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CONSTRUCTION OF CLOSED LIGHTWEIGHT GEARS

Mera. V npaniif poOOTI po3IIIAIal0THCS MOMIIMBI UISAXHU 3HIKEHHSI MacH 3aKpUTOI MEXaHIYHOL
nepeaayi Ha MPUKIAAl 3y09acToro MUIIHAPHYHOTO OJHOCTYIIIHYACTOTO PEAYKTOPa 32 PaXyHOK OII-
THUMIi3allii Horo KopIycy.

Metoauka gociaiakenb. B poOoTi mokazaHo, o 3MEHIIEHHS METaJOEMHOCTI OJTHOCTYIIIHYAC-
TOro 3y0uYacToOro LMJIIHIPUYHOIO PEAYKTOpa € aKkTyaJbHUM JJI MAalIMHOOYAIBHOI ramy3i. 3MeH-
IICHHS] BUTPAT MaTepiaIbHUX PECypCiB MPU3BOAUTH JI0 3HIKEHHS coOiBapTocTi. EKoHOMIT MeTamy
CIpHUS€E 3aCTOCYBaHHS HOBUX KOHCTPYKIIHHMX MaTepialiB, 30KpeMa, I1acTMac, MoJiMepiB 1 KOMIIO-
3WTIB, SIKi MAIOTh 3HAYHY MIIHICTh, ITiIBUIIEHY KOPO3iiHY CTIlKicTh, TBEpiCcTh. Kopryc pemxykropa
€ foro 0a30BOI0 JAETAJLIIO 13 HAWOIBIIIO METAIOEMHICTIO, Ha HOTO YacTKy mpunanae a0 80% Bciel
Macu BUpoOy. BiH cnpuiiMae HaBaHTa)K€HHS, L0 A1I0Th B PEIYKTOpI, @ TAKOXK BIABOJUTH TEIUIOTY,
1110 YTBOPIOETHCS MPU HOro po6oTi. OCHOBHUMU KPUTEPISAMHU HAJIHHOCTI KOPITYCHUX JIeTallel € Mill-
HICTb, KOPCTKICTh, 3HOCOCTIMKICTb 1 JOBroBI4HICTh. HEoOX1/1HY KOPCTKICTh JOCATAIOTh ONTUMI3a-
1iero GopMu 1 po3MipiB €IEMEHTIB KOPITYCY, a TAKOXK 32 PaXyHOK PalliOHAJIBLHOIO pO3MILLIEHHS pebep
AKOPCTKOCTI. TaKUM YMHOM, HE 3MIHIOIOUH €JIEMEHTIB OCHOBH KOPITyCY, 1110 3a0€31eUyI0Th HOro *o-
PCTKICTb, 3MEHIIIEHa HOro Maca BHJAJIEHHSIM HEHAaBaHTAKEHHMX AUISHOK. Bunanenuil meran moxe
OyTu 3aMIHEHUH JIETKUM HEMETAJIEBUM MaTepiaioM.

Pe3yabTaTi 10caiizkeHHs. B pe3ynbTarti 1ociKeHHS 00y J0BaHO TPUBUMIPHY MOJIENb O/THO-
CTYMIHYAaCTOTO PEAYKTOPY MOTyKHicTio 2,2 KBT, siky 3a qonomororo mporpamu Autodesk Fusion 360
JOCIIIMIIA Ha MILHICTb 1 )KOPCTKICTh. MasoHaBaHTaXeH1 JiSTHKH OCHOBU KOPIYCY Ta 3HIMHOI KpH-
1KY OyJ10 BUJAJIEHO.

HaykoBa HoBu3Ha. B po00Ti BUKIIaJIeHO pe3yIbTaTH JOCIIIKEHHS 3MEHIICHHSI MacH OJTHOCTY-
MHYacTOro 3y0uacToro HUIIHAPUYHOTO PEIyKTOpa 32 PaXyHOK ONTUMI3allli KOHCTPYKLIi HOTro Kop-
nycy 3 BUKOPHCTaHHAM 3D-IpyKyBaHHS.

