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Jucepraniitny poOOTYy MNPHCBIYEHO CTBOPEHHIO METOJIB TPHUBUMIPHOTO
MOJIETIIOBAHHS Ta MPOEKTYBAaHHSA 0araTOKOMIIOHEHTHUX KOHCTPYKLIM Yy BUPOOHUITBI
BEJIMKUX MalluH noctiiHoro crpymy (BMIIC) nnst BupimieHHsS akTyadbHUX MUTaHb
OO0 MiJABUIIEHHS HAAIMHOCTI iX KOHCTPYKLII Ta 3a0e3MeUYeHHs] THYYKOCTI
BUpPOOHMIITBA. Byll0 BUKOHAHO pO3paxyHOK pO3MOALLY HalpyXeHb Ta aegopmaniii B
Mexax ctaHuHu BMIIC st BU3HAUeHHS KPUTUYHUX HABAHTAXKEHb, MOB’SI3aHUX 3
OCOOIMBOCTSIMH BUKOHAHHS TEXHOJOTIYHUX Omepalliid. PO3mIsHyTO MpoeKTyBaHHS Ta
pPO3paxyHOK HampykeHo-AedhopMoBaHOTO cTaHy kopmycHux yactuH BMIIC mig gac
BUTOTOBJICHHSI Ta eKciutyatairii. Ilpu mpomy Bmepiie BpaxoBaHO SK KJIaCHUHI
€JIEKTPOMArHiTHI CWJIM, TaK 1 3yCWJUISl NMPU BHUKOHAHHI TEXHOJOTIYHUX OINeparii,
HEOOX1THUX JUIsl MEXaHIYHOT OOpOOKHM Ta CKJIaJaHHs TakuX OO0 €KTIB, a TaKOX B
MpoLIeCl TPAaHCIOPTYBaHHA. B 4yacTWMHI BH3HAUE€HHS MEXAHIYHUX HaIpyXeHb Oyso
BCTAHOBJICHO, III0 3aMacd MIIHOCTI CIPOEKTOBAHOI KOHCTPYKII J03BOJISIOTH
3a0€3MeUnTH MIITHICTh €JIEMEHTIB CTaHWHU 111 yac BurotoBieHHss BMIIC Ta 6e3neuny
poboty mijg yac ekcrutyaraiii 0e3 oOMEXEeHb 3a HaBAaHTAKCHHSIMU Ta PEKUMaMHU
poOoOTH.

TpuBuMipHUI aHaNI3 HANPYXEHO-AE(POPMOBAHOTO CTaHy KOHCTPYKLII MpH
BUKOHAHHI TEXHOJIOTIYHUX OINEpallii, a caMe Haxuiy, MiAHoOMy Ta MepeMIIEHHs
cranuad BMIIC 0e3 momrociB 1 3 IOJIOCAMH, MOKAa3aB, IO 3HAYEHHS MEXaHIYHHX
HampyXeHb Ta Jedopmarlliii, siKi BUHUKAIOTh Yy 3’€JIHAHHAX CTaHUHU 0a30BOIO

BUKOHAHHS, TIEPEBUIIYIOTH JOIMYCTUMI MEXI1, 110 MPU3BOIUTH 10 3HAYHOI edopmartii
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KOHCTPYKIIii. Y poOOTi CIPOEKTOBAHO KOHCTPYKIIIIO CTAHUHU 3 I0AaTKOBUMH peOpamMu
KOPCTKOCTI Ta BHMKOHaHI PO3paxyHKH HampyX eHO-1e(pOpPMOBAHOIO CTaHy By3Ja.
[IpoBenenuii aHaii3 TOCHJIEHOI KOHCTPYKIIl TIOKa3aB, IO TpPH BUKOHAHHI
TEXHOJIOTIYHUX OIepalliii MexaHI4Hl Hanpy>KeHHS, SKI BUHUKAIOTh, HE TIEPEBUIIYIOTh
JOMYCTUMHUX, a BCl JeopMarlii 3HAXOAATHCA B MPYKHINA 30H1 JJI1 BUKOPUCTAHOTO
MaTepiay.

