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THE SPATIAL RIGIDITY OF TECHNOLOGICAL ROBOTS
IMPOCTOPOBA KOPCTKICTb TEXHOJIOI'TYHUX POBOTIB

B cmamve paccmompena  axmyanvhas —npobrema  onpedeienusi  NPOCMPAHCMEEHHOU
CMamu4eckou JHcecmKoCmu «00HOOY208bIXY U «O8YPYKUXY MEXHOLOSUUECKUX NPOMBIULICHHBIX POOOMOG.
Paspabomana memoouka paciema u NOCMPOEHUs NOBEPXHOCMU HPOCMPAHCMBEHHOU JHCECMKOCHU
NPOMBIUAEHHO20 poboma ¢ Yeavio OalbHelue20 UCNONIb3068aHUSL Ollsl  ONpedeNeHuUs MOYHOCHIU
Mexanuueckou obpabomku Oemaneil nymem pe3anus. Ycmanogieno, ymo nooxo0 K OnpedeieHuio
NPOCMPAHCMBEHHOU  HceCmKocmu  00pabamuléaowux Mawur AIsemcs oowum 01 pobomos u
CIMAHKO0B.

Knrouesvie cnosa: npomviunennvie po6omovi, npoCMPAHCMEEHHAS JHCECMKOCTb, CMAMUYECKAs
JicecmKocmes

Posenanymo axkmyaneHy npoonemy 6USHAYeHHS NPOCMOPOBOI CMAMUYHOI  HCOPCMKOCMI
MEeXHON02IYHUX npoMucnosux pobomie "oonowaposa” ma "0eopyuna". Pospobreno memoo obuyucnenms
ma KOHCMPYIOBAHHA NOBEPXHI NPOCMOPOGOL JHCOPCMKOCHI 8UPOOHUY020 POHOU020 PObOMA 3 MENO
nO0ANbUIO20 BUKOPUCMAHHA Ol BUSHAYEHHS. MOYHOCII MeXaHiyHOoI 0OpobKu demaneil 3a 00NOMO2010
pizanns. Bcmarnoeneno, wjo nioxio 00 8U3HaA4eHHs NPOCMOPOBOI HcopCmMKocmi 0OpoOHUX eepcmamis €
3a2anbHUM 0151 060X pobomie ma sepcmamis.

Kniouosi cnosa: npomucnosi pobomu, npocmoposa JcopcmKicmy, CMAmMudHa JHopCmKicnmb

The article considers the actual problem of determining the spatial static rigidity of "one-arc"
and "two-handed" technological industrial robots is considered. The method of calculating and
constructing the surface of the spatial rigidity of a manufacturing industrial robot with the purpose of
further use for determining the accuracy of machining of parts by cutting is developed. It is established
that the approach to determining the spatial rigidity of machining machines is common for both robots
and machine tools.
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In the automated productions are widely used technological industrial robots
(IR), which perform transport, welding, painting and other operations (Figure 1).
Along with CNC machines, technological machining IRs are widely used for
processing objects of cutting production (Figure 1d). At the same time, processing
IR is used for milling, drilling, boring and other mechanical precision machining
operations.
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a) b) c) d)
Figure 1. Industrial robots of various technological purposes
a) transport; b) welding; c) painting; d) processing

The overwhelming majority of the IRs are "one-handed" robots that have
simple, traditional chain-type arrangements with a number of "knees" three or more
(Figure 2a,b). A more complex arrangement has "two-handed" IR (Figure 2c).
Robots which are based on mechanisms with parallel kinematics of "hexapod" type
(Figure 2d) are produced as well and others.

It is designed that at the end element of the IR the special flange is provided
and a working element is attached to it. The examples of the working elements are
special grab, a welding head or a paint sprayer, and on the machining IR - spindle
assembly (Figure 3).