IIpakTuyHe 3HaYeHHs. MamHOOyAIBHA Taly3b 3aCTOCOBYE 1HHOBAIIIMHI TEXHOJIOTI, 10 SIKUX
BiTHOCUTBCS 3D-IpyKyBaHHS OKpeMHX JeTaneil 3youacTux nepenad. ¥ ocHOBI TexHosorii 3D-npy-
KyBaHHS JIS)KUTh MPHUHIIMII MTOIIAPOBOTO CTBOPEHHS (BUPOILYBaHHS) TBEPAOI MOJENI 1 BOHO MOXKe
3IIACHIOBATUCS PI3HUMHU CIIOCO0aMHM Ta 3 BAKOPUCTAHHAM PI3HUX MaTepianiB. Y poOOTi 3alpOnoHO-
BAaHO HaWOLIBII TOMKUPEH] CTOCOOM CTBOPEHHS 00’ €KTIB — 1€ CEJICKTUBHE Jla3epHE CITIKaHHS Ta CTe-
PEOCKOMIYHUH JPYK.

Knrouoei cnosa: 3akpuma mexaniuna nepeoaua, 3y6uacmutl pedykmop, smeHuienHs macu, 3D-
OPYKYBAHHSA, ONMUMI3AYIS KOHCMPYKYTT
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Beryn. 3MeHIIeHHS METaIOEMHOCTI BUPOOIB € aKTyalbHUM, SIK B LIJIOMY JIJIsI Ma-
IMHOOYAIBHOI Tally3l, TaK 1 Al OKPEeMHUX MIANPHEMCTB. MartepiaabHi BUTpaTH 3aiima-
I0Th OLJIBIITY YAaCTKY BUTPAT BUPOOHUIITBA. 3MEHIIICHHS BUTPAT MaTeplalbHUX PECYPCIB
MIPU3BOIUTH JI0 3HIDKEHHS COO1BapTOCTI BUPOOIB Ta A0 MOJIMIIEHHS MOKa3HUKIB e(ek-
TUBHOCTI JISUTBHOCTI MiAnprueMcTBa. EeKTHBHE BUKOPUCTAHHS PI3HUX MarepialiB B
MpoIIeCi BUPOOHUIITBA PI3HOMAHITHUX BH/IIB IPOMHUCIIOBOI MPOAYKIIIT € OJTHUM 3 HaliBa-
YKITMBIIIUX CIIOCO01B 3201 PKEHHS IPUPOoIHUX pecypciB [1]. ExkonoMii Metany cripusie
3aCTOCYBaHHsS HOBMX KOHCTPYKIIIMHHMX MartepiajiiB, 30Kpema, IiactMac, IMoJiMepiB 1
KOMITO3UTiB. OCTaHHI MalOTh 3HAYHY MIIHICTb, MIJBUIICHY KOPO31iHY CTIMKICTh, TBEP-
nicTh. Ha 3HM)KEHHS METalOEMHOCTI, a OT)KE, MAaCH MAIllUH Ta O0JIaJHAHHS BILTUBAE
CIIPOILIEHHS KIHEMAaTUYHOI CXEMHU, MOIMIIICHHS KOMIIOHYBaHHS KOHCTPYKIIii, BUOIp ra-
OapuTiB MaIIMH 1 KOHCTPYKTUBHOI ()OpPMU J€TAJICH, ONTUMI3aIlis 3a11aciB MIITHOCTI.

Meta po6oTtu. [IpoaHanizyBaT MOKJIUBICTh 3HUKEHHSI MacH 3aKPUTOT MEXaHi-
YHOI Mepefadi Ha MPUKIIAAl OJHOCTYMIHYACTOrO 3y04acToro MUJIIHAPUYHOIO PEAYK-
TOpa 3a paxyHOK ONTHUMI3alli HOTO KOPIycCy.

