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A COMPARISON OF THE ASYNCHRONOUS MOTOR CHARACTERISTICS
WITH SQUIRREL CAGE BY REPLACING THE MATERIAL
OF THE ROTOR WINDING AND SUGGESTIONS FOR IMPROVEMENT

Have been analyzes the questions of the changes the geometry toothed zone asynchronous motor rotor, that must
be done when changing the material of the rotor winding. It is noted that the use of the asynchronous generator with
wound cast copper rotor winding instead of cast aluminum winding, is not a problem. But for motors with rotor copper
windings should conduct additional studies to ensure acceptable starting characteristics and conservation of energy
indicators. It was found that the deepening of rotor slot by 15 % will lead to increased influence of crowding out
current and will provide for the asynchronous motor with a copper rotor winding same starting characteristics, which




have been the engine with aluminum one. The results were obtained under the condition of conservation cross-sectional

area of the groove, i.e. copper consumption and cost.
Keywords: asynchronous motor, rotor, the shape groove of the rotor winding, copper winding, aluminum
winding. ‘

Beesnenune

B Hacrosiuiee BpeMsi OCHOBHBIM OTIpefieisouM (akTopoM BbIGOpa MOOGOro TEXHUYECKOro
pelleHHs ABNAETCS OLEHKa ero dHeprodhdexTuBHOCTH. J{s MPUHATHA pelieHns o6 M3MEeHeHUH
TEXHUYECKOTO PEeIeHUs, PaCUETHBIX TApaMETPOB JIF000H KOHCTPYKLMH JIO/KHO HAKOIUTCA U CTaTh
BO3MOXHBIM Ul MCIMOJIB30BaHUA JOCTATOYHOE KOJMYECTBO MHHOBAalMii B paccMarpvBaeMol H
COMYTCTBYIOIMX OTpacisiX. CielyeT OTMETUTD LEIBIA Psi/l HOBBIX BO3MOXXHOCTEH, KOTOPBIE MOXKHO
MCIIOJIb30BaTh MPH MPOSKTHPOBAHUU COBPEMEHHBIX 3JIEKTPHUYECKUX MallUH:

— HOBBIE MaTepuaibl (HOBbIE MapKd JJEKTPOTEXHHYECKMX CTajlei, HW30JIALHOHHbIE
MarepHaibl); , :

— HOBBIE TEXHOJIOTMH, KOTOphle OBbIIM paHee HEeJOCTYNHbI (HalpuMmep, BO3MOXKHOCTh
BBINOJTHEHUS JUTOM MeJHONW OOMOTKM KOPOTKO3aMKHYTOro poTopa ¢ obecrieyeHueM ee
MOHOJIUTHOCTH);

— HOBBIE JKCIUTyaTallMOHHBIE BO3MOXHOCTHU (HAampuMep, CO3JaHHe KOMMNAKTHBIX, HAIe)KHBIX,
JeIEeBBIX YacTOTHBIX npeobpasosarenel Ha 6asze HoBoro kiacca /GBT tpansuctopoB. M3BecTHo,
YTO MOCJEAHEee 3HAYUTENBHO pacLIMpUIO 06/1acTH BO3MOXKHOTO HCIIOJIb30BaHMsl aCHMHXPOHHBIX
asurareneit (AIl) ¢ xoporkozamkHyThiM (K3) poropom, B KayecTBe NpPUBOJIOB C YacCTOTHBIM
yIpaBiIeHUEM).

Hcnons3oBanue acuHXpoHHEIX MamuH (AJl) ¢ MeaHo# 0OMOTKOM poTopa, MEPCIIEKTUBHO H B
JBMIaTeIbHOM, U B IéHepaTOpHOM pexuMax. Hapacranue 3konormyeckux npobieM, cokpaiieHue

3aracoB  OpraHuW4YecKOro TOIUIABA TIPUBEJIIO K AKTUBHOMY PpPa3sBUTHIO OJHEPr€THUKH OT

