, TIPUUEM Ha XOJIOCTOM XOAY MpPU OTCYT-
CTBHH HATPY3KH CKOPOCTh JBHUTATEINS CYIIECTBEHHO BhIIIE HOMHHAIBHOTO 3HaueHusI. [Ipy Harpy3Ke JBUTATES
0k0510 70 % OT HOMHUHATIBHOTO 3HAYCHHUS CKOPOCTh, TOK H MOMEHT COOTBETCTBYIOT HOMHHATBHBIM 3HAYCHUSM,
B TO BpeMs Kak KOO(Q(HIIMEHT MOJIE3HOTO JCHCTBHSI OKa3bIBACTCS HIDKE Ha 15 %, ueM HOMHHAIBHOE 3HAYCHHE,
3a CUET MOTEPh B BHIIPAMHUTENIC U HHBEPTOPE U MOTEPh OT BBHICIINX rapMOHUK. [IpakTHYecKasi 3HAYMMOCTD:
Pe3ynbTarsl UCCIeIOBaHHI MOATBEPIMIN PpabOTOCIOCOOHOCTD MPEAIaracMoro crnocoba B MIHPOKOM Juara-
30HE CKOPOCTEHl M HArPY30K, MMEIOT 3HAYCHUE ISl OLCHKH MPUMEHUMOCTH CITOCO0a YIPaBICHHS B CUIIOBOM
ANEKTPONPHBO/IC.

KuaroueBble cjioBa: ACUHXPOHHBIA 3NEKTPONPUBO, CUCTEMAa YIPABICHHUS, IECTUKAHAIBHBIN ONTPOHHBIN
JIaTyuKk — (HOPMUPOBATEIh AITOPUTMA, IEKTPOMEXaHUYECKUE XapPAKTEPUCTHKH, SKCICPUMEHTAILHBIC HC-
ClIEOBaHUSL.

W3BecTHBIE IpEMMyIIIECTBA ACKHXPOHHOIO JIBU-  PErYJIMPOBaHUSA CKOPOCTEW IIPU  ONTHMAJIbHOM
rareis ¢ KOpOTKO3aMKHYTBIM POTOPOM B COYETAHUM ~ COOTHOLIEHUM JHEPreTUYECKUX U MEXAHMYECKHX
C YAaCTOTHBIM NpeoOpa3oBareneM OO0yCIOBWIIM €0 CBOMCTB, HallpUMEp, B TATOBBIX 3JEKTPONPUBOIAX,
LIMPOKOE NPUMEHEHUE Ul pasjIMuHBbIX HArpy30K  a TAKKe [UIA IUIABHOIO IIyCKa M OCTaHOBKU IIPO-
U Ha3zHaYeHWH, TPeOyIOIUX IIMPOKOTrO JMANa30Ha  MBIIUIEHHBIX 3JIEKTPONPHBOAOB (MOIIHBIX KOM-
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Cnocobbl YacTOTHOrO ynpasaeHus
aCUHXPOHHbIM ABUraTenem

CkansapHoe BeKkTtopHoe

PasomkHyTOE 3amKHyTOE C ApAMbiM C KOCBEHHEIM

y y ynpasneHnem ynpasneHnem
C namepeHunem -
P C Bbl4mMCAEHNEM C patynkom C maTemaTnyeckom

BEKTOpa BEKTOpa
CKoOpoCTH mogensto ALl
NnoToKocuenaeHns NOTOKOCLLeNAeHuUA

C obpaTHOM
CBA3bIO

be3 obpaTHOi1 cBA3K

Puc. 1. Crioco0bI 4aCTOTHOTO yIpaBIeHNS] aCHHXPOHHBIM JIBUTATEIEM

npeccopoB, HacocoB). TexHuueckue TpeOOBaHUSA K CHCTEMaM aBTOMATHUECKOTO YIPABICHHS, CIIOXHOCTD
TEXHUYECKON peann3alii, CTOMMOCTb U 0COOCHHOCTH COJCPKaHUS MPH IKCIUTYaTaI[M| OTIPEeTIII0OTCS HX
Ha3HaueHueM. K HacTosmeMy BpeMeHH pa3paboTaHo U TEOpETHYECKH 000CHOBAHO MIUPOKOE pa3zHOOOpasue
TEXHUYECKUX peIIeHui B 3Toi obmactu [1-5]. OcHOBHBIE U3 HUX MMOKa3aHBI HA pHC. 1.

