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AHANI3 PEXUMIB POBOTU ACUHXPOHHOI'O ABUINYHA 3
KOPOTKO3AMKHEHUM POTOPOM NPU HAABHOCTI YIUKOOXEHb
CTPUXHIB POTOPA

Y cmammi na ocnoei cmeopenoi y npocpammomy cepedosuwi MATHCAD moleni acuHxpouno2o oOeuzyna 3
KOPOMKO3AMKHEHUM pOMOpOM. [[na 3menuieHHs abo YCYHeHHs He2amueHOo20 6NIugy PISHOMAHIMHUX gaxkmopie Ha
NPOMIKAHH MEXHOLO02IUHUX NPOYecie HAUKpawum nioxo0om y menepiuiHiil 4ac € 3acmocy8anHs 3acodie ma 3axooie
oiazHocmy8antsi poOoOmu OBULYHIB 3a OOROMO20I0 MEMo0i8 MOOENI0BAHHA. Y pe3yiomami MOOen08ants 6y OmpuUMani
epaghiuni 3anexicHocmi, wo Gi00OPANCAIOMb 3MIHY OCHOGHUX NAPAMEMPI8 pOOOMU ACUHXPOHHO20 OBUSYHA | 0AIOMb 3MO2Y
auanizyeamu ix sminy 6npooosdic 4acy Mooyn08anus. byio nokasano HaasHicms NYIbCayii pesrcUMHUX napamempis ma
anepioouyHUX CKIa008Ux, Wo GUKIUKAHI nepexionumu npoyecamu. IIposedeni docniodcenHs npoyecy nycky 0gucyHa 6es
HABAHMANCEHHA. MA N0 HABAHMANCEHHAM NOKA3AN0 30LTbUIEHHA 4Yacy NYCKYy, NPUHOMY MNYAbCYIOUUll Xapaxkmep
00CIIOHCYBAHUX NAPAMEMPIE CNOCMEPI2AEMbCSL IULe HA NOYAmMKOGIl Oinbhuyi. dac nycky 08usyHa maxoic 30i1buyemscs
npu  HAABHOCMI  YUIKOONCEHUX CMPUNCHIE Y KOPOMKO3AMKHeHOMYy pomopi. Ilyavcylouutli Xxapakmep OCHOGHUX
0iazHOCMUYHUX RAPAMEMPIE MOdHce OYMU BUKOPUCMANULL Y AKOCIMI Kpumepilo Oid 8U3HAYEHHS HASAGHOCMI YUIKOOMCEHD Y
KOPOMKO3AMKHEHII 0OMOmMYi pOmopa ACUHXPOHHO20 08USYHA.

Knirouogi cnosa: acunxponnuii osuzyn, MATHCAD, moodens, KOpomKo3aMKHEHUIL POMOpP, CIMPUICEHb POMOpd,
€1eKMPOMAZHIMHA CXeMa, Y3a2ANbHEH020 6EKMOPY CIMPYMY, WIBUOKICHb 00epMAHHA, KDYMHUIL MOMEHM.

Enextpuyni ABUTYHHM HaOylIM IIMPOKOTO 3aCTOCYBAaHHS y PI3HUX Taily3sX, a CIOXHATa LOUMH TEXHIYHUMH
MIPUCTPOSIMA  HEPTrisl CKJIaja€ Maibke IIOJIOBUHY €Hepril, mo BHpoOOIseTbcs 3 pisHMX kepen. Cepen ycix
€JIEKTPO/IBUTYHIB, IO 3HAaXOAATHCS Yy EKCINIyaTamii, yacTKa acHHXpPOHHHMX ckiamgae Omm3pko 30%. KoHcTpykTuBHA
MPOCTOTA IMX JBUTYHIB BIUIMBA€ HA TEXHOJOTIYHI Ta €KCIUTyaTaliiiHi BTpaTH, 3MEHIIy€ 30UTKH TPU MPOBEACHHI
PEMOHTHHUX Ta BiIHOBIIIOBAIFHUX POOIT 1 pI3HOMaHITHUX MOPYUICHHIX TEXHOJIOTIYHHX MPOIIECIB.

