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'BigxpuTrii Mi>KHApOIHUI YHIBEPCUTET PO3BUTKY JIIOIMHH « Y KpaiHa»
’KuiBCchbKuil HAlIOHATBHU YHIBEPCUTET TEXHOJIOTIH Ta JU3alHy

MAIIAHA JJI1 OBPOBKH JIETAJIEN 3 CEMUJIAHKOBUM
IMPOCTOPOBUM MEXAHI3MOM - CHUHTE3 TA JOCJIKEHHSA

Mema. Cunme3 ceMUNAHKOB020 HPOCMOPOBO2O CMAMUYHO GUSHAYEHO20 MeXxaHizmy 6e3
HAOIUWKOB020 (NACUBHO20) 38 43KV 3 000AMKOBOI0 PYXOMOIO JIAHKOIO MAWUHU Ol 00podKuU Oemanell 3
nOOANLWUM — AHATIMUYHUM — OOCTIONCEHHAM 1020 OCHOGHUX — KOHCHPYKMUGHUX MA  2eOMEeMpPUiHUX
napamempis.

Memoouka. Buxopucmano aHaiimuyHuii Memoo O0CHIONCeHHs HA OCHO8I 2e0MempuyHoeo mda
CMPYKMYPHO20 CUHME3Y NPOCHOPOBO2O CMAMUYHO BUSHAYEHO20 CEMUNAHKOB020 MEXAHIZMY 3 000AMKOB0I0
PYXOMOIO JIGHKOI0 6€3 HAOIUUKOB020 368 A3KY MAWUHY 05l 00pobKu demanel, uxonano 3D modenrosanns
MauwuHu 8 cucmemi asmomamuzosanozo npoexmyasanns SolidWorks 2016.

Pesynomamu. Ha ocnogi cmpykmyphoeo cunmesy 3anpOnOHO8AHO KOHCMPYKYIIO CEMULAHKOBO2O
NPOCMOPOBO2O CHMAMUYHO BUSHAYEHO20 MEXAHIZMY 3 000AMKOB0I0 PYXOMOI JIAHKOK MAWUHY O/ 00poOKU
Odemasnetl, y KIHeMAMUYHOMY JAHYIO3] NPOCMOPOBO20 MEXAHIZMY GIOCYMHIU HAOIUUKOBUL 36 30K, GUKOHAHO
3D mooeniosanus mawiunu 8 cucmemi asmomamuzosanozo npoexmysants SolidWorks 2016. Ilposedeno
AHaIMU4Hi  OOCHIONHCEHHS. OCHOBHUX 2COMEMPUYHUX A KOHCMPYKMUBHUX Hapamempie po3po0dieHol
MAWUHU.

Haykoea nosusna. Bcmanosneno 63aemo36’s130K Midc PisHUMU 2eOMeMPUYHUMU NAPAMempamu
NPOCMOPOBO2O CIMAMUYHO BUBHAUEHO20 CEMUTAHKOBO20 MEXAHI3MY, WO 04E MONCIUBICMb PO3PAXY8AmuU
DPAYiOHANbHI  CRIBBIOHOWIEHHA — 008JCUH  JIAHOK — MeXaHizmy Ons  3abe3neuenHs  0Oe3nepeukoOH020
@dyHKyionysanus mawiunu Oe3 3aKIUHI08AHHS IT NPOCMOPOBO2O MEXAHIZMY.

Ilpakmuuna 3nauumicms. Po3pobneno nogy koncmpykyito mawunu 0Jisi 00pooKu demanetl, 8 OCHOGI
SAKOI BUKOPUCTMOBYEMBCA CEMUNAHKOBULL NPOCHOPOBULE CIMAMUYHO BUSHAYEHUL MeXaHiZM 3 000amKO80H
PYXOMOK JIAHKOI0 6e3 HAOIUWK08020 38 ’a3Ky. Ompumani mMamemamuyri 3a1exCHOCmi 015l PO3PAXYHKY il
OCHOBHUX KOHCMPYKMUGHUX mMa 2eOMempuyHux napamempis. Jlani 3anexicHocmi  Modcymsv  O6ymu
BUKOPUCMAHT 8I0NOBIOHUMU MAUUHOOYOIGHUMU NIONPUEMCMBAMU HA CMAOI] NPOEKMYBAHHA MAKO20 MUNY
001AOHAHHS.

Knrouoei cnosa: naoruwukosuil 36 ’5130K, CEMUIAHKOBULL NPOCOPOBULL MEXAHI3M, 360POMHO-
nocmynanvHe nepemiujerts, poooua EMKICmb.