OcHoBHa yacTuHa. Pi3Hi cepr BUpOOHUIITBA 3aCTOCOBYIOTh IHHOBAIIIITHI TEXHO-
JIOT1i, SIK1 HAMpaBJICH1 Ha MOJIMIICHHS SAKOCTI KUTTS JroauHu. L{i TexHonorii nependa-
YaloTh MPAaKTHYHE BUKOPUCTAHHS JOCITHEHb y IT-cdepi, ki 3a0e3neuytoTh HOBITHIN
HaMPSIMOK y PO3BUTKY MAIIMHOOY/IIBHUX KJIACTEPiB. J[0 TAKMX TEXHOJOT1H BIITHOCUTHCS
3D-npykyBaHHs 00’€KTIB Pi3HOTO Tpu3HaueHHs (puc.l, a, 6). 3D-npykyBaHHs - 1€
nporiec (puc. 1, B) BIATBOPEHHS peanbHOro 00'ekTy 3a 3pazkom 3D-moneni [2, 3,4]. ¥V
OCHOBI TeXHOJOT11 3D-ApyKyBaHHS JIEKUTh MPUHIUIT TIOMIAPOBOTO CTBOPEHHS (BHPO-
IyBaHHS) TBEPI01 MOJIeNi [, 6] 1 BOHO MOKe 3/1HCHIOBATUCS PI3HUMH CIIOCO0aMU Ta 3
BUKOPUCTAHHSIM PI3HUX MarepiaiiB. Y MaIIMHOOYTyBaHHI HAHOUIBII MOIIMPEHI CHO-
coOM CTBOPEHHS 00’ €KTIB - 11€ CEJIEKTUBHE JIA3€PHE CIIKAHHS Ta CTEPEOCKOTYHUI APYK.

Puc. 1. 3D-apykyBaHHs 00’ €KTiB: a, 06 — MAaIIMHOOYyBaHHS; B - eTanu 3D- npyky
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CenexTuBHE Jla3epHE CMIKaHHSI BUKOPUCTOBYE MOPOIIKOMOAIOHNI TEPMOILIACTH-
YHUM MaTtepiall, SKUW MOIIAapOBO CHIKaeThes JazepoM (puc. 2). Iopomiok B podouiit
KaMepi po3irpiBa€ThCs A0 TEMIEpaTypu, OJM3BKOI A0 TUIABJICHHS, PO3PIBHIOETHCA, 1
IIPOMEHEM Jia3epa Ha HbOMY ITPOMaIbOBY€ThHCS HEOOX1AHUM KOHTYP. Y MICIIl KOHTaKTy
MIPOMEHIO 1 TOPOIIKY YaCTKH TIJIABJISATHCS 1 CIIKAETHCS OJIMH 3 OJTHUM 1 3 TIOTIEPETHIM
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Puc. 2. 3D-nipuHTEp 3 TEXHOJIOTIEI0 JPYKY CENIEKTUBHOTO JIa3€PHOTO CITIKAaHHS

[ToTimM mnaTdopMa OMmycKaeThCsl Ha TOBLUIMHY OJHOTO IIapy, B KaMepy HacuIia-
€THCSI HOBHH I1ap MOPOIIKY, PO3PIBHIOETHCS, 1 TIPOIIEC TOBTOPIOETHCA. TexHOmoT1g Xa-
PaKTEPU3YETHCS BUCOKOIO MIBUJKICTIO APYKY (70 35 MM/T0), aje BUMarae 3Haq4HOTO
4acy MiITOTOBKH JI0 POOOTH, JIJIsi HATpIBaHHS MOPOIIKY 1 cTa0LIi3aIii TeMneparypH, a
OTpUMaH1 MOJIEJl MalOTh MOPUCTY 1 HIOPCTKY CTPYKTYPY.

