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1. 3axX1CT HU3BKOBOJILTHOTO ACUHXPOHHOT'O OBUT'yHa Ha OCHOBI MOJ€ENM0BaHHA ITOTOYHOI'O TEIIJIOBOTI'O CTAHY 3
KOPEKIIi€l0 Bifl TEPMOETEKTOPA

2. The protection of the asynchronous device by means of modeling the current thermal state by thermal detector
correction.

Pedepar:

1. O6'exT mocCiAKEHHS - TEINJIOBI IPOLECH B CTAJMX i IEPEXiIHNX PeKUMax poo6oTu AJl Ipy MOBINBHO i BUAKO
HapOCTAIOUUX TEIJIOBUX [IEPEBAHTAXKEHHIX. MeTa - yIOCKOHAJIEHHS] TEMIIEPATyPHOTO 3aXMCTy HU3bKOBOJIbTHUX
ACUHXPOHHMX €JIEKTPOJABUTYHIB 33 PaXyHOK peasizallii (yHKIii KOHTPOJIIO IOTOYHOrO TEMIIEPATyPHOrO CTaHYy i
cUrHasizauii po npouecy, 1o NpU3BOAATh 10 IIEPEBUILEHHS JOIYCTUMOIO HArpiBy, SIK CTAaTOPHOI, TaK i pOTOPHOI
obMoTok. [TocTaBieHi B nucepTaLiiHiil poOOoTi 3aBIaHHS BUPILIyBajInuch HA OCHOBI METOAY €KBiBaJIEHTHUX TEIIJIOBUX
CXEM, METOJy KiHILIEBUX Pi3HUIIb, METOLy €KBiBaJICHTHUX IPIIOYMX BTPAT - JIJIs1 MATEMATUYHOTO IIPECTABIICHHS
TEIJIOBYX ITpoLeciB B All; Teopii el1eKTPOMAarHiTHOro MoJist - AJ1s1 BUBUEHHS BIUIMBY CKiH-€(EKTy Ha HarpiBaHHs
CTPUIKHSI KOPOTKO3aMKHEHOTO POTOPA; METOIiB aHAJIITUYHOTO PO3B'sI3aHHS CUCTEM JIiHIHHUX AU(epeHIialbHIX

PiBHSIHDb i METO[IIB anre6pu MaTpuULb - IJIsl MATEMAaTUYHOTO MOJIeJII0BaHHS rpoleciB. OGIPYHTOBAHO i 37iliCHEHO



