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MODELING OF THE CELL STRUCTURES OF ROBOTIZED SYSTEMS

MODELOVANIE BUNKOVYCH STRUKTUR ROBOTIZOVANYCH SYSTEMOV

Abstract

For increasing the efficiency of technical progress is necessary to automate the engineer’s
work. Although there is a wild area of using the systems of automated constructing, technological
background of production and projecting (CAD, CAP, CAx), in specialized areas is necessary an
additional progress. Important stage of software products development is modeling a solved problem.
Common additions in the field of creating geometrical models of objects are showed into the
additions in the field of modeling of the structures of production systems.

Advantages:

e  Exploitation in the projection of structures of production systems
e Applicability for automated systems, for systems with man attendance, or to combinations
of them, too
e Increase of the accuracy of the modeling against to the most of yet used methods
e Accordance of methodical progress:
- in creating model databases (objects of produce, elements of production systems,
structures of production systems)
- in the using of parametrical model databases (objects of produce, elements of
production systems, structures of production systems)

For the modeling of the cell structures of production systems with robots were designed a new

principle of solving topological relations. This paper describes the suggested model of solution.

Abstrakt

Pre zvysenie efektivnosti technického rozvoja je nutna automatizacia inzinierskej prace. I ked’
je to Sirokd oblast’ systémov, automatizacia sa stdva technologickym podkladom produkcie a
projektovania (CAD, CAP, CAXx), v $pecializovanych oblastiach je potrebny d’alsi vyvoj. Ddlezitym
stupnom programového vyvoja produktov je modelovanie a rieSenie problému. VSeobecnymi
principmi pri tvorbe geometrickych modelov objektov st vlozené do priloh na poli modelu Struktir
vyrobnych systémov.

Vyhody:

e  Vyuzitie pri navrhovani §truktir vyrobnych systémov

e  Vhodnost’ pre automatizované systémy, systémy s I'udskou obsluhou, alebo kombinované

systémy
e  Zvysenie presnosti modelovania oproti doteraz najviac pouzivanym metodam
e Zhoda so systematickym vyvojom:
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- tvorba modelu databazy (predmetov vyroby, elementov vyrobného systému, Struktir
vyrobnych systémov)
- vyuzitie parametrického modelu databazy (predmetov vyroby, elementov vyrobného
systému, Struktur vyrobnych systémov)
Pre modelovanie bunkovych Struktir vyrobnych systémov s robotmi, kde je navrhnuty novy
princip riesenia topologického spojenia. Tento prispevok popisuje navrh modelu rieSenia.

For modelling of cell structure of production systems with robot was suggested a principle of

solution of topological relation showed on Fig. 1.

1. The first step is a selection of handling element (i.e. type of robot or human operation —
man, woman — different several anthropometric data). The loading point of handling element
becomes a starting point of the cell coordinate system. IPy = O,,-

2. From database the first building element is selected. The loading point is set in X-axis of
cell coordinate system into R; distance from the origin of the cell coordinate system, i.e.:

IPi=[R, 0, 0]

Radius R, (see Fig. 2) is chosen from the interval: R; € { Riin, Rima ) SO there is maximum

superposition of working zones for a handling device and the cell relevant elements. Superposition

index is: k,=t,/ (tg + tyer) —> max
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Fig. 1 Model of topological relations in pilot structure of production systems

Interval bounds R,,;, and R, . are determined as the intersection points of line Pyp , which is
interlaid over the working point of element WP = [ X,1, Yuwp1. H,p1 ] parallel with X-axis and the

limit curves of the working zone for handling devices {k, k, ..., k, }, where n determines
number of limit curves.
Puwpr 0k, ky, ..., Ky} = { P, P}

Py = [Rimin, 0, Hpp1], P2= [ Rimax, 0, Hyp1 ]
There are following cases:
a) Puwpi Ok, kayooo) kn} = {P, P2} = Ri€(Ripin, Ripax)
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b) Puwpr N Lk, koyooo, Ky} ={P1} = Rimin== Rimax = Ry
) Puwpr N {ki, kay..., kg }={D0}) = {@} = non-isadvisable R,
i.e. there is necessary change for height of working point HWP1.
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Fig. 2 Radius determination R

3. Selection for the next building element from database.

4. Interactive determination of semi-space (L or P). In this semi-space there is set building
element model ( for the next possibility we can predict that element is set into L semi-space).