OCHOBHMMH HECTIPaBHOCTAMH Y AaCHHXPOHHHX JABHIYHaX € YIIKOMKCHHAI OOMOTOK cratopa i1 portopa. Lli
HECTPABHOCTI BUHMKAIOTh BHACIIIOK 3MiHU (CIIOTBOPEHHS) (JOPMHU Ta aMIUTITYTU HANIPYTH KHUBICHHS, TEXHOJIOTIYHUH
neperpiB 0OMOTOK, MEXaHIYHI MOIIKO/KESHHs. 3a3HaueH] YNHHUKH PU3BOJAATH JI0 MPHUCKOPEHOTO 3HOIYBAHHS 1301111
00MOTOK, KOHCTPYKTUBHHX CKJIaJIOBUX YaCTWHH JIBUTYHIB, MiJBUILEHUX 3HAUY€Hb BTPAT MOTY>KHOCTI Ta 3arajioM — J0
MOJMUIMBOCTI BUHMKHEHHSI MEpeaBapiiiHuX 1 aBapiiiHMX CUTyalild Ta MOTIPIICHHS TEXHIKO-CKOHOMIYHHMX MMOKA3HHUKIB
pobotu enekrpornpuBois [1].

CepeJ 03HaUEHUX JIaTHOCTUYHUX MapaMeTpiB poOOTH ABUI'YHA OKPEMO MOXKHA PO3TIISIATH HasIBHICTh TOIMIKOIKEHb
CTPW)KHIB KOPOTKO3aMKHYTOTO POTOpPAa aCHHXPOHHOTO JBHIYHAa — CBO€YacHa JiarHOCTHKa LWX YHIKO/DKEHb Ta
BHBEJICHHS JIBUTYHA Y PEMOHT J03BOJISIE YHUKHYTH aBapiiHUX CUTYalliil 3 aCHHXPOHHUMH JBUTYHAMH [2].

3a3HadeHni BHUJ JiarHOCTYBaHHS HAIpPaBICHO Ha KOHTPOJIb CTaHy CTPWXKHIB POTOPA, CEpe]l OCHOBHHX CIIOCODIB
MOJKHA BiZI3HAYUTH:

— BU3HAYCHHS aMIDTITYJHO-9aCTOTHOTO CIICKTpa CTpyMiB cTartopa [3],

— BUSIBJICHHSI HasIBHOCTI ITyJIbCAMii CTPYMy IIPH IITYYHOMY KOPOTKOMY 3aMHUKaHHI B 0OMOTI cTaTopa [4],

— BUKOPHUCTAHHS A1arHOCTUYHHUX KPUBHUX [5],

— BUJIIJICHHS BIAMOBITHMX TapMOHIYHKUX KOJHMBaHb Y BiOpaliifHuX pyxax poropa [6].

Merta pobotu. Peanizamist MosientoBaHHS peXXUMIB poOOTH aCHHXPOHHOTO JIBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM Y
nporpamHomy cepenouiii Mathcad amnst BusiBneHHs: HaiOLIbII IHHOPMATUBHUX TAPAMETPIB IS TIarHOCTUKH.

VY poboti [7] po3rismaeTscsi MOAENIb ACHHXPOHHOIO ABUTYHA 3 KOPOTKO3aMKHEHHM DPOTOPOM y HPOrPaMHOMY
cepenoBuii Mathcad — st MozentoBanHs Oyjla BUKOpPHCTaHAa NIOBHA cucTeMa Au(epeHIiHHIX PIBHSHB, SKa 3anucaHa
JUIl KOHTYpIB CTaropa, poTopa i Jjsl piBHAHHS pyXy portopa. OTpuMmaHa MOAENb A03BOJIsiE MOOYyIyBaTH TpadiuHi
3aJIeKHOCTI, IO BiZOOpakaloTh 3MiHY OCHOBHHX IapaMmeTpiB poOOTH aCMHXPOHHOTO IBHTYHA 3 METOIO iX aHaji3y.
OTtpumaHi J1aHi TaKOX Jal0Th MOKJIMBICT A1arHOCTYBAaHHS CTaHy aCHHXPOHHMX ABHWTIYHIB NPH HASBHIN 3MiHI BETMYUH
OKpEMHX T1apaMeTpiB.

