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MOAenVIpOBaHVIe pexumMma pekynepauum B noAbEMHO-TPAHCMNOPTHLIX MeéXaHuamax
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ABTOpCKoOe pestome

CocTtosiHue Bonpoca: CyuiecTBylowme yHKUMOHANbHbIE CXEMbl U CUCTEMbI pPeKynepauun 3nekTpoaHeprum He obec-
neynMBalT MakcMMarbHy0 3HepProaddeKkTMBHY0 paboTy MHOroABUraTenbHOro NOgbEMHO-TPAHCMOPTHOMO 3MekTpoobo-
pyOoOBaHUSI B reHEpPaTOPHOM peXxuMe, reHepaLmnio ONONHUTENbHOWN 3NeKTPO3Heprun npu paboTe anekTpoaBuraTenen B
reHepaTopHOM pexrme Ansi COGCTBEHHbIX HYXA NpeanpuaTuii B ceTb, a Takke pe3epBUpOBaHME B CUCTEME pekynepa-
LUN SMNEKTPOIHEPrU B MHOTOABUraTenbHbIX MOABEMHO-TPAHCMOPTHBLIX MeXaHM3MaxX ANs NoBbIWeHNs ee (PyHKUMOHAb-
HOM HadeXHOCTU. B CBA3M C 3TMM akTyanbHbIM SBNSAETCA CO3[AaHWe rpynnoBOro yrnpaBneHWs anekTpoaBuratensMm c
pe3epBunpoBaHneM Npu paboTe B reHepaTOpHOM PEXNME C pekyrnepaumen aNeKTpu4eckon SHeprum B CeTb.

MaTtepuanbl n metoabl: OnucaHbl hranyeckne NpoLecchl, MPONCXOAsLLME B YCTPONCTBE peKyrnepaummn aneKTpudeckomn
3Heprun, obecrneyvmBaloLemM reHepauuio [AOMOMHUTENBHOW 3MEeKTPO3HEPrMM B MHOFOABUraTENbHbIX MNOABEMHO-
TPaHCMNOPTHLIX MEXaHU3Max Npu paboTe B reHepaToOpHOM peEXUME.

PesynbTatbl: Pa3spabotaHa maTemaTuyeckas Moenb YCTPOWCTBA peKynepauun 3MeKTPodHeprMn B MNOABLEMHO-
TPAHCMOPTHBIX MeXaHW3Max, BblpabaTbiBalOWEro AOMONHUTENbHYI0 3SMEKTPO3IHEepruo npu pabote aABuratenen B
reHepaToOpHOM pexnmMe.

BbiBoabl: Vcnonb3oBaHue MOMy4YeHHOW MOLENU YCTPOWCTBA peKynepaumvm SMNeKTPO3HEPrMn HarnpaBneHo Ha
NoBbILLIEHNE 3HEeProadEKTUBHOCTM paboTbl YCTPONCTBA, BblpabaTbiBaOLWEro AOMOMHUTENBHYIO ANIEKTPOIHEPTUIO MpU
paboTe aBuratenel B reHepaTopHOM pexume.

Knio4yeBble cnoBa: 06paTVIMOCTb asuratens, pexxXmMbl pa6OTbI asuratens, BHELUHUA MOMEHT.

Recuperation Mode Modeling in Lift-and-Carry Mechanisms
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Abstract

Background: The existing functional schemes and recuperation systems don't provide the maximum power effective
operation of the multiimpellent hoisting-and-transport equipment in the generating mode, generation of the additional
electric power at electric motors operation in a generating mode for own enterprises needs and/or in a network,
reservation in recuperation system of the electric power in many and impellent list-and-carry mechanisms for increase of
its functional reliability. Thus, the developing the group control of electric drives with back-up in generating mode with
recuperation of electric energy in network.

Materials and methods: The physical processes in electric energy recuperation device which provide the generation of
additional electric energy in inpellent lift-and-carry mechanisms in generation mode operation are discribed.

Results: The mathematical model of the electric energy recuperation device in lift-and-carry mechanisms, developing
the additional electric power at operation of engines in a generating mode is developed.

Conclusions: The use of the received model of the electric energy recuperation device is directed on increasing power
overall performance of the device developing the additional electric power at operation of engines in a generating mode.

Key words: convertibility of engine, engine operation mode, external torque.