CrepeocKOniYHM IPYK — METOJ, KUl 0a3y€eThCsl HA CTPYMEHEBOI TEXHOJIOTII.
[IpunTepH no110HOT KOHCTPYKIIIT 320€3MeUyI0ThCS IBOMA IHIPEl€HTAMU MTOPOILIKOIIO-
I10HOT MacH 1 piJIKkoro pedoBuHOIO (puc. 3). PoOoua kamepa KOKHOTO MPUHTEpa CKJIa-
JAa€ThCs 3 IBOX YACTHH: MEPIOT YaCTHHOIO € KaMepa Mmojadi MopoIKy (B Hel 3aBaHTa-
KY€ETbCSI MOJIETIbHUI Matepiai), a pyra - 1ie Kamepa no0y10BYU, B sIKIi BUPOULY€E€ThCS
HeoOximHa 3D- monmens. CioyaTKy Mo BCiH MIONIMHI Kamepu MoOya0BH PiBHOMIPHO
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po3noaiIsieTbesa NoTpioHMi MaTepian. [1oTiM Ha TOHKMI TEpIIUi 1MIap HAHOCUTHCSA
CHeliaJibHe CIIOMyYHa PEYOBHHA, SIKA CKIICIOE BCE YaCTKHU MaTepialy MixK co00Io.

PigKa Kneika cknagosa
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-
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Puc. 3. TexHOJIOTisI CTEPEOCKONIYHOrO IPYKY

[Ticns Toro, sx Ha miuatdopmi OyB HaHECEHUU KJieH, BOHM 3MILLytoThes. [lpu
1poMy MaTdopma Mmojaae KaMepu Bropy, a miaatdopma obiacti moOyaoBU OMmycKa-
€THCSl BHU3. 3CYB MTOBUHEH B1I0YyBaTHCA HAa OJHAKOBY BUCOTY. Binpasy x micis 3cyBy
TOJIOBKA 3HOBY MOYHMHAE CBIil pyX, HAPOIIYIOUH MOJIEIIb.

binpiicTh MalvH NPUBOAUTHCS Y M0 ABUTYHOM YE€pe3 MEXaHIYHY TPaHCMICIIO,
B SIKOCTI SIKOT HAaWO1IBIIIOTO TOIMMPEHHS Ha0yJa 3akpuTa 3y0uacTa nepeaayda (peayk-
TOPH, KOPOOKH MIBHUAKOCTEH TOIIIO).

VY nmaniit poOOTI pO3TAAIAIOTHCS MOKIIMBI MIISAXU 3HUKEHHS METAJIOEMHOCTI Me-
XaHIYHUX Tepelay Ha IpUKIaal 3y04acToro HUIHAPUYHOTO OAHOCTYIIHYACTOTO pe-
IYKTOpA.

["omoBHMM mapamMeTpoM OJHOCTYIIHYACTOTO PEAYKTOPa, SIK BIJIOMO, € MI>KOChOBA
BiJICTaHb 3y0O4acTux kouic [7, 8]. Maca penykTopa CyTTEBO 3aJ€KHUTh BiJl BEIIMUUHU
roJIOBHOTO nmapameTpa. Ha pucynky 4 300pakeHa 3a1eXHICTh MacH peayKTOpa Bij Be-
JUYUHUA MDKOCBOBOI BifcTaHl myisi peaykropiB cepii 11{Y, mo Bumyckarotecs TOB
«Redmashy», nnsa sxkux maca peaykropa B aianazoni L =100 ... 250 MM 3MiHIO€TBCS
MPAaKTHUYHO JIHIAHO Bix 25 10 250 kT.
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Puc. 4. 3anexHicTh MacH OJJHOCTYITIHYACTOTO IIIIHAPUIHOTO peaykTopa M (Kr) Bia
BEJIMYMHU MIKOCBOBOI BijicTaHi L (Mm)

3MEHIIEHHS! METAJTO0EMHOCTI PEAYKTOPIB TAKOTO TUITY MOKJIMBO Y TPhOX HaIlpsi-
MKax:

- 3HUKEHHSI MaCH KOPITYCHUX JIeTajel 3 ypaxyBaHHSIM TOTO, 1110 HE BC1 X AUISHKH
CHpUHMAalOTh CUJIOBE HAaBAHTA)KCHHS;

- BUTOTOBJICHHSI 3y0UacTUX KOJIIC 3 HEMETAIB;

- 3aM1Ha OIIIIAITHUAKIB KOYESHHS Ha MIOIIAITHUKA KOB3aHHS 3 HEMETAIB.