JlomatkoBO pO3MISHYTI TNHUTaHHA BHUIPOOYBaHb €JEKTPUYHUX MAIIUH 3
ypaxyBaHHSM BIPOBA’)KEHUX CyYaCHUX €BPOIEHCHKHUX CTAHJApPTIB, 10 BUMAraroTh
OHOBJIEHHSI ICHYIOUMX METOAIB BHUIPOOYBaHb EIEKTPUYHUX MaIlMH Ta 3aco0iB
BUNIPOOYBaHb.

Mertoro aucepTaiiifHoi poOOTH € po3poOKa METOIB JIOCIIKEHHS HAIIPYKEHO-
negopmoBaHoro craHy eneMmeHTiB KoHcTpykuii BMIIC, 30kpemMa craHuHH, Yy
TPUBUMIPHIM TIOCTAHOBI[l 13 BUKOPUCTAHHSIM METOAY CKIHUCHHUX €JIEMEHTIB,
3aCTOCYBaHHS AKUX JI03BOJIUTH JOCSTTH 3MEHIIIEHHS 3aTUIIKOBUX HAMPYXCHb CTAHHHU
y mporieci ii BApOOHUIITBA.

[lepmmii po3ain aucepraiiiHoi poOOTH NPHUCBIYEHUN CHUCTEMHOMY OIIISTY
KOHCTPYKLIM BEIMKHUX MAallUH MOCTIHHOTO CTPyMy Ta MNpoOjieM BUPOOHUUTBA iX
KOMITOHEHTIB. PO3mIsiHyTI 0COOMMBOCTI KOHCTPYKIIT BEIMKOI MalldHU TOCTIHHOTO
CTpyMy, NPUUHATOI IS MOAANbIIMX PO3paxyHKiB. [IpoBeaeHuil aHami3 cy4acHHUX
METO/IB BUBHAYCHHSI HABAHTAXKEHb Ha KOHCTPYKIIit0. Bu3HaueH1 cuioBl GakTopu, 1o
BIUIMBAIOTh Ha HAampyXeHO-Ie(OpMOBAaHMIA CTaH KOHCTPYKTHMBHUX €JIEMEHTIB
€JIEKTPUYHOI MAIIMHA TpPU BUKOHAHHI TEXHOJOTIYHUX ONEpaliil CTPOIyBaHHS,
KaHTyBaHHS Ta TiepeHeceHHs. [IpoBeaeHmil aHaii3 Takoro (i3MYHOTO SBUIIA, SK
3aJTUIIKOBI HATIPY>KEHHS, BCTAHOBJICHI MPUYMHN BUHUKHEHHS Ta BU3HAYCHI METOH 1X
3HIKEHHS.

VY npyromy posaiii BUKOHaHA PO3pOOKa YIOCKOHAIEHOTO METOy BU3HAYCHHS
Hanpy>XeHO-1e(OPMOBAHOTO CTaHy eneMeHTIB KOHCTpykiii BMIIC y TpuBuMipHii
MOCTAHOBIII 13 BUKOPUCTAHHSAM METOJy CKIHYEHHHMX €JEMEHTIB 3 ypaxXyBaHHSM BCIX
JII0YMX TPU eKCIUTyaTalli Ta BHUTOTOBIEHHI cuioBux dakropiB. IIpeacrasneni

pe3yabTaT PO3PaxyHKY HaIpyKEHO-1e(POpPMOBAHOTO CTaHy CTaHUHU BEJIMKOT
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MAaIIMHUA MOCTIHHOTO CTPYMY y TPUBHUMIPHIN MOCTAHOBI 3 BUKOPUCTAHHSIM METOIY
CKIHUCHHUX eJIeMEeHTIB. BusHaueHuit po3noii HanpyXeHb Ta aedopmariiii 6a30Boi Ta
MOJICPHI30BaHUX KOHCTPYKIlIM cTaHWHU. Ha OCHOBI OOYHCIICHb MiATBEpIKCHA
e(eKTHBHICTh KOHCTPYKIli CTAaHWHU 3 JIBOMAa MOSCAMH KPIIJICHb MJIs 3HKEHHS
3QJIMIIIKOBUX HAMPY>KEHb IPH 11 M1HOMI Ta KAHTYBaHHI.