5. Automated calculation of element position.

a) An angle with element 1 is calculated:

oy = arctg By /(R - L),

where By;, Ly, - are coordinates of critical element point 1 in L semi-space (concerning
determined radius R ).

b) safety angle between elements 1 and 2 ( ap;_» ) is determined as sum of angles:

aip= arctg Bip, / (Ry - Lip), oopp = arctg Bagp / (Ra - Lagp),

where :  Bip;, Lipr, Bagp, Logp coordinates of critical points for elements 1 and 2 of safety
zones in semi-space L and P: a1, = oy + copp

An angle with element 2 is calculated:

ayyp= arctg Bap/ (Ry - Lap),

where: Byp, Lyp - are coordinates of critical element point 2 in P semi-space (concerning
determined radius R, ).

d) Loading point for element 2 (IP,) is on a line P, crossing the origin of the cell coordinate
system O,,,,. and with X-axis forming an angle:

o = oqyL T 012 T Onyp

As well the loading point for element 2 is on a circular line K, with centre in point O,,,. and
with radius R,. Loading point position 1P, is determined as position of intersection P, M K, A line

P, is determined with equation in outline expression. : yv=kx+gq,
where : k— gradient of line: k=tg o,
q - intercept which is determined with the line on Y-axis: ¢g=0 and then
Itis valid that: P, : y=x. tg o,
A circular line K, = [O,,., R, ] is determined with equation:
xX*+3y*= R* ,because O,,.=[ 0,0,0 ]
The point coordinates /P, = [ x;p, vipo ] re obtained with solution of system of equations:

y12P2 = x1§2- tg 0!22 (D
Xt Vi = R )
It is valid that :
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Xipp = R2 / \/ 1+ tg2a2
Vi = R2 . tg2a2 /\/ 1+ tg2a2
Element 2 is inserted in point /P, = [ x;p, , yyp2, 0] turned off at an angle «, .
6. The determination of rest angle 7 (azz) for relevant semi-space:
o= al2 - o - oy,

where: « - angle of working space for handling device.

7. Insertion of the next element?

For calculation of position for i element:

a) There is a radius determined R; € { Rinin, Rimax )-

b) Safety angle between elementiand i-1 ;1) ;3 are sum of safety angles :
Ap(i-1), ABi -

ap(i-1) = arCth(i—l)B/(R(i—l) - L(i—l)B)
Opi = arCth[B/(R[-L[B)
Aii-1y»8 = -1yt B

c) Angle with i elements ;= arctgB; / (R; -L;) .

d) Element is set in point /P; determined with polar coordinate system : IP; = [ R;, «; ],
where element radius vector /P; and positive direction of X-axis make an angle

o= oG-y t Oi-n-izg T Qy

The Cartesian coordinates for a position of inserting point IP; is:

Xipi = R,/ \/ 1+ tgza,-

yvipi =R;. tgza,- /N1 +tg2a,-

e) Rest angle (i.e. dropped angle of working space for handling device) is determined with
equation:

az; = al2 -( & -ay),

If i-element is positioned in the left semi-space then: =1

O(i—1)B= O(i—1)BL Bii-1ys8= Bii—1ymL
dip = Qigp Big = Bigp
i-1Yyr= Oi-1)7L L(i—l)B: L(i—l)BL

diy = Qiyp Lipg = Lipp

iy = Gy B = Bsp

a7 = Qz Ly =Lp

If i-element is positioned in the right semi-space then: i = ip
O(i-1)B= O(i-1)BP B(i—l)B: B(i—l)BP
dip = AipL Big = Bin
Oi-1Yyr= OLi-1)vp L(i—l)B: L(i—l)BP

iy = Giyp Lig = Lip

iy = GQiyp B, = B

Oz = Ogzp L, =1L

It is possible that at the application of relevant method on elements, which are characterised
with a difficult shape of zone with maximum dimensions or safety zone, there is left a reserve angle
between elements i — 1 and i. This angle should decrease the angle, which is between relevant
elements. Correction of position for an element is performed with a reduction of angle with value of
angle correction.

There is the possibility of angle correction in critical element points (for critical ones are
considerate points where zone shape is changed into the maximum element dimensions or the shape
of safety element zone).

Calculation of correction has got two steps (Fig.3, Fig. 4 ).

Correctioni — (i—1)

It is valid that:

GG (i-1)»i= G (i-1) - G
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_ . 2 2
o;; = arcsin y;; / \/xj”,-;ry‘,-,,- )
@, = arcsin y; o1/ N o0 TV

Conseqvential angle correction:
a,-ﬁ,-(,-,l)=min { Qi 5 (i-1) }, j: 1, 2, e, m

Fig. 3 Calculation of correction ¢; ;1)

Correction (i—1) —i

It is valid that:
G (i-1)>i= G (i-1) = i
o;; = arcsin y;; / \/xzj,,z+y2j,,~
. 2 2
a;; = arcsin y; .1/ \/xj,i(i—l)+yj,i(i—l)

Conseqvential angle correction:
oi-y—i=min{ o -1y y, j=L2 ., m

)

Fig. 4 Calculation of correction o (;_1) - ;
Sumary angle correction:

ap =MmMin{ & L (i-1), &G (i-1))
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Parametric structure models production systems are universal and flexible from the point of

application possibilities (cutting, assembly, etc.) and degree of automation (non automated,
automated manufacturing systems) and at the same time provide higher level for optimization by the
spacing problem solution.
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