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BUKOPUCTAHHA 3ACOBIB TIAPAMETPUYHOI'O
MOJEJIOBAHHS B IPOEKTYBAHHI TA JIU3AHI BUPOEBIB
ABTOMOBUIEBY/1YBAHHSA

V emammi poszensnymo moxciusocmi suxopucmannsi CAIIP Autodesk
Inventor Professional npu pospobyi demaneii xonicno-mamouunoco 8y3ia.
3anpononosano éapianmu OU3AUHEPCHLKUX PiUleHb a8MOMODITbHO20 KOJIICHO20
OUCKY ma 3MIHU KOHCMPYKYIL 2anbMi6H020 OUCKY HA OCHOBI GUKOHAHHSI
MPUBUMIPHUX MOOeIell CMBOPEHUX 3ACO0aMU NApamMempuiHo20 MOOEN0OBAHHS.

Ilumanns ecmemuxu mpancnopmuux 3acobie ma HadiuHOCMi  ix
eneMenmie € OOHUMU I3 KIHOYOB8UX NOKA3HUKIE KOHKYPEHMOCHPOMONCHOCHI
eupooy. CyuacHi cnocodu 6upobHUYMEA O0amMb MOANCIUBICMb peanizayii
VHIKAIbHUX —~ OU3auHepcbKux piweHv. Tak aueapne 8UpoOHUYymMeo 0ac
MOJNCTUBICb  CMBOPEHHA KONICHUX OUCKI8 3 WUPOKUM PIZHOMAHIMMAM
CMUNLOBUX BUKOHAHL. Y pobomi 3anponoHo8aHo OeKilIbKa piuleHb SUOO3IMIH
nOYAMKOBOI MOOE KOJICHO20 OUCKY NPU CIMANoMy oiamempi i wupuui 0600y.

Jlani oemani 8y3na He manu 6 3a8epuieHo20 npoyecy Moo0eno8anHs 6e3
WUHU ma mopmosHo2o Ooucky. Lllunu ecmanoenolomseca Ha OUCKU ma
3abe3neuyroms pyx asmomooiisi no 00pPOICHIU NOBEPXHI, A 2ANbMIGHUL OUCK
3abe3neyye KpinjieHHs 00 MAmMOYUHU ma npoyec 3YNUHEHHs MPAHCNOPMHO20
3aco0by.

B ocnosi napamempuuno2o moo0eno8anus 1exicums ioes eUKOPUCMAHHSI
npocmux npumimuegie (entities) odns npedcmasnenns ckiadHoi 2ceomempii
8upoby, wo eusHauacmvcsa napamempamu (parameters) ma 3e'azkamu migc
Humu. ITlapamempu exnouaroms KoOpOuHamu MOYOK, 3HAYEHHA KYmis,
008dCUHU ma paodiycu Kil 1 enincig, KiIbKiCmb elemenmis. 38'3xu  midc
napamempamu Ha3uearmscs ooMmedcenusmu (Constraints).

Baoicnusoro ymosoro mounocmi ecxizy € nocnioosuicms 3ACmoco8aAHUX
obmedcenv. Ananiz cmynemnie c60600u 2apaHmye, wjo iH*CeHep-KOHCMPYKMOop
HAKAa0ae minbKu HeOoOXIOHY [ O00CMAamHi0 KilbKiCmb 00MediceHb, He
00380J5104U cucmemi pisHAHb Oymu nepesuznayenoio (Over constrained), i ne
00360104U 3aaumumu 6y0b-aKutl Cmynins c80600u be3 obMmedicetn.
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Haomipne eusnauennsi cucmemu pieHsAHb SUKIUKAE NPOMUPIUYS MIJC
00OMedCceHHAMU 1 cucmema pIiBHAHbL CMAE CYNEpeyaugolo i He MAc po36's3Ky.
Konu xinvkicme obmedicenv menwia 3a KinbKicms, HeOOXIOHY Ol 6U3HAYEHHS.
3HAYeHb YCiX HeBI0OMUX napamempis, cucmema HA3UBAECMbCA HEeGU3HAUEHOIO
(under constraint).

IlJo6 eusnauumu 63a€MO038'A30K Midc napamempamu Mooeni, ix
nompibHo 3a0amu y U210l napamempis abo pigHsHb.