PO3BUTOK MaT€MaTUYHOI MOZEJli TEMJIOBOTO CTaHy HU3bKOBOJIBTHOTO aCUHXPOHHOTO JBUTYHA JJ151 IOTO
TEMIIEPATyPHOTO 3aXUCTY IIPU [IOBOJII i MIBUAKO HAPOCTAIOYUX TETJIOBUX IEPEBAHTAKEHHSX i HECTAHJAPTHUX
30BHILIHIX YMOBax poO0TH, 110 BiflPi3HSIETHCS Bifl 3araJbHONPUIHSATOI MOJeJli BBEL,EHHSIM BY3JIiB: 1J1s
TEPMOJETEKTOPA B JIOOOBIl YaCTUHI OOMOTKM CTAaTOpPA i 117151 OOMOTKM POTOPA 3 YPaxyBaHHSM BIUIMBY CKiH-e(eKTa.
Briepiue, 3a ZOIIOMOTrOIO TEIJIOBOI MO/l POTOPHOI 0OMOTKH, TOCJIIKEHO BILJIMB CKiH-e(EeKTy Ha PO3MOIi
rpajlieHTa TEMIIEPATYpPH B IIa3y POTOpa, i, O CIPUYMHSE IEPEMIIIEHHS B 4aCi MAaKCUMAaJILHOI TEMIIEPATYPU I10
BUCOTI I1a3a. Briepiie, 3 METOI0 BUKOPUCTAaHHS B TEMIIEPATyPHOMY peJjle OTPUMAaHMX 3aKOHOMIPHOCTE pO3IoAiny
TeMIIepaTypu IO BUCOTI N1a3a pOTOpa 3 ypaxyBaHHIM CKiH-e(eKTy, OTpMMaHe aHajliTUYHe pillleHHS [10JIbOBOI 3a1ayvi
IIPOHUKHEHHSI IIJIOCKOi €JIEKTPOMarHiTHOI XBUJIi B CTPYDKEHb poTOpa. Briepie po3po6yieHO TeMIIepaTypHU 3aXUCT,
1110 [103BOJIS€ HA OCHOBI aHasi3y pidHUL MK PaKTUYHOIO i pO3pax0BaHOIO TEMIIEpPATypaMU TEPMOLIETEKTOPA, ab0
BHOCHUTHU KOPEKTUBHU JJ0 PE3YJIbTaTiB MOZEJIIOBAHHS, 00 CUTHAJII3yBaTy PO HebaXkaHi BiIXWJI€HHS], 10
BiIOyBalOThCS B €JIEKTPONPUBOJ], A60 BiIKJII0YATH NIEPETPiTUIl €JIeKTPOABUTYH. Pe3yibTaTu LOCIiIKEHD Y BUTJISA]
PEKOMEHALiN Ta METOIUII, & TAKOX aJITOPUTMY i IPOrpamu AJ1s1 MIKDOKOHTPOJIepa TEMIIEPATYPHOTO peJie
IIPUIHATI 1O BUKOPUCTAaHHS YKPaiHCbKUM HayKOBO-A0CJiTHUM, IPOEKTHO-KOHCTPYKTOPCBKUM i TEXHOJIOTTYHUM
iHCTUTYTOM BHOYX03aXUIIEHOTO i pyIHUKOBOTO €JIeKTPO06IaTHaAHHS 3 TOCIiIHO-eKCIIepUMEHTAIbHUM
BUPOOHULITBOM (M. [JOHEIbK) IJ1s1 pO3pOOKU KOMOIHOBAaHOI CHCTEMU TEIJIOBOI'O 3aXUCTY ACHHXPOHHOTO
HU3bKOBOJIbTHOTO BUOYX00€311e4YHOro ABUTYHA KOIIaJIbHEBOTO CKpeO6KoBOro KoHaeepa tumy 2EIKOD 250M4,

HOTYXHICTIO 55 KBT. Pe3ysbTaTi po60TU TaKOX BIPOBAKEHI B HaB4asbHUH npouec JouHTY.

2. The object of research is the thermal processes under steady-state and transient duties of AD operation in the
course of the thermal overloads of low and high growth. The purpose is the improvement of the temperature
protection of the low voltage asynchronous electric devices at the expense of the control function realization of
the current temperature state and signaling of processes providing the excess of the accepted heating of both
stator and rotor windings. The tasks of the given paper are solved on the basis of the method of the equivalent
thermal circuits, the method of the finite differences, the method of the equivalent thermal losses - for the
mathematical representation of the thermal processes in the AD; the theory of the electromagnetic field - for
studying the influence of the skin-effect on heating of the short-circuited rotor bar; the methods of the analytical
solution of the system of the linear differential equation and methods of the matrix algebra - for the mathematical
modeling of processes. The research paper develops the mathematical model of the thermal state of the low-
voltage asynchronous device for its temperature protection under the thermal overload of low and high growth
and non-standard operating conditions, which is differ from the standard model by using the nodes: for thermal
detector the nodes are used in the front stator winding and for the rotor winding the nodes are used by taking the
skin-effect into account. For the first time, with the help of the thermal model of the rotor winding the paper
researches the skin-effect influence or the distribution of the temperature gradient in the rotor slot. The above
influence causes the time variations of the highest temperature along the slot depth. For the first time, with the
purpose of use in the temperature relay the obtained results of the temperature gradient distribution along the
rotor slot depth by taken the skin-effect into account, the author presented the analytical solution of the field task
of penetration of the plane electromagnetic wave into the rotor rod. For the first time the paper develops the
temperature protection which helps to make corrections of the modeling results on the basis of the analysis of the
difference between the factual and estimated temperatures of the thermal detector as well as to indicate
unexpected deviations which take place within the electrical drive or to switch off the overheated electrical
engine. The results of the research in the form of recommendation and methods as well as the algorithm and
programs of the microcontroller of the temperature relay are used by the Ukrainich research design and
construction technological institute of the explosion-proof and mining electrical equipment of the pilot
production (the city of Donetsk) to develop the combined systems of the thermal protection of the asynchronous
low-voltage explosion-proof engine of the coal flight conveyer of the type 25JKO®250M4 whose power is 55 kW.
The results of the paper are also used by the students studing at the Donetsk National Technical Unsversity.
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