[1ix KOpyCHUMU PO3YMIIOTh J€Tali, OCHOBHE MPU3HAYEHHS SIKUX — 1€ BCTAHOB-
JIEHHSI poOOYMX OpPraHiB 1 BY3JiB PI3HUX MPHUBO/IIB, A€TaNCH 1 CKIATAIbHUX OJIUHUILb,
a TaKOXX 3a0e3MeyyBaTH FrepMETUYHICTh 1 0€3MeKy eKCIuTyaTarii.

Koprmyc peaykropa € ioro 6a30Bor0 JeTaiuIto, rabapruTHI pO3MIipH SKOi BU3HAYA-
IOThCS: BUJIOM NEpeaBalbHUX MEXaH13MiB, III0 CTAHOBJISATh PEAYKTOP; YUCIOM, PO3-
MipamH 1 BITHOCHUM PO3TalIyBaHHSM JeTallel [IMX MEXaH13MIB Y BHYTPILIHIHN MOPOX-
HUHI KOpIyca; MPUHHATOI CUCTEMHU 3MAaIlyBaHHS 3a4eIlJICHb 3y0UacTUX KOJIC peayK-
TOpa 1 oro MiAMUITHUKOBUX By3JiB. KoprycHi netan HalOUIbI METAJUIOEMHI - Ha 1X
gacTKy npumnanae 10 80% Bciei macu BupoOy. BoHu cipuiiMaroTh HaBaHTaKEHHS, 110
JIIOTh B PEIyKTOPI, 1 MePeIatoTh X HA MiIPEAYKTOPHY IUIUTY a00 pamy, a TAKOX BiJI-
BO/JISITh B HABKOJIUIITHE CEPEIOBUIIIC TEIUIOTY, III0 YTBOPIOETHCS IIPU POOOTI peayKTOpa.
OCHOBHUMHU KpUTEPIIMH HAAIMHOCTI KOPIMYCHUX AETaJed € MIIHICTh, YKOPCTKICTD,
3HOCOCTIMKICTD 1 JOBIOBIYHICTb.
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VY cydacHOMY BUPOOHHUIITBI PEYyKTOPIB BUITYCKAIOTHCS BA TUIIH KOPITYCIB - PO3'-
eMHI 1 Hepo3'eMH1. KOHCTpyKIIist p03’€MHOTO KOPIYCY BKJIIOYAa€ OCHOBY KOpITyca 1 3Hi-
MHY KpPHIIIKY.

V 3B's13Ky 3 THM, IO KOPITYCH PEAYKTOPIB - MAJIOHABAHTAKEHI JETalIl, PO3MIPH iX
€JIEMEHTIB (TOBIIMHA CTIHOK, PUILIMBIB TOIIO) BU3HAYAE HE MIIHICTh, a JKOPCTKICTD,
HeoOX1Ha JIsl 3a0e3MeUeHHs Mpale3aaTHOCTI KIHEMaTUYHUX Hap peaykropa (3yoya-
TUX 3a4eIlyieHb, MIAIUIHUKIB Tolo). HeoOXiiHy KOPCTKICTh AOCATAIOTh ONTHUMi3a-
11€10 (POpPMU 1 pO3MIPIB €IIEMEHTIB KOPITYCY, a TAKOXK 332 PaXyHOK PalliOHAIbHOTO PO3-
MIIIEHHS pedep KOPCTKOCTI.

