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TEIIJIOBA I EJIEKTPUYHA MATEMATHYHA MOJEJIb J1JI1 ACHHXPOHHHUX
EJIEKTPOJBUI'YHIB

Y oaniti pobomi npeocmaeneni mooenoeanHs i

nepegipxa Menno6ux, eleKMpUdHUx I MeXaHiYHUx

sracmusocmeti, mooeni mpugasnozo acunxpourozo osuzyna (TIM). Poseaianymo 63aemo38'asku misc empamamu i

sminoro memnepamypu 6 TIM, wo pobums modenosanns pobomu eieKmpoosusyHa npocHO308aHUM. BusznaueHno

smpamu 6 TIM, ax exegisanenm enekmpuyHo20 Koia 6 O0GIIbHOMY 6UKOPUCTHOBYEMbCA cucmema GIiONiKy, AKd
NOEOHYE 8 cOOI Mpaouyitiny Mooenb 3 OiNbUL 36UYATIHUM MOOETIOBAHHAM i 8pAX08YE MPAMU 8 3a1i3i cmamopa.

Kniouosi cnoea: acumxponnuii enekmpoogucyn, mennogi npoyecu, OideHOCMUKA, Meni080i KOHMPOIb,

Mamemamudna Mooeib.

IocTanoBka npodJieMu. AHAJII3 OCTAHHIX
AOCJIIKeHb i myOaikamin

3 ormsigy Ha TOTOYHY 3pOCTaldy BapTiCTh
eIIEKTPUYHOI eHeprii Ta i oOMeXeHy IOCTYIHICTb,
ONTUMI3aIlisl eHEeproeeKTUBHOCTI Oyma mIpeaMeToM
IHTEHCHBHUX JIOCHIJKEHb.

Haiibinpma KUTBKICTP eHeprii Ha
CJICKTPOTPAHCIIOPTI MOTJIMHAE ENeKTpoABUryHH. lle
CHOXKMBaHHSI CTAaHOBUTH Bif 65% enekTpoeHeprii, ska
BHKOPHCTOBYETHCS B MpoMHUCIIoBocTi [1 - 12].

OpuH i3 cmoco0iB MakCHMi3yBaTH €(pEeKTHBHICTH
TIM wmoxe OyTH 3IIHCHCHHH UUIAXOM IOJIMIICHHS
icHyrounx  TexHosorit. Ilpm  po3podui  cucrem
yopaBiiHHA Ui npuBoay TIM  BHKOPHCTOBYIOTHCS
MaTeMaTu4Hi MOJEeNi, SIKi BKIJIOYAIOTh MOJETIOBAHHS
CJIEKTPUYHMX 1 MEXaHIYHUX YacTUH B TIM.

OmHMM 3  OCHOBHHX OOMEXEHb  CTpaTeriu
KOHTPOJIIO € e(eKTUBHE BHUKOPHUCTAHHS €Heprii Ta
onTuMizartist cencopis. [13-14]

30unbieHHs  temmepatypu TIM  oOymoBieHo
BTpaTaMH B MammHi. ToMmy, mOO BHBECTH IIOMIpHY
TEMIepaTypy i OWIHUTH BTPATH B JBUTYHI HEOOXiIHO,
mo0d Mojeni Bkimovaau B cebe BCl (akropw, sKi
reHepyloTh iX. TakuM YHMHOM MOJKHa BCTaHOBUTH
BiJIIOBiTHICTh MiX €JIEKTPUYHOI, MEXaHIYHOT 1 TeIUIOBOL
MO/JISIISIMU.

VY Toif yac sk mepur JBa BUKOPUCTOBYIOTHCS IS
BHU3HA4YECHHS! BTpaT B pOTOpi 1 craropi, TpeTii nae
3HAUeHHS TeMmIeparypu. J3HaueHHS omopy Oyne
OIIHIOBATHCSI B POTOpI 1 CTaTtopi, mapameTpu SKOTO
OynyTh BimdyBaTm Olnplly 3MiHYy TOB'A3aHi 3
Temnepatypoto [15].