Beryn. Bigomi Tpu cioco6u [ 1] ouniieHHs MOBEPXOHB AeTaleil Ta MOKPALICHHS iX AKOCTI: 3
BUKOPHUCTAHHSIM pyd4HOi Tmpari abo 3aco0iB Mayioi MexaHisarii, OJHaK TaKuh crocid e
MajoeeKTUBHUM, TMOTpeOye 3HAYHOTO dYacy Ta poOOYOro MOTEHINaNTy; 13 3aCTOCYBaHHIM
YHIBEpCaJIbHUX MPHUCTPOIB (TOKapHi, (Ppe3epyBalibHI, CBEPMIWIBHI Ta NUTIQYBaIbHI BEPCTATH),
TaKui Croci® 3aCTOCOBYIOTh MPH BUTOTOBJICHHI JeTalied, A¢ HEOOXiAHE 3HATTS TOYHO BH3HAYEHOT
BEJIMYMHM TPUITYCKY; TpU 00poOIi aeTanell TEXHOJOTIYHUM CEPEIOBUIIEM B PyXOMHX pOOOUYHUX
eMKocTsX [2]. Takum cmocobom 0OpOOISIFOTECS AeTali, Uil SKUX BiJICYTHI BUMOTH IOJO 3HATTS
TOYHO BH3HAYEHOI BEIMYMHHM MPUIIYCKYy 3 iX 0OpoOmoBaHoi moBepxHi. TakuM MeToaom,
HAMPHKIIAJl, BUKOHYETHCS BiJIIUICHHS METAJICBUX JeTallel 3aMKa «OJIMCKaBKay» BiJ] JIMBHUKIB [3, 4],
MIPY BUKOPHUCTAHHI XOJIOJI0AreTiB, Peali3y€eThCs BIIAICHHS BiJl TUBHUKIB BIUIUTUX JETalICH B3YyTTS
[5], BUKOHYIOTBCSI TEXHOJIOTIUHI mporiecu nuridpyBanHs [6] Ta momipyBaHHs [7, 8], sSIK METaleBHX,
TaKk i MOJIMEpHUX neTanei Tomo. [Ipy mbOMYy BHKOPHCTOBYIOTH CyX€ Ta BOJIOTE TalTyBaHHS
BIJIITOBITHO.
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Jns peanizamii BUINE3raJlaHUX TEXHOJOTIYHUX ONepaliii BHKOPHUCTOBYIOTH pi3HI THIH
raaTyBaibHOrO obOnagHanHsA. Cepex pi3HUX THUNIB OONaJHAHHS, MEPCIEKTHMBHUM BBaXalOThCS
mamuHu [9, 10], poboui €MKOCTI SKMX BUKOHYIOTH CKJIAQIHMUA mpocTopoBuil pyx [11]. B Takux
MaligHax po0oYa €MKICTh BHKOHYE OJIHOYAaCHE TIEPEMIICHHS BIHOCHO TPhOX B3aEMHO
MEePIEHIUKYISIPHUX TUIOMIMH, a TaKOXK OOEpTaEThCS HABKOJO BiacHOi oci. Takmil pyx poOouoi
€MKOCTI CHpHS€E TIJIBUIIEHHIO 1HTCHCHUBHOCTI PyXy TEXHOJIOTIYHOTO cepenoBHINa. B pesynbrari
YOro JOCATAETHCS 3HAYHE MiJABHINEHHS MPOJYKTHBHOCTI BHTOTOBJICHHS JETaJed 3 OJHOYACHHM
3MEHIIICHHSM €HEPrOBUTPAT.

IMocranoBka 3aBaanHs. Bimoma [12] «6a30Ba» KOHCTPYKIIisI MAITUHU 31 CKIQJHUM PYXOM
pobouoi €MKOCTi, siKa, 31 CTPYKTYPHOI TOYKH 30py, MPEICTaBIs€ COOOK MIECTHIAHKOBUI
MIPOCTOPOBUI MEXaHI3M 3 00epTalIbHUMHU KiHEMaTHUYHUMHM NapaMu. Takuil mpoCcTOPOBUN MeXaHi3M
Ma€e CBOI OCOOJIMBOCTI — B WOTO CTPYKTYpl HasSBHUM € HAJJIMIIKOBUN (TTACUBHUM) 3B’SI30K, KU
HETaTUBHO BIUIMBAa€ Ha JIOBTOBIYHICTh Ta eKCIUTyaTalliifHI XapaKTEPUCTHUKA MEXaHI3MY.
Bcranosneno [13], mo mexaHi3M Moxke (YHKIIIOHYBAaTH JIMIIE TPH JOTPUMaHHI CITIBBIIHOIICHB
JOBKMH HOTO JIAHOK 3 BHUCOKOIO TOouHIcTIO. [lig Wac poOoTH MexaHi3My, HaBITh NMpU HE3HAYHIN
nedopmariii oHi€i 3 JTAHOK, MOXXE BHHHKHYTH HOTO 3aKIWHIOBAHHS, SK HACTIIOK BIH 0OJpasy
BUXOAUTh 3 Jaay. Kpim Toro, meram mnoTpiOHO BUTOTOBIATH 3a JOIMYCKaMH 3 IMiABHILEHOIO
TOYHICTIO. 3a paxyHOK I[bOT0, cOOIBapTiCTh TAKOrO OOJIATHAHHS 3HAYHO IMiIBHUINYETHCS, & TEPMIiH
eKCIUTyaTalii 3HIKY€EThCS.

