to describe its motion form by mathematical model. For the forward kinematics of existing soft
robots, most researchers use the piecewise constant curvature method to simplify the simulation.
For the torsion soft actuator, the virtual work principle and elastic strain energy are combined to
establish the kinematic relationship of the torsion actuator. The principle of virtual work establishes
the relationship between the work done by external force and the strain energy of elastic body. The
elastic strain energy is solved by the large deformation theory of elastomer such as rubber, and the
kinematic relationship between the air pressure and torsion angles can be established finally.

3. Finite element simulation

In this paper, ABAQUS software is used to simulate the soft actuator. Ecoflex 0030 is used
as silicone rubber material, and the third-order Ogden model is used as its constitutive model. Then,
the linear elastic material model is used to describe the fiber properties of the radial constrained soft
actuator. The young's modulus of the fiber is 31067Mpa, Poisson's ratio is 0.36, the cross-section
shape of the fiber is circular, and the radius is 0.0889mm.

This kind of soft actuator introduced in this paper has many functions, such as torsion, swing,
elongation, bending and so on. If the same air pressure is injected into the circumferential
distribution air chamber on one side of the reference plane, the torsion effect will appear; when the
same air pressure is injected into the air chamber with circumferential distribution on the opposite
side, it will twist in the opposite direction, and the torsion angles in the two directions are equal
within the error range. When the same air pressure is injected into a single chamber or three
connected chambers or five chambers, the swing effect will appear. If the same air pressure is
injected into a pair or two pairs of air chambers on both sides of the reference plane, the elastic
matrix will bend to the opposite side of the air chamber; if the same pressure is applied to the two
chambers between the reference planes, the swing effect will also appear.
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Summary. In this paper we consider the problem of the impact of waste lubricating
technological means (LTT) on the human body. Particular attention is paid to the main paths of
receipt of hazardous substances into the body LTT workers and has the effect of occupational
diseases. It is proved that under the influence of oil on the body develop diseases such as lung
cancer, throat, lips, men and women - lung cancer, colon, breast and genital organs.

CoBpemeHHbIE MallMHOCTpouTenbHble Tpennpustus notpedmstor COX B ob6bemax ot
HECKOJIbKUX JIECATKOB JI0 JIECSTKOB THICSM TOHH B TOJ, M 3Ta IM(pa MOCTOSHHO pacTter. OHH
UCIIOB3YIOTCS  JUIA  TIOBBILIEHUSI CTOMKOCTM  PEXYILEro HMHCTPYMEHTa, VYAy4YIIeHHs KayecTBa
00pabaTpiBaeMON TMOBEPXHOCTH, CHIDKEHMS QJI€3MOHHOTO CXBAaThIBAHMS HHCTPYMEHTAIBHOTO U
o0pabaTbIBaeMOro Marepuasia. ITo JJOCTHraeTCsl HalPaBJICHHBIM BO3/ICHCTBHEM Ha (DH3UKO-MEXaHUYECKHE
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TIPOIIECCHI, TIPOTEKAIOIIHE TIPY PE3aHWH METAJUIOB, 3a CUeT Hayiexariero Beioopa ocHoBel COX (Boma,
MHHEpaJIbHBIE Macia M T.L.), a Takke BBegeHHeM B COXK mpucanok ¢ HEOOXOIMMBIM KOMILIEKCOM
XUMMYECKMX W MEXaHOXMMHYECKUX CBOWCTB, YTO CIIOCOOCTBYET TMOBBIIICHHIO HAAEKHOCTH U
JI0JTOBEYHOCTH PabOThI 000pyIoBanus [1].

Bo3zaeiicTBue ucnonp3yeMbix B mporecce pezanus u orpadoranHbix COXX mpencramiser
OOJIBIITYIO OMTACHOCTH KaK JJIsl YeIOBEeKa, TaK U JJIsl OKpy»Karomei cpeasl [2, 3]. Ha puc. 1 mokazansl
BO3MOXKHbIE mocneacTBus BozaeicTBus COX Ha yenoBeka B yCIOBUSX IMPOU3BOJICTBA U OCHOBHBIE
TUIBI TPO(ECCHOHATBHBIX 3a00ICBaHUH.

OcHOBHBIE IYTH MOCTYIICHHS] BPETHBIX
BemecTB COYK B opranusm yeioBeka

P e ——

Pazope3riBanne BuonoBpexacHus B ITeperpeB u UCIapeHUE B
TIpH PAaCIBUICHUH B Pe3yIbTATE PA3MHOKEHHS 30HE pPe3aHHI
30HE Pe3aHNs MHKPOOPIaHH3MOB
\
1
HenocpencTBeHHBIII KOHTAKT ¢ KOKHBIM IlocTymienne napos, a3po3oaei 1
MMOKPOBOM MJIH KOHTAKT Yepe3 KoHzeHcaTa COXK gepe3 ABIXaTENbHYIO
CIEMOTEKITY CHCTEMY
I }
IIpod3adoneBanns IIpo¢3aGoneBanns
DK3eMBI JIuronHas THEBMOHHUS
JlepMaTHTBL VHTOKCHKAIIMA OPraHOB U
I'panyneMsr TKaHEH
3/10Ka4eCTBCHHBIC Bo03MOXEH pax JIETKHX
KO)KHBIE 00pa30BaHUs, B HT.JI.
T.4. paK
HT.J.