[Ipennaraemplii cioco MpsIMOTo BEKTOPHOTO YIIPABJICHHS OCHOBAH HA IPUMEHEHHUH ONITPOHHOTO IaTYMKa —
(bopMmupoBaTens anropuTMa, KeCTKO COSAMHEHHOTO ¢ pOTOpoM JBurarens. [Ipudem, B oTIMYMe OT SHKOZAEpa
[6], maTurK OHOBPEMEHHO BBITIONHSIET (DYHKIMH 33/IaHUST CKOIBKEHHS, aITOPUTMA pabOThI KITFoUel HHBEpTOpa
C 3a/JJaHHOM YacCTOTOM U TOJNIOKEHNS BEKTOPA MOTOKOCLIETUIEHHS POTOPA OTHOCUTENIBHO BEKTOPA MOTOKOCLIETIE-
HHSt OOMOTKH CTaropa BO BCEM JIHana3oHe peryaupoBans. [I[peoOdpa3zoBaHue SHEPIUH TAKOW CHCTEMBI C yIETOM
00paTHOI CBSI3U 10 POTOPY MOKHO MPECTABUTH B BHIE CIIETYIOIEH MOCIeN0BATENBHOCTH [7]:

Ud—>AI/IH—>(T]1—>11—>Ilw1—>d1—>E2—>12—>12W2—>M3M—>n2(f2)—> I[CDA—>]|‘1,

rac U 4 HAIIPSDKCHUS TUTAHUA aBTOHOMHOTO HHBEPTOPA,

AVH — aBTOHOMHBII UHBEPTOP HATIPSKEHUSL;

U, — (a3Hoe HanpsoKeHUs ABUIraTels;

1,— (ba3Hblil TOK 1BUTATENS;

1 W, — HaMarHn4uBarolas Cuija B 00MOTKE craropa,

® — 0CHOBHOI MATHUTHBIH TOTOK;

E, — JJIC obmoTkH poTopa;
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Puc. 2. ©opmupoBaHue anropurMa:
@ — KOHCTPYKIHS ONTPOHHOTO JaT4nka — (hOPMHUpPOBATENIsl allTOPUTMA; O — Iuarpamma
(opmupoBanus anroputMma ynpasnenus AUH; 6 — cxema cunossix neneit AUH

1, — TOK poTOpa;

M 4\, — STEKTPOMAarHUTHBIA MOMEHT JBUIaTEls;
1, — CKOPOCTb BPAILICHUs POTOPA;

Jf, — yacrtora ToKa poTopa;

JNPA — narumk — QopmupoBarelb aro-
pUTMa;

J, — 4acToTa TOKa CTaTopa.

JlaTurk — (popMHpoBaTeNb aNropuT™Ma IpeJcTaB-
aseT co0oii JiBe HEMOJBMKHBIE IUIACTUHBI C ONTPO-
Hamu OIT1 — OI16 (Ha oHOM MIIACTHHE YCTAaHOBJICH
CBETONMOA, Ha Apyrod — ¢oroxuon). Jlmurens-
HOCTh CUTHAJIa 00ECTeYMBAETCS TyTOBBIMH OKHAMH

JO1-103. Inarpamma popmupoBanus 120-rpayc-
Horo anroputMma ympasienuss AUH mng mectumno-
JIFOCHOW MaIMHBI H300pakeHa Ha puc. 2 [8—10].

Jlarurk ycraHOBJeH Ha Baiy A/l v mo3BosiseT pea-
JM30BaTh CIOCO0 TMOAYMHEHHOTO YaCTOTHOTO YIIPaB-
JIHUs IBUTATENIEM B IIMPOKOM JIHAa30He CKOPOCTEH.
W3omeTpust ¢ pa3pe3oM NpesicTaBieHa Ha pyC. 3.