Knrwouosi cnosa: xomn’romepne MoOeno8anus, napamempudui psou,
ouzaiin 8upoobie asmomodinedy0y8anHs, KONCHUL OUCK, 2ANbMIGHUL OUCK, UWIUHUL.

IlocranoBka mnpodJsemu. [lapamerpuuHe MOJEIIOBaHHS HE € JIOCUTh
IIMPOKUM  3aCO00M  BUKOPUCTaHHS B  KOHCTPYKTOPCBHKIM  JiSTTBHOCTI,
31e01IpIIOr0 B LI Taily3l BOHO 3HAaXOAUTh 3aCTOCYBaHHS IPHU CTBOPEHHI
IPYNOBUX KPECJICHUKIB Ha OCHOBI HE3HAYHUX BHUJIO3MIH B JICSIKUX €JIEMEHTaX
0a30B0i Mojeni. bibll MIMPOKOrO BUKOPUCTAHHS NaHUA MeTOJ HaOyBae B
IU3aliHepCchKid AisuibHOCTI. CIliJl 3ayBa)KUTH, 11O CTBOPEHHS MNapaMeTpUYHOL
Mojiel MallOyTHROTO BUPOOY MOTpeOye peTesbHOro rianyBaHHA. Jlo mepeBar
TAKOTro METOy MojeroBaHHs B cuctemi Autodesk Inventor ciig BigHecTH:

- HIMPOKI MOMJIMBOCTI 3MiHM 0a30BOI reoMeTpii il OTPUMaHHSA
0a)kaHOTO pe3yJbTary;

- MiABUIIECHHS €()eKTUBHOCTI MOJICIIOBAHHSI,

- MUTTEBUN KOHTPOJIb BUX1JTHOI T€OMETPIi MpH Bizyallizallii MOAeI;

- MOIIYK ONTHUMAJILHUX PIllIeHb, OCOOIUBO TPH pOOOTI HAJl HOBUMU
MPOCKTaMHU.

B ocHOBI mapamMeTpu4HOrO MOJENIOBAHHS JICKHUTH 171€ B3a€MO3B’A3KY
MK BUXITHUMHU NPUMITUBAMH TAKUMU SIK KOOPAUHATU TOYOK, 3HAYEHHS KYTIB,
JTOBKMHU Ta pajlycy Kl 1 eninciB Touo. g iHkeHepa-KOHCTPYKTOpa TaKUMHU
OOMEKEHHSMH € HaWIPOCTIII TeOMeTpUYHI (irypu — po3Mipu TOUYOK, JIiHIMH,
KUTBKICTh €JIEMEHTIB, KUJI Ta €JIINCiB — 1 TeOMETPUYHI BiAHOIICHHS, Taki AK 30ir,
napanenbHiCTh, MePHIeHANKYIISIPHICTh, TOTUYHICTH 1 Tommo. [Ipu Takomy migxosi
nporec MoOyAOBH €CKi3y 3BOIUTHCS O CTBOPEHHS MOMEPEIHBOTO HAYEPKy
KOHTYpIB 00'€KTa 1 HAKJIaJlaHHS TaKUX OOMEXKEHb, sIKI OJJHO3HAYHO BU3HAYAIOThH
3HAUEHHS BCIX MapameTpiB mpumiTuBy. [lepeBaroro Takoro maxomy € Te, IO
1HXKEeHepy He MOTPIOHO BM3HAYATH TOYHI KOOPAMHATH BCiX 00'€kTiB. JlocTaTHBO
JUIIEe 3a7aTH TEOMETPHYHI CIIBBITHONIICHHS MK 00'€kTamu, a poOoTy 3
OOYUCIICHHS  KOOpJIWHAT  OTPUMAaHUX  OO0'€KTIB  BUKOHYE  BHUpIIIyBau
reoMeTpruUHuX oOMexeHb (geometric constraint solver), sikuii ckiagae OCHOBY
napamMeTpuyHOTO TMIAXOay A0 MojemoBaHHi. (CaMe HasBHICTh —TaKUX
BUpilTyBayiB Biapi3Hsae napamerpuuni CAIIP Bix iHIIMX cuctem.