Y TperboMy po3fini mpoBeneHa Bepudikaiis pe3yapTariB gocaimkenHs HAC
MoJiepHi30BaHO1 cTaHuHU MetonoM Hot Spot Stress (HSS) y mocranoBumi niHiiHOT
noBepxHeBoi ekctpanoisaiii (LSE) Ta MeTomom 301KHOCTI 32 pO3MIPOM €JIEMEHTIB
PO3PaxXyHKOBO1 CITKH. Pe3ynbratu mnepeBipkH 301KHOCTI pe3ysbTaTiB 3acBIIUYIOTh
BHUCOKY TOYHICTb MeToAukH po3paxyHKy HJIC cranuHu. 3HaueHHs HampyKeHb Ta
nepeMilieHb B KpUTHYHUX 30HAX 330BOJIbHSAIOTH BUMOTaM IIOJI0 TOMTYCTUMHX PiBHIB
JUIsl BUOPAHOTO MaTepialy KOHCTPYKIIi y BCIX PO3IISSHYTHX BHUMAJKaX HaBAHTAKEHb
SK TIpU pOoOOTI €IEKTPOIBUTYHA, TaK 1 B MPOIIECI BUKOHAHHS TEXHOJIOTTYHUX OTIepariii
3 MHOMY Ta KaHTyBaHHS CTaHUHHU.

VY uerBeproMy pO3AUII TMPEACTABICHI METOIM BHUNPOOYBAHb EIEKTPUUYHHUX
MAalllH, 110 BUKOPUCTOBYIOTHCS JI MIATBEPAKEHHS TOCTOBIPHOCTI PO3pPOOIEHHX
METO/IIB BU3HAUEHHSI HaIpYyXeHO-Ie(popMOBaHOTo cTaHy. Po3misiHyTI OCHOBHI BUAM
BUIIPOOYBaHb €JIEKTPUYHUX MAILIUH MOCTIHOTO CTPYMY, IEPEITISIHYTI 3a pe3yJabTaTaMu
NpUBEACHHS ©0a3W BUKOPUCTOBYBaHMX B YKpaiHI CTaHIApPTIB JO0 CYYaCHHX
eBponeiicbkux HOpM. OKpeMoO Mpe/CcTaBlIeHl METOAU KOHTPOJII0 Ta HaJAlITyBaHHS
KOMYTaIlIfHUX TPOIIECiB B MAaIIMHAX MOCTIMHOTO CTPyMY, IO € OJHUM 3 KIIOYOBHX
NUTaHb, SKI MOTPIOHO BHUPIIIUTH [ 3a0€3MeYeHHs HAAIMHOI JTOBrOTPHUBAIOI
eKCIUTyaTalli mo/lioHOTO eIEKTPOMAIIIMHHOTO 00JIaTHAHHSI.

Pe3ynbraroM mpoBeeHUX AOCHIIKEHb CTadu po3polsieH! ePeKTUBHI METOAU
MOJIETIIOBAHHS HANPY>KEHO-1€(OPMOBAHOTO CTaHy BY3JIIB Ta €JIEMEHTIB KOHCTPYKIIIH
BEJIMKUX MalIMH MOCTIHHOTO CTPyMy, 30KpeMa CTaHWHH, MPOTATOM YChOTO LIUKIIY X
BUPOOHMIITBA Ta EKCIUTyaTallii.

Bukopucranus MeTomiB AOCHIIKEHb B TPUBHUMIPHINA ITOCTAHOBII JIO3BOJISIE
BU3HAUMTH HAMPY>KEHHS KOHCTPYKTUBHUX €JIEMEHTIB, SIKI paHiIlle HEMOXXIJIUBO OYyIo

OI[IHUTHU ICHYIOUMMH METO/IaMH CHPOIIEHUX aHATITUYHUX PO3PaXyHKIB, III0 BIAKPHUBAE
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IIUPOKI MEPCIICKTHBY I 3a0€3MeUeHHs] HaIeKHOi MexaH1uHoi MinHocTi BMIIC sk
MiJ] 4ac BHUTOTOBJEHHS, TaK 1 MPHU eKCIUTyarailii, M0 COPUATUME MiABUIIEHHIO
HAJIMHOCTI 1BOTO EJIEKTPOMAIIMHHOTO OOJaJHAHHS, 10 BUKOPUCTOBYETHCS SIKOCTI
eJIEKTPOTIPUBO/IA B 6araTboX rary3sx MPOMUCIOBOCTI YKpaiHH.

