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JUSTIFICATION OF THE OBJECT OF MANIPULATION PARAMETERS
INFLUENCE ON THE OPTIMAL ORIENTATION AND LIFTING
CHARACTERISTICS OF BERNOULLI GRIPPING DEVICE

In order to reduce energy consumption while performing transport operations with the help of
industrial robots, the theoretical and practical experiments on the influence of movement parameters and the
object of manipulation on the optimal orientation of the bernoulli gripping device have been carried out. With its
constructive simplicity bernoulli gripping device is reliable in operation and unlike the other suitable for
gripping flexible, brittle, fragile, non-metallic, non-rigid, heated and contaminated objects manipulation.
Optimal orientation of the bernoulli gripping device will allow reducing minimal necessary attractive force of
the object of manipulation, which resists the inertial forces and friction, as well as reducing consumption of the
compressed air. The case of the object of manipulation transportation along the rectilinear trajectory with the
help of the manipulator IRB 4600 and RobotStudio software has been under study. The adequacy of the model
and the efficiency of the use of this method of orientation optimization of gripping devices for minimizing the
energy consumption while performing manipulating functions by the industrial robot has been proved.

Keywords: Bernoulli gripping device; object of manipulation; manipulator; orientation; industrial
robot.
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TepHOMiIbCHKUIT HALIIOHATBHHUN TEXHIUYHUE yHiBepcuTeT iMeHi [Bana [Tymrost

®. TYXOH

CroBanbKkuii TeXHIYHHI yHiBepcuTeT B bparuciasi

OBI'PYHTYBAHHA BIIVIMBY ITAPAMETPIB OB’€EKTA MAHIITYJIIOBAHHSA HA
OIITUMAJIBHY OPIEHTALIIO TA CHJIOBI XAPAKTEPUCTUKHU CTPYMHUHHOI'O
3AXOILUTIOBAJIBHOI'O MPUCTPOIO

3 memoto 3HUdNICEHHA eHep2o3ampam Ni0 4ac 6UKOHAHHA MPAHCHOPMHUX Onepayitl 3a 0ONOMO2010
NPOMUCTIOBUX POOOMIB, NPOBEOCHO MeOPeMmUyHi ma eKCNepUMeHmMAanbHi O0CHIONCeHHs, W000 BNIUBY
napamempie pyxy ma 00’ €Kma MAaHinyI06aHHs HA ONMUMAIbHY OPIEHMAYIIo CHMPYMUHHO20 3AXONNIOEANLHO20
npucmporw. OnmumanvHa OpiEHMAayisi CMPYMUHHO20 3AXONNIOBANLHO20 HPUCIPOIO 00360UMb  3HUSUMU
MIHIMANBHY HEOOXIOHY CULY NPpUMALAHHA 00 €KMa MAaHINYII08aHHS, WO Npomudic cuiam inepyii ma mepms, i 6
pe3yrbmami 3HUSUMU 8UMpPamy CMUCHYmo2o nogimps. Pozenanymuil eunadox mpaxcnopmysauHs 06’ €kma
MAHINYI08aHHs. NO NPAMIU MPAEKMOPii, 3 NPOGEOeHHAM eKCnepuMenmie 3a 0onomozoio mauinynamopa |RB
4600. Ilpu yvomy suxopucmosgysanocs npozpamue 3abesnevenns RobotStudio. Joseoeno adexeammnicmo mooeni
i eghekmueHicmb BUKOPUCMAHHA OAHO20 MemooOy Onmumizayii opienmayii 3aXONI8ANIbHUX HPUCMPOI8 O
MIHIMI3aYil eHep2oCnOANCUBAHHS NIO YAC BUKOHAKHS NPOMUCTIOBUM POOOMOM MAHINYAAMUSHUX (DYHKYIL.