B pesynbTaTi nocnimkeHHs 1moOyJ0BaHO TPUBUMIPHY MOJENb OJHOCTYIIHYAC-
TOTO PEAYKTOPY MOTYXKHICTIO 2,2 KBT, siky 3a qonmomororo nporpamu Autodesk Fusion
360 mochigwiM Ha MIIHICTH 1 )KOPCTKICTh. MaoHaBaHTaXEH] AUISTHKA OCHOBH KOP-
Mycy Ta 3HIMHOI KPHUIIKHA OyJI0 BUIAJICHO 1 OTPUMAalId KOHCTPYKIIIIO, SIKi TIOKa3aHi Ha
PHUCYHKY 5.

Al

A-A

A | %

Puc. 5. Ilonermena MeranaeBa KOHCTPYKI[iSl OMHOCTYIIHYACTOTO PEAYKTOpA:
a - OCHOBA KopIrycy; 6 — mepepi3 A-A; B - 3HIMHA KpuUIlIKa; T — riepepi3 b-b;
1, 2 — enemeHTH, 110 3a0€3IIEUYIOTh )KOPCTKICTh; 3 — OCHOBA KOPMYCY; 4 — 3HIMHA
KpHIIKa

TakuMm 4MHOM, HE 3MIHIOIOYM €JIEMEHTIB OCHOBHU KOPIIyCy, 10 3a0€3IMeUyIoTh
HOro >KOpPCTKICTh, 3MEHIIIEHa HOT0 Maca BUJAJICHHSIM HEHaBaHTAXXEHUX NUISHOK. Bu-
JaJICHUH MeTall MOYKe OyTH 3aMiHEHHI JISTKUM HEMETaJICBUM MartepiajioM (puc. 6).

AHAJIOTTYHO 3MEHIIIYETHCS Maca 3HIMHOT KPHUILIKH.

BurotoBneHHs TakMX KOPIMYCHUX JIeTajlel palloHAIbHO poouTu Ha 3D-nipuHTEpax.
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Puc. 6. OnHocTymiHYaCcTH PEAYKTOP, BUTOTOBJICHUH 3 IBOX BHJIIB MaTePialiB:
a - OCHOBa Kopmycy; 6 — nepepi3 B-B; B - 3HIMHa KpuIlIKa; T — 3araJbHUN BUTIIS
penykropa; 1, 2. — enemeHTH, 1110 3a0€3MeUyI0Th )KOPCTKICTh; 3 — OCHOBA KOPITYCY;
4 — 3HIMHA KPHIIIKa; 5, 6 — eIEMEHTH, 1110 HE CIPUIUMAIOTh HABAHTAKCHHS

AHaJi3 mokasas, 110 3arajJibHe 3MEHIICHHSI MAaCH JIOCIIHKEHOTO peAyKTOopa 3a pa-
XYHOK TOJIETIICHHSI OCHOBHM KOPMyCy 3 KpulIKoio cknanae 18%. Lleit BiacoTok ass
O1UITBII MOTYKHUX PEAYKTOPIB Oyie 301IbIIyBaTHCS.

[TomanpmmM MpoIOBKEHHSIM POOOTH B IbOMY HAMPSIMKY CJiJl BBAXKaTH BHKOPH-
CTaHHs JI0JaTKa IeHEPAaTHBHOTO AW3aiiHy, Hanpukian, B npoaykri Autodesk Fusion
360.

BucnoBku. 1. [lepciekTUBHUM HANpsIMOM 3MEHILIEHHSI METAJIOEMHOCTI MallluH,
30KpeMa KOPIYCHUX JeTalel 3aKpUTHUX MEXaHIYHUX Nepeaad, € BIOCKOHAJICHHS Me-
TOJIB 1X PO3paxyHKy Ta MOIIYK ONTUMAaIbHUX KOHCTPYKTUBHUX PIIICHb.