[IpencraBnena npocnigHa poOOTa HAJa€ HAYKOBO OOIPYHTOBAaHUN METOJ
3MEHIICHHSI 3aJIUIIKOBUX HanpyxeHb B crannHi BMIIC y mpouieci 1 BupoOHUIITBA, 110
Jla€ MOKJIMBICTh ONTHMI3aIlli KOHCTPYKIli HOBUX €JICKTPUYHUX MAIIHUH IMOCTIHHOTO
CTpyMy Ta HaJa€ THYYKICTb MpolecaM BHUPOOHMIITBA EJIEKTPOMAITUHHOTO
oOnaiHaHHS.

Pesynbratn nuceprartiiinoi podotu Bukopuctano Ha TOB "XEM3" (M. XapkiB)
IIPU NPOEKTYBAaHHI HOBUX Ta PEKOHCTPYKIIi ICHYIOUMX BEJIMKUX MAIIMH MOCTIHHOIO
ctpymy. OKpiM ILIbOTO, pe3yAbTaTH POOOTH BIPOBAKEHO y HAYKOBO-METOAWYHHUX
mporiecax  kKadeapu  aeporiiponuHamiku  HalioHanipbHOTO  a€pOKOCMIYHOTO
yHiBepcuTeTy "XapKiBChbKUI aBlalliiHUN IHCTUTYT" .

HactynmHuM KpOKOM IOCIIIKEHHSI CTaHE CTBOPEHHS METOJIB Ta aJrOPUTMIB
pPO3paxyHKy HarpykeHo-aepopMoBaHoro crany aktuBHuX 4yactuH BMIIC HOBOTO
MOKOTIHHA. PO3BUTOK JOCTIDKEHHS Yy IIbOMY HAMPSMKY JJO3BOJUTH ITiABUIIUTH
HAJIWHICTh KOHCTPYKTHMBHUX €JIEMEHTIB MaIlMH Ta 3a0e3meunuTd eQeKTUBHE
BUKOPUCTAHHS MOTYKHOCTEH BUPOOHUIITBA.

Hayxoea nosusna pobomu:

1. Bnepiie cTBOpeHMii HOBUM METOJ] pO3paxyHKY Hampy>KeHO-1e(hOpPMOBAHOTO
CTaHy CTaHMHM BEJIMKOI MAallMHU MOCTIHHOTO CTPyMY, 110 Ha BIIMIHY BiJl ICHYIOUHMX
JI03BOJISIE BPAXOBYBAaTH TEXHOJIOTIYHI Ta OCHOBHI CHJIOBI (DaKTOPH y TPUBHUMIpHIM
MOCTAHOBII].

2. VIOCKOHAJICHO aJITrOPUTM 3aBJaHHS TPAaHUYHUX YMOB MJII TPUBHUMIPHHUX
MoJieTiell KOHCTPYKTUBHUX KOMITOHEHTIB €JIEKTPUYHUX MAIIWH y YaCTHHI JETaTbHOTO
OMKCY HABAaHTAXXEHb B P13HI MOMEHTH IIUKITY BUPOOHUIITBA Ta €KCILTyaTallli.

3. VY@ockoHaleHO aIrOpUTM Ta METOAMKY IPOBEIACHHS BUIIPOOYBaHb
SJIEKTPUYHUX MAITUH B YaCTHUHI 1X BIJMOBIJHOCTI BUMOTaM BIPOBAHKEHUX Cy9aCHHUX

€BPOIEUCHKUX CTaHIAPTIB.
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4. HaOynu monajibIIOr0 PO3BUTKY ICHYIOUl IHXKEHEPHI METOAM BU3HAYECHHS
HaIpy>KeHO-7e()OPMOBAHOTO CTaHY Ha OCHOBI KJIACUYHOI TEOpii MIIHOCTI B YaCTHHI
YAOCKOHAJIEHHST TOYHOCTI pPO3MOAUTY Hampy>KeHb Ha OCHOBI MaTeMaTHUYHOTO
MOJICTIOBaHHs KOHCTPYKIIii 3 BpaxyBaHHSIM TPUBUMIPHOTO PO3MOILTY TEXHOJIOTTYHUX
Ta OCHOBHUX CHJIOBUX (haKTOPIB.

