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JOCJIIXKEHHSA IMTPOLIECY B3AEMO/III BAKYYMHOI'O 3AXBATY 3
IOBEPXHSIMH PI3HOI IIOPCTKOCTI

Y emammi docniooicyemucst npoyec 63a€mo0ii 8aKyyMHO20 3aX6amy 3 NOGEPXHAMU PI3HOL WopcmKocmi, a came
BUSHAYEHHST NIOUOMHOI CUNU BAKYYMHO20 3AXONJEHHA Oemaii 3 WOPCMKOI NOBEPXHEN), I3 3A30POM MIdC HIOUWUHOIO
6AKYYMHO20 3AXONJEHHS MAd WOPCMKOI NOBEPXHE 0emaii 3 YPaxy8aHHAM HepIGHOCmell NOBEePXOHb I 8IOCMOKMYBAHHSL
noGImps 3 NOPOICHUH NPUCOCOK yepe3 Manuii omsip opocens. Pospobrena ghizsuuna modens npoyecy 63aemooii npucocku i
nosepxui demani. Busnaueni ¢haxmopu, Axi enausarome Ha peanizayito 00CIONHCY8AHO20 Npoyecy i CMynib ix naugy.
Tlobyoosana mamemamuyna mooenv Onsl GUSHAYEHHA 3YCUNLIA NPUCMOKMYBAHHA NPUCOCKU OO0 NOGEpXHI Oemani 6
3a1eHCHOCMI 810 NAPAMEMPIE YMOBHUX 3A30Di8, 8ENUUUHU NIOBEOEHO20 PO3PIONHCEHHA, diamempa omeopy Opoceis i po3mipie
6AKYYMHO20 3AXONNI06AYA.

Kurouosi cnosa: eakyym, acumempis, npucocku, HepigHOCMi, MUCK.

ANATOLII KARMALITA, MYKOLA BARTKOV, SERHII PUNDYK
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RESEARCH OF THE INTERACTION PROCESS OF VACUUM CAPTURE
WITH SURFACES OF VARIOUS ROUGHNESS

The article investigates the process of interaction of a vacuum gripper with surfaces of different roughness, namely, determining
the lifting force of a vacuum gripper of a part with a rough surface, with a gap between the plane of the vacuum gripper and the rough
surface of the part, taking into account the unevenness of the surfaces and the suction of air from the cavities of the suction cups through a
small orifice of the throttle. The tasks of position control and orientation include elements of the problem of object recognition, namely,
recognizing the position of objects in relation to the working bodies of technological machines or grippers of industrial robots. Parts with
asymmetry of surface properties are divided into those that have asymmetry of hardness, roughness, elasticity, density, electrical
conductivity, color, friction coefficient and other properties. A physical model of the process of interaction of the suction cup and the surface
of the part has been developed. Factors that affect the implementation of the studied process and the degree of their influence have been
determined, namely: parameters of conditional gaps, the value of the supplied vacuum, size of the active part of the suction cup, cross-
section size of the calibrated orifice of the throttle; inner radius of the suction cup. The above considerations are valid for the interaction of
the working surface of the controlled suction cups and the surface of the part that has irregularities with an open contour. The vast majority
of processed materials have such surfaces. Surfaces that have irregularities with a closed contour, created artificially, are less common. A
mathematical model has been built to determine the suction force of the suction cup to the surface of the part depending on the parameters
of the conditional gaps, the value of the supplied vacuum, the diameter of the orifice of the throttle and the dimensions of the vacuum gripper.

Key words: vacuum, asymmetry, suction cups, unevenness, pressure.