TakuM 4YWMHOM, CHHTE3 Ta aHANITHUYHE MAOCTIKEHHS KOHCTPYKTUBHUX OCOOIMBOCTEM
MMPOCTOPOBUX MEXaHI3MIB TaJTyBaJlbHOI MAIIMHW, B KIHEMAaTHYHOMY JIAHIIO31 SKHX BIJICYyTHIH
HaJJTUIIKOBUH 3B’ 530K, € aKTyaJIbHOIO 33]1a4€I0 HAa ChOTOAHIIIHIN JACHB, 110 TOTPEOYy€E BUPIMICHHS.

PesyabTatu gociaimkeHHs. Y po6oti [14] Oyno po3risiHyTO «0a30BY» KOHCTPYKIIIIO
MaIlMHU, B AKii poO0Ya €MKICTh BUKOHYE CKJIQTHUN TPOCTOPOBHH pyX. Pyxomi J1aHKH 11i€1 MaluHu
YTBOPIOIOTH COOOI0 MPOCTOPOBHM IIECTUIAHKOBUH MEXaHi3M 3 00epTaJbHUMH KiHEMaTHYHUMHU
napamu. KiHematnyHa cxema INPOCTOPOBOTO MeXaHi3My «0a30BOi» KOHCTPYKIIi MexaHi3My
MalIfH| Ta ii Mojenb cTtBopeHa 3a nonomoroio CAITP SolidWorks mpencraBneno na puc. 1 a ta 6
BiJIMTOBITHO.

Puc. 1. a — kiHeMaTH4Ha cxeMa «0a30B0OD» KOHCTPYKIii MexaHi3My, 0 — MoJe1b MAaIIMHA
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Mammna MICTUTh CTaHWHY 1, Bemyuumid 2 Ta BeIACHHW 6 BajaM, BCTAHOBJICHI B CTaHUWHI
napajeirbHO B OJHIN IUIONMMHI Ta 3'€qHAHI MiXK COOOI0 MOABIHHUM MPOCTOPOBUM IIAPHIPOM, IO
BUKOHAHUU y BUTJISII BEAydOi BUJIKHM 3, BEJICHOI BIJIKU 5 Ta poO6040i €MKOCTI 4, 3aKpiIieHOi MiX
BUJIKAMU Ha JlIaMETPaJIbHO B3a€MHO MEPIECHIUKYISIPHUX T€OMETPUYHUX OCsAX 7 Ta 8 BIAMOBIJIHO.
Pyxomi naHkMm MammmHU YTBOPIOIOTH COOOI MPOCTOPOBUM IIECTUJIAHKOBHH MEXaHI3M 3
o0epTaTbHUMH KiHEMaTUYHUMHU TMapaMU, SKUW SBJISIE COOOI0 3aMKHEHHH KIHEMAaTHYHHH JIAHITIOT
ABCDEF, Bici A ta F mapanensHi mix coboro, a Bici A1 B, BiC,CiD, DiE EiF
NEPIEHAUKYIISIPHI Mi>K COO0I0 BIATOBIIHO.

BukopucroBytoun ¢opmyny ComoBa-ManumeBa [15] 1y BU3HAUEHHS CTYNEHS PyXOMOCTI
MeXaHi3My, BCTAaHOBJICHO, 110 BiH Oy/ie JOPIBHIOBATH HYIIIO:

s=5
W=6n-> (6-s)p, =0,

s=1

JIe 1 — KUTBKICTh PyXOMHX JIaHOK (5 jaHOK: Bexyunid 1 Ta BeaeHWi 6 Banmu, Beayda 3 Ta BejleHA S

(1)

BHJIKH, PoOOYa EMKICTH 4), ps — KITBKICTh PYXOMHUX KIHEMAaTHYHHUX Tap § — Kjacy (6 KIHEeMaTHYHUX
nap 5-ro knacy: A, B, C, D, E, F).

Bigomo [1], mo 3BIIBHUTHCS Bix Ail HAUIMIIKOBOTO 3B 3Ky MO>KHA Ha OCHOBI BBEJCHHSI B
KIHEMaTHYHUM JIAaHIIOI MEXaHi3My JOJaTKOBOI PyXoMoOi JJaHKM a00 Ha OCHOBI 3aMiHU OJHI€T 3
KiIHEMaTHYHUX Nap 5-To KJ1acy Ha KiHeMaTuyHy napy 4-ro kinacy. Takum 4nHOM, OyJI0 CHHTE30BaHO
CEMUJIAaHKOBHI TTPOCTOPOBHUI MeXaHI13M MaIuHu [16], B SKOMY BBEJEHO J0JIaTKOBY PyXOMY JIaHKY,
sKa 3a JIOTIOMOTOI0 00epTaNbHOT KiHEMAaTUYHOI MapH 3’€JJHaHA 3 BEAYYOI BHIJIKOIO, a TaKOX 3a
JIOTIOMOT'OF0 TTOCTYTMAJIbHOI KiHEeMaTW4YHOI Tapu 3’€AHaHa 3 poOOYOI0 €MKicTI0. TakuM YHUHOM,
J0JIaTKOBA PyXOMa JIaHKa, BHKOHYE 3BOPOTHO-TIOCTyNAJbHE TEPEMIIICHHS B CepeauHi poOouoi
eMKOCTi. B pe3synbraTi uoro, B mmporeci po0oTu MammHu, Oy/ie IUKJITYHO 3MiHIOBaTHCH ii 00’em. Ha

puc. 2a TpeACTaBICHO KiHEMAaTHYHY CXEMY CHHTE30BAaHOTO MeXaHi3My, Ha pHuc. 20 — MoJenb
po3pobIIeHOT MaluHY, sika cTBopeHa 3a nomoMoror CAITP SolidWorks.