Jst aHanizy poOOTH MOJIENi acHHXPOHHOTO JBHUTYHa B cepemoBuini MathCad 3amaemMoch MOYaTKOBUMH JaHUMHU
CKIIa[JOBHX CXEMH 3aMillleHHs, peacTaBieHol y [ 7] (y BiITHOCHHUX OJUHHUIISX):

[otyxnicte nBuryna — 400 xBrt, Hanpyra >xuBnenHs 6 kB (y BimHOcHMX omuHMIsX) HacTymHi: Rg = 0,00933,
Xs =0,0524 +0,03i, X,,=234, Cos(p)=084, n =092, R, =0,0211, X, =0,2149, R,, = 0,275,
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X,, = 0,351,

Pesynbratn po3paxyHKy peXHMY ITyCKy acCHHXPOHHOTO JBHUTYHA MPEICTaBUMO Yy BUIIIAAI rpadiki (Ha oci abciuc
4yac BKa3aHUH Y CEKyHNIaX).

Ha puc. 1 nmoka3aHo 3MiHy y3arajJbHEHOTO BEKTOPY CTPYMY CTaTopa JBUTYHA, Ha PUC. 2 — 3MIHY KYTOBOI IIBUAKOCTI
obepTaHHs poTopa JBHIYHA, Ha pUC. 3 — 3MiHY 0OEpPTaIbHOTO MOMEHTY TMiJl Yac IyCKY aCHHXPOHHOTO JABHMIYHA JJIs
pi3HUX YMOB — 0€3 HaBaHTa)XKEHHS YM I HABaHTa)KEHHsM, 0€3 HasBHOCTI Ta 3 HasBHOCTI YIIKO/KEHHX CTPHIKHIB.
MaxkcuMabHi 3Ha4eHHS BiIOBITHIX BEJIUYMH [IPH PI3HUX BHUIAJKAaX HABEJCHO y Tadu. 1.
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Pucynox 1 — MoOyas y3aeanvhenozo eKmopy cmpymy cmamopa 08ueyna: a — be3 Ha8anmaxicents, oes

VULKOONCEHUX CIPUIICHIB, 6 — €3 HABAHMANCEHHS, 3 YULKOOICEHUMU CIMPUICHAMU, 8 — NIO HABAHMAICEHHAM, De3
VUIKOONCEHUX CIPUDICHIB, 2 — N0 HABAHMANCEHHSIM, 3 YULKOOJICEHUMU CIPUNCHAMU
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Pucynok 2 — Kymosa wisuokicms obepmanHs pomopa 08u2yHa: a — 6e3 Ha8anmaxicents, 6e3 yuKoO0dceHUux
CMPUDICHIB, 6 — 6€3 HABAHMAICEHHSL, 3 YUIKOONCEHUMU CIPUICHIMU, 8 — NIO HABAHMAICEHHSM, 0e3 YUIKOOICEHUX
CIPUDICHIB, & — NIO HABAHMAICEHHIM, 3 YUIKOOICCHUMU CIPUNCHIMU
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Pucynok 3 — Kpymnuil momenm 0ucyna: a — 6e3 Haganmaoicentsi, 6e3 YuKoOHCeHUX CmpUiICHie, 6 — nio
HABAHMANCEHHAM, 6e3 YUIKOOIICEHUX CIMPUIICHIB, 8 — 0e3 HABAHMAICEHHS, 3 YUIKOOICEHUMU CIPUICHAMY, 2 — NIO
HABAHMANCEHHSIM, 3 YUIKOOICEHUMU CTRPUICHIMU
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Tabmuus 1 — MakcuMmalibHI 3HaUSHHS BEJIMYHH, [I0 XapaKTEePU3YIOTh poOOTYy IBHUIYHA

IToxa3zHukK Bumnanox no puc. 1 — 3
a) 0) 8) 2)
Mojyib y3arajibHEHOTO BEKTOPY CTPyMY 7,1 7.4 7,2 7,5
KpyTHuit MOMEHT nBUTyHA 2,75 2,75 2,90 2,91
Yac mycky 0,41 0,44 0,57 0,62

BucHoBkH

MojientoBaHHs MPOLECy MyCKY aCHHXPOHHUX JBUTYHIB 3 KOPOTKO3aMKHEHHMH POTOPAMH J03BOJISE CIIOCTEpiraTH
ICHYBaHHsI aNlepiOIUYHUX CKIIaJJOBUX, 1110 BUKIUKAHI MEPEXiTHUMH POIIECAMH.