IIpakmuune 3nauenus OMpuMaHux pe3ynomamie:

1. Po3pobnenuit MeTon BHU3HAYEHHS HANPYKEHO-1e()OPMOBAHOIO CTaHy
cranuau BMIIC 3 ypaxyBaHHSIM HaBaHTaXeHb, 110 BUHUKAIOTh MIPU TEXHOJIOTTYHUX
omeparlisix B MPOILECI BUTOTOBJICHHS, Ta MijJ 4ac €KCIuTyaTalllii TOTOBOTO BHUpPOOY,
JO3BOJISIE  TMIJTBEPAUTH TMPalE3IaTHICTh KOHCTPYKIII KOPIYCIB HE TIIbKHA JIs
OCHOBHHUX pPEXKHUMIB pPOOOTH, a TaKOX IS TEXHOJOTIUHMX omepauii (migiom,
KaHTyBaHHS).

2. Ha ocHOB1 po3po0ieHOro MeToay OOIPYHTOBAaHO CTBOPEHHS JOJATKOBUX
pedep KOPCTKOCTI, 10 3abe3nedye MOoCUiIeHHsS KOHCTpyKIii cranuHu BMIIC nns
3aro0iraHHs HelOMyCTUMUX JedopMalliil mij yac TEXHOJIOTTYHHUX OTeparlii.

3. Po3po0iieHi pexkoMeHaalli 10A0 MPOBEAEHHSI BUIIPOOYBAHb €IEKTPUUYHUX
MalllMH TOCTIHHOTO CTpyMy, IO 0a3ylThcs Ha BIPOBAIKECHUX CyYaCHUX
€BPOIIEUCHKUX CTaHAapTax.

Po3po0neni B poOOTI METOAM TPUBUMIPHOTO PO3pPaXyHKY PO3MOJILITY HAIIPYXKEHb
MOXYTh OyTH BHUKOPHCTaHI MPU MOCTI/PKEHHI HANpyX)eHO-Ie(pOopMOBAHOTO CTaHy
THIIIOTO €NIEKTPOMAIIIMHHOTO O0JIaIHAHHS.

OTpumaHi HayKOBl1 pe3ybTaTh MOXYTb OyTH BHUKOPUCTaHI OpraHi3amisiMu, sKi
CHEIami3yloThCsl B 00JacCTi JOCHIKEHb 1 eKCIUTyaTallli eJeKTPOMAIIMHHOTO
oOiagHaHHs, KOHCTPYKTOPCHKUMHU OIOpPO, HAYKOBO-IOCHITHUMHU Ta MPOEKTHUMHU
OpraHizauisiMi, aepoOKOCMIYHMMH YHIBEPCUTETAMU Ta IHIIMMM OpraHi3alisiMd, 110
CHeLIaTI3yIOThCS B Tally3l eKCIUTyaTalii Ta JAOCHIKEHb EJIEKTPOMAIIUHHOTO
oOJraiHaHHA.

Knwouosi crnosa: enekrpoMalmHie OOJaJHAHHS, MAllMHA TOCTIHHOTO CTPyMY,
CTaHWHA, HAIPY>KEHO-7e(hOPMOBAaHUN CTaH, METO/I CKIHUCHHUX €JIEMEHTIB, MEXaH1uH1

HaNpPY>KeHHsI, MII[HICTh, KAHTYBaHHS, CTPOITYBaHHS.



ABSTRACT

Serhiienko S. Creation of methods for three-dimensional modeling, design,
calculation and implementation of multi-component structures in the production of
large DC machines. — A qualifying scientific work as a manuscript.

The thesis for a degree of Doctor of Philosophy (PhD) in specialty 134
Aerospace Engineering (13 Mechanical Engineering). — National Aerospace University
"Kharkiv Aviation Institute", Kharkiv, 2026.

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
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arise do not exceed the permissible ones, and all deformations are in the elastic zone
for the used material.

