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PARAMETRICAL SIMULATUIN OF FUNCTIONAL CAPACITY
OF THE MANIPULATOR IN A MODE OF IMMEDIATE
AUTOMATED MANAGEMENT

Objective. The purpose of article lies in ensuring the functional capacity of the manipulator.
The goal is reached at the expense of increase of effectiveness of an automated control system by
technological process. This effectiveness has to be provided in the course of creation and realiza-
tion of expeditious operating influence in a mode of immediate automated management the quick
managing director.

Methods. In the course of carrying out research the method of parametrical simulation is
used. It uses the provision of discrete mathematics. Being guided by provisions of the formal logic
the description of the scheme of formation of parameters of the functional capacity of the manipula-
tor in transient phenomenon in a mode of immediate automated management was submitted. Using
provisions of the graph theory the generalized coherent graph was contracted. The decision of this
graph with use Rosenberg-Karnopp's transformation and Kelly — Richardson’s theorem gave the
chance to receive corrective function of the quick managing director of an automated control system.

Results. On the basis of the conducted research parametrical simulation of the functional
capacity of the manipulator in a mode of immediate automated management is executed. The com-
parative analysis of results of operation of an automated control system for technological process
with the reference and corrected generalized function of operating influence in a mode of immedi-
ate automated management showed that at the corrected function of operating influence decrease in
mistake on accuracy of positioning for 42,9% reached.

Academic novelty. The parametrical model of the functional capacity of the manipulator in
a mode of immediate automated management is developed. Feature of model lies in possibility of
the description of the functional capacity of functioning of the manipulator in a transient regime in
the course of creation and realization of the quick managing director of influence. Parametrical
simulation of the functional capacity of the manipulator in a mode of immediate automated man-
agement is executed.
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Practical importance. The received results are directed on ensuring the functional capacity
of the manipulator in the course of creation and realization of expeditious operating influence in a
mode of immediate automated management.

Key words: manipulator, parametrical model, functional capacity, coherent graph, transient
phenomenon.

Stating the problem. There are problem statements in a general view and
communication with the major scientific or practical tasks. For process of function of
the manipulator it is characteristic instability of its dynamics and kinematics parame-
ters in the course of the movement of a processed product. Generally manipulator
functioning it is reduced to an inequality of regional conditions of interaction of exe-
cutive body of the manipulator and moved product. It is bound to feature of creation
of a production cycle of the manipulator. This cycle has discrete reversible construc-
tion. At realization «start up stop» and reverse take place the transient phenomenon in
manipulator structure elements. This process distorts the managing director’s influ-
ence of an automated control system of technological process. Instability of the func-
tional capacity of the manipulator in a mode of immediate automated management by
technological process of movement product is as result.

Analysis of the last researches and publications. In [1; 2] possibility of a
prime to complete description of operating influence of an automated control system
by technological process in real time is offered. Authors used provisions of the graph
theory. It allows describing process with the considerable probability of random fac-
tors [1].

It 1s especially efficient at realization of operating influence of an automated
control system by technological process in a mode of immediate automated manage-
ment [2]. How ere authors ignore the transient phenomenon at realization of the ma-
naging director of influence of an automated control system by technological process.

In [3-5] features of application of the graph theory for technological process
and equipment of discrete action are formulated. In [3] application of the coherent
graph for objects and processes at determination of compliance of ponder ability of
separator elements of target function of influence of an automated control system by
technological process is recommended. Questions of transformation of the coherent
graph at research of the oscillating character are expended in [4]. Authors [5] for re-
ceiving analytic function of transformation of the coherent graph recommended using
methods of the formal logic. Unfortunately the provided data have common character
and cannot be used without express adaptation.

In [6-8] results of application of the coherent graph for research of transient
phenomenon of oscillating character are given in branched loop system. In [6] results
of simulation with use of a method of counts for multi mass line system are given. In
[7] analytical dependence is received and results of the analysis of transient phe-
nomenon for the elementary branched system are given. In [8] the transient pheno-
menon for the line system with power short circuit is investigated. As a whole authors
were beyond determination of parameters of transient phenomenon. However they
concentrated on the elementary option when external indignation of a stationary value
pretends to be instantly.
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In [9; 10] results of transient phenomenon simulation are given in interpreta-
tion with parameters of a processed product with use of the coherent graph. In [9]
analytical dependence of transformation in the form of compound fraction is re-
ceived. However there are no data on cost with test data. In [10] parameters transient
phenomenon are determined and their comparative analysis with actual data is given.
The result does not contain analytical dependences for use by an automated control
system by technological process.