[TopiBHSIHHSL OCHMJIOTPaM XOJIOCTOTO MYCKY JABHMI'YHA Ta IYCKY IiJl HABAHTKEHHSM JI03BOJISIE 3pOOMTH BUCHOBKH
opo Te, HIO Yac MYyCKy 30i7IbLIYEThCS, a MyJbCYFOUHH XapaKTep CIIOCTEPIracThCs JIMIE HA TMOYATKOBIH MibHHUIIL.
HasBHICTD YIIKOKEHUX CTPHXKHIB Y KOPOTKO3aMKHEHOMY POTOPI TAKOX 301IBIIYE Yac MyCcKy JABUTYHA.

[ynscyrounii XapakTep OCHOBHUX JIarHOCTHYHHX MapaMeTpiB MOXKe OyTH BUKOPHUCTAHUN Yy SKOCTI KPUTEPItO JJIs
BU3HAYCHHSI YIIKOKEHb Y KOPOTKO3aMKHEHI OOMOTII pOTOpa aCHHXPOHHOTO JIBUT'YHA.

CIIMCOK JIITEPATYPU

1. JIa6yx M.H. Enexrpuuni mammaun: Hay.noci6. / M.H.JIs6yk. — JIynek.: JIATY, 2005. — 445c.

2. Marematuyeckoe  MOJICIUPOBAaHME  ACHHXPOHHBIX  JBHUraTeledl  Npu  TOBPSKACHUSX  CTEpIKHEU
KopoTko3aMKkHyToro poropa / B.®. CuBokoObuienko, B.A. IlaBmokos, P.II. CepmioxoB B.W. Bonnmapenko C.IL
Spemenko // HaykoBi npaiii JloHenpkoro HamioHanbHOro TexnigHoro yHisepcurery. — 2009. - Ne 9(158). — c. 222-226.

3. TleryxoB B.C. JIlnarHoCTHKa COCTOSHHUS 3JICKTPOIBUTATENCH. METO CIEKTPaTbHOIO aHAIM3a MOTPEOIIEMOTo
toka / B.C. IleryxoB, B.A. CokonoB // HoBoctu anekrporexuuku. — 2005. — Ne 1(31). —c. 50-52.

4. Boek O.I0. Meron nepiognyHoro niarHoctyBaHHs acMHXpoHHUX aBUTYHIB/O.1O. BoBk, JI.M. be3MeHnHikoBa,
C.O. Kgitka // TIpari THATY. — 2010. — Ne 10, T4. — c. 39-46.

5. JluarHocTHka CTepKHEH JBYXKICTOYHBIX M TIyOOKONAa3HBIX KOPOTKO3aMKHYTHIX POTOPOB aCHHXPOHHBIX
nmeurarencii / B.®. CuBokooOsuienko, JI. 1. Kyssmenko, C.I1. SIpemenko // Haykosi nparii JIOHEIIBKOTO HAI[iOHAEHOTO
TexHiuHOTO yHiBepcuteTy. Cepisi: «EnexrporexHika 1 eneprerukay, Bumyck 10 (180). — Jouenpk: JIBH3 «douHTVY»,
2011. —c. 4-8.

6. PycoB B.A. Cnexrpanbnas BuOpoauarsoctuka / B.A. Pycos. — Ilepms: BII® "Bubpo-uentp”, 1996. - Beim 1. —
196 c.

7. Mopens aCHHXPOHHOI'O JBUTYHA 3 KOPOTKO3aMKHCHUM POTOPOM y HporpamMHoMy cepemoBuri Mathcad / E.M.
Hewmues // Haykogi npaiii JloHeIbKOTO HalliOHAJIBHOTO TeXHIYHOTO YHiBepcutery Cepist: EnekrpoTexHika i eHepreTuka.
Bceykpaincbkuii Haykoswii 30ipHuK Nel(19) —2(20)°2018, TTokposcwk: JIBH3 onHTY, c. 75 — 81.