IHocTranoBKa npo0aeMu y 3arajibHOMY BHMIJIsIAI Ta ii 3B’ A30K
i3 BaXKIMBMMHU HAYKOBHMH YH MPAKTHYHUMU 3aBAAHHIMHA
Bce Oimpmry 4WacTKy B TEXHIYHOMY OCHAIICHHI MiAMPHUEMCTB JIETKOI IPOMHUCIOBOCTI 3aiiMaroTh
MIPOMHCIIOBI poOOTH. Binbllla yacTHHA 3 HUX Lie HE aIalITUBHI MPOTPaMHI pOOOTH, SIKI IPALIOIOTH 110 )KOPCTKIH
nporpami. MeHI1a 4acTHHa 11€ a1anTHBHI pOOOTH, SIKi MAIOTh CEHCOPHI 3aXBaTH. SIKIIO JJIsl IPOrpaMHUX POOOTIB
HeoOXitHe 000B’I3KOBE BIIOPSIIKYBaHHS CepeIOBHIa 00’ €KTIiB 00pOOKH TO JUIs aJanTHBHUX TOTPIOHI CEHCOPHI
3axBaTH, sKi OyJyTh pO3IMi3HABATH MOJIOKEHHS THX e 00’€KTiB. Sk B mepioMy Tak i B APYromy BHUIIaAKY
HEOOXiJTHO CTBOPUTH CUCTEMH JJIsI KOHTPOIIIO TOJIOKEHHS 00’ €KTiB poOOTH3aIL].
3amadi KOHTPOJIO TIOJNOXKEHHS Ta OpIEHTYBAHHS BKJIIOYAlOTh B ceOe eJlNeMeHTH mpobIemMu
po3mizHaBaHHs 00’€KTiB, a camMe PO3Mi3HABAHHS IMOJOKEHHS 00’€KTIB MO BiAHOLICHHIO 10 POOOYMX OpraHiB
TEXHOJIOTIYHUX MAlIMH YM 3aXBaTiB MPOMHUCIOBUX poOoTiB. [Ipn3Hakamu aist po3mi3HaBaHHS € BIACTHUBOCTI
acumetpii netaneil: ¢popmu, (I3MUHHX BIACTHBOCTEH, MOJOXKEHHS LIEHTPa Mac, BIACTHBOCTEH IOBEPXOHb.
Herani 3 acumerpieto GOpPMHU MOIUISIOTbCS Ha Ti, IO MAOTh aCHMETPIil0 30BHILIHBOI MOBEPXHI (BUCTYITH Ha
TOPIIAX, Ma3¥ Ha MIIIHPUYHUX NOBEPXHAX Ta iH.) 1 HA Ti, 10 MAOTh aCHMETPiI0 BHY TPIIIHIX HOBEpXOHb. JleTami
3 acuMeTpielo (i3WYHUX BIACTHBOCTEH MalOTh ACHMETPil0 MarHiTHUX, €JIEKTPUYHMX, NPYKHUX Ta IHIIUX
BIacTUBOCTel. JleTari, 0 MalOTh aCUMETPil0 IEHTPa Mac, MUIATHCS Ha JeTalli, B SKUX IIEHTP Mac CITiBIajac 3
TeOMETPUYHUM IIEHTPOM JETali i B AKUX IEHTP Mac He CIIIBIAJa€e 3 TEOMETPUIHNM LIEHTpOM neTani. Jerani 3
ACHMETPI€I0 BIIACTUBOCTEH MOBEPXOHb MOAUISIIOTECA HA THX, IO MAIOTh ACHMETPiI0 TBEPAOCTi, MIOPCTKOCTI,
MIPY’KHOCTI, IIIJIBHOCTI, €JIEKTPONPOBITHOCTI, KOJIBOPY, KoedimieHTa TepTs Ta IHIINX BIACTHBOCTEH. B
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3JICKHOCTI BiJl XapaKTEPHUCTHK, IS KOKHOTO KOHKPETHOTO 00’ €KTa MOKHA BUOPATH OJUH 13 BiJOMHUX METOIB
KOHTPOJIIO HOT0 TTOJIOKEHHS.

Po3pi3HIOTE CEHCOPHI MPUCTPOi BHYTPIIIHBOI 1 30BHIMIHBOT iH(pOopMarii. I{e B OimbIIOCTI BUMAAKIB
MepeTBOPIOBaYl MEXaHIYHMX mapamerpiB (MepemilieHb, 00epTaHb, 3yCHNb, THUCKIB, KDYTHHX MOMEHTIB) B
€JIESKTPUYHI CUTHAJIH, 10 32aCTOCOBYIOTHCS B CUCTEMax ynpaBiiHHsA 00’ ekramu. CEHCOPHI MPUCTPOi 30BHIIIHBOT
iHpopManii NpU3HAYEHI Ui OTPUMAaHHS BiZOMOCTEHl MpPO CTaH 30BHIMIHBOTO cepenoBuina. lHdopmaris
30Mpa€eThCs 3 IOMOMOTr0I0 TAKTWIILHHUX, ONITHYHHX, YJIbTPAa3ByKOBHUX, THEBMAaTHYHUX Ta HIIHUX JaTUYHKIB.

