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ORGANIZATION OF THE OPERATING ENVIRONMENT
FOR INDUSTRIAL ROBOTS PROCESSING FLAT OBIJECTS
THAT HAVE ASYMMETRY OF PART SURFACES

Introduction. Orientation of flat parts with asymmetry of their surface properties is a necessary condition for the
use of industrial robots to feed these parts for machining.

Problem Statement. After each machining operation, the parts may be found in a disordered state, therefore,
in order feed them for the next operation, it is necessary to control their position and properly reorient them.

Purpose. The purpose of this research is to experimentally determine the coefficient of asymmetry of topo-
graphic properties of surfaces for controlling the position of flat parts by the air jet method.

Material and Methods. The method of determining the speed of air by measuring the pressure in it, with the
help of a Pitot-Prandtl tube, has been used. The standard MathCad package has been employed for mathematical
calculations of experimental results. Sheet steel for the manufacture of air chambers and fluoroplastic with high
anti-friction properties have been used as material for the experimental stand for the base.

Results. As a result of experimental studies, a list of the parts for which the control method using air jets has
high reliability has been formed. Through research, the coefficient ¢ has been established for parts made of differ-
ent materials. This coefficient affects the regularity of the motion of parts, and knowing it we may calculate the
necessary parameters of devices for control. The necessary air pressure to create a force sufficient to move these
parts from the control position at a given speed, that is, to create control conditions has been established.

Conclusions. The use of compressed air to control the position of flat parts with asymmetric surfaces can be
successfully implemented for organizing the operating environment of industrial robots that work according to a
rigid algorithm, with the help of pneumatic devices, the parameters of which can be determined based on the re-
sults of this research, or for creating sensor grippers for adaptive industrial robots.
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Industrial robots occupy an increasing share in the
technical equipment of enterprises of various indus-
tries, including light industry. Most of them are
non-adaptive software robots that work according
to a rigid program. The smaller part is adaptive ro-
bots that have sensory grips. For the software ro-
bots it is necessary to organize the environment of
processing objects, while for the adaptive robots,
sensor grippers that recognize the position of the
same objects are needed. In both cases, it is neces-
sary to create systems to control the position of ro-
botics objects in relation to the working bodies of
machines or grippers of industrial robots.

In various industries, there are many flat parts
to be machined with which industrial robots can
work. Among such parts, there are many those
that have asymmetry of the physical and mechan-
ical properties of the surfaces. The shoe-making
industry is one of such industries.

Most of the flat parts of shoes have asymmetry
of frictional properties and unevenness of the sur-
faces, which makes it possible to create mechani-
cal means of controlling the position based on the
surface properties, which are notable for simple
design and reliability in operation [1]. The most
promising way, in our opinion, is to control the
position of flat parts with the help of air jets.

The purpose of this research is to determine the
parameters of the process of controlling the position
of flat parts with asymmetry of the topographic
properties of surfaces, with the use of air jets.

In [1], we have obtained the equation of mo-
tion of part in the control process, which contains
the coefficient ¢ that characterizes the difference
in the surface irregularities of the parts, on which
the control process itself depends.

The task of experimental research is to deter-
mine the coefficient ¢ for flat parts of shoes made
of the most common materials.

Figure 1 shows the scheme of controlling the
position of flat parts of shoes by asymmetry of un-
evenness and surface roughness, with the use of
air jets [1].

The scheme shows two pneumatic chambers 1
having nozzles 3 for connecting to the compressed
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Fig. 1. The scheme of controlling the position of flat parts of shoes
by asymmetry of surface roughness, with the use of air jets
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Fig. 2. Scheme of forces acting on a flat part in the process of
controlling the position by the surface properties, with the
use of air jets

air supply system, which are installed on the sur-
face of base 2. In the wall of each chamber, which
faces the opposite chamber (referred to as the sup-
porting surface of the chamber), there are made
evenly distributed over the entire surface holes
(nozzles) 4, whose axes are located at the same
angle to the wall surface. At the same time, the
axes of the holes of one chamber are parallel to
the axes of the holes of the other chamber and the
sum of the hole areas in the walls of the chambers
are equal to each other.