BO300HOBJIAGMBIX HMCTOYHMKOB JHEPrWHM, B YacCTHOCTH, BETPOIHEPreTHKH, KOTOpas SABIAETCA
HauboJsiee MepCrneKTUBHBIM HamnpaBlIeHHeM pa3BUTHS HETpPaAMIIMOHHOM SHEpreTHMKH B YKpauHe.
IlpoBenennsle  Hamu  uccinenoBanwus, [l—4], nokasanW, 4YTO0 I8 KOMIUIEKTALMH
BETpPOdHepreTHYeckux ycraHoBok (BDY) B auanasone mommHocreit or 20 xBr go 200 kBr
peHTabebHO UCMOJIb30BaTh KMMEHHO aCHHXPOHHBIE FeHepaTopbl. AKTYalbHO NpOBeAeHHe paboT 110
AOCTHXKeHUI0 B HUX Oonbmero 3HayeHus KIIZI, uyto Moxer OBITh AOCTUTHYTO 3a CHYET
MCITIONB30BaHMUS B KOHCTPYKIMM POTOPOB MEIHOH KOPOTKO3aMKHYTOH OOMOTKH.

OpnHako, ecnmu HMCMOJIB30BaHWE ACHHXPOHHBIX TIEHEPAaTOPOB C JMTOM MeaHON OOMOTKOM
poropa (JIMOP), Bmecto sutoii amomuHueBoid (JIAOP), He BbI3bIBaeT HMKAKUX npobiem, To
ucnosb3oBanue asurareneit ¢ JIMOP Tpebyer JoNoIHATENBHBIX HCCIEA0BAHUMN, 0COOEHHO B IIaHe
obecrieyeHus IOMyCTUMBIX TYCKOBBIX XapaKTEPUCTHK.

OcHoBHast 4acTh

H3BectHO, uTo AJl B MOMEHT IycKa MMEIOT JBe MpoOJieMbl: MEHbIINI, YeM HOMUHAIBHBIH,
IIyCKOBOH MOMEHT U 60JIbIIONH MyCKOBOM TOK, KOTOPBIA MOXKET NPEBbILIATH HOMHUHAILHOE 3HAYEHUE
ToKa B 5-8 pa3. Taioke W3BECTHO, YTO yBEJIMYEHHE aKTUBHOTO CONpPOTHBICHHUS OOMOTKH poTOpa B
MOMEHT ITycKa [O3BOJSET YJIYYIIMTh IMYCKOBBIE XapaKTepUCTHKW. EcnM He y4yuTHIBaTH OTH
0COOEHHOCTH W He BHOCHUTH OCOOBbIE pelleHUs B KOHCTPYKLUMIO poTopa (riybokuit mas i
peanusaimu ckuH-3Qdexra), TO TIUIOXHE ITYyCKOBBIE XapaKTEPUCTHKH MOTYT 3HAYHTEIBHO
YCJIOKHHUTB BO3MOXHOCTH Hcnonb3oBaHus AJl B snékrpompuBozax. B coBpemenHeix AJ] ara
npo6iema ¢akTuyecky pemeHa, Ho pewena s AJl ¢ JIJAOP.

Hna AJl Huzkoro HampspkeHus yxe ¢ 1999 roga JelcTBYIOT eBpoONeHCKHE MpaBHIa,
perjaMeHTHpYIOILIME MMoKa3aTenu 3HepreTuyeckoit sgdexruBHocTH. CornacHo 3TUM TpeGoBaHUAM
AJl knaccupuuUpyrOTCS MO TPeM KaTeropusM: HU3Kas, CPeAHsSA M BBICOKas. DTH COTJIAlEHHd,
OCHOBaHHBIE HA TPHUHLMIAX SHEProcOEpeKeHUs] U IKOJOTHYECKUX TpeOOBAHUAX, CBA3AHHBIX €

YXKECTOYEHHUEM COBpEMEHHBIX TpeOoBaHMM K oxpaHe okpyxatowiei cpeasl (ISO 14001 standard),
TpeOyIOT CO31aHUs HOBBIX Cepyii BBICOKOA(PEeKTHBHBIX ABuraresieid. CpeICTBOM JOCTHXEHHUS ITOM

LIEJTH MOXeET OBITh NPUMEHEHHWE HOBBIX COBPEMEHHBIX MAaT€pUajlOB U HHHOBALIMOHHBIX TE€XHOJIOTHH.