Additionally, issues of testing of electrical machines are considered, taking into
account the implemented modern European standards that require updating of existing
testing methods for electrical machines and test equipment.

The purpose of the dissertation is to develop methods for studying the stressed-
strained state of the structural elements of the LDCMs, in particular of the frame, in a
three-dimensional setting using the finite element method, the application of which
shall allow reducing the residual stresses of the frame during its production.

The first section of the dissertation is purposed to a systematic review of the
designs of large DC machines and the problems of manufacturing of their components.
The design features of a large DC machine adopted for further calculations are
considered. An analysis of modern methods for determining loads on the structure is
carried out. The force factors that affect the stressed-strained state of the structural
elements of an electric machine when performing technological operations of slinging,
tilting and transferring are determined. An analysis of such a physical phenomenon as
residual stresses i1s carried out, the causes of their occurrence are established and
methods for their reduction are determined.

In the second section, an improved method for determining the stressed-strained
state of the structural elements of the LDCMs in a three-dimensional formulation using
the finite element method, taking into account all force factors acting during operation
and manufacture, is developed. The results of calculating the stressed-strained state of
a large DC machine frame in a three-dimensional formulation using the finite element
method are presented. The distribution of stresses and deformations of the basic and
modernized frame structures 1s determined. Based on the calculations, the effectiveness
of the frame design with two fastening belts to reduce residual stresses during its lifting
and tilting is confirmed.

In the third section, the results of the study of the SSS of the modernized frame
are verified by the Hot Spot Stress (HSS) method in the linear surface extrapolation

(LSE) formulation and the method of convergence by the size of the elements of the
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calculation grid. The results of the results convergence test indicate the high accuracy
of the method for calculating the SSS of the frame. The values of stresses and
displacements in critical zones satisfy the requirements for permissible levels for the
selected structural material in all considered load cases both during the operation of the
electric motor and during the performance of technological operations for lifting and
tilting of the frame.

The fourth section presents the methods of testing of electrical machines used to
confirm the reliability of the developed methods for determining the stressed-strained
state. The main types of tests of DC electric machines are considered, revised based on
the results of bringing the base of standards used in Ukraine to modern European
standards. Separately, methods of control and adjustment of switching processes in DC
machines are presented, which is one of the key issues that need to be resolved to ensure
reliable long-term operation of such electrical machine equipment.

The result of the carried out researches is the development of effective methods
for modeling the stressed-strained state of assemblies and structural elements of large
DC machines, in particular of the frame, throughout the entire cycle of their production
and operation which were put in to practice.

The use of research methods in three-dimensional formulation allows
determining the stresses of structural elements that were previously impossible to
estimate using existing methods of simplified analytical calculations, which opens up
broad prospects for ensuring the proper mechanical strength of the LDCMs both during
manufacture and operation, which will contribute to increasing the reliability of this
electrical mechanical equipment used as an electric drive in many industries in
Ukraine.

The presented research work provides a scientifically substantiated method for
reducing residual stresses in the frame of a LDCM during its production, which makes
it possible to optimize the design of new DC electric machines and provides flexibility
to the production processes of electrical machinery equipment.

The results of the dissertation work were used at LLC "KHEMZ" (Kharkiv) in

the design of new and reconstruction of existing large DC machines. In addition, the
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results of the work were implemented in the scientific and methodological processes
of the Department of Aerohydrodynamics of the National Aerospace University
"Kharkiv Aviation Institute".

The next step of the research will be the creation of methods and algorithms for
calculating the stressed-strained state of the active parts of the new generation of
LDCMs. The development of research in this direction will allow to increase the
reliability of the structural elements of the machines and ensure the efficient use of
production capacities.

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).
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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.

The methods developed in the work for three-dimensional calculation of stress
distribution can be used in the study of the stressed-strained state of other electrical
mechanical equipment.

The obtained scientific results can be used by organizations specializing in the
field of research and operation of electrical mechanical equipment, design bureaus,
research and design organizations, aerospace universities and other organizations
specializing in the field of operation and research of electrical mechanical equipment.

Keywords: electrical mechanical equipment, DC machine, frame, stressed-
strained state, finite element method, mechanical stresses, strength, turning over,

slinging.