1 4 2

I\GVA

Puc. 2. a — kiHeMaTH4YHA cXeMa CHHTE30BAHOT0 MeXaHi3My, 0 — MoJeJIb MALLIUHU

Mamuna st oOpoOKH J1eTaneii MiCTUTh CTaHWHYy 1, Bemyuwmii 2 Ta BeAeHUW 3 BayH, IO
BCTAHOBJICHI B MIJIIUITHUKOBUX OIOpaxX CTaHWHI MapajielbHO B OJHIA TurtomuHi. Bemyuwit 2 Ta
BEJICHUI 3 BaJly MIAPHIPHO 3'€IHAHI APYTHUMH KIHISIMHU 3 BEIYUYOI0 BUJIIKOIO 4 Ta BEICHOIO BUJIKOIO 5
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BIJIMIOBITHO, JiaMETpPaJIbHO B3a€MHO NEPHEHIUKYJSApHI Bici SKUX 6 1 7 € BICAMH KpIIJICHHS
JOJJATKOBOI pyXOMOi JaHKu 8 Ta pobodoi emkocTti 9 BiamoBinHO. [logaTkoBa pyxoma JaHka 8, 110
npeacTaBisie co00I0 MOPIICHb, KU 32 TOTIOMOTOI0 MOCTYNAIbHOT KIHEMAaTHYHOT mapu D pyxoMo
3’€qHAHUNA 3 POOOYOI0 EMKICTIO 9 Ta 3a MOMOMOror 00epTaabHOI KiHeMaTW4yHOi mapu £ — 3
BEIy4YOI0 BHJIKOIO.

AHaiTUYHE JOCTI/DKEHHS JaHOTO MEXaHI3My MallMHU CIIiJI TIOYMHATH 33J1al0urCh
BHUXIJIHUIMH TEOMETPUYHHUMHU TlapaMeTpaMH, sKi OOWUPAIOThCS B 3aJIGKHOCTI BiJ CrHemudiKu
TEXHOJIOT1YHO1 olepallii, iIka BUKOHYIOTHCSI Ha JaHOMY OOJIaHaHH1, 30KpeMa: /peain) — MiHIMaJIbHA
BIJICTAaHb MIX TOpIIEM pOOOYOi €MKOCTI Ta PyXOMHUM TOPLEM JOAATKOBOI pyXOMOi JaHKH, /p —
MDKOChOBA BIJICTAaHh BEAy4YOi Ta BeAEHOI BWIOK, [pgmy) — MiHIMaabHA BIJCTaHb MIiX
TE€OMETPUYHUMH BiCSAMHU KPIIJICHHS BUJIOK JI0 J0aTKOBOI PyXOMOIi JIJaHKH Ta O pPOO0OYOT €MKOCTI.
OyHKIIIOHYBaHHS 1aHOT MAIIMHU MOYKe 3a0e3MeuyBaTUCS JIUIIE TP BUKOHAHH1 HACTYTHOI YMOBH:

lBB(MIN) ~ lB- @

I[Ipu BukonHanHi ymoBu (2) BiHOyBaTHUMETbCS [IOJATKOBE 3BOPOTHO-TIOCTYMANBHE
nepeMilleHHs JOAaTKOBOI pyXOMOi JIaHKHU 8 B cepeuHi poO0ou0i €eMKOCTI Ha BiJMOBIHY aMILTITy Ty
l4. TakuM 4YHMHOM, B TMpOIECi EKCIUTyaTalii MaIllMHU BIJCTaHb MK TE€OMETPUYHHUMHU OCSIMHU
KpIIUIEHHS BHJIOK J0 po0040i €MKOCTI /33 3@ 3BOPOTHO-IIOCTYNAJIBHOIO NEPEMIIIEHHS 101aTKOBOT
pyxoMoi JaHKM 8 B cepenuHi poOouoi eMkocTi 9, Oyne NHKIIYHO 3MIHIOBATUMETHCS Bifl
MIHIMQJIBHOTO /BBaMiN) 1O MAKCUMAIBHOTO /BB(M4x) 3HAUCHHSA. 3a OJIUH MIOBHHUM 00EPT BEAyUOTO Bally
MalliHA BiAOYBaTUMETHhCS YOTHPH 3BOPOTHO-TIOCTYMAIBbHI TEPEMIIICHHS J0JaTKOBOI pPyXOMOi
JaHKH 8 B ceperHi po00Uu0i eMKOCTI 9.

