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BUKOPUCTAHHSA SOLIDWORKS Y [TIPOTOTUITYBAHHI AEPOAUHAMIYHOT' O
XBOCTOBOI'O KEPMA

B po6omi poseasdaembcsi edpekmugHe 3acCmocy8aHHs NpoepamHoz2o npodykmy Solidworks 0451 mo0en08aHHs
CKAAQOHUX MEXAHI3MI8 3 DYXOMUMU efeMeHmMaMu CKAAOHOI ¢opmu. 3acmocy8aHHsi npozpamu KOHCMPYKmMopamu Ha
nionpuemcmeax 3HaYHO nidguwye egpekmueHicms pobomu KOHCMpPYKMOpPCobKUx 610po ma 0ocaidHO-eKcnepuMeHmaabHux
giddinie. Yac Ha po3pobKU 3HAYHO 3MEHWYEMbCS, a 6azamo iHCMpyMeHmMIis aHaizy 00380/510Mb YHUKAMU NOMUJOK.
Bukopucmanus Solidworks das cmeopenHsi 3D modesell pa3om 3 a0umueHUMU MEXHOA02IAMU 0151 8U20MOB/AEHHS YUX
Modeiell, BUB0DSIMb HA SKICHO iHWUT pigeHb cCMBOPEHHs npomomunie cCKAAdHUX Py1b08UX Npueodis.

Karuosi cnosa: Solidworks, 3D modens.

KUSHNIRCHUK ANDRIY SERGIYOVYCH, TKACHUK VITALII PAVLOVICH, KARAZEY VITALII DMITROVICH,
KHARZHEVSKYI VIACHESLAV OLEKSANDROVICH, MARCHENKO MAKSYM VASYLOVYCH
Khmelnytskyi National University

USING SOLIDWORKS FOR PROTOTYPING AERODYNAMIC STEERING DRIVES

The work discusses the effective use of the Solidworks software for modeling complex mechanisms with moving elements of
intricate shapes. The application of the program by designers in enterprises significantly increases the efficiency of the work of design
bureaus and research and experimental departments. Development time is greatly reduced, and many analysis tools allow for the avoidance
of errors. The use of Solidworks for creating 3D models, along with additive technologies for manufacturing these models, takes the creation
of prototypes of complex steering drives to a qualitatively different level.

To model such complex-shaped parts as ailerons, the Solidworks tool, "Section hood" was used, such a tool greatly simplifies
modeling and allows you to achieve the desired shape of the model.

The engine models were used in the Solidworks assembly and combined with the mating conditions with other components, this
allowed to adjust the design "in the context of the assembly” to the actual dimensions of the engines. To analyze the correct movements of the
drive elements, "mechanical couplings" with real gear ratios were installed on all gears. In this way, it was possible to fully analyze the
movement of all drive elements, to determine their position during movement

After the modeling and analysis process was completed, the prototype manufacturing process began, for which the FDM printing
technology was chosen as the fastest, cheapest, but capable of reproducing complex shape details. CoPET plastic is chosen as the main
material for printing, bearings are used for smooth rotation of drive elements, all axes of mechanisms are made of metal with the help of
mechanical processing.The manufactured prototype turned out to be working, all movements are performed as intended in the modeling
process, you can perform experiments and research with the obtained product to obtain the necessary results. The Solidworks software
product allowed not only to fully simulate the steering drive, but also to avoid many errors thanks to the available analysis tools.

The FDM printing technology made it possible to quickly create a prototype, provide all the intended functionality, the quality of
the parts allows the drive to work correctly.

Keywords: Solidworks, 3D model.

IMocranoBka npo6aeMu

Jusi  CTBOpEHHsT MPOTOTHITY aepOAMHAMIYHOIO PYJIHOBOIO MPUBOAY OPHTiHAJIBHOI KOHCTPYKIIT,
MIPOTMOHYETHCSI BUKOPUCTATH QJUTHUBHY TexHosorito FDM apyky. JIns MomemoBaHHSA 1 JOCITiPKEHHS B3a€MOJIl
@IIEMEHTIB TPHUBOAY, OOpaHO mporpaMmHuii mpoaykT Solidworks, sk HanWOimem edexkTuBHUH iHCTpyMeHT 3D
MOJICTIIOBAHHS 3 IIUPOKHMH MOXIMBOCTSMH Ta AONOBHEHHSIMH, II0 CHPOLIYIOTH 1 3HAYHO HPUCKOPIOIOTH IPOLECH
MiATOTOBKY MPOTOTHUIIIB.