2. IloOyioBaHO TPUBUMIPHY MOJEIH OJHOCTYMIHYACTOrO PEIYKTOPY MOTYXKHi-
cTio 2,2 kBT Ta BU3HaU€HI MaJJOHaBAHTAXEH1 AUITHKUA KOPITYCY, K1 3aMiHEH1 HEMeTa-
JIEBUM MaTepiaioM, 1110 3a0e3Meunsio 3MEeHIIeHHs oro Macu Ha 18%.
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AHHOTALIIUA
Henab. B nanHoit pabote paccMaTpUBarOTCS BO3MOKHBIE IyTH CHHKEHUSI MacChl 3aKPhITOH MEXaHH-
YeCcKOM Nepeiay Ha puMepe 3y04aToro MWINHAPUYECKOTO OJHOCTYIIEHYaTOr0 peayKTopa 3a CueT
ONTUMHU3AIMH €r0 KOpITyca.

MeTtonoaorus. B pa6ote nokasaHo, 4To yMEHbIIEHHUE METANIOEMKOCTH OJHOCTYIIEHYATOro 3y0ya-
TOTO LMJIMHAPUYECKOIO PEAYKTOpa SIBISETCS aKTyalbHBIM JJII MAlIMHOCTPOUTEIBHOW OTpaciu.
YMeHbIIeHHE PacXoa MaTepUaAIbHBIX PECYpPCOB MPUBOAMUT K CHIDKEHUIO CE0ECTOMMOCTH. JKOHO-
MHUU ME€Tajlla ClIoCOOCTBYET IPUMEHEHUE HOBBIX KOHCTPYKIIMOHHBIX MAaTEPUAJIOB, B YaCTHOCTH, IIa-
CTMAcc, HOJIMMEPOB U KOMIIO3UTOB, KOTOPbIE UMEIOT 3HAUYUTEIbHYIO IPOUYHOCTD, TOBBILICHHYIO KOP-
PO3HOHHYIO CTOMKOCTb, TBEpAOCTh. Kopiyc penykTopa sBisieTcs ero 0a30BOM J€Tanbio ¢ HAUOOIb-
1€ METaJJIOEMKOCTBIO, Ha €ro A0 npuxoautcs 10 80% Bceit Maccerl nznenust. OH BOCIIPUHUMACT
Harpys3ku, JeHCTBYIOIUE B PEYKTOPE, a TAKXKE OTBOJUT TEILIOTY, 00pa3yolylocs Ipu ero padore.
OCHOBHBIMU KPUTEPHUAMH HAJECKHOCTH KOPITYCHBIX JETANIEN ABIIAETCS IPOYHOCTD, )KECTKOCTD, H3HO-
COCTOMKOCTb U JOJATOBEYHOCTh. Heo0X01uMyt0 &KECTKOCTh TIOCTUTal0T ONTUMH3alueil GopMbl U paz-
MEPOB 3JIEMEHTOB KOPITyca, a TAKXKE 3a CUET PallMOHATIBLHOIO pa3MelleHus pedep xecTKocTh. Takum
00pa3oM, He MEHsS DJIEMEHTOB OCHOBAHHUS KOPITyca, 00ECIeUnBAIOIINE €r0 )KECTKOCTh, YMEHBIIIECH-
Has ero Macca yAajJeHHEeM HEHarpy>KeHHBIX Y4acTKOB. Y JaJIeHHBIH METall MOXeT ObITh 3aMEHEH
JIETKUM HEMETaJNINYECKUM MaTepHalIoM.

Pe3yabTabl ucciienoBanuii. B pesyibrare rccneoBaHus MOCTPOEHA TpeXMEpHasi MOJIeb OJHOCTY-
MEHYATOr0 PeAYKTOpa MOITHOCTHIO 2,2 KBT, KOTOpyIo ¢ moMorisio mporpammbl Autodesk Fusion 360
MCCJIeIOBAII HA TIPOYHOCTH U KECTKOCTh. MallOHArpyKEHHBIX yUYaCTKA OCHOBAHUS KOPIYCa U CheM-
HOM KpBIIKHY ObUIN yJIaJI€HBI.

