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Abstract:

The work focuses on improving the techno-economic performance of the
rotary forming process for wheel rims made of C35 steel. Particular attention is given
to enhancing the scientific validity of technical solutions. Within the study, analytical
and finite element (FE) models were developed and applied to determine the energy-
force parameters of the process and validate the adequacy of these models through
experimental testing. The models proved effective in solving the tasks of designing
new and upgrading existing equipment for wheel rim production.

The study revealed a significant influence of technological parameters on the
energy-force characteristics of the process: increasing the strip thickness from 3 mm
to 7 mm (by 2.3 times) leads to an increase in profiling (rotary forming) force from
264 kN to 967 kN (by 3.7 times); doubling the roller radius from 200 mm to 400
mm results in a 2.5-fold increase in force. Additionally, the influence of roller gauge
geometry and reduction degree on the stress-strain distribution and energy-force
parameters was analyzed.

Modeling results indicated that maximum metal deformations occur in
bending zones, confirming the accuracy of the analytical model. The deformation
level does not exceed 3%, allowing the strengthening effect to be neglected. The
stresses recorded during the process reached no more than 285 MPa, exceeding the
yield strength by 17%. The forming force gradually increases at the beginning of the
process and decreases steadily as the process continues.

The analytical model 1s recommended for optimizing technological
parameters and designing new equipment. The FE-model can be applied to
determine the optimal roller geometry.
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AHoTaNiA:



PoGora mnpucBsiueHa MiABUIIEHHIO TEXHIKO-€KOHOMIYHOI €(EeKTUBHOCTI
IpolLecy poTaliiHOro mpodinoBaHHs 0001B aBTOMOOIIFHUX Kodlic 31 ctami C35.
Oco0nuBy yBary mpHAUICHO ITiBUINCHHIO HAYKOBOI OOTPYHTOBAHOCTI TEXHIYHHX
pimeHb. Y Mexax JOCTKEHHS po3po0JIeHO aHATITUYHI Ta CKIHUEHHO-EJIEMEHTHI
MOJIEeTIl NIl BU3HAYCHHS CHEPTOCHIJIOBUX IMapaMEeTPiB MPOIECY Ta MEPEeBIpKH iX
aJIeKBaTHOCTI NUIAXOM EKCIEPUMEHTaJbHUX JOCHIKeHb. Po3polieni moxeni
HIATBEPAMIA CBOIO €(EKTHBHICTh MPH MPOEKTYBaHHI HOBOTO Ta MOJEpHI3aIlil
ICHYI0YOTO OOTaIHAHHS JJI1 BUPOOHUIITBA KOJICHUX 00O0/iB.

BcraHoBiieHO CyTTEBHI BITUB TEXHOJOTIUHUX MapaMeTPiB Ha €HEPTrOCHUIIOBI
XapaKTePUCTUKH Tpoliecy. 30UIbIICHHS TOBIIMHY mTadbu 3 3 10 7 MM (y 2,3 paza)
MIPU3BOJIUTH JI0 3POCTaHHA 3ycuiuIs npoditroBanHs 3 264 no 967 kH (y 3,7 paza).
30ubeHHs paaiyca poauka 3 200 1o 400 MM BUKJIMKA€E 3pOCTaHHS 3yCHIUIS y 2,5
paza. Takoxx TOCIKEHO BIUTMB TeOMETPIi Kamiopy posirKa Ta CTyreHs OOTHCHEHHS
Ha PO3MOALT HAIIPYKEHB, AePopMalllii Ta EHEPTOCUIIOBI MapaMeTPH MPOLIECY.

Pe3ynbratit MonentOBaHHS MOKa3alid, 110 MaKCUMaJbHI JegopMallii MeTary
JIOKaJI3YIOThCS Y 30HAX 3TUHY, 1110 MIATBEPAKY€E MPaBUIbHICTh AHATITUYHOI MOJIEII.
PiBens nedopmanii He nepeBuinye 3 %, TOMy 3MILHEHHS METally MOXKHa He
BpaxoByBaTh. MakcUMallbHI HaIllPYXEHHS MiJ 4ac MpOLEeCy CTAaHOBUJIM HE OuIbIIe
285 Mlla, mo Ha 17 % mnepeBullye MeXy TEKY4OCTI Mmarepiany. 3yCHIUISA
(dbopMOYyTBOpPEHHSI TOCTYMOBO 3pOCTAa€ Ha TMOYAaTKy NPOIecy Ta CTabUIbHO
3MEHIIYETHCS B TIOJIAJIBIIIOMY.

AHaITHYHAa MOJACIh PEKOMEHIOBaHA [ ONTHMI3AIli TEXHOJOTTYHHUX
napameTpiB 1 IPOEKTyBaHHS HOBOTro oOyagHaHHs. CKIHUEHHO-EJIEMEHTHA MOJIEIb
MOke OyTHM  BHKOpPHCTaHa JUUIi  BU3HAYEHHS  palllOHAJIBHOI  reoMeTpii
pod1I0BATILHOTO POJIHKA.
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