BaxiBoo yMOBOIO TOYHOCTI €CKI3y € TOCHIAOBHICTH 3aCTOCOBAHMUX
3aJICKHOCTEH. SIKIO 3aCTOCOBAHO MEHIIE 3aJICKHOCTEH, HIXK HEOOXIJTHO, NCAKI
napaMeTpu He MOXYTh OyTH BHU3HA4Y€H1 OJJHO3HAYHO 1 MOXKYTb BapilOBaTHUCS B
NEBHOMY J11aMa30H1 3HAYEHb.
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HanmipHe BU3HAUY€HHS CUCTEMM PiBHSIHb HEOE3MEUYHE TUM, IO PIIICHHS
Takol CHCTEeMH HEe MO)Xe OyTH 3HAJECHO, 1 II6¢ HEe BUKIUKATUME BHUAUMUX
npo6JieM J0TH, TOKH 1H)KEHEp HE 3MIHUTh 3HAYEHHS OJHOTO 3 KOH(IIKTYIOUUX
oOMexeHb. Y 1bOMY BHIIAJKy BHUHUKA€ MPOTUPIUYS MDK 3aJEKHOCTIMH 1
CHCTEMa PIBHSHB CTa€ CyMepewINBOIO 1 HE MAa€ PO3B'SI3KY.

Sxmo KUTBKICTh OOMEXKEHb MEHIa 3a KUIBKICTh, HEOOXIMHY s
BU3HAUEHHS 3HAYEHb YCIX HEBIJOMHUX MapaMeTpiB, CHUCTEMa HA3UBAETHCS
HeBU3HAUeHOw (under constraint). Y KOMIIOHEHTHOMY IPOCKTYBaHHI IIe
HeOe3neyHa CHUTYyallisl, SKa MOXKE CIPUYMHUTH TPOOJEeMHU 3 B1IOOpaKEHHIM
OaxaHOi MOJENIl.

[I{o6 BU3HAUUTH B3aEMO3B'I30K MDK MapaMeTpaMu €cKi3y, iX MOTpiOHO
3aJIaTH Y BUTJIAJII TApaMeTpiB a00 PIBHSHb.

AHaJIi3 OCTaHHIX AOCiIKeHb i myOJikanmiii. [luTaHHS BUKOpPHUCTaHHSA
napaMeTPUIHUX PSJIiB IIPH MMPOSKTYBaHHI BUPOOiB aBTOMOOLITEOYyAyBanHs [1, 2],
a TakoX TMPOMO3MUILi HIOJI0 CTBOPEHHSA OaraToBaplaHTHOI T€OMETpli MOJel
KOJICHOTO JAHWCKYy posrisganucs B poborax [3]. Cmig 3a3HaudTH, IO
BUKOPHUCTAHHA METONy MapaMEeTPUYHOTO MOJETIOBAHHS TPU CTBOPEHHI DIy
MOJieliell KOHKPETHOro BHUPOOY Ma€ IIHUPOKHUIM [1arma3oH 3MIHM OMOPHOI
reoMeTpii, sika BU3HAUYa€ OTPUMAHHS OaKaHOTO PE3yJbTaTy SK 3 TOUKH 30Dy
KOHCTPYKIIi, TaK 1 JU3alHY .

Januii npuiioM pO3TISTAETBCS TaKOX Yy TaKUX HampsMax, sk
MainHOOyyBaHHs [4, 5], mitakoOymyBaHHs [6], cyuacHiii apXiTekTypi Ta
mictoOyayBanui [7]. IliarotroBka cydacHMX (paxiBIiB 0a3yeThCs Ha
BukopucTtanHi ocHoBHUX crcteM CAD, CAM ta CAE [8-13] siki y cBOIO uepry
OCHOBYIOTBCS Ha TapaMETPUYHUX B3a€MO3B’si3kax [14].

CraTTss mpucBsYeHa  PO3IJsiAy  OCOOJIMBOCTEH — MapaMETPUUYHOTrO
MOJICJIFOBaHH, IK OCHOBHOI'O HAaNpsAMYy B Cy4YaCHOMY MiX0/1 10 cTBOpeHHs 3D-
Moziesiel Ta AW3aiiHy, 3aCTOCOBAaHOMY y MAIIMHOOY/YyBaHHI 1 1HIIUX TaTy3fX.
[leit HanpssMok ©Oa3yeTbcsi Ha 1HQOpPMALIMHUX TEXHOJIOTISIX Ta HOBUX
MPOBAIKEHHAX (DOPM Ta KOHLIEMIIIH.