Bukiag ocHoBHOro MaTepianxy

Solidworks € oxHi€ro 3 HalfOIIBLI MOMYJISIPHUX TPOTPaM JIsl MOJICJIIOBAaHHSI MexaHi3MiB. BoHa no3Boise

CTBOPIOBAaTH Ta MOJCTIOBATH CKJIAJHI MEXaHI3MH 3 TOYHICTIO Ta €(QEKTHBHICTIO, OO0 pPOOUTH i HE3aMiHHHM

BicHuk XMeabHUYbK020 HaYioHa/1bHO20 yHigepcumemy, Ne4, 2023 (323) 361


https://orcid.org/0000-0002-5445-7378
file:///C:/Users/soguy/Downloads/kyshnir98@gmail.com
https://orcid.org/0000-0003-0640-2740
mailto:tkachukv.p@gmail.com
https://orcid.org/0000-0001-9110-8559
mailto:witalij.karazey@gmail.com
https://orcid.org/0000-0003-4816-2781
mailto:vk.solidworks@gmail.com
https://orcid.org/0000-0002-8645-3013
mailto:max@solidworks.net.ua

Technical sciences ISSN 2307-5732

IHCTpyMEHTOM JuId mpodeciiiHnX IHXKeHepiB Ta KOHCTpyKTopiB. OmHMM 3 HaHOIIBII BaXKJIMBHX AacIeKTiB
BukopucTtanHs Solidworks y MojemoBaHHI, € HOro MOXIUBOCTI cTBOpeHHs 3D-Moneneii. 3a JOMOMOror i€l
MIPOrpaMH iH)KEHEPH MOXKYTh CTBOPIOBATH CKIaAHI neTanmi Ta 30ipku MexaHi3MiB. Solidworks Takox J03BoJisie
CTBOPIOBATH aHIMaIlii Ta Bi3yami3amii, IO IO3BOJISAE iH)KEHEpaM MOOaunTH, AK Oyxe MpaIoBaTH MEXaHi3M Y
pearsHOMY XKHTTI.

[HImMIM BaXXJTMBUM acIeKTOM BHKOpUCTaHHS Solidworks, € MOKIHBICTh TPOBOIUTH aHAJI3 MEXaHI3MiB. 3a
JIOTIOMOTOI0 TIPOTPaMU iH)KEHEpH MOXKYTh MPOBOTUTH Pi3HI BUIM aHAm3y. Lle m03Bossie BU3HAUNTH, UM BUTPUMAE
MeXaHi3M HaBaHTAXXCHHsA, 4M Oyze mpamroBaTé BiH eekTHBHO Ta Oe3meuHo. [Iporpama m03BOIIsIE CTBOPIOBATH
O1IBLI CKIIAJIHI MEXaHI3MHU, SIKi MICTSATh Pi3HI KOMIIOHEHTH Ta CKJIQIAIOTHCS 3 0araTboX pyXOMHX YacTHH.

Solidworks mae mmpokuii BUOip JONOBHEHb Ta IUIATIHIB, SKi JO3BOJSIOTH MPALIOBATU 3 PI3HUMH THUIIAMH
MeXaHi3MiB Ta KoMroHeHTiB. Hanpuknan, nogatok Toolbox 1o3Bosisie CTBOpIOBAaTH Ta pelaryBaTy IBUHTH, T'aliKH,
MiAMUIMHAKA Ta 1HIOI MEXaHIYHI KOMIIOHGHTH Taki sk 3yOuacti koneca. Jlomarok Flow Simulation mo3Bose
MIPOBOJIMTH aHaJi3 TEIUIOBO Ta TiIpaBIivyHOT MEXaHIKM MEXaHI3MiB, 110 JJO3BOJISIE BU3HAYUTH IXHIO €()EKTHBHICTh Ta
ONTUMI3yBATH IPOCKT.

Takox mporpama Mae IMUPOKI MOKIMBOCTI JJIS CIIBOpAIli Ta 0OMiHY JaHUMH 3 1HIIUMH IpOTpaMaMHu, IO
IO3BOJISIE IHDKEHEpaM CIIJIBHO TIPAIfOBAaTH HaJ TPOCKTaMU Ta OOMIHIOBATHCS NAHUMH 31 CBOIMH KOJIETaMH.
Solidworks € moOTyXHUM IHCTpyMEHTOM [UIsI TpoQecifHMX IHKEHepiB Ta KOHCTPYKTOPIB, SKi 3aiiMarOThCS
MOJICIOBAHHAM JeTalell Ta MeXaHi3MiB. 3a JONOMOTOI0 MPOTpaMH MOKHA MOJETIOBAaTH CKIIaJHI MEXaHi3MH 3i
30ipKaMu, pyXOMHUMH JICTAISAMH Ta MEXaHi3MaMH, TAKUMH K ABUTYHH, MEXaHI3MH Iiepeadi, CHCTEMH KepyBaHHS Ta
1HIII.

