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IMPLEMENTATION OF COVERING ALGORITHM
FOR THE ROBOT WITH PARALLEL STRUCTURE

Abstract. The paper considers a 3RPR robot with a parallel structure. One of the main tasks in robotics is to
determine the working area of the robot. Algorithms for solving systems of this type are given. The properties and
accuracy estimates of the obtained approximations are proved. As an approach to determining the work area, the
method of non-uniform coatings was used in this work, which allows one to determine the external and internal
approximation of the set of solutions of the system with a given accuracy.

Keywords: parallel structure robot, non-uniform covering, work space, system of nonlinear inequalities.

Robots of a parallel structure are widely used due to a number of design advantages compared with
serial mechanisms. For example, less load on the load-bearing elements and better positioning accuracy of
the end-effector could be achieved. These robots are formed by a series of parallel kinematic chains
connecting the base of the robot and the end-effector.

In this paper considered a parallel robot, having 3 degrees of
freedom (figure 1). The given robot type has 3 link rods 4.B;,
which execute forward movements and B,C, fulfilling two-
dimensional motion [1].

For the given robot type the actuators coordinates are posi-
tions of B, that is, the link rods lengths A;B;. B, points, that are
link roads of A4;B;. Let’s assume, that link rods lengths B;Ci =1,2,3 B,
cannot be random and limited from above and below with some [ /[]
magnitudes lyin, e, With one and the same for all three rods
depending on actuators. The C working organ position in the g C A,
operational space is assigned with masses center coordinates (x,y) ,67>
and platform tilting anglegin the plane Oxy. Let’s denote through
DB,C link rod length, which is a constant value for the given
robot, 4; height of lift point B; from the C levelvia o tilts 4,8.C
between the rod and B;C and verticalbar 4;B. 3

Let’s recordlimitations in the platform center coordinates, /5% Ié%
connected with the link rods lengths in the plane Oxy:

B

[ ]

Figure 1 — Inematic diagram

lmin < |BiCSin(pl-| < lmax,i = 1,3,

or, in expanded form

(x - xBi)z + (y_ yBi)z - lizmax <0, (1)
Boin — (x — xp) % — (y — yp)* <0,
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i=1,3.
hereby
l; = D sing;,

h;
¢; = arccos .

l; = Dsin (arccos %) = /DZ — s, 2

% <10<nr <D

As it can be seen, the limitations on the given robot have the same formas for the 3RPR type plain
robot. It means, that the robot’s kinematic diagramis given in the same diagram, which is similar to 3RPR
robot, having been considered at the research’s previous stages [2].

Numerical outcomes. As we see, at the fixed limitation actuators the heights (1) are assigned with
circumference equations in the variables planes (x,)). Inourre search we applied anon-uniform coverings
concept for constructing the robot’s working arca based on limitations, which were formed with six
inequations (1) on variables (x,y) and limitation (2). In the below given examples we have assigned the
fixed values of maximum and minimal height sh,,,,,, = 21 ¢cm, 27 cm, hy,;,, = 7 cm, 4 cm and computed
the possible limitations covering and internal working area. To take in to account the feasible allowances
in the minimal and maximum link rods lengths possible values, we have included the allowance for the
link rod length ase>0.

Non-uniform covering algorith m (figure 2) for the limitation case in the form of inequation might be
formulated as [3, 4]:

L := {[a,b]}

M = max ¢(x), i = min ¢(x)
xsP xsP

{P,,P,}=divide P

A’.:AU{P} L1=LU{P1,P2}

Figure 2 — Covering algorithm

Numerical modeling has been conducted for the following geometrical parameters of the robot:
D =B;C =22 cm, A4;B;< 58 cm, A;4, = 28 cm.
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Table 1 — Operating are a volume for specified actuators height

Rpax = 21 cm,
Apin =7cm

Rpax = 27 cm,
Apin =4 cm

S(cm?)

57,81

9,38

Covering the working area and its borders are shown in figure 3 and 4.

The non-uniform coverin concept
(delta=0.02m, E=0.0000 1m, hmax=2 lem, hmin=Tem)

The non-uniform coverin concept
(delta=0.02m, E=0.00001m, hmax=21cm, hmin=Tcm)
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Figure 3 — Covering the working area and its borders, having been constructed
with the non-uniform covering concept at maximum and minimal height valuesh,,,,, = 21 em, by, = 7 cm.
The non-uniform coverin concept The form coverin p
(delta=0.02m, E=0.00001 m, hmax=17cm, hmin=4cm) (delta=0.02m, E=0.00001m, hmax=17cm, hmin=4cm)
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Figure 4 — Covering the working area and its borders, having been constructed
with a non-uniform covering concept at maximum and minimal height values h,,,,, = 27 cm, h,,,;,, = 4 cm.

Computations have been done on the personal computer in the language C++, the outcomes visuali-
zation has been executed in Matlabs of t ware.