Bukan ocHOBHOro MaTtepiany

CeHCOpHI 3aXBaT MOXYTh OyTH pi3Hi 32 KOHCTPYKII€IO B 3JICKHOCTI Biff IX IpUHOAITY poOOTH. B it
CTATTi pO3TIAAAEMO BaKyyMHI 3aXOILTIOBAYI.

IcHye BU3HAYEHHS MiAHOMHOI CHIIM BaKyyMHOT'O 3aXOIUICHHS T K01, HEIPOHHUKHOI IETall 3 3a30pOM
MiX TUIONIMHOI BAKyyMHOTO 3aXOILICHHs Ta IVIaJKOK MoBepxHero nerani [1]. Moro MoxHa 3actocysarn ams
BU3HAYCHHS 3YCHJb HPUCMOKTYBaHHS KOHTPOJIHMX IIPHCOCOK JI0 IIOBEPXOHb JeTaji 3 ypaxyBaHHAM
HepiBHOCTEH TTOBEPXOHB 1 BIJICMOKTYBaHHS MOBITPs 3 TIOPOYKHUH NPUCOCOK Yepe3 Majuid OTBip apoceis (puc.

1.

h
vz
50
K Pp
N

J— | ,'4‘ o
Puc.1. Cxema B3aemoaii npucocku i gerami

Bupasu i BU3HAYCHHS LIMX 3yCHJIb MAIOTh BHIJIS
T
N=fr0“-(Pa—P)-2-7T-r-d-r+(Pa—P)-n-r02; )
ne P, - atmocdepHuii THCK; P - THCK MiX MOBEPXHSMH IPHCOCOK 1 MOBEPXHEIO JETaNi; I' -pajiyc, Ha
SIKOMY BHU3HAQUa€ThCS THCK; Iy - BHYTPILIHIN pajiyc MPUCOCKH; I'y - 30BHILIHINA pajiyc nprcocku; Py - THCK B
TIOPOXKHUHI IPUCOCKH; Py~ BENMYMHA PO3PIUKEHHS TIOBITPS, IO TABOJIMTHCS JI0 IPUCOCKH.
Po3B'szytoun (1), orpumaemo:
— 2 2 Ta 2,
N=m-(r7 —ro)-Pa—fro-Z-7T-P~T~d-r+(Pa—P)-7t-r0, )
OcCKinbKH 0OYHCIICHHS HTErpatiB HeoOXigHE U OMIHOYHUX PO3PaxXyHKIB i MOMUJIKH IHTETPYBaHHS

NP BU3HAYCHHI PIi3HUIN CHJ BiIHIMAIOTHCS, BHKOHYEMO HaOIM)KeHE OOYHCIICHHS IHTETPaiB 3a JOMOMOTOO

dhopmynn Hetorona-Koreca, sika mae Burisz [2]:
b _nhgn . .
Lo f-G)-d-x =750 0f - (@+j-h): P+ Rn- (f); A3)
b—a . .

ne: By = Yj_oPin; h= — @ =X; b=x,; j=01; R,(f) - moxubka iHTErpyBaHHs, N - YUCIIO
PIBHOBIIIATICHNX BY3JIOBMX TOYOK BiJ] TOYATKOBOI, X - KOOPAWHATH BY3JIOBHX TOUYOK.

[IpuiiMaeMo po3TamIyBaHHS BY3JIOBHX TOYOK HACTYIIHE: MOYATKOBA - HAa BHYTPIIIHBOMY pajiyci
MIPHUCOCKH, IPYTa - Ha CEPEAHROMY PaAiycCi MPHCOCKH 1 TPETS - Ha 30BHIIIHFOMY PajiyCi MPHCOCKH.

Tomi 3 [2]:
B =1

Pn:P2:6,P01=1, ’Pzzzl,
i popmymna (3) HaOyBae BUTTSIY:
Ta pI _ (ra—70) 1 .
2'7Tfr0 Plor-d-r=m- =2 (Py 1o+4 Py Ty + Py o) 4)

Ta+7o

ne Ty = - cepenniii paiyc npucocku; P, - THCKHM Ha Cepe/IHbOMY Pajiiyci IPHCOCOK.
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JIst BU3HAYCHHS 3HAYEHDb THCKY Pép HEOOXiTHO 3pOOUTH P TOMYIICHb:

1. Posrasmaemo 3a30p Mik poO0U0I0 MMOBEPXHEIO MMPUCOCKH 1 TIOBEPXHEIO BIAJIMH HEPIBHOCTEH NeTai
SIK TIOPUCTE CePeIOBUILE (3 YpaXyBaHHIM TOTO, III0 HEPIBHOCTI HE yTBOPIOIOTH 3aMKHYTHX KOHTYPIB).

