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ManunynsnuoHHble poOOOTHl SBJISIOTCS OCHOBHBIM HHCTPYMEHTOM Ui aBTOMATHU3alUH
TEXHOJIOTMYECKUX ITPOLIECCOB BO MHOTUX OTPACIAX HNPOMBIIUIEHHOCTH. [[oMUMO KiaccM4ecKux cxem
MaHUIYJIATOPOB aKTUBHO pPa3pabaThIBAlOTCS HETPATMIIMOHHBIC THIbI (TMOKWE, HenpepbiBHbIE) [1].
B nokinange npuBeaeHa METoIMKa KOMIIBIOTEPHOIO MOJECIMPOBAHUS MAHUIYJISATOPA, PEAJIOKEHHOTO B
pabote [2]. PaccmarpuBaeTcst 6a3oBasi MOJENb, COCTOsINAs M3 JABYX J3JIEMEHTOB CO cepuyeckoit
paboueli MOBEPXHOCTHIO, — HEMOJABUKHO 3a(UKCUPOBAHHBIN 0a30BBIA 3JEMEHT M HaXOMSIIUNCS B
TOUYEYHOM KOHTAaKT€ C HUM TMOJBIKHBIM 31emMeHT (puc. 1). Bce aneMeHTHI copepkar ueThipe
CUMMETPUYHBIX OTHOCHUTEJIbHO LEHTpPa CKBO3HBIX OTBEPCTHS, Yepe3 KOTOpPbIE MIPOXOAAT TPOCHI,
3aKpeIUIeHHbIE Ha HM)KHEM MOBEPXHOCTU MOABMKHOTO 3JIeMEHTA. [Ipy HATSHKeHUM ¢ MOCHIeyHoUUuM
NEepEMENICHUEM Tpoca WIM TPOCOB HIKHUM JIIEMEHT TIOBOPAYMBAETCA B  ONpPEAEICHHOM
HanpaBieHuU. C MOMOIIBI0 KOMOMHAIIMK HATSDKEHUH B TPOCAX MOXKHO TONYYUTh JKeTaeMble YTod,
HamnpaBlieHUE M CKOPOCTh TMOBOPOTAa HUXKHETO 3yeMeHTa. llpu pa3paboTke Mojenu ycTponcTBa
HEOOXOJUMO YYMTHIBATH ClEIyIomKe (aKTOpPhl: MaTepuall U TEOMETPHUS DJIEMEHTOB U TPOCOB,
HANpaBlIEHUE CHUJIbI TSHKECTH, KOHTAKT MEXKIY 4YacTSIMH KOHCTPYKIIMH, COOCTBEHHBIE KOJeOaHUS
KOHCTPYKIUHU. JI7s1 OLIEHKM BIUSHUS ATHX NapaMeTpoB ((akTopoB) Ha pabOTy MAHMITYIATOpa U
YMEHBIIIEHUSI KOJMYECTBA HATYPHBIX JKCIEPUMEHTOB HE0OX0IuMO pa3paboTaTh MaTeMaTHYECKYIO
MO/IEJIb U TPOBECTH KOMITBIOTEPHOE MOJCIIUPOBAHUE.
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Puc. 1. FeOMeTpI/IfI MOZCJIN U pacucTHas1 CETKa
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KommnbroTepHas monenb MaHumyssitopa crpomnack B Salome-Meca (puc. 1), a pacuer
HaNpsHKEHHO-e(OPMHUPOBAHHOTO COCTOSIHUS C YYETOM KOHTAKTOB MEXAY 3JEMEHTAaMH U TPOCaMHU
npousBomwics B CalculiX. Momenb cocTouT U3 6-M KOMIOHEHTOB (2 amOMHUHHUEBBIX 3JIEMCHTA H
4 cranpHBIX Tpoca), 9-u map KOHTAaKTHBIX IOBEPXHOCTEN (4 KOHTAKTa MEXAY TPOCOM U BHYTPEHHEH
MOBEPXHOCTBHIO OTBEPCTHI Ha KAXKIAOM DJIEMEHTE U KOHTAKT MEXKAY HIDKHEH MOBEPXHOCTHIO 0a30BOTO
3JIEMEHTAa M BEPXHEH MOBEPXHOCTHIO MOJBI)KHOTO 3JIEMEHTa), 1-ii (PMKCHPOBAHHON MOBEPXHOCTU
(BepXHsisl MOBEPXHOCTH 0a30BOT0O 37eMeHTa). [l mpoBepKy aeKBaTHOCTH MOJIENTU MIPOBEICHA Cepus
BBIYUCIUTEIBHBIX SKCIEPUMEHTOB, B KOTOPOIl 3aJaBAJTUCh Pa3IMYHbIe KOMOMHAIIMK BO3ICHCTBUI Ha
OJIMH, J1Ba, TpU WM 4eTbipe Tpoca. [lomydyeHbl TpaekTopuu NepeMelIeHUs MOABMKHOIO 3JIEMEHTA,
3aBUCUMOCTb IIPENIEIBHOIO YIila KaYeHUsI OT BEJIMYMHBI HATSHKEHUS TPOCOB [3], a TakKe 3aBUCUMOCTh
HaIIPSKEHUH B TPOCAX OT BEJIMYUHBI X [IEPEMELICHUMN.

[IpennoxeHHass MOJEIb IO3BOJSET OLIEHUTh HANPSKEHHO-IEPOPMUPOBAHHOE COCTOSIHUE
paccMaTpuBaeMOro THIIA MAHMIIYJIATOpPa B 3aBUCUMOCTH OT TE€OMETPUM COCTaBHBIX YacTeil
MaHUIYJISATOpa, MaTEPUAIIOB 3JIEMEHTOB M TPOCOB, BHELIHUX BO3JEHCTBUI U OPUEHTALIUU HJIEMEHTOB
(yuet BnusHus rpaBuTain). CUHTE3UPOBaHHAS MOJECIIb MOXKET OBITh MCIIOIb30BaHA JIJIS TOCTPOCHUS

MOACIIN MHOT'O3JICMCHTHOI'O MaHUITYJIATOpA.
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The paper presents a technique for modeling the continuum manipulator. The basic model is
considered, which consists of two elements with a spherical working surface — a fixed base element
and a movable element with point contact between. The elements contain four symmetrical relative to
the center holes through which the cables pass. Cables are fixed on the lower surface of the movable
element. With a combination of tensions in the cables, the desired angle and speed of rolling of the
lower element can be obtained. When developing a device, the following factors must be considered:
the material and geometry of the elements and cables, the direction of gravity, contact pairs, natural
oscillations of the structure. To estimate the influence of these factors on the operation of the
manipulator and reduce the number of full-scale experiments, it is necessary to perform computer
simulation. The computer model of the manipulator was built in Salome-Meca, and the calculation of
the stress-strain state, considering contacts between elements and cables, was carried out in CalculiX
finite element solver. The proposed model makes it possible to simulate the stress-strain state of the
considered type of manipulator depending on the geometry of the manipulator components, the
materials of the elements and cables, external influences and the orientation of the elements. The
presented model can be used to build a multi-element manipulator model.