B coorBerctBun ¢ npunatoit EC n CIIA (¢denepanbHbiil 3akoH «Opact») KiaccuuKaluei,
3HAYMUTENbHAs YacTh BBIMyCKaeMbIX B YKpanHe AJ] OTHOCHUTCS K HU3KOMY KJIAacCy SHEpreTHYecKOU
s¢pdexruBHocty EFF3 W ycTymaer nmo MaccorabapuTHBIM TMOKa3aTelsiM aHajioraM JajlbHero
sapybexbsa. Takoe MOJNOXKEHHE  CHIKAET  OIKCMOPTHBIE  BO3MOXHOCTH  YKpauHel H
KOHKYPEHTOCIIOCOOHOCT Ha BHelIHeM phiHkKe. HeoOxoaumMo n00MBaThCS 115 OTEYECTBEHHBIX
JBUraTesnei nopsieHus koadduuuenta nonesHoro aeicraus (KI1MI).

Ha cerogHsAmHuii JeHb MOXHO BBIAENHTH YETHIPE OCHOBHBIX HAIPABJICHUS Ppa3BUTHUS
TEXHOJIOTMH MOBBIIEHHA HEProd(GPEKTUBHOCTH 3a CYET MUHMUMH3ALUU TOTEPh B ACHMHXPOHHBIX
3EKTPONPHUBOAX, YCTAHOBIICHHBIX B Mpou3BocTBe [1]:

1) Ha Jrane MOATOTOBKM MNPOM3BOACTBA ClEJyeT MNPOBOAMTH MOAGOp 06OpyHOBaHUsS C
MHMHHMAJIbHBIM 3a1acoM I10 MOIIHOCTH, TO €CTh ¢ HOMHMHAJIBHOM MOIIHOCTBIO, COOTBETCTBYIOLIEH
pac4yeTHON MOIIHOCTH peaTM30BaHHBIX TEXHOJIOIMYECKUX MPOIIECCOB;

2) CHIKEHUE NOTepPh IEKTPUUECKOH SHEPTHHU NPH ee MpeoOpasoBaHUM B MEXaHUYECKYIO;

3) paudoHalBbHOE  pachpeleleHWe  pPEeakTUBHOM  cocTaBisiomedl  nmoTpebisemoit
3NeKTpUUecKoi aHepru [2];

4) nossieHre 3PHEKTUBHOCTH HCMONB30BAHUS SJIEKTPOIHEPIHU MOCPEICTBOM CO3AaHUSA
9 PeKTUBHBIX CHCTEM YIpaBIeHHSA [HUTAHUA OJIEKTPOYCTAHOBOK, MCIOJIb30BaHMA HOBBIX
MarepuauoB (INEKTPOTEXHUYECKUX CTasield, NMPOBOJHUKOBBIX M HM30JLMOHHBIX MAarepuasioB) W
TEXHOJIOTHH.

Bo Bcem mupe i noseimenus KITJ] acuHXpoHHBIX 1BUraTene ceifyac UCIONB3YIOT 3aMEHY
Mmarepuana «Oenuubel KIeTKu»: amoMUHUSA Ha Meab. MccnenoBanus, nposeneHHsle B CIIIA,
®panunn, Uranun, I'epmanun, [Nonsme, bpasumin, Maaun 1 Kopeu nokasanu, 4to npuMeHeHue B
Al JIMOP Bmecro JIAOP B  3HayuTeNbHOM  CTemeHM  pemaer  mpobieMsl
sHepropecypcocoepexenus. B CIIIA peanu3oBaH MpOEKT CTOMMOCTBIO B 2 MJIH. [J0JIIAPOB C LIEJIbIO
UCCeoBaHusT BO3MOXKHOCTH ucnons3oBanus JIMOP nans AJl. Beuo  ompezgeneHo, 4to
UCTIONIB30BAHME MEIH MPUBOJUT K YMEHBIICHUIO 1MoTeph B AJl, Mo3BoJIsSeT BBINONHUTE ero Gonee
KOMIIAKTHBIM: YMEHBLIUTH JUTMHY Cep/IeYHHKA CTaTopa U poTtopa B AJ] OTKPHITOrO HCIOJHEHHUs Ha
7,2%, 3akpbitoro - Ha 20% npu yBenuuenuu KI1J] va 1,0-3,0%, [1]. Cokpamenue AnuHBl MalIUHbI
MO3BOJISIET YMEHBIINTh PacXo] MEJH, 3IEeKTPOTEXHUUECKON CTalM M H30NALMOHHBIX MaTepUasoB,
COKPaTHTh TPYAOEMKOCTh M3TOTOBIIEHHUA.