Cnucok nyouikanii 3100yBaua

Cmammi y nayxkosux gaxosux suoanmsx sameepodicenux MOH YVkpainu:

1. Tretiak, O., Kravchenko, S., Gakal, P., Shestak, B., Serhiienko, S., &
Nazarenko, V. (2025). CTBopeHHsI METOZly BU3HAYCHHS 3araciB MIIHOCTI €JIEMEHTIB
KOHCTPYKIIM OaHJaXHUX BY3JiB TypOOoreHeparopiB. ABIalliifHO-KOCMIYHA TEXHIKA 1
texHouoris, 0 (4sup2), 149-159. https://doi.org/doi.org/10.32620/aktt.2025 .4sup2.17 .

Cmammi y suoarusx, wo pegepyromocs y 6asi oanux Scopus:

1. Tretiak O, Arefieva M, Krytskyi D, Kravchenko S, Shestak B, Smakhtin S,
Kovryga A, Serhiienko S. Features of Three-Dimensional Calculation of Gas Coolers
of  Turbogenerators. = Computation.  2025; 13(8):192.  (Scopus Q3)
https://doi.org/10.3390/computation13080192 ;

2. Tretiak, O., Arefieva, M., Makarov, P., Serhiienko, S., Zhukov A., Shulga I.,
Penkovska N., Kravchenko S., Kovryga A. "Study of Different Types of Ventilation

and Cooling Systems of Bulb Hydrogenerators in a Three-Dimensional Setting",


https://doi.org/doi.org/10.32620/aktt.2025.4sup2.17
https://doi.org/10.3390/computation13080192

11

SAE International Journal of Materials and Manufacturing. 18(3):2025. (Scopus Q3)
https://doi.org/10.4271/05-18-03-0020 ;

3. Tretiak, O., Kravchenko, S., Mykhailychenko, O., Nazarenko, V., Smyk, S.,
Vasyliev, O., Arefieva, M., Tretiak, 1., Serhiienko, S., &Selevko, V. (2025). Devising
a method for calculating the structure of efficient cooling systems for thrust bearings
and guide bearings in hydrogenerators. Eastern-European Journal of Enterprise
Technologies, 3(1 (135), 38-50. (Scopus Q3) https://doi.org/10.15587/1729-
4061.2025.329021 ;

4. Tretiak, O., Serhiienko, S., Zhukov, A., Gakal, P., Don Y., Arefieva M.,
Tretiak 1., Kravchenko S., Bohozhavets O.: "Peculiarities of the Design of Housing
Parts of Large Direct Current Machines", SAE International Journal of Materials and
Manufacturing. 17(1):59-72, 2024. (Scopus Q3) https://doi.org/10.4271/05-17-01-
0005 ;

5. Tretiak, O., Smyk, S., Kravchenko, S., Smakhtin, S., Brega, D., Zhukov, A.,
Serhiienko, S., & Don, Y. (2024). Devising a calculation method for modern structures
of current-conducting elements in large electric machines in a three-dimensional
statement. Eastern-European Journal of Enterprise Technologies, 4(1 (130), 87-96,
(Scopus Q3) https://doi.org/10.15587/1729-4061.2024.310049 ;

6. Tretiak, O., Kovryga, A., Kravchenko, S., Shpitalnyi, D., Zhukov, A.,
Serhiienko, S., Arefieva, M., Penkovska, N., Madonych, A. (2024). Estimating the
influence of the rigidity of support assemblies on the resonance phenomena and the
vibration state of a hydraulic unit. Eastern-European Journal of Enterprise
Technologies, 6(7 (132), 53-64. (Scopus Q3) https://doi.org/10.15587/1729-
4061.2024.316778 .