2. KiJbKiCTh MOBITPS, IO MPOXOAUTH KPi3h MaTepia AeTali Mij Ai€k0 pi3HUIl THckiB (P, — P;), 3Ha4HO
MEHIIIE KiTBKOCTI MOBITPS, 0 HAIXOANUTE Y OPOXKHUHY MPUCOCKH 3 11 mepudepii.

3. Pyx mOBITpsI B MOPUCTOMY CEpEIOBHIII (3a30pi) JIaMiHAPHHM, i JO HHOTO 3aCTOCOBYETHCS JIHIHHAH
3aKkoH (inbTpanii - 3akoH Japci.

4. Pyx moBiTpsi BCTAHOBJICHHH.

5. Uepe3 HU3BKHMH THUCK IOBITPS, 1OTO CTaH CYNPOBOKYEThCS HE3HAUHOIO 3MIHOIO T'YCTHHH, 1 TOMY
PO3TIISIAEMO TIOBITPS SIK PIAMHY, 10 HE CTHCKAETHCSL.

BukopucroByroun pomynieHHs 1 1 3 Ta Teopito ¢inpTpanii razy B IOPUCTOMY CEpPEIOBHILI, MOXHA
3anucaT (OpMyITy pO3IOJIUTy TUCKY MOBITPSI BCEPEIUHI MOPHCTOrO CEPEOBUILA TIPH HOTO paaialbHOMY pyci
[3,4]:

)

Jis THCKY Ha cepeTHbOMY Pafiyci IPHCOCKH:

PZ-P% ., 214
e
T

P= P~ ©)

Ta+1o’
Jlns aHANmITHYHOTO BU3HAYCHHS THCKY P; y BHYTPIIIHBOMY KaHalli MPHCOCOK OyAeMO BHXOIWTH 3
NPUIHATHX JOMYIICHb, @ TAKOXK BPaXOBYEMO, [0 BUCTYIIH Ha OBEPXHIX HE YTBOPIOIOTh 3aMKHEHHUX KOHTYPIB.

Jus mepepizis I-1 Ta II-1I (puc. 1) MoxHa 3amucaTy piBHSIHHS HENIEPEPBHOCTI CTPYMEHS Y BUTIIA/I:

Vicay-Sy-p=Vy-ay- S p, (7

ne Vi - MBUAKICTh MPOXOJKEHHS IMOBITPS 4Yepe3 YMOBHUI 3a30p (abo mBuAKicTh ¢inbrpauii); V, -

LIBUKICTh IPOXOKSHHS TIOBITPSI Uepe3 OTBIp Ipocest; @; - KoeillieHT BUTpaTH Yyepe3 YMOBHUI 3a30p; @, -
KOeQIIiEHT BUTPATH Yepe3 IPOCEIhb; P - TYCTHHA TOBITPSI.

Jns Bu3HaueHHS MWBHAKOCTI (inbTpauii BUKOPUCTOBYEMO OCHOBHHiII 1 B JaHMil 4yac HaWOinbII
y3arajbHCHUI TCOPETUUHUHN MiJXiJ] MOPUCTOTO CEPEIOBHUIIIA - MOJACb CYNIIBHOTO cepenouiia [4]. B mpomy
BUIAJKY INBHIKICTh (uIbTpallii moB's3aHa 3 MIHCHOI MIBHIKICTIO PyXy PIAMHH B MOpax CEpeOBHUINA
CHIBBITHOILICHHSIM:

V]_ = m1 U ) (8)

Jie M, - KoediIlieHT MOPUCTOCTI cepeaoBuiia (abo MopUCTICTh cepeaoBuina); U - milicHa MIBUAKICT
PYXY PiAMHH B ITOpax cepemoBHIIA.

3rigHO 3 TPUHAHATHM JOMyHmeHHAM (5) MpO HE3MIHHICTh TYCTHHH TOBITPS, MOXEMO BU3HAYUTH
HIBHUKICTH HOTO Tedii 3a pIBHSAHHSM JJIsl KparelbHOI PiIMHU:

U= 2R P, ©)
v, = /27“" (P, — P,); (10)
ey =p-g.