Came ToMy Leid mporpamHuil MpoayKT OyB OOpaHWil s MOJENIOBaHHS aepOJUHAMIYHOTO PYJIHOBOTO
NpUBOAY. AepoMHaMIuHI Pyl - Lie MEXaHi3MH, sSIKi BUKOPHCTOBYIOTHCS HA TIOBEPXHAX KEPYBaHHS JIiTaKa, TAKUX K
KpuJjia, 11100 JONOMOITH YIPABIISITH PYXOM JiiTaka. Py MOXyTh OyTH pyXOMUMH 200 HEPYXOMHUMH Ta MAlOTh Pi3Hi
dbopMH Ta pPO3MIpH B 3aJCKHOCTI BiJ iX NPU3HAYEHHS Ta MICII BCTaHOBJCHHSA. HailOinbmi mommpeHUME
aepOJMHAMIYHUMH PYJISIMU € €JISPOHH, PYJb HAIpPSMKY Ta pYyJib BUCOTH. EJEpOHHM pO3TalIOBYIOThCS Ha 3aHii
KpPOMIII KpHJa Ta BHKOPHCTOBYIOTHCS Ui KEpyBaHHA KPEHOM JIiTaKa, pPyldb HaNpsIMKYy PpO3TAIlOBYEThCS Ha
XBOCTOBIH YaCTHHI JliTaka Ta BHKOPHCTOBYEThCS JUIS KEpPYyBaHHS pO3BOPOTOM JIiTaka, a pyidb BHCOTH
PO3TaIIOBY€ETHCS HA BEPXHINH YaCTHHI XBOCTOBOI YACTHHH Ta BUKOPHUCTOBYETHCS UL KEPYBaHHS KyTOM IiaioMy abo
3HIDKEHHS JriTaka [1].

Pyni MaroTe BakimBe 3HAUEHHSA A Oe3NeKkd Ta e(EKTHBHOCTI MOJBOTIB, TOMY iX NPOEKTYBaHHS Ta
BUTOTOBJICHHS TOTPEOY€E IETaIbHOI aepoJMHAMIYHOI Ta IHKeHEepHOI po3poOku. Hanpukiaz, enepony MoBUHHI MaTH
BIAMOBIMHY (GOpMy Ta po3Mip Juisd 3abe3nedeHHss HEOOXiIHOro MmigioMy IiJ Yac KpeHy JliTaka, a pyjib BHUCOTH
MOBUHEH OyTH JOCTATHHO BEIHMKUM Ta e(h)eKTHBHUM, 1100 3a0€3MEUNTH JOCTATHE KEPYBaHHSI.

AHaJOTIYHO 1O JIiTakiB, pyJli BUKOPUCTOBYIOTBCS Ha pakeTax Uil KepyBaHHS TPAEKTOPIEIO MOJBOTY.
[MpuHOMn i aepoIMHAMIYHUX PYIIIB ISl paKeT B OCHOBHOMY aHAJIOTTYHMH 10 MPUHLMITY il pyJIiB Ha Jiitakax. Pymi
MOXYTh OyTH PyXOMHUMH a00 HEpYXOMHMH, Ta PO3MIIIYIOThCS Ha 3aJHIM 4acTHHI pakeTu. Haiimommpeninmmu
PYIISIMH JUTA PAKEeT € HANpPSIMHI PyJIi, 10 BUKOPUCTOBYIOTHCS /ISl KEPYBaHHS KyTOM HAIPSIMKY, Ta KPEHOBI pyIi, IO
BUKOPHCTOBYIOTHCS IJIsl 3MIHM KyTa KpeHy. TakoX iCHYIOTh pyJli BUCOTH, sIKi BUKOPHUCTOBYIOTBCS JUIS 3MIiHM KyTa
migitoMy abo 3HIKECHHS PaKeTH.

Pymi nmnst paker moBMHHI OyTH CIIPOEKTOBaHI Ta BUTOTOBIICHI 3 ypaxXyBaHHSM OCOOJIUBOCTEH MOIBOTY
pakeTH, B TOMY 9HcIHi 11 (GopMH, MacH, IIBUIKOCTI, BUCOTH Ta MaHeBpeHOCTi. KpiM Toro, pyini MaroTh OyTH JOCHTH
e(eKTUBHUMH, 1100 3a0e3NeUYNTH JIOCTATHE KEPYBAHHSA TPAEKTOPIEI0 MONBOTY, a TAaKOK HE MOBMHHI BIUIMBATH
HETaTHBHO Ha aepOJIMHAMIKY.