Control is carried out in the following way. Part
to be controlled 5 is installed with its smallest edge
on the surface of base 2 between two chambers 1.
Compressed air is fed into the chambers through
nozzles 3 and exits from there through holes 4,
acting on the surface of the part. As a result of this,
the part is moved to position 6 or reorientation 7.
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Fig. 3. Scheme of the experimental stand for determining
the force moving the part to the control position

The scheme of the action of the force compo-
nents from the air jet on the flat part at the initial
moment of control, when the part covers all the
nozzles, is shown in Fig. 2 [1].

If the air jet acts on the part and is directed at
some angle o to its surface, the action force can be
divided into the two components: normal to the
surface of part N and along its surface T. Here it
should be noted that when the air jet meets the
surface part at an angle o = 90°, air spreads over the
surface of the part in all directions in different quan-
tity. The amount of air flowing in a certain direction
depends on many factors and, above all, on the an-
gle of inclination a, the gap & between the surface
of the part and the bearing surface of the cham-
ber, and on the size of the surface irregularities.
Therefore, force T shall be considered the result-
ant of the forces identical in nature with it and
directed in different directions. Force T acts as a
driving force in the direction of transportation.

Force N acts as a repulsive force that contrib-
utes to the creation of a gap & between the part
and the bearing surface of the chamber.

Having conducted an analytical study of this
method [1], we obtain the equation of motion of
the part during the control process:

I'>F, +F
r m

or )
cQ3cosa > mgf +

X, (1)
dt”
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where Q is the air mass flow per second; v is the
air speed; f is the coefficient of friction; m is the

2

d°x . .
mass of the part; T is the acceleration.

The friction forces of the part surfaces against
the air cushion can be neglected, because they are
two orders of magnitude less than the friction force
of the surface of the base against the surface of the
platform made of any antifriction material [2].

The coefficient ¢ has been experimentally de-
termined with the use of the experimental stand
shown in Fig,. 3.

Force T acting on the part and moving it is de-
termined by the method of electrotensometry.

With such a scheme of measurement, there are
no inertia forces. Therefore, it follows from the
equilibrium condition of the part:

cQ9 cosa — F/r -T=0

then
e Tt ()
QO3cosa
where T'is the measured force; F, is the frictional
force between the part and the surface of the base
of the control device.

The speed of air and its mass flow through the
nozzles per second are determined from the mass
flow of air entering the chamber per second and
the number of nozzles. The mass flow of air enter-
ing the chamber per second is determined by the
speed of air entering the chamber and the diame-
ter of the inlet nozzle [4]:

0=y U— )
where y is the jet compression coeflicient, with
[3]7=0.7.

In turn, the speed of air entering the chamber
is determined by the well-known formula [4]:

- ZAP,
p?}

where p_is the air density that is chosen according
to the table from [5] for a temperature of 18 °C
and a pressure of 108 kPa.

(4)
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(5)
where Ah is the reading of a differential ma-
nometer connected to a Pitot-Prandtl tube ma-
de of specially sharpened medical needles and
placed in the air stream at the chamber inlet; p_
is the specific gravity of the measuring liqui
(water).

The air mass flow per second through each noz-
zle as well as the air speed at the exit from each
nozzle are different and depend on the position of
the nozzle relative to the inlet nozzle. However,
since at the initial moment of control (when the
part moves from the control position) all the noz-

AP = Ahp g,

nozzle, calculated based on the average mass flow
of air per second through one nozzle:

40
yndp,n’ ©
where 7 is the number of nozzles; d is the nozzle
diameter.

The coeflicients of friction of the sample — the
surface of the base of the control device pair f have
been determined experimentally by the known me-
thod [6].