Bpaxosyroun (9), piBHsaHHA (8) HaOyBae BUTIAAY:
2
Vo=my - [ (B - Py); (11)

ExcrieppuMeHTanbHUM IIIAXOM [5] BCTaHOBIIEHO, 110 KOS(IIiEHT BUTPATH @ MPAKTHIHO HE 3aJICKUTh
BiJI THCKY Mi/DKUBJICHHS 1 NIPU NEBHOMY KOHCTPYKTUBHOMY O(OpPMIICHHI BXIJHHMX COIEJ NpHiMae MocTiiiHe
3HAYEHHs1, TPOXHU MEHIIIe OAMHULI. BcTaHOBIEHO TakoX [S], 110 [UIst BUNIaKy KOPOTKHMX LIMJIIHIPUYHUX OTBOPIB
Ta KUIbIIEBUX ILUINH y3araibHEHHH KOe(Ili€eHT BUTPaTUQ ) = % MOXe OyTH NPUUAHSITHI PIBHUM OJMHHIII.
2
BpaxoByrouu 1i¢ 1 MiZICTABISIOYN 3HAYCHHS IIBUIKOCTEH B PIBHAHHS HEPO3pUBHOCTI cTpyMmens (7),
ITiCIIS IEPETBOPEHHS OTPUMAEMO:
§%-m%-Pa+S§-Pp
Pp=——aa (12)
Sg+mi-Sy
Po3mipn yMOBHHMX 3a30piB IPU BXOJIi B TIOPOKHUHH ITPUCOCOK:
Si=2-m-ry-hy Yy (13)
ne hy - BUCOTH HEepiBHOCTEH; 11 - Koe]illieHTH )HUBOTO TIepepisy.
Toxi THCK y BHYTPINIHIX KaHaIaX MPHUCOCOK:
4m?-r§-hipi-mi-Pa+S§ Py

P, = 14
1 SZram? g i mi (14)
ITo3naunmo:

Si1=h-¢P-m (15)
ne &;- koedilieHT BUCOTH HEPIBHOCTEM JIJIsI KOKHOTO THITy (Tororpadii) moBepxHi.
Topni:
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p. = 421§ -E2-Pa+S§-Pp (16)
1= Sg+am2rg-E2

[MincraBusim (16) B (2) 3 ypaxyBaHHsAM (4), Hicist IEPETBOPEHHS OTPUMAEMO BUpPa3 Ul BU3HAYCHHS
3YCHJIIIS TPUCMOKTYBaHHSI:

Ny

Ty — T, 4-m* -1 EE-Pp+mery-S§- PR
=a(Z —1d) P +m ¢ Py—m 1, — O-Ra—< 041 fo 0 0 p)

3 S2+4-n2-12- &2
2-19+T7, 2 -1d)
(5 )T (17)
2.1,
16-7r4-r04-ff-PaZ+8-7t2'7"02'ff'S()z‘Pa'Pp+5§'Pp2) e T

Sg+8:-S5-m?-r & 4+16-mwh 1t & Tq
To

P? — (Paz —
in

BucHoBku

TaxkuMm YMHOM peaizallist JOCIiKYBaHOTO POLECy 3aJIeKHUTh BiJl KUIBKOX (paKkTopiB:

- mapaMeTpu yMOBHHUX 3a30piB - (h, y1, m);

- BEJIMYMHA MiJIBeIEHOTO po3pikeHHs - (Pp);

- po3Mip akTUBHOI YyacTHHU npucocku - (r0+ r0);

- BeIMYMHA Iepepi3y KaibpoBaHOTO 0TBOPY Apocens - SO;

- BHYTpIIIHIHA pajiyc mpucock - 10.

BumenaseieHi MipKyBaHHS CIIPaBeJIUBI IS B3a€MO/IiT poOOYO0i IMOBEPXHI KOHTPOIBOBAHUX MPUCOCOK
1 IOBEpXHi JIeTali, 0 Mae HEPiBHOCTI 3 HE3aMKHYTHM KOHTYPOM.

[epeBaxxaa OUTBIIICTH OOPOOIOBAHUX MaTepialliB Mae came Taki IMOBEpXHi. Piamie 3ycTpidaroThcs
MOBEPXHI, III0 MAIOTh HEPIBHOCTI 3 3aMKHYTHUM KOHTYPOM, CTBOPIOBaHi IITYYHO.
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