TemsoBa MaTeMaTH4Ha MOJEIb ACHHXPOHHOTO
SJICKTPOABHUI'YHA, NIPE/ICTAaBIICHA B JaHIM CTaTTi, TAKOX
BpaxoBYy€ 1 MeXaHIuHI BTpaTH, IIO BIANOBIJAIOTH 3a
30UTBIIICHHS TEMITEPaTyPH JBUTYHA.

Mera crarTi

Po3po0Kka TemoBoi Ta eNeKTPHIHOT MOJEI IS
ACHHXPOHHUX CJIEKTPOIABHUTYHIB.

Buxkiax 0cCHOBHOTO MaTepiaiy

PiBHAHHS JUISA MarHiTHOT'O IMOTOKY BHU3HA4YarOTLCA
SIK:

bgs = Lls(iqs - iqir) + LM(iqs ~ lgir + iqr) @
bas = Lis(as — lair) + Ly (as — lair + lar) (2)
q)qr = Llr(iqr) + LM(iqs - iqi‘r + iqr) (3)

bar = Ly (igr) + Ly (igs — igir + iar)  (4)

PiBHSIHHS HAaNIpYTW B MalIMHI BU3HAYAIOTHCS SIK:

. do
Vqs =Tslgs + wdys + dZS (5)
) dd
Vas = Tslas — wq)qs + dfs (6)

, ddgr
0= Tslgr + (w — wr)cbdr + d_Z (7)

. ddgr
0 =rig — (w - wr)(l)qr + (ld): (8)

PiBHSIHHS KPyTHOTO MOMEHTY MO>KHA MPEACTaBUTH
B HACTYITHOMY BHUIJIAI:

T, = %(2) Ly [(iqs - ine)idr = (lgs — idFe)iqr] 9)

EnexrpomarHiTHHIA KpyTHHH MOMEHT,

CTBOPIOBaHMH 1HIYKII€I0 ABUT'YHA, Oy/ie JOPIBHIOE CyMi
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KPYTHOTO MOMEHTY HaBaHTaXCHHSI 1 KDyTHOTO MOMEHTY
yepe3 MEXaHIYHHUX BTpAT (TepTs 1 BITPY).

KpyTHuit  MOMEHT  HaBaHTaXEHHS  MOXXHa
PO3IUIMTH Ha JABI YaCTHHH: INPUCKOPEHHS 1 KPYTHHH
MOMEHT (TOTpeOyeThCS UIA 3MIHM KiHETHYHOI €Heprii
00epTOBUX Mac) i CTIMKHMIA 10 HaBaHTa)KEHHS KPYTHHHA
MOMeHT. [IpHcKOproe MOMEHT NpsIMO TNPONOPLIHHUIHA
omnopy MOMEHTY iHepmii HaBaHTAKCHHS
enektpoasuryHa. CTiHKAH 1O HaBaHTAXKCHHS KPYTHHHA
MOMEHT, Yepe3 TepTs, JIIHIHO MOB'I3aHUA 3 KyTOBHM
mBuAKicTIO [2-5].

TakuM 9WHOM, ENEKTPOMATHITHWUN  KPYTHHH
MOMEHT JIOPIBHIOE:
2 dw 2
To=](3%) + 2w, +T, 10
e ] P dt pr L ( )

ne TL - MOMCHT HaBaHTaKCHHs, J - MOMEHT IHepIIil
HaBaHTa)XCHHS IBUTyHa, D - xoedimieHT TepTs poTopa i
P - uncio nmomrocis.

3 mpezncTaBiieHOT MOJIEIUII0O MOXKHA BHU3HAYHTH
BIUIMB BTpaT B CTAaTtopi i B pOTOpi, BTpaTH B 3al03i
craropa i MeXaHidHI BTpaTd. BTpartu BIUIMBalOTH 3a
BUpoONeHHS  Temwla B HBOMY, BOHH  Oyne
BUKOPHCTOBYBATHCS B SIKOCTI BXIJHHMX HaHUX JUIA
TEIIOBOT MOZEN ISl MOJCIIOBAHHS 3MiH TeMIIEpaTypH
TIM [5-8].

dT;

Py = GsTs + CSE + G (Ts = T;) 11)

