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1. Inceprauifiny po60Ty IPUCBSIY€HO CTBOPEHHIO METO/iB TPMBUMIPHOIO MOJIE€JIIOBAHHS Ta IPOEKTYBAHHS
6araTOKOMIIOHEHTHUX KOHCTPYKLi y BUPOOHUITBI BEJIMKUX MaIIUH nocTiiiHoro ctpymy (BMIIC) n1s1 BupileHHS
aKTyaJIbHUX MUTaHb 00 MiABUILEHHS HAiHOCTI iX KOHCTPYKLi Ta 3a6e3neyeHHs] THy4YKOCTi BUpOoGHULITBA. byso
BHMKOHAHO PO3PaxyHOK PO3IO/iy HAaNlpy>XeHb Ta gedopmariiii B mexxax cranuHyu BMIIC 1151 BUBHaYeHHs
KPUTUYHUX HaBaHTaKeHb, [I0B’13aHUX 3 0COOIMBOCTSIMY BUKOHAHHS TEXHOJIOTIYHUX oNepaliil. Po3risnyTo
IIPOEKTYBAHHS Ta PO3PaXyHOK HaNpyXeHO-1e(pOPMOBAHOI0 CTaHy KopnycHux 4actud BMIIC mif yac BUTOTOBJIEHHS
Ta ekcryarauii. [Ipy npoMy Briepiie BpaxoBaHO K KJIACUYHI €JIEKTPOMArHiTHI CUJIM, TaK i 3yCULjis NPy BUKOHAHHI

TEXHOJIOTIYHMX OTIepalliil, HeOOXigHUX NJIT MEXaHiYHOI 06POOKU Ta CKIa[AaHHS TaKMX 00'EKTIB, a TAKOX B MPOIIECi



TPaHCIOPTYBaHHS. B yacTHI BU3BHaUYE€HHS MEXaHIYHUX HANIPYKE€Hb OYJIO BCTAHOBJIEHO, 1110 3alaCy MillHOCTI
CIIPOEKTOBAHOI KOHCTPYKIii JO3BOJISIIOTh 320€3M€YUTH MilIHICTb eJIeMEeHTIB CTAaHUHM I1iJ], Yyac BUTOTOBIeHHS BMIIC
Ta 6e3neyHy poOOTy Iif 4ac ekcryaTalii 6e3 06MeKeHb 32 HABaHTKEHHSIMU Ta pe>KUMaMu poboTu. TpuBumipHuit
aHaJli3 HalpyXeHO-Ae()OPMOBAHOI0 CTaHY KOHCTPYKLii IPY BUKOHAHHI TEXHOJIOTIYHMX OIEpallili, a came Haxuiy,
nigfiomy Ta nepemimenHs ctaHnHU BMIIC 6e3 nosociB i 3 mosocamu, I0Ka3as, 0 3HaYeHHSI MeXaHiYHUX
HaIpyXeHb Ta Jedopmaliill, SIKi BUHUKAIOTb Y 3'€JHAHHSIX CTAHUHYU 6230BOr0 BUKOHAHHSI, I€PEBULIYIOTh OIIYCTUMI
MEXi, 10 IPU3BOIUTH [I0 3HAYHOI AedopmMallii KOHCTPYKILii. ¥ pobOTi CIpOEKTOBAaHA KOHCTPYKLIiI0 CTAHMHU 3
IOATKOBUMU pedpamMu XOPCTKOCTI Ta BUKOHAHI pO3paxyHKH HAIIPY>KeHO-11e(pOPMOBAHOTO CTaHy By3Ja.
[IpoBeneHuit aHasi3 MOCUIEHOI KOHCTPYKIIii 10Ka3aB, 0 [IPY BUKOHAHHI TEXHOJIOTIYHUX ONepaLii MeXaHiuHi
HaIpYXeHHS, SIKi BUHMKAIOTh, HE [1IePEBUIYIOThH AONYCTUMHUX, a BCi Aedopmallii 3HaX0IsThCS B IPY>KHIi 30Hi J1s
BMKOPHMCTAHOro MaTepiaiy. 1. Bnepie cTBOpeHUI HOBUI METOJ, PO3PaxyHKY HalPy>KeHO-1e(pOPMOBAaHOTO CTaHy
CTaHVHU BEJIMKOI MAIIMHU MIOCTIMHOIO CTPYMY, IO HA BiIMiHY BiJl iCHYI0UMX [O3BOJISI€ BPAXOBYBATU TEXHOJIOTIYHI
Ta OCHOBHI CMJIOBi aKTOPH Y TPMBUMIpHIN IOCTaHOBL. 2. YIOCKOHAJIEHO aJITOPUTM 3aBJaHHS I'PAHUYHUX YMOB JJIs1
TPUBUMIPHUX MOJ€JIell KOHCTPYKTUBHUX KOMIIOHEHTIB €JIEKTPUYHUX MAIIMH Y YaCTHHI AETaJbHOTO OIUCY
HABaHTaXEHb B Pi3Hi MOMEHTH LIMKJIy BUPOOHUIITBA Ta €KCILyaTalii. 3. YI0CKOHaJIEHO aJITOPUTM Ta METOIUKY
[IPOBEJIeHHSI BUNIPOOYBaHb €JIeKTPUYHUX MAIIMH B YACTHHI iX BiZIIIOBIIHOCTI BUMOTaM BIIPOB3/I)KEHUX CYy4aCHUX
€BPONENCHhKUX CTaHAAPTiB. 4. Haby/u nojasnbpioro po3BUTKY iCHYIOUI iH)K€HEPHI MeTOM BU3HAUEHHSI HallPYy>KeHO-
Ie(pOpPMOBAHOr0 CTaHy Ha OCHOBI KJIACUYHOI T€OPii MIlIHOCTi B YaCTUHi yJIOCKOHAJIEHHSI TOYHOCTI PO3IOALTY
Halpy>XeHb Ha OCHOBI MaTeMaTUYHOIO MOJEJIIOBAHHA KOHCTPYKIi 3 BpaXyBaHHAM TPUBMMIPDHOTO PO3MIOMLTY
TEXHOJIOTIYHUX Ta OCHOBHUX CUJIOBUX (akTopiB. [IpakTUyHe 3HaU€HHSI OTPUMAaHUX pe3yJbTaTiB: 1. Po3pobienuit
METOJ, BUBHAUEHHSI Hallpy>KeHO-TepopMoBaHOro ctany ctaHnHu BMIIC 3 ypaxyBaHHSM HaBaHTa)KEHb, 110
BMHMKAIOTh [IPU TEXHOJIOTIYHUX OIepallisix B IPOIieci BUTOTOBJIEHHS, Ta Iif, Yac eKCIllyaTallii FoTOBOro BUPoOy,
I03BOJISIE MiATBEPAUTH IIpaLle3aTHICTh KOHCTPYKIii KOPIIYCiB He TiJIbKY /1151 OCHOBHUX PEKMMIB POOOTH, a TAKOX
L7151 TEXHOJIOTIYHMX onepalil (migiioM, KaHTyBaHH:). 2. Ha ocHOBi po3p006J1eHOro MeToAy OOIPYHTOBAaHO CTBOPEHHS
IOJATKOBUX pebep SKOPCTKOCTI, 110 3abe3nevye NOCUIEHHS KOHCTPYKLii ctanuHu BMIIC a1 3ano6iraHHs
HeJonycTUMUX nedopMalliil mif yac TeXHOJIOTIYHUX onepaiil. 3. Po3pobyieHi pexomeHallii mono npoBeseHHs
BUIIPOOYBaHb €JIEKTPUYHUX MaLIMH ITOCTIHHOTO CTPYyMY, 1110 6a3yI0ThCsl Ha BIIPOBAIKEHNX CyYaCHUX €BPOIEChKUX