Hayqﬂaﬁ HOBH3HA. B pa60Te H3JI0KCHBI PE3YJIBTATEI UCCIICAOBAHNA YMCHBIICHUA MaCChl OJJHOCTY-
MEHYATOTo 3y04YaToro MUIMHIAPUYECKOTO PEIYKTOpa 3a CUeT ONTUMHU3AIMU KOHCTPYKIIHH €ro Kop-
myca ¢ UCMoJib30BanueM 3D-nieyatu.

IIpakTHYeckoe 3HAYeHHE. MaIIMHOCTPOUTENIbHAS OTPACITh TPUMEHSIET HMHHOBAIIMOHHBIC TEXHOJIO-
THH, K KOTOPBIM OTHOCHUTCS 3D-mevath OTAENbHBIX JeTajel 3y0uarsix nepenad. B ocHoBe TexHOm0-
ruu 3D-nievyaty JeKUT TPUHITUI TTOCTIOWHOTO CO3/IaHus (HapaluBaHus1) TBEPON MOJIEIN U OH MO-
KET OCYIIECTBIATHCS PA3IMYHBIMU CIIOCOOAMH U C HCTIOIh30BAaHUEM Pa3IMUHbIX MaTepuanoB. B pa-
00Te TpeaIoKeHO Hanbosiee pacrpoCTpaHEeHHbBIE CIIOCOOBI CO3/IaHMsI OOBEKTOB - ATO CEIEKTHBHOE
JIa3epHOE CIEKaHUE U CTEPEOCKONMYECcKas Ievarh.
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Mamepianosnascmeo ma 2anyzeee Mauiuno0y0y8anHs

KiroueBble c10Ba: 3akpbimas mexanuueckas nepeoaud, 3y04amolii peOyKmop, yMeHbuleHue Maccol,
3D-neuamo, onmumuzayusi KOHCMpPYKYUU.

ABSTRACT
Purpose. This paper considers possible ways to reduce the mass of a closed mechanical transmission
on the example of a toothed cylindrical single-stage gearbox by optimizing its housing.

Methodology. The paper shows that the reduction of metal consumption of a single-stage gear cylin-
drical gearbox is relevant for the machine-building industry. Reducing the cost of material resources
leads to lower costs. The use of new structural materials, in particular, plastics, polymers and com-
posites, which have significant strength, increased corrosion resistance, hardness, contributes to the
economy of metal. The gearbox housing is its basic part with the largest metal consumption, it ac-
counts for up to 80% of the total weight of the product. It absorbs the loads acting in the gearbox, and
also removes the heat generated during its operation. The main criteria for the reliability of body parts
are strength, rigidity, wear resistance and durability. The required rigidity is achieved by optimizing
the shape and size of the body elements, as well as through the rational placement of the stiffeners.
Thus, without changing the elements of the base of the housing, providing its rigidity, its weight is
reduced by removing unloaded areas. The removed metal can be replaced by a light non-metallic
material.

Reseatch results. As a result of the study, a three-dimensional model of a single-stage gearbox with
a capacity of 2.2 kW was built, which was tested for strength and rigidity using Autodesk Fusion 360.
Low-load areas of the body base and removable cover have been removed.

Scientfie novelty. The paper presents the results of a study of reducing the mass of a single-stage
gear cylindrical gearbox by optimizing the design of its body using 3D printing.

Practical implications. The engineering industry uses innovative technologies, which include 3D
printing of individual parts of gears. The technology of 3D-printing is based on the principle of layer-
by-layer creation (growing) of a solid model and it can be done in different ways and using different
materials. The paper suggests the most common ways to create objects - selective laser sintering and
stereoscopic printing.

Keywords: closed mechanical transmission, gear reducer, weight reduction, 3D printing, design
optimization
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