Kniouosi crosa: cmpymunnuil 3axonuioganbhull npucmpii; 00°€Km MaHIinymo8anus, MAaHinysmop;
opienmayis, npoMUciosull pooom.
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CroBankuii TexHn4eckuil yausepcureT B bparucnase

OBOCHOBAHME BJINAHUSA TIAPAMETPOB OBBbEKTA MAHUITYJIUPOBAHUS HA
ONTUMAJBHYIO OPUEHTAIIMIO U CUJIOBBIE XAPAKTEPUCTUKHA CTPYMHOI'O
3AXBATHOI'O YCTPOMCTBA

C yenvlo CHUdICEHUs. 9HEP2O3ampam NpU GblNOJIHEHUU MPAHCHOPMHBIX Onepayuil. ¢ HOMOUbIO
NPOMBIUIEHHBIX pOOOMO8, NpogedeHbl Mmeopemuyeckue U IKCHEPUMEHMANbHblE UCCIe008aHUA  GIUAHUSA
napamempos 08UNCEHUsL U 00beKMa MAHUNYIUPOBAHUS HA ONMUMATILHYIO OPUEHMAYUI0 CIPYUHO20 3AX68AMHO20
yempoucmea.  OnmumaneHas OpueHmayus CmpynuHO20 3aX6AMHO20 YCMPOUCMEA NO360IUM  CHU3UMb
MUHUMATLHYIO HEOOX0OUMYIO CUTY NPUMANCEHUS 00beKMa MAHURYIUPOBAHUSA, YO NPOMUBOOelicmeyem CUuiam
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uMepyuu U mpenus, U 6 pe3yibmame CHUUMb pACX00 cacamozo 8o3dyxa. Paccmompen  cayuaii
MPAHCROPMUPOBKU 00BEKMA MAHUNYIUPOBAHUA NO NPAMOU MPAEKMOPUU, C NPosedeHueM IKCNePUMEHIO8 C
nomowpto manunyasmopa |RB 4600. Ipu smom ucnoavzosaroce npocpammnoe obecneuenue RobotStudio.
Hoxkazano adexgsamnocmv Mmooenu U IPHeKmMUHOCMb UCHOAL30BAHUA OAHHO20 Memood ORMUMUZAYUU
OpUeHmayuy 3aX8amHbIX YCMPOUcms Ok MUHUMUSAYUU IHEPLONOMPeDIeHUs. NPU BLINOTHEHUU NPOMBIULTCHHbIM
POOOMOM MAHUNYAAMUBHBIX DYHKYULL.

Knrouesvie crnosa: cmpyiinoe 3axeamuoe ycmpoucmeo; 00beKm MAHUNYIUPOSAHUA, MAHUNYAAMOP,
opuenmayust;, NPOMbIUIEHHBI POOOM.

Formulation of the problem

At the present stage, the issue of energy consumption while transportation and manipulation of the
objects at the manufacture has been very urgent. The objects of manipulation are gripped by the device of the
industrial robot and transported from one position to another. In gripping devices of Bernoulli type [1-6] the
lifting power creates at the expense of aerodynamics effect of attraction which is provided by the use of the
compressed air. In papers [7,8] the formulas for the defining of the allowable acceleration of the gripping device
while its vertical movement at the conditions of uninterrupted transportation of the manipulating objects have
been deduced.

Owing to the minimal contact with the object of manipulation and the use of the compressed air,
Bernoulli gripping devices are becoming popular in the industry. The reliability of such devices significantly
depends on the quantity of the consumed air to preserve the balance of the object of manipulation as to the
gripping device while the transportation. This matter calls forth to study the influence of the parameters of the
object of manipulation for the optimal orientation of the gripping device which ensures uninterrupted
transportation of the object of manipulation at minimal expenses of the compressed air.

Analysis of last investigations and publications

In the paper [9,10] the model for the optimal orientation of the gripping device while transportation of
the manipulation object along the rectilinear trajectory has been suggested, as well as the model for the
orientation of the gripping device with the off-centered masses. The study [11] deals with the influence of the
base elements on the object of manipulation and tactile actions on the hand.

The purpose of the investigation

The aim of this paper is to study the influence of the object of manipulation parameters (the area of the
object of manipulation surface, off-centering the masses of the object of manipulation as to the axis of the
gripping device, the mass of the object of manipulation, coefficient of the friction between the object of
manipulation and friction elements of the gripping device) on the optimal orientation of Bernoulli gripping
device which will in its turn influence the minimal necessary attractive force.