Hayxosi npayi, axi 3aceiouyroms anpobayito mamepianie oucepmauii:

1. O.B. Tpetsk, C.C. Kpapuenko, IL.I" I'akan, b.K. Illectak, C.A. Ceprienko,
B.B. Hazapenko. AHaii3 HanpyxeHO-1e(pOopMOBaHOTO CTaHy OaHa)KHOTO By3Jja JJIs
OIIIHKA MOXJIMBOCTI MIJBHUIIEHHS TMOTYXHOCTI TypOoreHeparopa. XXX -
MDKHApPOJHUN KOHTpEC IBUTYHOOYMIBHUKIB: — XapkiB: Harl. aepokocmiuHuii yH-T

«Xapk. aBiarl. iH-», 2025 — 65 c. https://doi.org/10.32620/IPEC.25 ;


https://doi.org/10.4271/05-18-03-0020
https://doi.org/10.15587/1729-4061.2025.329021
https://doi.org/10.15587/1729-4061.2025.329021
https://doi.org/10.4271/05-17-01-0005
https://doi.org/10.4271/05-17-01-0005
https://doi.org/10.15587/1729-4061.2024.310049
https://doi.org/10.15587/1729-4061.2024.316778
https://doi.org/10.15587/1729-4061.2024.316778
https://doi.org/10.32620/IPEC.25

12

2. Tretiak O., Kravchenko S., Zhukov A., Serhiienko S., Application of the
finite element method to determine the limit geometric dimensions of the shaft journal
of a synchronous electric motor: Collection of Scientific Papers with Proceedings of
the 1st International Scientific and Practical Conference. International Scientific Unity.
October  8-10, 2025. Seville, Spain. 149-154 p. URL: https:/isu-
conference.com/en/archive/the-integration-of-research-innovation-and-economy-08-
10-25/;

3. Oleksii Tretiak, Viacheslav Nazarenko, Serhii Serhiienko, Anton Zhukov,
New methods for calculating of cooling systems of direct current electric machines:
MixHapoHa HAyKOBO-TIpaKTUYHA 1HTepHET-KOH(DepeHiis Ha Temy «lHopmMmariiine
CYCHUIbCTBO: TEXHOJIOT14HI, EKOHOMIUHI Ta TEXHIYHI aCIIEKTH CTAHOBJICHHS» (BUITYCK
103), 14-15 xoBtHs 2025 p. http://www.konferenciaonline.org.ua/ua/article/id-2321/.

Hayxosi npayi, sxi 0odamkoeo 8i0obpadicaroms HAYKO8I pe3yibmamu
oucepmayii:

1. Tpetsax O.B., Apednea M.O., Ko63ap 1.B., Penerenko M.B.,
Ceprienko C.A., XyxoB A.1O., IlenskoBchka H.C., CeneBko B.b., Hazapenko B.B.
Metoan Ta KOHUEMNUIi pO3paxyHKy TypOO- Ta TiIpOreHeparopiB y TPUBUMIpPHIN
noctanoBi: MmoHorpadis - Xapkis: KIT «Miceka apykapus», 2023 — 138 c.ISBN 978-
617-619-284-8;

2. Tperaxk O.B., Makapo IILM., Ceprienko C.A., XKykoB A.IO.,
Kpapuenko C.C. I[latenT Ha xopucny mozenb Ne 156013, Ykpaina, MITK H02K9/04
HO02K1/20 HO2K1/18. "Crarop Enekrpuunoi Mamuuu", Homep 3asB8ku u202306089,
omyomnikoBaHo 24 kBitHs 2024. https://iprop-ua.com/inv/kbxr8jpi/ ;

3. Tpetsik O.B., Ceprienko C.A., KykoB A.1O., Kpasuenko C.C., Hlynsra [.M.,
Apedobea M.O., Tpetsk LI. [1atent Ha xopucny mozenb Ne 158317, Vkpaina, MIIK
H02K9/04 HO02K9/08. "CucTtema 0X0I0MKEHHS T1AporeHepaTopa KancyibHOTO TUITY",
Homep  3asBku  u202401526, omyGmikoBano — 22.01.2025.  https://iprop-
ua.com/inv/6eupjyg4/ .


https://isu-conference.com/en/archive/the-integration-of-research-innovation-and-economy-08-10-25/
https://isu-conference.com/en/archive/the-integration-of-research-innovation-and-economy-08-10-25/
https://isu-conference.com/en/archive/the-integration-of-research-innovation-and-economy-08-10-25/
http://www.konferenciaonline.org.ua/ua/article/id-2321/
https://iprop-ua.com/inv/kbxr8jpi/
https://iprop-ua.com/inv/6eupjyg4/
https://iprop-ua.com/inv/6eupjyg4/