Ty
B =GT +C dt + Gsr(Tr - Ts) (12)
MexaniuHi  BTpaTH Pmech moB's3ami D 3

koe(illieHTOM TepTs B MiJIIUIHUKAX POTOpAa. BTPATH
Ps, Pr 11 Pmech po3paxoByroThCs 32 popMyIor:

Fs = %[(iés + 155)7"5 + (ic?Fe + inge)RFe] (13)

3/. .
Pr = E(lgr + lczir)‘r:? (14)

2
Precn = D (2w, (15)

HeoOxigHicTh B Oinbil e(EeKTUBHUX ABUTYHAX
MPU3BOANTE 1O 3HIKCHHS ONTHUMI3aIlil KOHCTPYKIII.
IoBiTpsiHMIA 3a30p B  MaliMHI 3  MOAAJIBIINUM
3MEHIIEHHSAM MiCIlb JUIs JaTYMKIB 1 KUIBKICTh TOYOK,
mo0 Matu TemneparypHi BuMiproBaHHA [8-15]. Tomy
BukopuctanHis FBG 4K 4yTimBI  eleMEHTH €
MOTEHI[IHHNM pIlIeHHSM, SK€ J03BOIWIO O OTpuMaTH
napameTpu TeroBoi Mozeni 3 TIM.

BucHoBku

JocnijpkeHHsT IOKa3anu, [0 ICHYe BHYTPILIHA
CKJIAJIHICTh MOJICTIOBAHHS MiABHUICHHS TEMIIEPaTypH,

Enexkmpuuna inscenepisn

BUKJIMKAHOTO MEXaHIYHUMH BTPAaTaMH, OCKUJIBKH BOHO €
BIIHOCHO HEBEJIMKUM 3HAYEHHSM Y TIOPIBHSAHHI 3
€JICKTPOMArHiTHUMU BTpatamu. Sk OyJio IMOKazaHO B
pesynbTati B (opMmynax, MiABHIIEHHS TEMIEpaTypH
yepe3 MEXaHIYHMX BTpaT BignoBimae 4 ° C. i
BukopuctanHis FBG  mo3Bomse  BumiproBatm i
MOJIEIIIOBATH 3MiHA TEMIIEPAaTypyd IIPH JiarHOCTHII
TIM.
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HEAT AND ELECTRIC MATHEMATICAL MODEL FOR ASYNCHRONOUS ELECTRIC MOTORS
D. Zubenko, O. Petrenko
0O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

This paper presents the modeling and testing of thermal, electrical and mechanical properties, models of three-
phase asynchronous motor (TIM). The relationships between losses and temperature changes at TIM are
considered, which makes simulation of motor operation predictable. In determining the loss at the TIM equivalent
electric circuit in an arbitrary, a reference system is used, which combines the traditional model with more
conventional modeling and takes into account losses in the stator iron. Thermal study of the engine is performed
using an equivalent thermal circuit formed by thermal capacitances and thermal conductivities, which are
separately considered for the stator and rotor. Losses calculated using electrical and mechanical modeling are
input parameters for the thermal model.

Given the current growing cost of electrical energy and its limited availability, energy efficiency optimization
has been the subject of intense research.

The greatest amount of energy in electric transport absorbs electric motors. This consumption is from 65% of
electricity used in industry.

One way to maximize the effectiveness of TIMS can be done by improving existing technologies. In the
development of control systems for the TIM drive, mathematical models are used, which include the simulation of
electrical and mechanical parts in TIM.

One of the main limitations of control strategies is the efficient use of energy and the optimization of sensors.

The increase in temperature TIM due to losses in the car. Therefore, to derive a moderate temperature and
estimate engine losses, it is necessary that the models include all the factors that generate them. Thus, it is possible
to establish a correspondence between the electrical, mechanical and thermal models.

While the first two are used to determine losses in the rotor and the stator, the third gives the temperature
value. The resistance value will be evaluated in the rotor and stator, the parameters of which will experience a
greater change associated with temperature.

The thermal model of an asynchronous electric motor, presented in this article, also takes into account the
mechanical losses responsible for increasing the temperature of the engine.

Keywords: asynchronous electric motor, thermal processes, diagnostics, thermal control, mathematical model.
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