Statement of the basic material of the investigation

At given parameters of Bernoulli gripping device (Fig. 1, a) and the trajectory of its direction it is
necessary to study theoretically and experimentally the influence of the object of manipulation parameters on the
optimal orientation which will have the influence on the minimal necessary attractive force of Bernoulli gripping
device.

During the experimental research the experimental unit has been designed and produced for the
research of the transportation processes with the possibility of changing parameters of the performed process
(Fig. 1 b, c, d).

Parameters of the object of manipulation will influence forces which will occur in the process of the
object of manipulation transportation. Each parameter will influence the optimal orientation of the gripping
device depending on the movement parameters of the gripping device.

For the theoretical research of this influence the orientation modeling methods introduced in the study
(10) have been used. The first parameter under study is the optimal orientation of the gripping device, which can

be defined from the equation:
m| e R2+H—d —Ea)ZE +
2f f

+m{%(g sin(ar) —acos(a + B))— g (E cos(ax) —%sin(a)j —a(Esin(a + )+ %cos(a +ﬂ)j}— (1)

-Q H% + g]cos(a +06)+ (E —gjsin(a + ﬂ)} +Q, K% +H jcos(a + )+ Esin(a + ,6’)} =0,

Were A - length of the object of manipulation, H - height of the object of manipulation, E - distance
from the center of the mass of the object of manipulation to the axis of the gripping device projection Oy, d -
distance from the center of the gripping device to the friction element of gripping, R - distance from the center of
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mass of the object of manipulation to the center of the gripping device, a - acceleration of the object of
manipulation movement, 3 the angle between the trajectory and the global plane XOY, m - mass of the object of
manipulation, & - angular acceleration, f - coefficient of friction, ® - angular velocity, Q1 and Q2 frontal
resistance force, Fin - inertial force, Fli - lifting force.

Fig. 1. Experimental Unit: (a) the principle of Bernoulli gripping device functioning, (b) fixed on the
terminal effector of the manipulator of the gripping device, (c) the controller of the object of manipulation
separation from the gripping device based on Arduino UNO, (d) the unit based on the manipulator IRB
4600 with object of manipulation

The second parameter under research is the minimal necessary attractive force of the griping device,
which can be found from the following equation:

F = m{g(m—cos(a)]—wz(E—ij+a{i+ Eﬂ—
f f 2 2f
—(Q+Q, + En)[w+sin(a +ﬂ)).

The experimental research has been conducted with programming the industrial robot for the movement
of the object of manipulation along the rectilinear trajectory. This trajectory has been realized with the help of
the manipulator IRB 4600 (ABB). The data for the model check have been received with the help of the software
RobotStudio (12) at National Centre of Robotics (NCR) at Slovak University of Technology in Bratislava (13).

Let us analyse the influence of the object of manipulation area on the optimal orientation of the gripping
device while manipulating along the given trajectory (Fig. 2), received with the help of the formulae (1,2) and
the methodology (10). The calculation has been conducted at the given parameters: d=0.04 [m], a=4 [m/s2],
m=0.9 [kg], =0.404, H=0.005 [m], =0 [rad], ®=0 [rad/s], e=0 [rad/s2].

@
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Fig. 2. Diagram showing the influence of the object of manipulation area on the gripping device optimal
orientation at different movement parameters

As Figure 2 shows, the orientation is being changed while increasing the area of the object of
manipulation and the movement speed of the gripping device at the expense of the frontal resistance forces
increase which have an effect upon the object of manipulation. Thus, while calculation of the optimal orientation
for the massive details which move with great speed it will be reasonable to include the frontal resistance force
into the calculation scheme.

The most significant influence on the optimal orientation of the gripping device will be provided by the
off-centered masses of the object of manipulation which in its turn will influence the minimal necessary
attractive force.