MakcumanbHa BiACTaHb /Baix) BUHUKATHME IPH TAKUX MOJOXKEHHIX PYXOMHX JIAHOK
MAIllMHU, KOJIM TIOB3/I0BXHS BiCb po00UY0i €MKOCTI Oy/ie MPOEKTYBATUCS HA BEPTUKAIBbHY IUIOIIUHY
CTaHWHU B HATypalbHy BenUYuHy (puc. 3a), MiHIManbHa BiJCTaHb /ppmin) OyAe yTBOpIOBaTHCH,
KOJIM OJHA 13 OCed KpiIUIeHHS Bexydoi UM BeACHOI BHJIKM OyJe TOPHU3OHTAIBbHOIO, a IHIIA

BepTUKAIBHOIO (puc. 30). [lo3HaueHHs TaHOK Ha puc. 3 chmiBnajae 3 MO3HAYECHHSIMU Ha pUC. 2.
Lo
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Puc. 3. Po3po06Jiena MammnHa 1J1s1 00po0KHM AeTajeii: a — BUJI 3BepXy, 0 — BU] criepeay
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Ha ocHOBI IpSMOKYTHOTO TPUKYTHHKA, YTBOPEHOT'O y TOPH3OHTANbHIN IUIONMHI (puc. 3a),
MO>KHA 3aluCcaTH BUpa3 JUIsl BUSHAYCHHS BiJICTaHI MK OCSMH BEIy4Oro Ta BeIEHOTO BaiB /o:

3
lo = \/(ZBB(MIN) + IB)2 - Zé . ©)

Buxonsun 3 reoMeTpuyHHX MipKyBaHb (puc. 30), MakCHUMaJbHY BIICTaHb /BBaay) MIXK

Tr€OMETPUYHUMU OCSAMHU KPITUJIEHHS BUJIOK 10 pOO0Y0i EMKOCT1 MOKHA BU3HAUYUTHU 32 BUPA30OM:

4
ZBB(MAX) =4 loz - 41)2( > “)

ne [y — BiJICTaHb B MPOEKIIi Ha BEPTUKAIBHY IUIONMIMHY CTAHWHU MK BICCIO 0O€pTaHHS BEIy4OrO
(Bemyuoro) Bamy Ta Biccto pobouoi emkocti. Ilomepennro, B poboti [1] oTpumano Bupas s
BU3HAYCHHS JOBXHHH [y :

[, =1,cos45". (5)
[TincraBumo 3Ha4YeHHs BUpasy (5) y piBHAHHS (4):
lysounxy =y 12 — (1, cos 45°)°. (©6)

Sk 3a3HayvanoCs BUIIE, B MPOIIECI EKCIUTyaTallii MalliuHA Oyjie 3MIHIOBATUCS BIACTaHb MIXK
TEOMETPUYHUMH OCSMH BHJIOK, IO BiJOyBaTUMETHCS 3a PAXyHOK 3BOPOTHO-IOCTYIAJIBHOTO
nepeMilleHHs] 0AaTKOBOI pyXOMOi JIaHKU — MOPUIHS B CepelrHi poO0ovoi eMKOCTI. AMILTITYRY /4
3BOPOTHO-TIOCTYNAJILHOTO TEPEMILIeHHs JOJATKOBOI PYXOMOi JIaHKH B3JJOBXK CTIHOK po0O0YOi
€MKOCTI MO’KHA BU3HAUUTH HACTYITHUM YHHOM:

lA ~ !BB(MAX) — ZBB(MIN)' (7)
[TincraBumo y piBusiaHS (7) Bupas (6):
- 8
L =2 —4(1,c0s45) — Ly ®
3anumieMo piBHAHHSA (8) 3 ypaxyBaHHSAM BHpa3y (3):
2 2 o2 )
l,= \/(ZBB(MIN) +15)" =1, —4(lzcos457)" — ZBB(MIN)'

3a noromororo piBHAHHA (9) MOXKHa po3paxyBaTH aMIUTITYAY /4 3BOPOTHO-TIOCTYNAIBHOTO
NEepeMilIeHHs] JI0JaTKOBOI PyXOMOi JIaHKM — TOPUIHS B3J0OBX BHYTPIIIHBOI CTIHKA pOOOYOi
€MKOCTI, III0 € HEOOX1THUM ITi]T YaC KOHCTPYIOBaHHS JaHOTO THUITY 00JIaTHAaHHS.

Ha puc. 3a mpencraBieHO Take NOJI0KEHHS PyXOMHUX JTaHOK MAIIMHH, TIPH SKOMY J10JIaTKOBa
pyxoMa JilaHKa, MO BIAHOMIEHHIO JO POOOY0i €MKOCTI, Oy/e 3HAXOAUTHUCS B OJHOMY 3 KpalHIX
MOJIOKEHb (KpailHE JIiBE TOJIOKEHHS), B PE3yJbTaTi 4Oro JIBHW BHYTPINIHIA TOpelb poOodoi
€MKOCTI OyJZle MakCHUMaJbHO HAaOMM>KEHUM IO TOPIS AOAATKOBOI pyxomoi jaHku. [[ng toro, mo0
YHEMOXJIMBUTH 3ITKHEHHS TOPISI poOOY0i €MKOCTI 3 TOpLEM J0JAaTKOBOI PYyXOMOi JaHKH Ta
MoJyIblile 3aKJIMHIOBAHHS MEXaHI3My MAIlMHU B LIJOMY, HEOOXiIHO 3a0e3MeYuTH YTBOPEHHS
BIJIMIOBITHOTO 3a30pYy /7 MK BHYTPIIIHIM TOPIIEM €MKOCTI Ta TOPIIEM JOJATKOBOI PyXOMOI JIaHKU
(puc. 3a). Benuuuny /7 panioHanpHO npuiiMaTu B Mexkax npubinsno 10% Big TOBXUHU [ppmin):