Machining IRs are used in those mechanical operations, where they are able
to provide the required precision machining. The accuracy of processing depends
on the properties of the robots elastic system (ES), in particular on the
characteristics of rigidity in the cutting zone. The main problem of the use of
machining robots is the uncertainty of the rigidity of an elastic system, which varies
in space, depending on the direction of the force of cutting.
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a) b) c) d)
Figure 2. Compositions of industrial robots
a) with 3 "knees"; b) with 8 "knees"; c) "two-handed"; r) "hexapod"

Figure 3. Usage of a special flange for attaching the working body of the IR (in
these cases — the spindle node)

The purpose of the work is an analytical definition for building the surfaces of
the spatial rigidity of "one-arc" and "two-handed" machining industrial robots.
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Consider the design of "one-armed" machining robot (Figure 4).
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Figure 4. "One- handed " IR Figure 5. Typical ellipsoid
with an ellipsoid of rigidity of rigidity

The static rigidity of the IR along the X axis is defined as Cyx = Px / Ax. Along
other axes - are similar. The spatial rigidity of a technological processing machine
(machine or robot) is represented in the form of ellipsoids of rigidity with the
center in the cutting zone (point O) that are shown in [1,2]. Ellipsoid rigidity is
constructed on the main rigidity of the ES and is mathematically described by a
matrix of rigidity in the form

C:diag[CXO’CymCzO1C(px0'C(pyO7C(/;zo]' (1)
which consists of elements of translational rigidity along the corresponding axes
Cy0:Cy0.Cy, and a rotary rigidity around the same axes C,,,C,,,C,. In the

general case, the directions of the main axes of rigidity do not coincide with the
directions of the coordinates of the system axes.

In the cutting zone, the accuracy of the processing is practically influenced
only by the translational spatial rigidity, which is geometrically realized by the
surface of the ellipsoid constructed with the center at the point O in the three-
dimensional coordinate system (Figure 5). In a tensor number, an ellipsoid of
translational rigidity is described by a quadratic form (quadric) and a second order
tensor (analogous to the inertial tensor).

C, 0 O
c"=l0o c, 0 )
0 0 C,

Sometimes it is more convenient to use an ellipsoid of suppleness, which is
reciprocal (conjugated) to the ellipsoid of rigidity and is constructed similarly
(Figure 6). With known cutting forces P with the help of robots ES ellipsoids, can
determine the deformation values in the cutting zone in any direction of the
working space.
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Two robots can be used to process parts (Figure 7a): one cutting tool (with a
rigidity ellipsoid C1), and the other - a fixing part in the working space (with a
rigidity ellipsoid C2).

During cutting, the centers of both ellipsoids coincide in one point O (the
center of the cutting zone). In this case, the resulting rigidity of the system will be
reduced and described not by the ellipsoid, but by the resulting surface of rigidity.
This surface can be constructed graphically based on the matrix expression

C=[C + CZ]’1 JORYOX ©)

During processing, various cutting tool arrangement locations are possible
with respect to the workpiece, as it is shown in the part in Figure 8. In this case,
unlike the location of the axes in Figure 7, the ellipsoid axes will no longer be
collinear and the shape of the surface of the spatial rigidity will be even more
distinct from the ellipsoid.
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Figure 7. Application of two industrial robots with two ellipsoids of rigidity
(Cland C2)
a) in a non-working condition; b) during cutting
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Figure 8. Variants of technological schemes of processing by two robots

In this case, the matrix expression (3) will be changed taking into account the
matrices M1 and M2 of the rotation of the ellipsoids relative to the principal
coordinate axes of the system, respectively

C= [ClMl + Czjwz:rl ) C1M1 ’ CzMz (4)

In industry, the aforementioned version of the usage of two robots was

transformed into the creation of "two-handed" robots, depicted in Figure 9.
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Figure 9. Options for the layout of two-handed industrial robots

Thus, the layout of "two-handed" machining robots is actually reduced to the
layout of the machine tools, in which the subsystems of the tool and the parts
interacting through the cutting process are attached to the base subsystem (frame).
That is, in the IR can be used methods of study of spatial rigidity, which are used
for the study of machines, for example, from work [3].

Conclusions

As the results of research that were carried out, the general approach to the
definition of spatial static rigidity of machining robots practically do not differ
from the similar approach to the definition of spatial rigidity of machine tools.

The developed approach to the determination of the spatial static rigidity of
the processing technological robots should be used when using "one-armed™ and
"two-handed" industrial robots. This allows the design stage to determine the
surface of the static spatial rigidity of the design of the industrial robot, and allows
in the future to choose the rational modes of processing and to predict the accuracy
of the machined parts.
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