3HayeHUe CKOJBXEHUSI O0ECHeuMBACTCS TeoMe-
TPUYECKUMH XapaKTEPUCTUKAMHU PACTIONIOKEHHS OIT-
POHOB M KOMMYTALIMOHHBIX OKOH TaK, uto f, < f,
rae f, — 4acToTa TOKa poTopa; f, — 4acToTa TOKa
craropa.
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APA

Puc. 3. M3omeTpus ¢ pa3pe3oM ONTPOHHOTO AaTdrKa — (HOPMHUPOBATEINS alrOPUTMa

N, ob/mun

i | @D 1] o
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Puc. 4. Cxema 3KCrIepMEHTANBHON YCTAHOBKH

HccnenoBanue MeXaHMYECKUX M PETyIUpPOBOY-
HBIX CBOWCTB MPUBO/A BHIIOIHEHO HA AKCIIEPHMEH-
TaJbHOM 00pasie B 1a0OpaTOpuM yHHBEPCUTETA.
Cxema 9KCIIEpUMEHTAIbHON YCTAaHOBKHM [TOKa3aHa Ha
puc. 4.

[lutanue aBroHOMHOro wuHBepTopa (AUH)
OCYILECTBIACTCS. OT TPeX(azHOro YIpaBiIseMOro
Beinpsamutens (YB). Harpyska acuHxpoHHOTO JBH-
rarens (AJl) obecrieunBaeTcs reHEPaTOPOM ITOCTO-

SHHOTO TOKa ¢ He3aBUCUMbIM Bo30yxkaenuem (I'TIT)

¥ MOJKET BapbUpPOBATHCS U3MEHEHHUEM COIPOTHUBIIE-
HUs B 0OMOTKe siKops ( Ry ). YipaBieHue aBTOHOM-
HbIM MHBEPTOPOM OCYILIECTBISIETCS uepe3 apaiiBep
umnynbcoB (M) ¢ momompto I1ecTUKaHaIbHOTO
narunka — (opmupoarens anropurMa (JDA).

OO6muwii BuJ ycTaHOBKM M300pakeH Ha puc. 5. Tun
nsurarenss AP 56 A4, HoMUHaIbHOE HANPSKEHUE
U, =220 B (tpexdasnoe, 50 I'n), P, = 0,12xBr,
n, = 1350 06/mun, I, = 0,76 A — HOMUHATBHBIH
tok craropa, KIIJI =63 %, cos¢ = 0,66.
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Puc. 5. O0mmit BT SKCIIEpUMEHTATBHOM
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B pesynmbrare skcnepMMEHTaNbHBIX HCCIIEIOBA-
HHH YCTaHOBIICHO:

1. PerynupoBounas xapakrepuctuka (puc. 6, a)
3aBHCHMOCTH CKOPOCTH JIBHTATellsl OT HAIpPSIKCHHS
Ha BXozie uHBepTopa n = f(U,) HOCHT NUHEHHbIHI

d

XapakTep, MPHYEM OTHOLICHHS
m(f)

=k = const,

rie k— ymioBod KOI(PQUIMEHT, 3aBUCAIINNA OT
Harpy3ku jaBurarens. Yem Oonbliie Harpyska, TeM
MeHbIIE K .

2. AHanu3 MeXaHMYECKOM XapaKTepUCTUKU
n= f (M), npuBeleHHbIN HA puUC. 6, O, TIOKA3BIBAET,
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Puc. 6. XapakTepuCTUKH IPUBOA: @ — PETYIUPOBOUIHAS, 6 — MEXaHUUECKas
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Puc. 7. Paboune xapakTepucTHKA TPUBOJIA

YTO C POCTOM MOMEHTA CKOPOCTh JIBUTATENs YMEHb-
IIAETCs, IPUYEM Ha XOJIOCTOM XOAY MPH OTCYTCTBUH
Harpy3ku CKOpPOCTb JJBUTATeNsl CYLIECTBEHHO BBIIIE
HOMHUHAJIHOTO 3HAYEHHUSL.