L= 0.1 Iy, (10)

Crnenudika TaHOi MalTUHU 3aKJTIOYAETHCSA B TOMY, IO B Mporieci ii poOoTu Oyae MUKIIIHO
3MIHIOBATHUCS KOPUCHUHN 00’ €M po00Y0i EMKOCTI Vpe Bil MAKCUMAITLHOTO Vpemax) 10 MIHIMAIBHOTO
Veeauy). 1le HEoOXigHO BpaxoBYBaTH NMPH KOHCTPYIOBaHHI, SK caMOro oOJiaJHAHHA, TaK 1 IpH
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pO3po0Ill TEXHOJIOTIYHUX MpoIeciB 0OpoOKHM aeTanell Ha cTadii MPOEKTYBaHHS, 30KpeMa IpH
BCTaHOBJICHHI PpaIliOHAIbHOT MEXI 3allOBHEHHS €MKOCTI poOOYMM MacuBOM. ToMy HEOOXiTHO
OTPUMATH BHPA3U JJISI MOXKIUBOCTI BU3HAUYEHHS KOPUCHOTO 00’eMy eMKocTi. PoGoya emKicTh Mae
IAIHAPUYHY (HOPMY, BIIMOBIIHO PO3paxyBaTH ii MOBHUN 00’ €M MOKHA HACTYITHUM YHHOM:

Voe =7 R* 1, (11)

ne R — BHYTpimHINA paaiyc pobodoi eMKOCTi, /pc — BIACTaHb MK BHYTPIIIHIMHU TPOTHIICKHHUMH
TOPIIMH POOOYOi EMKOCTI.

3a Bupazom (11) ™moxHa pospaxyBaTu 00’eM poO0O4Oi €MKOCTI 0e3 ypaxyBaHHS
PO3TaIIOBaHOI B CepeIMHI Hel 10JJaTKOBOI PyXOMOI JIAHKH.

3a paxyHOK 3BOPOTHO-IIOCTYHAIILHOTO IEPEMILIIEHHS 0AATKOBOI PYXOMOT JIAaHKH B CEpeINHI
pob6o4oi €MKOCTI, KOpUCHHUA 00’eéM pobOo4oi emKocTi Oyae oOMekeHH 1i BHYTPINTHBOIO
IAJITHIPUYHOIO CTIHKOIO, TOPIIEM pOO0Y0i EMKOCTI, @ TAKOX PyXOMHUM TOPIIEM J0JIaTKOBOI pyXOMOT1
naHku. Big Tak, BiICTaHh MK TOpIIEM poOOY0i EMKOCTI Ta PyXOMHUM TOPIIEM JIOJATKOBOI PyXOMOi
JaHKH OyJie 3MIHIOBaTHCS BiJ MIHIMAIBHOI /pemvin) 10 MAaKCUMAIIBHOT /pemax):

IPC(MIN) = ZPC _lT - ZA _Z,ZZ' (12)

lPC(MAX) —tpe T lT _Zﬂ' (13)

Biamosinxo, 3 ypaxyBanasam BupasiB (12) Ta (13), MokHa 3anmucaTé BUPa3H I PO3PaXyHKY
MIHIMQJIBHOTO Vpein) Ta MAKCUMAITBHOTO Vpepax) KOPUCHOTO 00’ €MiB poO0OUY0T EMKOCTI:

VPC(MIN) =7-R’ (lpe =1, =1, _l,z])- (14)
Veeauax) =7 ‘R (pe =Ir = 1) (15)

@DaKTUYHO OCHOBHUI T€OMETPUYHHUIN MapaMeTp MAalluHH, SIKUM HEOOXiTHO 3aJaBaTUCS Ha
MOYaTKy ii KOHCTPYIOBaHHS — II€ MiHIMaJIbHUN 00’€M pobodoi emMKkocTi. Takum YWHOM, Ha OCHOBI
MiHIMaJIBLHOTO 00’ €My po00U0i eEMKOCTI Vpemuin), MOXKHA PO3PAXYBATH [pemin:

16
] _ Veemn (16)
PE(MIN) — 2
' 7R

Buxonsun 3 reomerpuyHuUX MipKyBaHb (puC. 3a), 3alMIIeMO HEPIBHICTH (2) HACTymHUM
YUHOM:

lpeaany tigr — 1z > Ip> (17)

1e L7 — OBXKHMHA JOJATKOBOI pyXOMOT JIaHKH BiJ Bici B 00epTaibHii KiIHeMaTHUHIHM mapi 3’ €THaHHS
3 BEAYyYOI0 BHJIKOIO JI0 IUIOIIMHU TOPLS, SIKUM BUKOHYE 3BOPOTHO-IIOCTYIAIbHE MEPEMIIICHHS B
cepenrHi poOouoi €MKOCTi, /g — BiACTaHb BiJl T€OMETPUYHOI BiCi KpIIUIEHHS BEACHOI BWJIKH 3
pOOOYOI0 €MKICTIO 7O TIPABOTO 30BHINIHBOTO TOPI POOOYOT €MKOCTI, TPH BIAMOBIIHOMY
MOJIOKEHHI PYXOMHMX JIAaHOK MaliMHU. Benmuuuny Ik cnin npuiiMatu B Mexax npubnusHo 15% Bin
TOBXKUHU [peMin).

