Technical sciences ISSN 2307-5732

DOI 10.31891/2307-5732-2019-273-3-232-234
YK 621.311.001.57
J.10. 3YBEHKO, O.M. IIETPEHKO, B.B. JITHHBKOB

XapkiBchKnii Hal[lOHAJIBbHUI yHIBEpCUTET Michkoro rocrogapcersa imeHi O.M. bekeroBa

METOIM PO3PAXYHKY TEIVIOITPOBIIHOCTI EJIEKTPUYHUX MAIIINH

Y yili cmammi poszasdaemvcs numauHs memodie po3pAXyHKy men/onposidHocmi eneKmpu4HuX MAwuH 3
BUKOPUCMAHHAM HO8020 nopucmozo mamepiasy. [Ipedcmassena cnpoujeHa Mmodesb cmpyKmypu i mensioguii onip 0CHOBHUX
e/eMeHmie eneKMpU4HUX MawuH. Pe3yibmam po3paxyHKy nepegipsiiomsbCsi NJA0CKOW M00eanio  080Waposoio
men/10onpogioHicmio, sIKa 3aCHOBAHA HA eKcnepuMeHmax i e1eKkmpomazHimHomy modearogaHHi. Modesi mensiogozo cmaty
ompumaHi 3a donomMoz0r napasienabHuUx Memodie i KaacuuHuUM mMemoooM OYiHKU.

Karuosi caoea: enekmpuyHa MawuHa, eaekmpodsuzyH, diazHocmuka, Memodu mensi08020 KOHMpPOJi0, HelpOHHI
Mepexrcl.
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METHODS OF CALCULATION OF HEAT CONDUCTIVITY OF ELECTRICAL MACHINES

In this paper, Metal examines the question of methods for calculating the thermal conductivity of electric machines. A simplified
model of structure and thermal resistance of the main elements of electric machines is presented. The result of the calculation is verified by a
flat model of two-layer heat conductivity, which is based on experiments and electromagnetic modelling. Models of the thermal state are
obtained using parallel methods and the classical method of evaluation. For such requirements, more accurate thermal models are needed
that integrate the thermal properties of the material (electrical insulating and magnetic materials) to accurately imagine the behaviour of
the system. For such requirements, more accurate thermal models are needed that integrate the thermal properties of the material
(electrical insulating and magnetic materials) to accurately imagine the behaviour of the system. In a thermal study, one of the main
problems of electric machines is their materials, of which it is the most vulnerable component, such as insulating materials. Winding of
electric machines can be damaged or reduce the service life if the heat limit for the material is exceeded. However, as the slots are filled with
composite materials, such a real slot model is difficult to install. The prediction of the thermal conductivity (PFC) using a number of tools,
such as the finite element method (ICE), will result in excessive simulation time. Excitation winding where the side of electric machines is
usually hidden in a closed room using an epoxy resin (mainly in special linear motors) or varnish (mainly in rotary engines), copper
conductors are isolated from each other. Moreover, the enamel wire outside the copper conductor, the insulating paper slot is filled to
increase the insulation. Also, different from porous materials, the component of metal and gas in porous materials may be replaced by
equivalent insulation and copper wires, respectively. In addition, there is no fluid in the thermal transfer between them, porosity can not be
replaced by a wire without isolation. Therefore, the actual task of developing a mathematical model of thermal conductivity in electric
machines with different types of insulation.
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Beryn

Icnye 3pocratoua noTpeba B MiHiaTiopu3anii, eHepreTnuHiil eheKTUBHOCTI, 3HW)KEHHI BUTpAT, a TaKOX
BUKOPHCTaHHI HOBUX TEXHOJIOTIH 1 MaTepiamiB s eNeKTPUIHUK MammuH. J[7sg Takux BUMOT MOTpiOHI OimbmT TOYHI
TEIUTIOBI MOJIEINI, IO iHTETPYIOTH TEIUIOBI BIACTUBOCTI MaTepialy (eMeKTPHUYHI i30JAMIHI 1 MATHITHI MaTepiam) s
JIOCTOBIPHOI ysIBU MOBeAiHKH cucTeMu [1-3]. B TeruioBoMy DOCTIKEHHI OHA 3 TOJOBHUAX MPOOJIEM EIeKTPHIHUX
MaliMH — X MaTepiand, 3 HAHOLIBII BpA3IMBMM TAaKMM KOMITOHEHTOM, SIK 130JimiiiHi MmaTepiasd. OOMOTKH
eNeKTPUYHUX MaIMH MOXYTb OyTH IOLIKODKEHI 00 MOXKYTh 3MEHIIUTH TEPMiH CIIyXKOH, SKIIO TEIUIOBAa MeKa I
Matepiany nepesepiieHa [1]. OqHak, sK CJIOTH 3alOBHEHI KOMIIO3UTHHMHU MatepiajlaMH, TO TaKy peajbHy MOJCIb
CJIOTIB BaKKO BcTaHOBUTH. IIporHosyBanus koeinienTta terutonposigHocTi (IIKT) 3a momomoror uuciaeHHHX
IHCTPYMEHTIB, TakuX sik MeTo]] KiHieBux enementiB (MKE), npusBene 1o HaaMipHOro 4acy MozetoBaHHs [4-6].