CTaHOapTax.

2. The dissertation work is purposed to the creation of methods for three-dimensional modeling and design of
multi-component structures in production of large direct current machines (LDCMs) to solve urgent issues of
increasing the reliability of their design and ensuring flexibility of production. The distribution of stresses and
deformations within the LDCM frame was calculated to determine critical loads associated with the specifics of
the performance of technological operations. The design and calculation of the stressed-strained state of the
LDCM body parts during manufacturing and operation were considered. At the same time, both classical
electromagnetic forces and efforts during the performance of technological operations necessary for mechanical
processing and assembly of such objects, as well as during transportation, were taken into account for the first
time. In terms of determining mechanical stresses, it was established that the safety margins of the designed
structure allow ensuring the strength of the frame elements during the manufacture of LDCMs and safe operation
during operation without restrictions on loads and operating modes. Three-dimensional analysis of the stressed-
strained state of the structure during technological operations, namely tilting, lifting and moving the frame of the
LDCMs without poles and with poles, showed that the values of mechanical stresses and deformations that arise in
the joints of the basic version of the frame exceed the permissible limits, which leads to significant deformation of
the structure. The work designed the structure of the frame with additional stiffening ribs and performed
calculations of the stressed-strained state of the unit. The analysis of the reinforced structure showed that during
technological operations, the mechanical stresses that arise do not exceed the permissible ones, and all
deformations are in the elastic zone for the used material. Scientific novelty of the work: 1. A new method for
calculating of the stressed-strained state of a large DC machine frame has been created for the first time, which,
unlike existing ones, allows taking into account technological and basic force factors in a three-dimensional



formulation. 2. The algorithm for setting boundary conditions for three-dimensional models of structural
components of electrical machines has been improved in terms of a detailed description of loads at different
moments of the production and operation cycle. 3. The algorithm and methodology for testing of electric
machines have been improved in terms of their compliance with the requirements of the implemented modern
European standards. 4. Existing engineering methods for determining the stressed-strained state based on
classical strength theory have been further developed in terms of improving the accuracy of stress distribution
based on mathematical modeling of the structure, taking into account the three-dimensional distribution of
technological and basic force factors. Practical significance of the obtained results: 1. The developed method for
determining the stressed-strained state of the LDCMs frame, taking into account the loads that arise during
technological operations during the manufacturing process and during the operation of the finished product,
allows confirming the operability of the housing design not only for the main operating modes, but also for
technological operations (lifting, turning over). 2. Based on the developed method, the creation of additional
stiffeners was justified, which provides reinforcement of the structure of the LDCMs frame to prevent
unacceptable deformations during technological operations. 3. Recommendations have been developed for testing
of DC electric machines, based on the implemented modern European standards.
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