®opmyaoBaHHA HuIeil crarri. Meroro poOOTH € po3poOka Au3aiiHy
KOJIICHOTO JIUCKY aBTOMOOUIA Ta KOHCTPYKLII MOJENI TallbMiBHOTO JIUCKY
3acobamu  Autodesk Inventor Professional Ha OCHOBI 3acTOCyBaHHS
napamMeTpuYHUX PSAAIB U1 OTpUMaHHS Mojene BuUpoOy B JIEKUIBKOX
BUKOHAHHSIX.

OcHoBHa 4yactuna. [llupoki moxmuBocti Bukopuctands CAIIP maroTh
3MOTY OTpUMAaTH HaWpI3HOMAaHITHINI 3a (GopMOI0 Mojeli BUpOOy Ha OCHOBI
3MIHM OCHOBHHMX TapaMeTpiB T€OMETPii MOYaTKOBOrO ecKizy. He € HoBHHOIO, 1110
OKpiM  (YHKIIIOHATHHUX BIIACTUBOCTEH, KOHCTPYKIIiSI TIEBHUX BUPOOIB
aBTOMOO171e0y/TyBaHHSI Ma€ 3aJOBOJIbHATH €CTETUYHHUM BHMOTaM CYYaCHOCTI.
Tak mnuTaHHS po3pOOKM JU3AMHY €JEMEHTIB KOHCTPYKLii, 0OyMOBIEHE
NparHeHHSIM CIIOKHMBAYiB [0 OTPUMAaHHS EKCKIIO3MBHOTO BHUPOOYy, MO €
CBOEPITHOIO «ITPUKPACOI0» aBTOMOO1LIIS.
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Tak 3ampornoHoBaHi B JaHId poOOTI KOMIO3UIIIHHI PIIICHHS MOJeNl
aBTOMOOLITLHOTO AUCKY 0a3yBaimcs Ha 3MiHI TeoMeTpii crmini koJieca. [lomiOnuii
aJITOPUTM MOJEIIOBaHHS OyJio 3ampornoHoBaHo B poOoTi [3]. IlpunuumnoBoro
BIIMIHHICTIO € TapaMeTpu3allisl JeSIKHUX BUXITHHMX E€JIEMEHTIB €CKi3y CIHUIll Ta
ecKizy ¢opmu i monepeyHoro nepepisy (puc.l), mo B moganpmioMy aaio 3MOTy
OTPHUMATH Pi3HI BapiaHTH MOAE (puc.2).

1 wheeParametric.ipt A Name
= G Revolution 1 \  Radlisp
i— %= 60 [150,5 mm] > 9. Radzp
|— %= d1[150,3 mm] = L
b x= d2 (200,353 mm] : ‘:
t1
b %2 .13 [190 {-u mm] v o fie2
E Member Part Number ‘Rad1sp Rad2sp L ws | fillet1 fillet2 Array TrAray jon3 Circular 2
1 WheeParametric-01 | WheeParametric-01 [20mm  |16mm [Omm  [20mm (imem  |10mm 8,04 |8 Swppress  [Suppress
2 WheeParametric-02 WheeParametric-02 {Imm 1mm 5 mm {Smm {4mm 16,0mm [23,0d [3d |Suppress {Suppress
3 WheeParametric-03  |WheelParametric-03 130mm  [40mm 10mm |17mm |Imm 1L0mm [9,0u |7d {Compute  Compute
3 ViheeParametric03 _ |WheeParametric04  [imm  [anm (S0 [24nm  Jinm  [10mm (7.0 [9u  [Suppress  [Compute §

Puc.1. ®opma BUXiAHOT reoMeTpii CMIII Ta MapaMeTpu MoJel

Tak 3miHa pazaiycy CHpsDKEHb B €CKi31 CIUIIL Ja€ 3MIHIOBAaTH il GopMy B
MOB3/JI0BXXHBOMY HAIPSMKY. 3MIHHa TE€OMETpis MONEpPEYHOro Mepepizy Ta
napamMeTpu3allisi KUIbKOCTI €IEMEHTIB MacuBY, 1[0 BU3HAYA€ KIJTBKICTh CIHIlh
Ta HasIBHICTh OTBOPIB CKJIaJHOI ()OpMH B 3HAYHIN Mipi BIUIMHYJIA HA MMOJAJBITY
3D monens nucky (puc. 2).