Thus, a research objective is determination of the functional capacity of the
manipulator. The goal is reached at the expense of increase of effectiveness of an
automated control system by technological process. This effectiveness has to be pro-
vided in the course of creation and realization of expeditious operating influence in a
mode of immediate automated management the quick managing director.

The functional capacity of the manipulator in a general view is formed as result
(look figure 1)

XX ={xpx, |
SF={fi,. f,} J >0={0,..0,} — ZUZ:{uf, ,u;}
ZY:{yla"'ayn}

Figure 1 — The scheme of formation of parameters of the functional capacity of
the manipulator

Y = {yl,..., yn} — concrete parameters of the executive body of the manipu-
lator;
2X = {xl N }— concrete parameters of a product prior to movement process;

> F={fi,....f,} — concrete technological parameters according to realized
operating influence of an automated control system by
technological process in a mode immediate automated
management;

>0 ={o,,...,0;,} — the unique terminating of positioning of a product in when
moving, where i >0 — quantity of positions of movement
(i=0 — prior to movement, i >1 — immediately in the
course of movement);

SU! = {uf,...,ui }— concrete parameters of transient phenomenon at develop-
ment and realized of operating influence of an automated
control system by technological process in a mode of im-
mediate automated management;

n>1 — quantity of weighable factors.
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According to the scheme (figure 1) the functional capacity of the manipulator
is fully characterized by accuracy of position of a moved product ZE; at the con-
crete moment of technological process. Thus it important to know concrete character
of kinematical and dynamical parameters of transient phenomenon in stage «start up
stop». For the concrete component of n these parameters are uniquely determinate by
concrete parameters of technological process ) F', in the conditions of their distor-
tion by transient phenomenon ) U ,11 . Then it is easy to present parametrical model of
the functional capacity of manipulator in a look

) iinv
inv<YU, <

ZEn = ZFninv PN |
. X'
i l-COi’lSt Rt ZUnlconSI const Z
XX =30, ={3E, —eIR el S3n ()
= >y

where inv — padding components of the manipulator which are instantly formed
at start-up from the beginning of technological process;
const — manipulator components which do not depended form techno-
logical process and are available irrespective of a stage «start up
stop».

According to parametrical model functional capacity of the manipulator (1)
function of operating influence of a control system by technological process at tran-
sient phenomenon of immediate automated management can be present in form of a
transformation

Z:E’iinv _ Z(ZX;”W 4 ZU’iinvj;

Z:(]’iinv _ Z(Z E’iinv 4 ZFnl-invj;
f(n W) - : const ( : const ~c0nstj (2)

YE, XXX, +2XU,

b

Z:(]’iconst _ Z(ZE;CO’?“ n ZFniconstj,

According to (2) for the manipulator in a transient phenomenon of immediate
automated management it is possible to construct generalized coherent graph of the
functional capacity. This graph is presented in figure 2.

Respectively for this graph using Rosenberg-Karnopp's transformation and
Kelly-Richardson’s theorem it easy to receive the corrected generalized function of
operating influence of an automated control system for technological process in a
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mode of immediate automated management taking into account description of the
functional capacity of the manipulator at a transient phenomenon (3).

-iny n

— 00— " —> 0 —3| " f—> 0 —>
L i)
X:x, T ¥ Y:y,
: u’l-?const f const
> _>| U’iconstl_> 0 4>| F’;-constl_> ) —>

-const - const i const n -const - const
i L 1 . const i Lo
Lx! E e Y Ly
1

Figure 2 — The generalized coherent graph of functional capacity of the
manipulator
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Comparison of results of operation of an automated control system by techno-
logical process with the reference and corrected (3) function of operating influence in

a mode of immediate automated management f (”W) showed interesting results.

When using the corrected function of operating influence mistake decrease on accu-
racy of positioning of executive body of the manipulator for 42,9% was reached at an
error of the kinematical parameters of 5,8% and time of attenuation dynamic oscilla-
ting process 17,2%.

Deduction. Correction of the generalized function of operating influence of an
automated control system by technological process for the manipulator in a mode of
immediate automated management does possible effectiveness increase in respect of
increase in accuracy of positioning of executive body of the manipulator.