B CLIA pa6ota no Bueapenuto JIMOP nauara B 1997 rogy Accoumauuei 1o pasBUTHIO
MeIHBIX TexHosorui. J[is JocTHXeHus uenu Accouuauus oObeJUHMIA YCHIMS JKCIEpTOB M
paspaGoruukoB 17 crpan wmupa [2]. [loaroe BpeMs oOcCTaBajach HEpEIIEHHOH Ipobiema
obecrnieyeHuss YCTOMYHMBOCTH JMTEHHBIX (OpM K 5po3uM OT paciuiaBa Meau. IIpomblmseHHoe
MpOU3BOACTBO peHTabe bHbIX suTeiHBIX ¢opM B CIHIA ans msrorosnenus JIMOP ans Al
nosBosmio yxe ¢ 2002 roma cepuitHo usrotaBnuBath AJl mommuocThio oT 3 10 200 kBt ¢
nossimenHsM KITJT na 1,2-3,2 % [3]. [epmanckas ¢pupma SEW-Evrodrive ¢ 2003 roja nocrasiser
Ha MUpOBO# peiHOK AJ] MomHOCTEIO 0T 1,1 10 37 KBT, B KOTOpPBIX 0OMOTKA pOTOpa BBHITIOJIHEHA U3
MeAM JUTHeM noj aasieHueM. Takue asurarend umeroT KITJ1 94-96 %, uro 3HaYMTENbHO BbILIE
sopM CILIA («3pact») u ctpan EC (Premium Efficiency), [4]. AHanoruyssie uccie10BaHus BEIUCh
W B JPYrHX CTpaHax, W, HayuHasg ¢ 2004 r., Hauar cepuiiHbiii Beimyck AJl ¢ JIMOP B Uranuu u
®panuuy, B bpasunuu (dupma WEG), B Unnuu (dupma Coimbatore Tamil Nadu) u B Apyrux
CTpaHax. ‘

AHanu3 JaHHBIX UCCIIEI0BAHMIM IOATBEPII, YTO B CIydae UCIOJIb30BaHM JUIs JIBUTaTeNIeH ¢
JIMOP MamuH, MMEIOIMX TakKde jXe KOHCTPYKTHBHBIE IeOMeTpuyeckue pasmepsl, kak AJl ¢
ATFOMUHHUEBOH 06MOTKO#, BO3MOXHO MoBhIeHKe MomuocTH B 1,3-1,7 pasa, KI1J] — na 1,5-3,0 %,
Teperpy3o4Hoi criocobHocTr — B 1,4—-1,7 pasa, nokasareseii HaaexHocTH — B 1,5-2,5 pasa.

[TonoKuTeIbHbIE aCEKTHI UCTI0Ab30BaHua Meau 1A K3 poTopoB oueBHAHBI, HO HEOOX0AMMO
BECTH OLIEHKY BJIMAHHMsS M3MEHEHHs Marepuana oOMOTKM Ha Xapakrepuctuku AJl, ¥, B mepeyio
oyepeab, Ha myckoBeie. J[na AJl ¢ anroMuHHeBOH OOMOTKOM BOMpPOCHI yNy4LIEHHS ITyCKOBBIX
XapaKTEePUCTHK MPAKTHYECKU pelieHsl BEIOOpoM GopMEI I1a3a poTopa, T.€. 38 CYeT UCTOIB30BaHHA




sIBJEHUs BbITeCHeHUs Toka. Ho 3amena Al B «benuuneil kietke» Ha Cu, UMeloUled MeHblIee
YZeJbHOe CONMpOTHBJIECHHE, TpeOyeT MOMCKa HOBBIX pELICHWH i obecrneueHus nonycmuux
MYCKOBBIX XapaKTepUCTHK, T.K. yAenbHOe compoTusieHue Cu Ipu TeMHeparyg = 205:2C
3HaqmensHo MeHblue, YeM yaensHoe conpotuBieHue A/ (pc, = 0,0175 Om-Mm7/Mm, pAl 0,028
OM-MM /M)