Table 2 — Amount of the rectangles, processed in the algorithm to prove the computations different accuracy and ¢ (figure 5)

&/ & (M) 0.02 /0.0001 0.015/0.0001 | 0.01/0.0001 | 0.005/0.0001
Rectangles quantity in the working are a covering 48 72 112 245
Rectangles quantity in borders covering 988 1476 2006 3565
Rectangles quantity in processing 2483 3447 4883 9672
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Conclusion. At this stage, a numerical implementation of the method of non-uniform coatings was
performed for a number of model examples. Numerical calculations showed that the method of non-
uniform covering can be applied to models of robots of parallel structure, in particular, for a flat robot with
three degrees of freedom 3RPR. In the future, systematic calculations will be performed for different types
of constraints and other types of robots. Covering of the working area and its borders, having been con-
structed with the non- uniform covering concept for different computation accuracy. To prove the com-
putations different accuracy and & amount of the rectangles, processed in the algorithm. The problem of
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The non-uniform coverin concept

(delta=0.02m, E=0.00001 m, hmax=2lcm, hmin=5cm)

The non-uniform coverin concept
(delta=0.005m, E=0.00001m, hmax=21c¢m, hmin=5cm)
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The non-uniform coverin concept

(delta=0.02m, E=0.00001 m, hmax=2lcm, hmin=5cm)
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Figure 5 — Covering of the working area and its borders, having been constructed
with the non- uniform covering concept for different computation accuracy

26

approximating the solution set of a system of equalities or inequalities is considered. A practical example
is given that can be formulated in one of these forms.

Annoramusi. B crarbe paccmarpusaercs podor 3RPR ¢ mapamrensrHoi crpykrypoil. OZHON M3 OCHOBHBIX
3a71a4 B pOOOTOTEXHUKE SABILICTCS ONpencicHue padboucii 30HbI podoTa. [IpuBeeHBI aIrOPUTMBI PEHOICHHUS CHCTEM
3T0TO THHA. JIOKA3aHBI CBOMCTBA M OLICHKH TOYHOCTH MOJYUCHHBIX MPHOMDKCHIHA. B kauecTse moaxoaa K ompene-

Makcar Kaimmoiaes', Makcar Axver:kanos', Baaraiima Mykanosa', Junapa Azuvona’

"MHCTHTY T ME(OPMALIMOHHBIX H BHMHCITHTETbHBIX Texnotoruit KH MOH PK, Amvarsr, Kasaxcran,
“EBpasuiickuii HauHOHATBHKIH yEHBepcuTeT mM. J1. H. Tymmnesa, Hyp-Cynran, Kazaxcran

PEAJIMZAIIUA AJITOPUTMA HOKPBITUA
JJIAA POBOTA C TAPAJIJIEJBHOU CTPYKTYPOU
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JICHUIO PadoUcii 30HBI B JAHHON PabOTEe MCMOIB30BANCSH METOJ HCPABHOMCPHBIX MOKPBITHIA, KOTOPBIH MO3BOJSICT
ONpPECACTIUTh BHCUTHIOK) W BHY TPCHHIOI) AIITPOKCUMAIIUEO MHOKCCTBA peH.[eHI/II\/’I CHCTCMEI C SBZ[aHHOfI TOYHOCTBH).

Kmouepbie ci10Ba; poOOT MAPAICIBHON CTPYKTYPHI, HCPABHOMCPHOC TOKPHITHE, Pad0vasg00IacTh, CHCTEMA
HCIHHCHHBIX HCPABCHCTB.

Makcar Kaimmonaes', Makcar Axver:kanos', Baaraiima Mykanosa', Junapa Azuvona’

1I{P BFM FK aknmapatThiK jkoHE CCCNTCYIl TCXHOIOTHA HHCTUTYTHL, AMatel, KasakcTan,
* JLH. Tymunes arbmaarst Eypasus yirTeik yausepenteti, Hyp-Cynran, Kasakctan

MAPAJIJIEJID K¥PBIJIBIMbI BAP POBOTTBIH KAMTY AJITOPUTMIH ICKE ACBIPY

Annoramusi. Makanana nmapamiens KypbuibiMbl 0ap 3RPR poOoTsl KapacTeIpelIaasl. POOOT TEXHUKACHIHAAFHI
HET13r1 MiHACTTepAiH Oipi POOOTTHIH KYMbIC aWMAFbIH aHBIKTAY OO0 TaObLmaabl. OCHI THITET XKYHenepal memnry
anropuTMACPI KCIHTIPIATCH. AJIBIHFAH JKYBIKTAYJIAPABIH KACHETTCPI MCH momikTepi AomenacHmi. OCHI KYMBICTA
SKYMBIC aiiMarbIHA HBIKTAYFA TOCII PeTiHAC 013 *KYHCHIH IMEIIiM/Iep *KUBIHTHIFBIH OCPIUITCH JIAIKIICH CHIPTKBI KOHE
1K1 YKAKBIHJACTBIPYIBI AHBIKTAyFa MYMKIHIIK OepeTiH Oip KeIKi eMeC KaMTy diCIH KOTIAHABIK.

Tyiiin cesmep: mapamiens KypbUIbIM pOOOTHI, OipKEeIKi eMec KaMTy, )KYMbIC allMarbl, CBI3BIKTBI EMEC TCHCI3-
JIiKTEp Kykecl.
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