BukonanHss mapameTpudHOi MOJEINI TaJdbMIBHOTO JUCKY Tiependadano
MOTIepeIHIA  aHali3 TEOMETpii 3aCTOCOBAaHUX ICHYIOYMX KOHCTPYKIIH, 3
BpaxyBaHHsIM MaTepialiB Ta YMOB POOOTH y By3imi. Tak B SKOCTI BUXiJAHOL
Mojiei OyB NMPUUHATUN CYHIIBHUN TUCK. B SIKOCTI 3MIHHMX MapameTpiB MpH
CTBOPEHHI MapaMeTPUUHUX PAAIB JeTajai OyJ0 BpaXxOBaHO KUIBKICTh Ta J1aMeTp
po3TaillyBaHHSl KPIMWJIBHUX OTBOPIB, JiaMeTpu poO0Y0i, MAaTOYMHHOI Ta
IEHTPaJbHOI YaCTWH JUCKY 1 BIJAMOBIAHO iX IIUpuHA. TakoXX BpaxOBaHO
HasBHICTH nepdopaiiii podovoi moBepxHi (puc.3).
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Puc.2. Otpumani npu 3MiH1 apaMeTpiB MOJIENI KOITICHOTO JTUCKY

Puc. 3. Orpumani napamMeTpudHi MOJIETi TAIBMIBHOTO JUCKY
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Otpumani Moze He MaJii O 3aBEPILICHOTO MPOLIECY CKIadaHHs By3ja 0e3
IIIMHU, KOTpPa BCTAHOBIIIOETHCS Ha JWCKU Ta 3a0e3medye pyX aBTOMOOUIS TIO
NOBEPXHAM (puc.4)..

Puc.4. Orpumani npu 3MiH1 TapaMeTpiB MOJIEJI KOJIICHOTO JUCKY:
195/50R15; 195/60R15; 195/70R15; 265/70R15

BucHoBkM Ta mepcneKTUBH. 3acTOCYBaHHS  IMapaMETPUYHOTO
MOJICJTIOBAHHS JIO3BOJISIE CKOPOTHTH BHUTPATH Yacy Ha TMPOCKTyBaHHS Ta
3abe3rneuye OaraToBapiaHTHICTh T€OMETPUYHUX PIIIEHb B IMPOIECI PO3POOKHU
nu3aiiHy Mojened. B KOHCTPYKTOPCHKIN AiSIbHOCTI, OKPIM BHIIE3a3HAYCHHUX
nepesar, JaHu# croci0 Ja€ 3MOTy OTPUMAaHHS TUTIOBHX BHUPOOIB.
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USE OF PARAMETRIC MODELING TOOLS IN PROJECTING AND
DESIGN OF AUTOMOTIVE PRODUCTS

This article discusses the possibilities of using CAD Autodesk Inventor
Professional in the development of parts of the wheel-hub unit. Variants of
design solutions of the automobile wheel disc and changes in the design of the
brake disc based on the execution of three-dimensional models created by
means of parametric modeling are proposed.
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The issue of the aesthetics of vehicles and the reliability of their elements
are one of the key indicators of product competitiveness. Modern production
methods make it possible to implement unique design solutions. Thus, foundry
production makes it possible to create wheel rims with a wide variety of styles.
The paper proposes several solutions for modifying the initial model of a wheel
disc with a constant rim diameter and width.

These assembly details would not have completed the modeling process
without the tire and brake disc. Tires are installed on rims and ensure the
movement of the car on the road surface, and the brake disc provides
attachment to the hub and the process of stopping the vehicle.

Parametric modeling is based on the idea of using simple primitives to
represent the complex geometry of the product, which is determined by
parameters and connections between them. Parameters include coordinates of
points, values of angles, lengths and radii of circles and ellipses, number of
elements. Connections between parameters are called constraints.

An important condition for the accuracy of the sketch is the consistency
of the applied constraints. Analysis of the degrees of freedom ensures that the
design engineer imposes only the necessary and sufficient number of
constraints, not allowing the system of equations to be over-constrained, and
not allowing any degree of freedom to be left unconstrained.

Overdetermining the system of equations causes a contradiction between
the constraints and the system of equations becomes contradictory and has no
solution. When the number of constraints is less than the number required to
determine the values of all unknown parameters, the system is called under-
constrained.

To determine the relationship between model parameters, they must be
specified as parameters or equations.

Keywords: computer modeling, parametric series, design of automotive
products, wheel disc, brake disc, tires.
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