Pucynok 1 — Bunpl HeratuBHoro Bo3nerictBuss COX Ha pabounx

OnacHbIMH KOMITIOHEHTaMU MAacCJOCOAEPKAIUX OTXOJOB SBJISIOTCS  yTJIEBOJOPOJBIL.
JlokazaHo, 4TO BCE YTJIEBOAOPOILI 00JIAA0T BHIPAKEHHBIM JICHCTBHEM Ha CEPJICTHO-COCYAUCTYIO
CUCTeMY M Ha TOKa3aTelu KpOBU (CHUKEHHE COJEp>KaHUS TeMOTrIOo0MHAa U 3PUTPOIUTOB), MOTYT
Mopa)kaTh II€YCHBb, BBI3BIBAIOT HAPYIICHUE JCSITCILHOCTH JHJIOKPUHHBIX JKEJIe3, TMOpaKaroT
[[EHTPATbHYI0 HEPBHYIO CHUCTEMY, BBI3BIBAIOT OCTPHIE M XPOHUYECKHE OTPABJICHUS, WHOTJA CO
CMEpTEThHBIM UCXOAO0M. 3arpsi3HEHUE BO3IYIIHON Cpebl TPOUCXOIUT U B PE3yJIbTATe MCIIAPCHUS
otpabotaBmmx COX. TokcnyHble KOMIIOHEHTHI (IMOKCHU]] CEPhI, OPraHUYECKUE COSTUHEHHS XJI0pa
M TSOKEJBIX METaNIOB) PACIPOCTPAHSIIOTCS KaK B IPOU3BOJCTBEHHOM IIOMEIICHHH, TaK W B
OKpPYKAIOIIyI0 Cpely, YTO MPUBOJUT K HETAaTMBHOMY BO3JIEHCTBHIO Ha MepcoHan u Ouocdepy.
HauGonee omacHO WCmapeHWe CHHTETHYECKMX Macesd, a MPH HUCHapeHUH Macel, COJICpPIKaIInX
nompoioparenwisl ([IX]T), oOpasyrotcst eltie Oariee TOKCHUHBIE COCMMHEHUS - TOMXJIOPIMOCH30MMOKCHHBI 1
MOTUXJIOPINOEH30() ypaHHbl.

MaccoBas nons BemecTBa (%) B pabounx pactBopax COXK Ha BOJHON OCHOBE HE JIOJDKHA
npeBbimath [1]:

® HaQTEMHOBBIX KUCIIOT B AMYyJIbcodie - 20;

® HaTEMHOBBIX MBI B AMYJIbCOJIE - 1;

® KaJIbIIMHUPOBAHHOMU coJibl - 0,3;

e cB0OOIHO# ruapookucu HaTpus - 0,02;

® OpraHuyeckux Kuciot - 10;

e TpudTaHoIamuHa - 0,3;

e HuTpUTa HaTpHs - 0,2;

® XJI0p-, cepo-, pochopcoaepxamue npucaaku -10.
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Hns camxenus BozaerctBusi COXK B yCIIOBUSIX €ro HCIOJB30BAHUS HA TPEANPUATHIX
MaIIMHOCTPOEHUS CIIEYET:

1. CoGuronath Mepbl 0€30MaCHOCTH MPHU XpaHeHHH U TpaHcnoptupoBanuu COX.

2. 3amensate COXK Ha MeHee BpeIHBIC JUIsI 3I0POBbS MaTepHaabl U KOHTPOIUPOBATH
KadyecTBO ucnoiab3zyemon COX.

3. CoOnroaTe MOBBIIICHHBIE MEpbl 0€30MacHOCTH MpH dKciuryaTauuu u 3ameHe COXK, a
TaKKe BBIJIEP)KUBATh TpeOyemblie cpoku 3ameHbl COXK.

4. CoBepIIEHCTBOBAaTh TEXHOJOTMYECKUE MPOLECCH U onepaunu ¢ ucnonb3zoBanuem COX,
JOCTUTasi MHUHHUMAaJbHOrO KojudecTtBa wucnoibzyemoi COX wiam momHoro oTkasza oT
ucnoiubs3oBanus COX.

5. CoepmreHcTBoBaTh nporecc yrunuzauu COX.

[IpoBen€HHBIN aHAMU3 IO3BOJSET MPUWTH K BbIBOAY, YTO0 B YCJIOBHSX MAIIMHOCTPOMTEBHBIX
TPSANPYATANA  HAMOOMBIIME TIEPCIICKTUBbl MMEET HCCIICIOBAHME W BHEJIPEHHE METOJ0B YMEHBIICHUS
ucnonbs3oBanus COX u orkaza or COX npu npoBeseHnN TEXHOJIOTMUYECKUX omnepauuid. [Tomumo
pelieHrs npobiieM OXpaHbl TPyJla M SKOJIOTHH, BHEIPEHHUE JAHHBIX METOJIOB JIa€T M OIIyTHUMbIE
SKOHOMMYECKHE BHITO/IbI.
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Summary. It is proposed to use the possibilities of kinematics of modern CNC machines to
expand the scope of combined and multifunctional processing. A project is proposed for machining
fastening holes in the "Bracket” part of a MAZ car on a 4-axis machining center with combined
tools. Achieved reduction of the nomenclature of tools, piece time and unit power by more than 2
times. A model of a balanced assembled drill-counterbore tool with an inclined socket under the
peripheral plate is proposed. Analysis of the static characteristics of the model obtained by the
finite element method (FEM) showed a decrease in deformation and equivalent stresses on the
cutting part of the tool.

Mexann4geckas o6pa60TI<a MyTEM COBMCILICHUA onepaunﬁ " Cpexo10B KOM6I/IHI/IpOBaHHBIM
HHCTPYMCHTOM SBJIACTCA HauoOoee 3(1)(1)GKTI/IBHI)IM MCTOAOM IIOBBIIICHUA NPOU3BOAUTCIBHOCTH.
Taxkoit BU O6pa6OTKI/I Ha TpaAUIHUOHHBIX arp€raTHbIX CTAHKAX W TOKAPHBLIX aBTOMATax MOTCPAI
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