3. Ha puc. 7 npencrapieHsl paboure XapakTepH-
cruku 3aBucumocreit N (KIIA), n,M,I, B QyHk-
UM OT MOIIHOCTH Ha Baity asurarens P,. 13 xapak-
TEPUCTHK CIIEJyeT, YTO TPU Harpy3Ke IBHUTATENs
okoii0 70% 0T HOMMHAJIBHOTO 3HA4YEHUsI CKOPOCTb,
TOK U MOMEHT COOTBETCTBYIOT HOMHHAJIBHBIM 3Ha-
YEHUSIM, B TO BpeMs Kak KO3((QUIIUEHT MOJIE3HOTO
JICHCTBYS OKa3pIBaeTcs Hmke Ha 15%, uem HOMU-
HaJIbHOE 3HA4Y€HHUe, 3a CYET TMOTEePb B BHIIPSAMUTENE
Y UHBEPTOPE U TOTEPD OT BBICIINX TAPMOHHK.

4. Takum 00pa3oM, aCHHXPOHHBINA JIBUTATENb
C KOPOTKO3aMKHYTHIM POTOPOM B COUETAHUH C JATUH-
KOM — (pOpPMHPOBATENEM AJITOPUTMA M aBTOHOMHBIM
MHBEPTOPOM MO3BOJISIET PEAH30BaTh COCO0 MPSMOTO
YaCTOTHOTO BEKTOPHOTO YIIPABIEHUs, 00NaaroIiero
PEryJIMpOBOYHBIMU CBOMCTBAMHU OECKOJLIEKTOPHOTO
JBUTaTeNsl MOCTOSHHOTO TOKA C TOCINEA0BATEIbHBIM
BO30Y’KJIEHHEM 1 KOPOTKO3aMKHYTBIM POTOPOM.

B Hacrosimiee BpeMs B 1ab0paToprsx YHUBEPCHU-
TeTa TPOBOATCSA pabOTHI MO JajbHEHIIeMy H3yye-
HHIO CBOWCTB 3JIEKTPONPHUBOJIA HA 0OJiee MOIIHBIX
MaluHax C IMPUMCHCHUEM HMMUTALOUMOHHOTO MOJC-
JUPOBAHUSA IS TIOCJIEAYIOET0 CPAaBHEHUS PE3yIlb-
TaToB, a TAKXe MO pa3paboTKe pPEeKOMEHAALH T0
YIIPaBJIEHUIO JAHHBIM CIIOCOOOM.
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Summary

The article discusses the principle of constructing frequency control of an asynchronous motor with a six—
channel sensor algorithm generator. Purpose: The broad spectrum of benefits offered by an asynchronous
electric motor equipped with a closed-loop rotor in conjunction with a frequency converter has resulted in the
extensive utilisation of such an electric drive in numerous domains. Concurrently, the technical implementation
of automatic frequency converter control systems is challenging, and their financial expense greatly exceeds that
of an asynchronous motor. The proposed method for controlling a frequency converter, based on direct vector
control from an optronic sensor algorithm generator, allows for a wide range of motor speed control with an
optimal ratio of energy and mechanical properties. The sensor’s rigid connection to the motor rotor establishes a
constant slip, thereby dictating the inverter key’s operational algorithm, the frequency at which it operates, and
the position of the rotor clutch-flow vector relative to the clutch-flow vector of the stator winding across the entire
control range. Methods: A series of experimental studies have been conducted on a laboratory installation, and
operational, mechanical, and control characteristics have been obtained. Results: The investigation has revealed
a linear relationship between the motor speed and the voltage input to the inverter, whereby an increase in torque
resulted in a decrease in motor speed. Additionally, in the absence of load and at idle, the motor speed has been
found to exceed the nominal value by a significant margin. At a motor load of approximately 70% of the rated
value, the speed, current and torque correspond to the rated values. However, the efficiency is 15% lower than
the rated value, due to losses in the rectifier and inverter, and higher harmonics. Practical significance: The
research has confirmed the operability of the proposed method over a wide range of speeds and loads, and it will
be important for evaluating the applicability of the control method in a power electric drive.

Keywords: Asynchronous electric drive, control system, six—channel sensor algorithm generator,
electromechanical characteristics, experimental research.
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