Jns noucka pemeHui Heoﬁxomxmo OIpe/ieIUTh KOHEUHYIO Lie/b uccnenosaﬂm Hanpuwmep,
MyCcTh CTOMT 3ajma4a Tak crpoektupoBath AJl ¢ JIMOP, 4To6kl ero myckoBble XapakTEpPUCTHKH
Oblnu Takumu ke, Kak U cepuitibix AJl ¢ JIAOP. [lonumas, 4To Npy NPOEKTHPOBAHMHM CEPUAHBIX
mamiuH ¢ JIAOP HyXHble NMyCKOBBIX XapaKTePUCTHMKHM JOCTHrajach reoMerpueil (B OCHOBHOM,
riaybuHO#) masa poTopa, BapbMpoBaHHe MyckoBbIX XxapakTepucTuk AJl ¢ JIMOP nposoaum,
u3MeHss rnyouny nasa potopa. IIpu 3ToM He06X0AMMO COXpaHUTh TPeOGOBaHMUS TEXHOIOTHYECKOTO
npouecca: NpOBeIeHHE HAAEXKHOM IITaMIOBKM JIMCTOB LIMXTOBAHHOIO CepJeYHMKA pOTOpa
BO3MOJXKHO TpH 3HaYeHHWH MEHBIIEro paauyca mnasa r, > 1 mm. IlpoBesem aHanu3 Ha mpuMmepe
cepuiiHoro mectunosocHoro AJl ¢ K3 poropom mowHoctsio 1,5 kBT, ¢ riy6uHo# nasa poropa 4,
= 19 mMm. Ha puc. 1 mpuBemeH oscku3 3yOLOBOM 3om,1 poropa, Ha puc.2 — IYCKOBbIE
XapaKTEPUCTUKHU (3aBUCUMOCTB TOKa POTOpa OT CKOJIBKEHHUSA L= =fS)) ansa Al c JIAOP u ¢ JIMOP.
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Puc. 1. Dcku3 3y6110B0ii 30HBI
potopa AJ]
MouHocThio 1,5 kBT ¢ JIAOP

Puc. 2. 3aBUCUMOCTB TOKa POTOpa OT CKOJbXeHUA A AJl
MourHocTeio 1,5 kBt ¢ JIAOP u ¢ JIMOP

AHanu3 XxapakTepUCTHK MO3BOJIET OTMETUTD, YTO npeammerme IYCKOBOI'O TOKa BO3POCTIO OT
5,6 8 AJ] ¢ JTAOP po 6,3 8 Al ¢ JIMOP.

Ha puc. 3 npuBeaeHsl 1MyCKOBble MEXaHWYECKUE XapaKTEPUCTUKU: 3aBHCHMOCTH MOMEHTa
poTtopa oT ckobkeHus M = AS) nns ALl ¢ JTJAOP u ¢ JIMOP. AHaimu3 3THX XapakTepHCTHK
TIOKAa3bIBAaET, YTO MpPU MCIOJIB30BAaHUU MEIHOW «KJIETKH» MPaKTHYECKH B 2 pa3a yMEHbIIAeTCH
MycKoBOi MOMeHT. OH CTaHOBMTCA MEHbLIE HOMWHAJIBHOIO, YTO JIeNlaeT HEBO3MOXHBIM NPKMO
nyck AJl ¢ JIMOP ¢ HomuHanbHO# Harpyskoit. Pacuer mapamerpor AJ] mommoctsio 1,5 kBt ¢
JIAOP u ¢ JIMOP npexcrasies B Tabn. 1. B Tabn. 2 npuBeeHs! JaHHbIE 110 MEperpy30qHO
cniocobHoctn AJ] (km), ykaszaHbl «OpocCKW» MYCKOBOTrO TokKa (kj;), OTHOCHTENBHOE 3HAYEHHE
MYCKOBOTO MOMEHTA 110 CPAaBHEHUIO ¢ HOMHHAIBHBIM MOMEHTOM (Kas):
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Puc. 3. 3aBUCHMOCTE MOMEHTA POTOPA OT CKOJIBXKEHUA IS
Al momHOCTHEO 1,5 KBT ¢ JIAOP u ¢ JIMOP