The samples are weighed by laboratory scales
with an error of up to 0.0001 N.

zles are blocked by the part, and the air jets com- Then
ing out of all the nozzles affect the part, for the F. = QF, (7
calculation of the displacement forces we take s
the average speed of the air at the exit from the | Where Q is the sample weight.
Table 1. The Experimental Results
U =
2| 2 R g
2 2} El s 2% s, B = “5'
23|23 258 52e |s5E 5 S| g
The material of the part celrge | BReX g 2 SE 5| cosa | g o~ = 2 c
STt | 2| B2 |2 = |E5| £ | £
E2 22| =8< | 8o | D=8 3 |gs| 2| @
2E | ZE| 225 | £E858 |Eg¢€ g | E2 | E g
O3 | =& 3 s 3 °eE2 | 289 = | 8= o g
fS|<S|=E8 | <58 |£535 =5 |03 | = =
1. Leather for the bottom after 0.067 | 0.33 |0.153| 0.21 | 0.66
tousling the buff side
2. Artificial fur 0.045| 0.28 | 0.38 | 0.12 | 0.91
3. Artificial leather upper on a 0.058 | 0.35 [0.052| 0.19 | 0.44
long fiber base
4. Monolithic rubber with 0.085| 0.47 | 0.08 | 0.39 | 0.85
grooves on one surface
5. The fabric is doubled with velor - - 0.061| 0.29 | 0.23 | 0.17 | 0.73
© ~ (=) o 0
6. Velvet ] S - - < < [0.052| 03 | 0.19 | 0.15 | 0.61
. ~ = iy ~ - S
7. Baize © S 0.049| 0.29 | 0.16 | 0.13 | 0.53
8. Suede 0.062 | 0.31 | 0.09 | 0.19 | 0.51
9. Ratteen 0.059| 0.29 | 0.26 | 0.17 | 0.78
10. Velvet art. 64048 0.054| 032 | 0.19 | 0.15 | 0.6
11. The canvas is non-woven, 0.06 | 0.33 | 0.07 | 0.19 | 0.48
backed with a fable
12. Microporous rubber with a 0.075| 0.41 | 0.05 | 0.3 | 0.63
pattern on the running surface
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The experiments have been carried out with parts
from various, most common shoe materials that dif-
fer in the unevenness and roughness of the oppo-
site surfaces.

The sample size is 80 x 200 mm.

The parameters of the control device model are
as follows:

1) the angle of inclination of nozzles is a. = 45

2) the nozzle diameter is d = 2 mm;

3) the number of nozzles in each chamberis 7z = 16;

4) the inner diameter of the inlet pipe is D = 8 mm.

The nozzle diameter and the number of nozzles
are chosen in such a way that the sum of the cross-
sections of the nozzles is equal to the cross-sec-
tion of the inlet pipe.

The angle of inclination of the nozzles o = 45°
is the optimal angle at which the parts during the
control process do not touch the bearing surfaces
of the chambers.

The surface of the base of the control device mod-
el is made of fluoroplastic that has high anti-fric-
tion properties.

The intermediate calculations and experimen-
tal results are listed in Table 1.
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OPTAHIBAIIA CEPEJOBUINA IJII POBOTU ITPOMUCJIOBUX POBOTIB
3 TIJIOCKMMU OB’EKTAMH, 1110 MAIOTb ACUMETPIIO TOBEPXOHbD JIETAJIEN

Beryn. OpieHTaliist JI0CKUX Jietasieli 3 acCuMeTpieto IXHIX I0BEPXOHb € HeOOXiIHOK YMOBOIO 3aCTOCYBaHHS [IPOMUCIOBUX
POOOTIB 151 Of1aui [UX JeTaiell Ha TEXHOIOrTYHY 00POOKY.