YnpaBrieHne  3neKTPONpUBOAOM  AOJTKHO NMPUMEHEHNIO YCTPOMCTB peKyrnepaunm 3eKkTpo-

NPONCXOAUTb HE TONbKO B ABUraTesibHOM pexume,
HO M BO BpeMSA TOPMOXEHUSA ABUratens B reHepa-
TOpPHOM pexume. OBnacTb NPUMEHEHUs ANeKTpo-
asuratenen, paboTawwmx B reHepaTOpPHOM pexu-
Me, criefyroLlas: nogbeMHO-TPaHCNOpPTHOe 06opy-
JoBaHuve (LWaxTHble NogbeMHbIe YCTaHOBKM, rpy30-
Bble MOOBLEMHUKWA, NUTbLI, NOABWMXHOW COCTaB,
KpaHbl), Harpy3o4Hble CTEHAbl AN NPOBepKM 060-
pyOooBaHus, cenapaTopbl, LUeHTpudyrn, npecca,
LUTAaMMOBOYHbIE MALLUMHbI U YCTAHOBKM.
OTnnuutenbHasi ocobeHHOCTb paboThl OaH-
HbIX YCTPOMWCTB 3aKmo4yaeTcs B HeobXxogumocTu
obecneyeHnss pexmnma TOPMOXEHUS Ha OnuTeNb-
HbI MHTepBan BpeMeHu. 3agava ANUTEnNbHOro WUH-
TEHCMBHOTO TOPMOXeHUs peluaeTcs Gnarogaps

3Heprun, BO3Bpalawwux obpaTHO B CeTb 3nek-
TPOSHepruio, BblpabaTbiBaeMylo Asuratenem, pa-
BoTarowum B reHepaTopHOM pexume [1].

B pexume reHepaTopa nog BO3OENCTBUEM
BHelHero MomeHTa M, > 0, HanpaBreHHOro B CTO-
pOHYy nons craTtopa, poTop MalUMHbl BpallaeTcs co
CKOPOCTbIO, MPEBbILIAOLLIEN CKOPOCTb MONA cTaTopa.
B sTOM pexume B CBSA3M C M3MEHEHMEM Harnpasre-
HWA BpaLleHust MoNa Wy OTHOCUTENbHO pOTOopa ak-
TMBHAs COCTaBNsAOLWAA TOKa poTopa i, U3MeHsieT
CBOE HanpaeneHne Ha obpaTHoe (MO CpaBHEHWUIO C
OBuratenbHbiM pexmmoM). Takum obpasom, arnek-
TPOMAarHUTHbIN MOMEHT onpeaenseTcs Kak [2]
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Puc. 1. NameHeHne MoOMeHTa aBuratens B reHepaTopHOM pe-

AHanu3 nony4yeHHoro rpaduka, OnMUCbIBalO-
Lero U3aMeHeHMe MOMEHTa ABuraTens B 3aBUCUMO-
CTK OT pexuma paboTbl (puc. 1) nokasbiBaeT, YTO B
OBUraTenbHOM pPeXyrMe MOMEHT MONOXUTENEH, B
reHepaTopHOM pexume no abconioTHOMY 3Haye-
HUIO HEM3MEHEH, OHAKO MEHSET 3HaK Ha NPOTMBO-
MOMOXHbIA. 3TO MPOMCXOOQUT NOTOMY, YTO ypaBHO-
BELUMBAIOLLMIA BHELLUHUA MOMEHT HanpasrfeH npo-
TMB NONA U cUMTaeTcsa oTpuLaTenbHbIM [3].

Yto kacaetcs mowHocTen P,y U Pyey, TO UX
3HaYeHNs Takke oTpuLaTenbHbI:

PaM:MW1:%<O, )
PMeX:Mw:P321_S<O. (3)
HanpaBneHne npeobpa3oBaHusi 3MEKTPO-

3HEpPrumn nameHsieTca Ha obpaTHoe: mexaHuyeckas
MOLLIHOCTb, NpUBEAEHHas K Bany gsuratens, npe-
obpasyeTcs B 3NEKTPOMarHUTHy0, MOCTYNaloLLyo B
ceTb. Tak Kak MOLLHOCTb MOTEPb MONOXuTernbHa (B
noboM pexvMe 3T MOLLHOCTU MpeBpaLLarnTcs B
TENno), MexaHn4yeckasi MOLLHOCTb
Puex =Pow —Ps2 <0 npn S>0 (4)
no abcontoTHOMY 3HadeHuo Oornblue, YeMm 3nek-
TpOMarHuTHas:
|Pmex|:|P3M|+Pe2' (5)
Mo Ton e npuumHe noTpebnsemas mexaHu-
yeckasi MOLLHOCTb
P,=P~XP <0 (6)
no abcontTHOMY 3Ha4yeHuWt Ha notepu Gonblie
3ANEeKTPUYECKON MOLLHOCTN, OTAaBaeMon B CeTb:
|P2| =|P|+XP. (7)
B aTom mMOXHO ybeguTbcs ucxogsa M3 aHanu-
3a rpadpmka, onvceiBatoLLlero noTpedneHne MoLLHO-
CTW B reHepaTopHOM pexume (puc. 2).

