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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 4;B;. B,, points, that are
link roads of 4;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 /i, Lna, 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 angleein the plane Oxy. Let’s denote through
DB;C link rod length, which is a constant value for the given
robot, A; 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, ﬁ /6%

connected with the link rods lengths in the plane Oxy:

Figure 1 — Inematic diagram

lmin < |BiCsing;| < lpay, i = 1,3,
or, in expanded form
(x - xBi)Z + (y - YBi)Z - lizmax < 0' (1)
lizmin - (x - xBi)z - (y - YBL')Z <0,
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i=1,3.
hereby
l; = D sing;,

h;
@i = arccos o,

l; = Dsin (arccos %) = /DZ — h?, ()

% <1,0<n <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,y). Inourre search we applied anon-uniform coverings
concept for constructing the robot’s working area 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,i, = 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]:

begin

"

L= {[a,b]}

no

s

M = max ¢(x), m = min ¢(x)
x=FP x=FP

{P,,P,}=divide P
L=LU{P,P,}

A=AU(P)

L

—){ Print A, B #1

Figure 2 — Covering algorithm

Numerical modeling has been conducted for the following geometrical parameters of the robot:
D =B;C =22 cm, 4;B;< 58 cm, 414, =28 cm.
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Table 1 — Operating are a volume for specified actuators height

hax =21 cm,
hpin =7 cm

hax = 27 cm,
Rpin =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

The non-uniform coverin concept

(delta=0.02m, E=0.0000 1m, hmax=2lem, hmin=Tem)

(delta=0.02m, E=0.00001m, hmax=21cm, hmin="Tem)
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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,,,q, = 21 cm, by, = 7 cm.
The non-uniform coverin concept The form coverin p
(detta=0.02m, E=0.00001m, hmax=17cm, hmin=4cm) (delta=0.02m, E=0.00001m, hmax=17em, hmin=d4cm)
] Tt | ST TiEEE |
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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;,q, = 27 cm, hypi, = 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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Figure 5 — Covering of the working area and its borders, having been constructed
with the non- uniform covering concept for different computation accuracy

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
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.

Makcar KaJ‘ll/IMOJII[aeBl, Makcar AXMeT)KaHOBl, Baaraiima MyKaHOBal, JAunapa Asnmosa’

'MHCTHTYT HH(OPMALMOHHBIX ¥ BhIYUCIHTEIbHBIX TexHonoruit KH MOH PK, Anmarel, Kasaxcran,
*Eppasuiickuii HarmoHanbHbli yausepcuter um. JI. H. I'ymunesa, Hyp-Cynran, Kazaxcran

PEAJIMBALIUS AJITOPUTMA ITOKPBITUA
JJIS1 POBOTA C TAPAJJIEJIBHOU CTPYKTYPOU

Annoranusi. B crarbe paccmarpuBaercs pobor 3RPR ¢ mapamensHo#t crpykrypoil. OnHOW M3 OCHOBHBIX

3aJa4 B

p06OTOT€XHI/IKe SABJIACTCA OIPCACIICHUC pa60qel‘/'1 30HEI p060Ta. HpI/IBeﬂeHBI AJITOPUTMBI PCHICHUSA CUCTEM

JTOI'0 THIIA. Z[OKa?;aHI)I CBOMCTBA U OLCHKU TOYHOCTHU ITOJYYCHHBIX HpH6J’IH)KeHHI7L B kauecTBe noaxoaa K orpeac-
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neHnto pabodeil 30HBI B JaHHOW pabOTe HCHONB30BAICS METOI HEPaBHOMEPHBIX IMOKPHITHH, KOTOPBIA MO3BOJISET
OTIPEAEINTH BHEIIHIOI U BHYTPEHHIOIO AIIPOKCHMAIIMIO MHOXECTBA PEIICHUH CHCTEMBI C 3aJaHHON TOYHOCTBIO.

KitroueBble cjioBa: poOOT mapajulenbHON CTPYKTYPbI, HEPAaBHOMEPHOE TOKpPHITHE, pabodasodaacTs, cucreMa
HEITMHEHHBIX HEPABEHCTB.

Makcar KaJIl/lMOJIZIaeBl, Makcar Axmemcanonl, baaraiima MyKaHOBal, JAunapa AznmoBa’

'KP BFM FK aKIIapaTTHIK KOHE €CEeNTeyill TEXHOJIOTUs MHCTUTYThI, Anmatel, Kazakcran
y y 9 bl &
* JLH. T'ymunes ateinaarsi Eypasus yirTeik yausepeuteti, Hyp-Cyorran, Kaszakcran

HAPAJUIEJIb KYPBLIIBIMbI BAP POBOTTBIH KAMTY AJI'OPUTMIH ICKE ACBIPY

AnHoranus. Makanaga napamiens KypsutbIMbl 0ap 3RPR po6oTel KapacTeipbuiaabl. POOOT TeXHUKACHIHAAFBI
HETi3Ti MiHIeTTepaiH Oipi poOOTTHIH KYMBIC aliMarblH aHBIKTAy OOJNBIT TaObUTanbl. OCHI THIITET: KYHEIep i menry
aNTOPUTMIEP] KEeNTIpiNreH. AJIBIHFaH JKYBIKTAyJIap[blH KacHeTTepi MeH adnmikrepi aanernneHni. Ocbl kKymbIcTa
KYMBIC aliMarblHa HBIKTAyFa TOCUI peTiHe 013 )KYHEeHIH HIeNIiMIep KUBIHTBIFbIH OSpIIreH AQJIIKICH ChIPTKbI KOHE
1K1 KaKbIHIACTBIPY/Ibl aHBIKTAayFa MyMKIH/IK OepeTiH Oip KelKi eMec KaMTy dJIiCiH KOJIJaHIbIK.

Tyiiin ce3nep: mapamienb KypbUIbIM poOOTHI, OIpKeNKi eMec KaMmTy, dKYMbIC ailMarbl, ChI3BIKTBI €MEeC TEHCI3-
JIKTEp XKyieci.
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