3anumemo HepiBHICTH (17) 3 ypaxyBaHHsAM piBHSHHS (16), a TakoX 3 ypaxyBaHHS
BiJICOTKOBOTO 3HAUCHHS /R:
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v (18)
0,85 -L;@N) + 1y = Ly
7Z' .
Bupa3 (3) 3 ypaxyBaHHsAM J1iBOi YacTHHU HepiBHOCTI (18) Oyme MaTtu BUTIIS;
7 2 (19)
_ PE(MIN) 2
l, = O,SS-WHM +1, | —1;.

Takum YwHOM, IOTpUMyrOUHMCh HepiBHOCTI (18) MokHa 3abe3meunTd Oe3MepemKoIHe
(yHKIIIOHYBaHHS MalTuHU 0€3 3aKJIMHIOBAHHSA 11 MMPOCTOPOBOTO MEXaHi3My, a 3a Bupazamu (9) ta
(13) po3paxyBaTu HE0OXi/1HI KOHCTPYKTUBHI ITapaMeTpH MaIIUHU.

BucHosku.

1. IpencraBneHO OOUH 3 MOXIMBUX BapiaHTiB 3BUIBHEHHS MPOCTOPOBOTO MeEXaHi3My
raJITyBaJIbHOT MAIIIMHU BiJl HAJITUIIIKOBOTO 3B S3KY.

2. BukoHaHO cHHTe3 3 TOJAIBIIMM aHATITUYHUM JOCTIIKEHHSM CEMUJIAHKOBOIO
MIPOCTOPOBOTO MEXaHI3My 13 3aCTOCYBaHHSM JOJATKOBOi pyxomoi jaHku. Po3poOieHo HOBY
KOHCTPYKIIIFO MAIllMHU JJIs1 00pOoOKH JeTanei, 3 00’eMoM poO0YOi €MKOCTI, SIKUH 3MIHIOETHCS B
MpoIieci BUKOHAHHS TEXHOJIOTTYHUX OTepartiil.

3. Ha ocHOBI aHaJXITHYHOTO OCHIDKCHHS OTPUMaHi MaTeMaTU4Hl 3alIeKHOCTI s
PO3paxyHKY
JOTPUMYIOUUCH SIKO, MOXHa 3a0e3neunTH Oe3nepemkoaHe (QyHKIIOHyBaHHA MamuHU 0e3

OCHOBHMX KOHCTPYKTHBHUX TapaMeTpiB MAallMHU, OTpPHMaHa HEPIBHICTH,

3aKJIMHIOBAHHS 11 MPOCTOPOBOrO MexaHi3My. JlaHi 3aleXHOCTI MOXYTh OYTH BHKOpPUCTaHi
BIJIMOBIAHAMH MAITMHOOYIIBHUMH MIJIPUEMCTBAMHU TiJ 4Yac TMPOCKTYBAHHS TaKOrO THUILY

oOJIagHAHHS.
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MAIIWHA JJ51 OGPABOTKH JTETAJENA C CEMU3BEHHBIM
INPOCTPAHCTBEHHBIM MEXAHU3MOM - CUHTE3 1 HCCJIETOBAHUE
3AJIIOBOBCKUU M.T'.!, TAHACIOK 1.B.2, MAJIBIIIEB B.B.!

! Omipoimotii mescOyHapoOHblll yHueepcumem pazeumus 4eio6exa « Ykpaunay,
2 Kue6ckutl HayuoHaTbHbL YHUBEPCUMEN MEeXHON02UL U OU3ALIHA

Iens. Cunmes cemu3zeenH020 NPOCMPAHCMBEHHOZO0 CMAMUYECKU ONPeOeieHH020 Mexanuzma Oe3
U30bLIMOUHO20 (NACCUBHO20) C63U C OONOJHUMENbHbLIM HOOBUICHLIM 36€HOM MAWUHbBL 0151 00paboOmKu
demaneti ¢ NOCICOVIOWUM AHATUMUYECKUM UCCTIE008aHUEM €20 OCHOBHLIX KOHCMPYKMUGHBIX U
2e0MempuiecKux napamempos.

Memoouka. Vcnonv308an aHATUMUYECKUN MEMOO UCCAE008AHUSL HA OCHOBE 2e0MEmpPUYEcKo2o U
CMPYKMYPHO20 CUHmMe3ad NPOCMPAHCMBEHHO20 CEMU3BEHHO20 CMAMUYECKU ONPeOeNeHHO020 MEXAHUMA C
OONOTHUMENbHBIM NOOBUNCHLIM 36€HOM 0e3 U30bIMOYHOU C63U MAWUHbl 071 0bpabomku Oemanell,
svinoaneno 3D moodenuposanue MawuHbl 8 cucmeme a8mMoMamusupo8anHo2o npoexmuposanus SolidWorks
2016.