REFERENCES

1. Lyabuk M.N. Electric cars: navch. / M.N. Lyabuk. - Lutsk .: LDTU, 2005 .-- 445s.

2. Mathematical modeling of asynchronous motors in case of damage to the rods of a squirrel-cage rotor / V.F.
Sivokobylenko, V.A. Pavlyukov, R.P. V.I. Serdyukov Bondarenko S.P. Yaremenko // Science of the Donetsk National
Technical University. - 2009. - No. 9 (158). - p. 222-226.

3. Petukhov V.S. Diagnostics of the condition of electric motors. Method of spectral analysis of current
consumption/ V.S. Petukhov, V.A. Sokolov // News of electrical engineering. - 2005. - No. 1 (31). - p. 50-52.

4. Vovk O.Yu. Method of periodic diagnostics of asynchronous motors / O.Yu. Vovk, L.M. Bezmennikova, S.O.
Quote // Pratsi TDATU. - 2010. - No. 10, T4. - from. 39-46.

5. Diagnostics of rods of two-cell and deep-groove squirrel-cage rotors of asynchronous motors / V.F.
Sivokobylenko, D.l. Kuzmenko, S.P. Yaremenko // Science of the Donetsk National Technical University. Series:
«Electrical Engineering and Power Engineeringy, issue 10 (180). - Donetsk: DVNZ "DonNTU", 2011. - p. 4-8.

6. Rusov V.A. Spectral vibration diagnostics/ V.A. Rusov. - Perm: VPF "Vibro-Center”, 1996. - Issue 1. - 196 p.

7. Model of an asynchronous motor with a short-circuited rotor at the Mathcad software center / E.M. Numcev //
Science of the Donetsk National Technical University Series. Electrical Engineering and Power Engineering. All-
Ukrainian Science Zbirnik Nel (19) - 2 (20) 2018, Pokrovsk: Donetsk National Technical University, Donetsk National
Technical University, p. 75 - 81.

Haoiwuna 0o pedkoneeii 12.11.2020 Peyenzenm.: Cemenuenxo A.K.

63




ISSN 2074-2630 Haykosi npaui HonHTY. Cepia: « Enexkmpomexuika i enepcemuxa» Ne2(23) 2020

E. NIEMTSEV
State Institution of Higher Education «Donetsk National Technical University»

Analysis of operating modes of squirrel-cage induction motors in the presence of damage to the rotor rods. The
article determines that the main faults in induction motors are damage to the stator and rotor windings, which occur due
to changes and distortions in the shape and amplitude of the supply voltage, technological overheating of the windings,
mechanical damage. These factors lead to accelerated wear of the insulation of the windings, structural components of
the motors, increased values of power losses and the occurrence of pre-emergency and emergency situations. Among
the specified diagnostic parameters of engine operation it is possible to consider separately existence of damages of
cores of a short-circuited rotor which timely diagnostics demands removal of the engine in repair and will alow to
avoid emergency situations with induction motors. To diagnose the control of the rotor rods are quite diverse:
determining the amplitude-frequency spectrum of stator currents, detecting the presence of current ripples in an
artificial short circuit in the stator winding, the use of diagnostic curves, the selection of appropriate harmonic
oscillations in the vibration of the rotor. To reduce or eliminate the negative impact of various factors on the course of
technological processes, the best approach at present is the use of tools and measures to diagnose the operation of
engines using modeling methods. Based on the model of an induction motor with a short-circuited rotor created in the
MATHCAD software environment, graphical dependences were obtained that reflect the change of the main parameters
of the induction motor operation and allow to analyze their change during the modulation time. The presence of
pulsations of regime parameters and aperiodic components caused by transients was shown. Studies of the process of
starting the engine without load and under load showed an increase in start-up time, and the pulsating nature of the
studied parameters is observed only in the initial section. The engine start time also increases in the presence of
damaged rods in the short-circuited rotor. The pulsating nature of the main diagnostic parameters can be used as a
criterion for determining the presence of damage in the short-circuited winding of the rotor of an induction motor.

Key words: asynchronous motor, MATHCAD, model, squirrel-cage rotor, rotor bar, electromagnetic circuit,
generalized current vector, rotation speed, torque.