Practical significance. The received results are directed on ensuring the func-
tional capacity of the manipulator in the course of creation and realization of expedi-
tious operating influence in a mode of immediate automated management. These re-
sults create the actual level of influence for ensuring body height of accuracy of posi-
tion of executive body of the manipulator in a mode of immediate automated mana-
gement of an automated control system for technological process without cardinal
change of its elements base.
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Iens. Llenv cmamou 3aknouaemcs 6 obecneveHuy QyHKYUOHANIbHOU CNOCOOHOCTMU MAHUNY-
JAMOopa 3a cuem nogvluleHust 3 pexmusHocmu a8mMoMamu3upOBaAHHOL CUCTEeMbl YAPAGTIeHUs meX-
HONO2UYECKUM NPOYECCOM 8 npoyecce 2eHepayuu U pearusayuu OnepamueHo20 YNpasisioue2o
BNUAHUSL NPU PEHCUME HENOCPEOCMBEEHHO20 A8MOMAMUSUPOBAHHO20 YNPABLEHUS.

Memoouxka. B npoyecce uccnedoganuti ucnonb308an Memoo napamempuiecKkozo mooeiu-
POBaHUA C npugieyeHuem noaoxcenui ouckpemuou mamemamuxuy. C nomowpio nonodxicenuu ¢op-
MANbHOU NI02UKU ObLIO NPeOCMABIeHO ONUCAHUe cxembl (OpMUPOBAHUs NAPAMEMPOs QYHKYUO-
HANbHOU 803MONCHOCIU MAHUNYIAMOPA 8 NEPEXOOHOM NPOYEcce NPU pexicume HenocpeocmeeHHo20
asmomamuzuposannoco ynpaenenus. C UCnONb308aHUEM NONONCEHUU meopuu 2paghog 0wl no-
cmpoeHr 0606wenHblll céaA3HbIL 2pagh. Pewenus amoeo epaga c ucnonvzosanuem npespaujerus Po-
senbepea-Kapnonna u meopemsl Kennu-Puuapocona npedocmaguio 603MONMCHOCMb NOJYYUMb
KOppeKmupyemyo (QyHKyuio OnepamueHo20 YRpasisaioue20 IUAHUA A8MOMAMUUPOSAHHOU CUC-
membvl YnpasieHusl.

Pezynomamul. Ha ocnosanuu npogedeHHbIX uccie0o8anuil 8bINOJIHEHO Napamempuieckoe
MoOenuposanue QYHKYUOHANbHOU 803MONCHOCMU MAHUNYIAMOPA NPU HENoCPeoOCmEeHHOM aA8mo-
mamuzuposannom ynpasieHuu. CpasHumenbHulll aHaiu3 pe3yivmamos IKCHAYamayuy dgmomamu-
3UPOBAHHOU CUCMEMbl YRPABIEeHUs MEXHOI02UYECKUM NPOYEeCcCoOM CO CMAHOAPMHOU U KOPPeKmu-
pyemoti 0606uenHoll ynKyuell ynpasnaowe2o GIUIHUL 8 PeicuMe HenocpeoCmeeHH020 asmoma-
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MU3UPOBAHHO20 YNPABIEHUS NOKA3A, YMO NPU KOPPEKMUPYemol (pYyHKYuu ynpasisioue2o 6IusHus
00CMUzHYmMo yMeHvleHue owmubKy no moyHocmu no3uyuornuposanus na 42,9%.

Hayunaa nosusna. Paspabomana napamempuueckas mooenb (DYHKYUOHANbHOU B03MOHC-
HOCMU MAHUNYJISAMOPA NPU HeNnoCpeoCmeeHHOM A8mMoMamusuposannom ynpasnenuu. Ocobennocno
MOOenU — 803MONCHOCMb ONUCAHUSL (PYHKYUOHANLHOU CNOCOOHOCIU NPU NEPEeXOOHOM pedcume
DYHKYUOHUPOBAHUA MAHUNYIAMOPA 8 Npoyecce 2eHepayul U pealusayuu OnepamueHo20 ynpas-
JA0We20 enuAHUs. Buinoaneno napamempuueckoe mooenupoganue YYyHKYUOHATbHOU CNOCOOHOCU
MAHUNYIAMOpa nPu HenocpeoCmeeHHOM A8MOMAMUZUPOBAHHOM YAPAGTIEeHUU.

Ilpakmuueckasa 3nauumocms. llonyuennvie pesyibmamel HAnpagieHvl HA obecneueHue
@DYHKYUOHATLHOU CROCOOHOCTIU MAHUNYIAMOPA 8 NPoYecce 2eHepayuu U peatu3ayuu OnepamueHo-
20 YNpagnaowe20 8IUAHUA NPU HeNnocpeoCmEeHHOM A8MOMAMUSUPOBAHHOM YRPABIEeHUU.