Pesynomamur. Ha ocnose cmpykmypHo2o cunme3a HpeonodceHd KOHCMPYKYUsS CeMU3BEHHO20
NPOCMPAHCMBEHHO20 CIAMUYECKU ONPEOeleHH020 MeXAHUMA ¢ OONOIHUMENbHbIM NOOGUICHBIM 38EHOM
Mawunbl 01 obpabomku Oemaneu, 6 KUHEMAMUYECKOU yenu HPOCMPAHCMBEHHOZ0 MEeXAHU3IMA
omcymcemeyem — uzbblmouHas. — Cc6sa3b,  eblnoAHeHo 3D Mmoldenuposanue  MawuHbl 8  CUcmeme
asmomamuzuposannozo npoexmuposanus SolidWorks 2016. [Iposedeno ananumuueckue ucciedo8anus
OCHOBHBIX 20MEMPUYECKUX U KOHCIPYKMUBHBIX NAPAMEMPO8 pa3pabomanHol MAUUHDbL.

Hayunas noeusna. Ycmawnosiena 63auMOCes3b  MeHCOy — PA3IUYHBIMU — 2e0MEempPUuiecKuMu
napamempam. NPOCMpAHCMEEHHO20 CEMUZBEHHO20 CMAMUYECKU ONPedeieHH020 MeXanusma, ymo oaem
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B03MOJICHOCTNL  PACCYUTNATNG ONMUMATIbHBIE COOMHOUIEHUSI ONUH 36€Hbed Mexanusma O obecnedeHus:
becnpensimcmeenHo20 yHKYUOHUPOBAHUSL MAUMUHBL O3 3AKTUHUBAHUS ee NPOCMPAHCIBEHHO20 MEeXAHUIMA

Ilpakmuueckaa 3nauumocms. Paspabomana HO8Gs KOHCMPYKYUA MAawumsl Oias 00pabomku
demaretl, 8 0CHO8E KOMOPOU UCHONIb3YEMC sl CEMU3BEHHBIL NPOCMPAHCEEHHII CIIAMUYECKU ONPeOeieHHblll
MexXaHusmM ¢ OONOIHUMENLHBIM HOOBUICHBIM 36eHOM 6e3 u3obimounol cesasu. Ilonyyenvt mamemamudeckue
3asucumocmu 0Jil pacuema ee OCHOBHbIX KOHCHPYKMUBHBIX U 2eOMempuieckux napamempos. lanHvle
3asucumocmu  Mo2ym — Oblmb  UCNOAb306AHLI  COOMBEMCMEVIOWUMY — MAUUHOCIPOUMETbHLIMU
NpeonpuAMuUAMU HA CMAOULU NPOEKMUPOBAHUSL MAKO20 MUNA 0060pyd08aHUs.

Knwuegvle cnoea: uzoeimounasn cea3b, CeMU3BeHHbIN NPOCMPAHCIMEEHHbIU MEXAHUSM, 8038PAMHO-
nocmynameinvbHoe nepemeujerue, paboydas emMKocmb.

MACHINE FOR PROCESSING PARTS WITH A SEVEN-LINK SPATIAL MECHANISM -
SYNTHESIS AND RESEARCH
ZALYUBOVSKYIM.G.!, PANASYUK L.V.2, MALYSHEV V.V !

! Open University of Human Development « Ukraine»
2 Kyiv National University of Technologies and Design

Goal. Synthesis of a seven-link spatial statically determined mechanism without redundant (passive)
connection with an additional moving link of a machine for processing parts, followed by an analytical study
of its main structural and geometric parameters.

Methodology. An analytical research method was used based on the geometric and structural
synthesis of a spatial seven-link statically defined mechanism with an additional movable link without
redundant communication of the machine for processing parts;, 3D modeling of the machine was performed
in the SolidWorks 2016 computer-aided design system.

Results. On the basis of structural synthesis, the design of a seven-link spatial statically defined
mechanism with an additional movable link of the machine for processing parts is proposed, there is no
redundant connection in the kinematic chain of the spatial mechanism, 3D modeling of the machine is
performed in the CAD system SolidWorks 2016. Analytical studies of the main geometric and design
parameters of the developed machine are carried out.

Scientific novelty. The relationship between various geometric parameters of the spatial seven-link
statically determined mechanism is established, which makes it possible to calculate the optimal ratio of the
lengths of the links of the mechanism to ensure the smooth functioning of the machine without jamming its
spatial mechanism

Practical significance. A new design of a machine for processing parts has been developed, based
on a seven-section spatial statically determined mechanism with an additional moving link without
redundant communication. Mathematical dependences are obtained for calculating its basic design and
geometric parameters. These dependencies can be used by the corresponding machine-building enterprises
at the design stage of this type of equipment.

Key words: excess communication, seven-link spatial mechanism, reciprocating movement, working

capacity.
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