IIpoGaemaruka. Iliciist ueprosoi TexHOIOrYHOI 06POOKY IeTalli MOKYTh 3HAXOMUTHUCS Y HEYIIOPSIIIKOBAHOMY CTaHi, TOMY
IS IOZIAaBaHHsI X HA HACTYITHY TEXHOJIOTTYHY 06POOKY MOTPIOHO BUKOHATH KOHTPOJIb IXHBOTO PO3MIIIIEHHST Ta IEPEOPIEHTY-
BaTU B HEOOXIi/[HE MOTOKEHHSI.

Mera. ExcriepumenTtanpHe Bu3HaueHHS KoeillieHTY acuMeTpii TomorpadiyHuX BIACTUBOCTEH TTOBEPXOHB [IJIST TPOIIECY
KOHTPOJIIO TTOJIOKEeHHS TIOCKUX JieTajiel 3a J0TTOMOT0I0 CTPYMEHIB TOBITPSI.

Marepiaim it MeToau. BukoprcTaHo MeTOI BUSHAUCHHS IIBUIKOCTI PYXY MOBITPS yepe3 BUMIPIOBAaHHS TUCKY B HbOMY 32
noriomoroo Tpy6xu Ilito-TIpanaris. [lyis MaTeMaTHYHUX PO3PAXYHKIB PE3YJIBTATIB EKCIIEPUMEHTIB BUKOPHCTAHO CTAHIAPT-
nuit naketr MathCad. Sk marepiaJi 1jist eKCIIEPUMEHTAILHOTO CTEHLY BUKOPUCTAHO JIMCTOBY CTAJIb /ISl BUTOTOBJIEHHSI THEB-
MOKaMep Ta (hTOpPOIIacT 3 BUCOKUMU aHTU(MPUKITHHIMU BIACTUBOCTSIMU [IJIs1 OCHOBH CTEH]LY.

Pesyabratu. EKcriepiMeHTasbHIM TIJISIXOM CKJIQJICHO TEPEJIK JeTajleil, st SKUX C1ocih KOHTPOJIIO 3a JIOTTOMOTOIO CTPY-
MEHIB TIOBITPST Ma€ BUCOKY HafiiHICTh. JloCTiHNM IIIIXOM BCTAHOBIEHO KOeMIlli€HT ¢ /IS leTaseil 3 pi3HNX MaTepialis,
SIKUI1 BIUIMBAE HA 3aKOHOMIPHICTDh PYXY JeTajeld, 3a SKMM MOKHA PO3paxyBaTi HeoOXi/IHi mapaMeTpu MpUCTPOiB JJist KOHT-
pouito. BeraHoBjieHO BeinunHy HEOOXIZIHOTO TUCKY HOBITPSI [IJist CTBOPEHHSI 3yCHILISL, JIOCTATHBOTO VISt TIEPEMIIIEHHSI 1IUX
JeTasell 3 Mo3UIlii KOHTPOJIIO 13 33/[aHOI0 IBU/KICTIO, TOOTO It CTBOPEHHS] YMOB KOHTPOJIIO.

BucnoBkH. 3acTocyBaHHS CTHUCHYTOTO MOBITPS /I KOHTPOJIIO MTOJIOKEHHS IIIOCKUX JIeTajlelf 3 aCUMETPI€Io TOBEPXOHb
Moske OyTH YCIIIITHO PeaTi3oBaHo J1Jis OpraHisaiiii cepegoBuina poGoTH IIPOMUCIOBUX POOOTIB, K MPALIOIOTH 3a JKOPCTKIM
AJITOPUTMOM, 3 JIOTIOMOTOI0 ITHEBMATUYHKX IIPUCTPOIB, APAMETPHU SIKKX MOKYTh OyTH BU3HAUECHHI 32 Pe3yJIbTaTaMK OIIHca-
HUX JIOCJI/KeHb, a00 JJist CTBOPEHHS CEHCOPHUX 3aXBaTiB ISl alallTUBHUX [TPOMUCIOBUX POOOTIB.

Kmouoesi cnosa: iiocka jietasb, MOPCTKICTh TIOBEPXHI, COTLIA, CTPYMEH] MOBITPSI.
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