8000

6000

4000

2000

-2000

-4000

-6000

| I |

| | |

-8000 | | |
0 200 400 600 800 1000 1200 1400 1600 1800

Puc. 2. NameHeHne MoLLHOCTM ABUraTens B reHepaTOpHOM pe-
Xume

KM reHepatopa, COOTBETCTBEHHO, OTpuLa-
TenbHOo:
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Puc. 3. UameHenwne KIN[ gsuratens B reHepaTopHOM pexnme

Takum obpa3om, MOXHO NPOUMMCTPUPO-
BaTb COOTBETCTBYIOLLEN 3aBUCUMOCTbI U3MEHEHUS
YacTOTbl BpalLleHUs aABuratenss B reHepaTopHOM
pexume.

Cxema, cocTaBrneHHas B nakete MatLab,
onucbiBalLwasa nogadvy BHELIHEro MOMEHTa, MoKa-
3aHa Ha puc. 4.
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Puc. 4. Mogens, onuceiBatoLas npeoGpasoBaHme MOMEHTa B
CKOpPOCTb BpalleHUa aCMHXPOHHOIro asuratens
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AHanu3 nony4eHHbIX pedynbtaToB (puc. 1, 4)
NnokKasblBaeT, YTO MPU U3MEHEHUU 3HaKa BHELLHEro
MOMEHTa B reHepaTopHOM peXxvMe MOMEHT [ABura-
Tens CTaHOBMTCHA oTpuuaternbHbIM, HO no abco-
NIOTHOMY 3Ha4YEHUI0 OCTAETCH TaKMM XKe; MOLLIHOCTb
notpebnexHus gsuratens B reHepaTopHOM pexvme
CTaHOBUTCHA MPOTMBOMOSIOXKHOW MO 3HaKky, a UMeH-
HO, OTpuUaTenbHOW, HO No abConTHOMY 3Haye-
HUIO Oonbluen, No CPaBHEHWIO C MOLLHOCTbI MO-
TpebneHus aguratens B ABUraTefibHOM pexume,
roe pasHoCTbio MOTPebneHnss MOLWHOCTEN SABMSAT-
Csl CyMMapHble noTepu B ABuraTerne; HesHavmTenb-
HOe yBenunyeHWe 4acToTbl U CKOPOCTWU BpalleHus
ABUraTens CBs3aHO C yBenuyeHunem notpebneHuns
MOLLIHOCTU B reHepaTOPHOM pexnme.

Cnucok nuTepaTypbl

1. BpacnaBckuin U.A., UwumaToB 3.LU., MonskoB B.H.
OHeprocbeperatoLlmini- aCUHXPOHHBIN  areKTponpuBoa:  yyeb.

Cmenaroe Bnadumup Muxatinosud,
OrbOYBMNO «TynbCkuin rocyaapCTBEHHBIN YHUBEPCUTETY,

nocobue pana cTyd. BbicWw. y4eb. 3aBegeHun / noa  pea.
W.A. Bpacnasckoro. — M.: U3a. ueHTp «Akagemusy», 2004. — 256 c.

2. KaumaH M.M. Onektpuyeckuint npusog: yyeb. ans
cTya. obpasoBaT. ydupexaeHun cped. npod. obpasoBaHus. — M.:
M3n. ueHTp «Akagemusy, 2005. — 384 c.

3. BenoB M.MN., 3emeHTOoB O.U., Ko3sipyk A.E. NHxu-
HUPWHI 3MEKTPONPUMBOAOB M CUCTEM aBTOMaTu3auuu: yyeb. no-
cobue onsa cTtya. Beicww. yyeb. 3aBenenuii / nog pen. B.A. Hosu-
koBa, J1.M. YepHurosa. — M.: U3a. ueHTp «Akagemusar, 2006. —
368 c.

References

1. Braslavskiy, l.Ya., Ishmatov, Z.Sh., Polyakov, V.N.
Energosberegayushchiy asinkhronnyy elektroprivod [Energy
Saving Asynchronous Elecrtic Drive]. Moscow, |zdatel'skiy tsentr
«Akademiya», 2004. 256 p.

2. Katsman, M.M. Elektricheskiy privod [Electric Drive].
Moscow, Izdatel'skiy tsentr «Akademiya», 2005. 384 p.

3. Belov, M.P., Zementov, O.l., Kozyaruk, A.E. Inzhinir-
ing elektroprivodov | sistem avtomatizatsii [Electric Drive and
Automation Systems Engineering]. Moscow, lzdatel'skiy tsentr
«Akademiya», 2006. 368 p.

[OKTOP TEeXHUYECKMX HayK, Npodpeccop, 3aBeaytoLLmnii kKadeapoit aNeKTPOIHEPreTHKM,

TenedoH (4872) 35-54-50,
e-mail: eists@rambler.ru

Komene+Hko CeemnaHa BnadumupogHa,

SrBOYBINO «Tynbcknii rocyaapCTBEHHbIA YHUBEPCUTETY,
acnupaHTka kadeapbl 3NeKTPOIHEPTETUKM,

e-mail: S.V.Kuzmina@yandex.ru

© ®I'bOYBIMO «/BaHOBCKUIA rOCYAAPCTBEHHbIV AHEPreTuYecknii yHusepcuteT nmenn B.W. NeHnHa»