Tabnuua 1
Hexotopsie nansbie AJ] momHocteio 1,5 KBt ¢ JIAOP u ¢ JIMOP

h, | S, |Ro10°,0M| I, A My, HM | My HM | My, 0.8 | Migas, HM

Ne 2
MM MM T [ Cu | A1 | Cu | A1 | Cu | A1 | Cu | 41 | Cu | 41 | Cu
1] 24 72 (5921 28 {169 189 | 15 |14,6 (28,2 | 29 [0,76 0,79 | 22,5 | 12,5
2| 23 [54,417,833,71 159 18,4 | 15,2 | 14,7 | 28,4 | 29,2 | 0,76 | 0,79 | 26,3 | 15,8
3122 (47,319,011 427154183154 14,8(28,9]1298|0,75|0,78| 29,3 | 18,6
41 19 (34,4124 |5,87 14,1 |17,7| 16 15 129,6130,5]10,72]0,77 | 34 | 24,3
Tabnuua 2
3HaueHUs OTHOCHTENBHBIX KO3DPUIMEHTOB, PACCYMTAHHBIX IS AJ]
momgHocTeio 1,5 kBT ¢ JIAOP u ¢ JIMOP
Ne nybuHa nasa, ke ksi Ksm
. hy, MM Al Cu Al Cu Al Cu
1 24 1,88 2 5,6 6,3 1,25 1,36
2 23 1,86 2 49 5,7 1,73 1,3
3 22 1,88 2,02 3.8 4,7 1,9 1,1
4 19 1,85 2,04 3,4 4.5 241 0,83

PacueTsl NpOBOAWINCH IS JBUraTeNss ¢ MEAHON M amOMHMHHMEBOW «KJIETKAMH» U C
M3MEHEHHOU riyouHOM nasa (h,). Pe3ynpTaThl Mokasanu, YTo NMpU coXpaHeHMH MomHOCTH AJl u
rabapuTos: ;
' — HOMHHAJBHBIA MOMEHT (M,y) HECKOJIBKO YMEHBIIAETCS:
— MaxkcuMajbHbli MOMeHT (M), a, CleloBaTe/bHO, U Ieperpy3odHas CrocoOHOCTH

MalIMHbl, YBEJTUUHUBAKOTCS;

—Ha 3-5 % yBenuuuBaercs KI1JI gpurarens (nw);

—B 1,5-1,8 pa3 ymenpmaercs nyckoBoit MOMeHT AJl (Mysrarr)-

[Ipx yMeHbLIEHUH TTyOMHBI 11233 YCKOBOH MOMEHT YBENWUHMBAETCA M YK€ NpU IyOuHe Ha
3 MM Gombme (15 %) 3HayeHWe MyCKOBOrOo MOMeHTa B 1,1 Bbllleé HOMHHAJIBHOIO MOMEHTa M
BO3MOXeEH NpaAMo#t myck. B stom Bapuante coxpansiercs 3Hauyenue KITI (ny = 0,79, tabn. 1),
HECKOJIBKO CHIKaeTcsi «6pocoK» IyCKOBOIO TOKA.
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Puc. 6. 3aBHCMMOCTE MOMEHTa POTOpa OT cKoJIbXkKeHus Ui AJ] MommHocTsio 1,5 kBT ¢ JIAOP 1 ¢ JIMOP st aiByX BBICOT Nasa poTopa:
19 MM 1 22 MM (0603Ha4Y€HO, KaK «M3MEHEHHBIH 1a3»)
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Puc. 7. PaGoune xapakrepuctuku AJ] MomuocTeio 1,5 kBT Puc. 8. Paboune xapakrepuctuku AJl momuocteio 1,5 kBt

¢ JIJAOP u ¢ JIMOP au1si BeicOTHI Na3a potopa 19 mm ¢ JIMOP s ABYX BhICOT naza poropa: 19 Mm u 22 Mm




PesyneraThl momyyeHsl TpM  BBIMOJHEHMH  YCIOBHsA  HE3HAYMTENbHOE  H3MEHEHHE
IITAMIOBOYHOI0 000pyJ0BaHus, IOMYCTUMOE BIUSIHHE Ha TEXHOJOTHIO INTAMIIOBKH, T.K. HE Tpebyer
3HAYUTETBHOTO YMEHbIICHHUS PaInyCOB Ma3oB poTopa, (CM. puc. 1 u puc. 5).
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