[IporonyeTbcs 3MO/ENIOBATH PYJIbOBHU IPUBIA 3 PYXOMHMH B3a€MHO MEPHEHAMKYISPHUMHU Napamu
enepoHiB (puc.l), I KOperyBaHHS BEPTHKAIBHOTO MOJBOTY B JBOX IUIONIMHAX, a TAKOXK Ui 3amoOiraHHs
3aKpy4yBaHHsI PaKeTH BIJHOCHO CBO€I oci. /[Bi mapu enepoHiB 3 He3aJe)KHHMMH NMpPUBOJAMHU 3a0e3MedyBaTUMYTh
KEpOBAHICTh, a OJ(HA Mapa TaKOX YTPUMYBAaTUME BiJ oOEpTaHHs 3a paXxyHOK KOHIYHOI mepenayi (puc. 2), 1o
3a0e3neunTh CUMETPUYHE BIIXWJICHHS €JIEPOHIB, L0 B CBOIO uYepry 3a0e3neunTh BUPIBHIOBAHHS Bijl 00epTaHHS.
BupiBHIOBaHHS KOHTPOJIOETHCS aBTOMATHYHO 3a JOMOMOTOI KOHTpolepa monboTy NX4 EVO 3 BOymoBanmm
T'ipOCKOIIOM.

Jns HajmaHHS pyXy eJeMeHTaM pyJbBOTO IIPHBOAY BHKOpUCTaHHI cepBoaBurynn MGO0S. Mopeni
JBUT'YHIB Oyiu BukopucTaHi B 30ipui Solidworks Ta 00’eqHaHHI yMOBaMU CHPSDKEHHS 3 iHITUMH KOMIIOHEHTaMH, 1€
JIO3BOJIMJIO CKOPEryBaTH KOHCTPYKIIO «B KOHTEKCTI 30ipkm» mix peayibHi po3Mmipu JIBUryHIiB. [lns aHaiizy
KOPEKTHUX PYyXiB €JEMEHTIB MPHUBOJIY, Ha Bci 3yO4acTi mepemadi Oyj0 BCTAHOBICHO «MEXaHIUHI CIPSDKEHHS 3
peaTsHIMH MTePeJaTOYHUMHE YHCIIaMH 3y09acTuX Kojic. TakuM 9MHOM BJIAJIOCH TIOBHICTH MPOAaHali3yBaTH PyX BCiX
€JIEMEHTIB MIPUBOJTY, BU3HAUUTH 1X MOJIOKEHHSI ITiJl 4ac pyxy.
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[Ticnst 3aBepiIeHHs IpoLeCy MOJEIIOBAHHS 1 aHaJIi3y, PO3IIOYaBCs MPOIEC BUTOTOBIICHHS TPOTOTHUILY, IJIS
poro 0yino obpano texnomorito FDM npyky [2], ik HaiOIbII MIBHUAKY, ACIIEBY, aje 3JaTHY BIATBOPUTH JeTaii
ckianHoi popmu. OcHOBHMM MaTepianom aist npyky oopaHo CoPET mnactuk, ams mimaBHOTO 0O0epTaHHS €JIeMEHTIB
MIPUBOY BUKOPUCTAHO IIIIIMITHUKK, BCi OCI MEXaHi3MiB BHUTOTOBJICHO 3 MeETaly 3a JONOMOTOI0 MEXaHIdHOI
00pOOKH.

BucHoBku

Burorosnennit nporotun (puc.4) BUSBUBCSI poOOYNM, BCi PyXH BHKOHYIOTHCS K 1 3aJyMaHO B mIporeci
MOJICTIIOBAHHS, MOXHa BHKOHYBAaTH EKCIIEPUMEHTH Ta JOCHIPKEHHS 3 OTPHMaHMM BHPOOOM Uil OJep KaHHS
HeoOXigHuX pe3ynbTatiB. [Iporpamuunii npoaykT Solidworks 103BOIHMB HE JHIIE TOBHICTIO 3MOJICIIOBATU PYIbOBUI
NIPUBIJ, a 1 103BOJIUB YHUKHYTH 0araTb0X MOMMWIIOK 3aBISIKM HassBHUM iHCTPYMEHTaM aHallizy.

Texunosoriss FDM gapyky 103BojMia HIBHAKO CTBOPHTH IPOTOTHI, 3a0E3MEUYNTH BeCh 3aJyMaHHN
(byHKIIOHAJ, SIKICTB IeTajIel T03BOJISIE KOPEKTHO MPAIFOBATH IIPUBOY.

Puc. 4. IIpoToTun aepoMHAMIYHOI0 2ePOIMHAMIYHOI0 XBOCTOBOI0 KepMa
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