OOMOTKH 30YPKEHHSI, Ie CTOPOHA €JIEKTPUYHMX MAIlIWH, SIK PAaBUJIO, CXOBaHA B 3aKPUTE NMPHUMIIIECHHS 32
JIOTIOMOT'0I0 eTIOKCHIHOI CMOJIM (B OCHOBHOMY B CIICLIAIBHHX JIIHIHUX JBUTYHax) a00 NMpPOCOYEHHS JIakoM (B
OCHOBHOMY B POTOpPHMX IBHMI'YHaX), MiJHI ITPOBIJHUKH 130Jb0BaHi OAWH Bia ofHoro. bimbmr Toro, mposin emaii
30BHI MIIHOTO TPOBIIHMKA, CIOT i3 130JMIHHOTO Tamepy 3amoBHEHI, Mmo0 30umpmmTH i30msamito. Takox,
BiJIPI3HIIOYMCH BiJl IOPHCTUX MaTepialliB, KOMIIOHEHTH METAly i Ta3y B MOPHUCTHX MarepiajaXx MOXIUBO 3aMiHEHi
€KBiBaJICHTHOIO 130JIAIIE€I0 1 MiTHIMH MIPOBOAaMHU, BiAmoBigHO. KpiM TOTO, HE icHYE OYyAb-AKOI PiIUHE TEPMITHOTO
MePeHOoCcy MK HHUMH, MOPHUCTICTh HE MOXKe OyTH 3aMiHeHa Ha Apit 0e3 i3omsauil [4, 8]. Tomy akryanbHa 3amada
PO3pOOKK MaTeMaTHYHOI MOZEI TeIUIONPOBIIHOCTI B ICKTPUYHHAX MAIIMHAX 3 PI3HUMHU BHAAMH 130 ST,

ExcrniepuMeHTATbHA YaCTHHA
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[oxiOHO BU3HAYECHHSIM MOPHUCTOCTI Marepiany, BU3HAYCHHS B CJIOTI MOXKE OyTH BHPAXKEHO Ui TOJIOrO
JIPOTY sIK Koe(ilieHT 3armoBHeHHs ciorta [9—13].
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ExsiBanentHo IIKT mpopi3 cekrmii oTpruMaHuii 3 BUKOPUCTAHHSAM IUTOIII 3BakeHUM MetoaoMm [10, 15, 16], y
dopmyni (9). Ipore, neit merox, omucanuit B (11) MoXHA pPO3MIIAAATH SIK Migb Ta 130JIAMIMHI MaTepiaj,
pO3TaIIOBaHi MOCHIZIOBHO, SIKi ICHYIOTH SIK NapajelnbHUi TepMIYHUI CTaH.
3acTocoByroun 1ie A po3paxyHky eksiBajenTHoi [IKT [14, 15], dopmyina Moxe OyTH orvcaHa Tak:
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Inma exsiBanenTHa IIKT po3paxoByeTbesi aHAJITHYHUM METOJOM, SIKa HPEACTaBIsiE cOOOI0 KIIACHYHY
omiHKy [15, 16].

s dopmyna, 3anporoHoBaHa JlaHienmeM, SIKHH ONWCYE KIACHYHI OI[HKM EKBIBJICHTHOI MOBEIIHKH
pi3HOPIAHUX MaTepialiB, SKi MOXKYTh OyTH TIYMa4eHHSIM 3 TOUKH 30py IIPOOIIEM BKIIFOUCHHS.

BucHoBku

OTpuMaHi MaTeMaTH4HI MOJEINi IS pO3paxyHKY TEIUIONPOBITHOCTI HA OCHOBI CTPYKTYPH MOPHCTOTO
METaJIeBOro MaTepiany. 3a JOIOMOrOI0 METOy MEePEeXXeBOro TemIoBoro onopy, ciaora IIKT ta orpumanoi Gpopmynu
JUTS OOYMCIICHHS MOXHA MOJIMIINTH TOYHICTh po3paxyHKy cioTa [IKT.

Po3paxyHkn mokaszamm, mo Led MeTox € OiUIbIl NpaBHIBHUM 1 TOYHHMM SK CIOCIO OTpUMaHHA
teronposigHocti cnota KT, skuil € BaXKIMBUM IapaMeTpoM Uil PO3pPaxyHKY TEIUIOBOTO BHIIPOMIHIOBAaHHS B
aHaJIi3i TEIUIOBOIO IMOJIA 1 PO3paxyHKY TEIUIOBOTO OMOPY HOBUX Mojened Ta mapamerpiB. Lleir mapamerp Oyie
3aCTOCOBAHMH B 00JIACT1 JOCIIPKEHHS TEIUIOBUX XapAKTEPUCTUK €JIEKTPHUYHOI MAIIMHH, 110 € BaXKJIMBUM YHHHUKOM
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B PO3pOOIIi i ONTUMI3aIli]l eEeKTPUIHNK MAIIIHH.
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