Kntouesvie cnoea: manunynamop, napamempudeckas mooenb, (YHKYUOHATbHASL CNOCOO-
HOCMb, C8A3HbIU 2pagh, nepexooHblil npoyecc.

Mema. Mema cmammi nonseae y 3abesneuenti yHKYIOHATbHOI CNPOMONCHOCIIT MAHINY -
mopa 3a paxyHoK nio8UUeHHs epeKmueHoCcmi agmomMamu308aHoi cucmemu ynpaeiinHs mexHoni02iy-
HUM Npoyecom y npoyeci ceHepayii ma peanizayii onepamusHo20 YNpasisaioio2o GNaUGY 3d PEHCUMY
0e3nocepeOHb020 A8MOMAMUZ0BAHO20 YIPABTIIHHSL

Memoouka. Y npoyeci 00cnioxHceHb BUKOPUCAHO MemOo0 NaApaMempuyHo20 MOOeI08AHHS
3 3QYYEHHAM NON0NHCEHb OUCKPEMHOI MamemMamuKku. 3a 00noM0o2010 NON0NHCEHb POPMATbHOT 102IKU
0y10 npedcmasieHo onuc cxemu Gopmyeants napamempie yHKYIOHAIbHOI CNPOMONCHOCMI MaHi-
nYIAMopa y nepexioHomy npoyeci 3a pexrcumy 6e3nocepeonbo2o asmomamu308aHo20 ynpaeiints. 3
BUKOPUCMAHHAM NOJI0JCeHb meopii epagis 6y10 nobydosaro y3azanrbHenull 36 a3uuil epagh. Po3e ’s-
3aHHA Yb020o 2pagy 3 UKOpucmauHam nepemeopents Pozenbepea-Kapnonna ma meopemu Kenni-
Piuapocona naoano smozy ompumamu kopucosamy yHKYito onepamuerHo2o Ynpasiainio2o enausy
a8mMoMamu308aHoi cucmemu ynpasiiHHs.

Pesynomamu. Ha niocmasi npogedeHux 00CHiOHCeHb BUKOHAHO NAPAMEMPUYHE MOOeNo-
8aHHS YHKYIOHANLHOI CNPOMONCHOCMI MAHINYIAMoOpa 3a 0e3nocepeoHb020 a8moMamu308aHo20
ynpaeninus. IlopiensanvHuil ananiz pe3yibmamie ekcniyamayii aemomamu3o8anoi cucmemu ynpag-
JUHHA MEXHONO2IYHUM NPOYEcoM i3 CMAHOAPMHOI0 MA KOPUSOBAHOIO Y3A2AlbHEHOI0 (DYHKYIEIO
VAPABTIAIOUO020 BNIUBY Y PeHCUMI De3n0CcepeOHbo20 asmomMamu308ano20 YNpasiinHl noKazas, wo 3a
KOpU208aHoi PyHKYII YNpasnsaiouo2o 6nau8y 00CASHYMO 3MEHULeHHs NOMUIKY 3a MOYHICIIO NO3UYi-
oHyeanHs Ha 42,9%.

Haykoea nosusna. Po3pobneno napamempuuny mooenv QyHKYIOHANbHOI CNPOMOICHOCHI
MAHInNyIamopa 3a 6e3nocepeoHb020 A8MoMamu308ano2o ynpasiinis. Ocobaugicme Mooei — Moic-
JUBICMb ONUCY (DYHKYIOHANBHOI CNPOMOICHOCIE 30 NEPEXIOHO20 PeHCUMY (DYHKYIOHYBAHHS MAHINY-
JAMopa y npoyeci eeHepayii ma peanizayii onepamusHo20o ynpasisanio2o enaugy. Bukonano napa-
MempuuHe MOOent08aHHs (PYHKYIOHALHOI CNPOMOACHOCMI MAHINYAAMOPA 3a 6e3n0cepeonboco as-
MOMAmu308aH020 YNPAGIIHHSL.

Ilpaxkmuuna 3nauywicms. Ompumani pe3yiomamu CHpAMOBAHO HA 3a0e3ne4enHsl hYHKYi-
OHANLHOI CNPOMONCHOCMIE MAHINYIAMOPA Y NPoyYeci 2enepayii ma peaiizayii onepamusHo20 ynpae-
JIAAIOUO020 8NAUBY 30 6E3N0CEPEOHbO20 ABMOMAMUZ0BAHO20 YNPABTIIHHSL.

Knrouogi cnosa: mauninynamop, napamempuyna mooensb, (QYHKYIOHATbHA CHPOMONICHICTD,
36 ’A3HUL 2pagh, nepexioHuti npoyec.
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