To study the influence of the off-centered masses of the object on the minimal necessary attractive force
(Fig. 3) the experiment has been conducted (Fig. 1. d) based on the following experimental parameters: A=0.585
[m], H=0.005 [m], v=0.64 [m/s], d=0.04 [m], =0 [rad], a=2 [m/s2], m=0.9 [kg], v=0 [rad/s], =0 [rad/s2],
f=0.404.
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Fig. 3. The graph of the off-centered masses influence on the necessary minimal attractive force
of the gripping device

Figure 3 confirms the adequacy of the mathematical model for the optimal orientation of the Bernoulli
gripping device (the maximal relative indication error is 5%). One can also see the level of the decrease of the
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necessary minimal attractive force at using the optimization model comparing with the transportation without the
re-orientation of the object of manipulation. Based on what is shown in Figure 3, the off-centered masses of the
object of manipulation have the significant impact on the necessary minimal attractive force.

For the interval of the off-centering on the masses from 0 to 0.02 m, one can notice the tendency of the
attractive force towards the needlessness of retention of the object of manipulation on the gripping device. The
value of the interval for which this tendency will preserve significantly depends on the coefficient of the object
of manipulation friction to the friction elements of the gripping device.

Figure 4 shows the influence of the friction coefficient on the necessary minimal attractive force. For
calculation the following parameters were taken: A=0.11 [m], H=0.02 [m], v=0.64 [m/s], d=0.04 [m], =0 [rad],
E=0 [m], m=0.9 [kg], ®=0 [rad/s], e=0 [rad/s2].

12
10 R

Lifting force [N]
B

0.9

-4

coefficient of friction

—&— Lifting force (acceleration 2 [m/s?]) =B Lifting force (acceleration 3 [m/s?])

Fig. 4. The graph of the friction coefficient influence of the object of manipulation to the friction elements
on the necessary minimal attractive force

Figure 4 shows that low values of the friction coefficient demands the attractive force increase that is
the increase in the compressed air consumption. The conclusion may be drawn that it is necessary to provide as
high friction coefficient as possible in order to minimize the attractive force of the gripping device.

As the attractive force of the gripping device significantly depends on the acceleration of the final one
of the manipulator’s effector, thus inertial force, the influence of the object of manipulation mass should be
studied (Fig. 5) as a main parameter which influences the inertial force. The calculations have been conducted at
the following parameters: A=0.11 [m], H=0.02 [m], v=0.64 [m/s], d=0.04 [m], =0 [rad], E=0 [m], ©=0 [rad/s],
&=0 [rad/s2].

In the alteration range of the object of manipulation mass from 0-1.5 kg, the optimal orientation of
Bernoulli gripping device changes not more than in 5%. Figure 6 displays that by off-centering of the masses
and the mass of the object of manipulation, the necessary minimal attractive force will increase significantly.
This is determined by the disturbed balance of the forces affecting the object of manipulation as to the gripping
device caused by off-centered masses. To direct all resultant forces affecting the object of manipulation towards
the direction of the attractive force of the gripping device, the angle of the orientation should be increased which
may negatively influence the necessary attractive force.

102



BICHHK XHTY Neo2(61), 2017 p. IHKEHEPHI HAYKU

1

Lifting force [N]
O = N W bk OO N 0 O O

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
mass [kg]
=&~ Lifting force (acceleration 2 [m/s7]) =B Lifting force (acceleration 3 [m/s?])
Lifting force (acceleration 2.5 [m/s?])

Fig. 5. The graph of the object of manipulation mass on the necessary minimal attractive force of the
gripping device
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Fig. 6. The graph of the mass and off-centering of the masses of the object of manipulation influence on
the optimal orientation and minimal necessary attractive force of the gripping device

Conclusion

The influence of the object of manipulation parameters on the necessary minimal attractive force of
Bernoulli gripping device for different parameters of the movement has been studied. The case of the object of
manipulation transportation along the rectilinear trajectory with the experimental research with the help of the
manipulator IRB 4600 (ABB) has been under study. The software RobotStudio was used at the site of National
Centre of Robotics at Slovak University of Technology in Bratislava. The adequacy of the model and efficiency
of the use of this method of the orientation optimization of gripping devices for minimization of energy
consumption while performing manipulative functions by the industrial robot has been proven.
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