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Introduction

The research of the problems related with automatic
and optimal control involves the cases of the need for
limiting various state variables of an object. Such
limitations are possible due to the characteristics of an
object, the principle of the work carried or the limitations
of coordinates are introduced in order to achieve certain
targets. Practically the most widely accepted are
considered the control objects possessing the limitations of
various coordinates or so called automatic electric drives.
When optimizing the control of such drives in accordance
with the requirements of technological processes one has
to limit the time for starting and braking, the velocity of an
motor for gaining torque or stopping, sometimes even the
torque of a motor or current .

In accordance with the safety rules of the installation
and maintenance of lifts the acceleration of a passenger car
at the time of starting and braking shall not have to exceed
1.5 m/s*. Due to that the control system of the lift drive has
to form the optimal pathways for the car to gain torque
and stop, and it is characterized by the values of the
determined velocity, acceleration and acceleration
expressions independently on the number of passengers
present in the car.

Within the high speed levitation means of transport
with linear motors there have to be designed the following
braking modes of a coach such as service, additional,
emergency braking when the allowable slowing down of a
coach have correspondingly values of 1, 3 and 6 m/s (i.e.
negative linear acceleration values) [1].

In mechatronic systems an electric motor operates
both under the modes of a motoring and braking
(generatoring). That is why in the process of energy
change especially in the dynamic modes is changed due to
load, torque and current of the motor. The submitted
samples indicate that it is necessary to develop and perfect
the systems of automatic control, reacting onto the changes
of the state of an object and to be able quickly to change its
structure and parameters up to the allowable value by
limiting the required coordinates of an object.

The objective of the article is to determine the
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regularities of the optimal structure of an automatic control
system as well as the parameter changes of the controllers
when the object of control is in the mechatronic system
and is considered to be an electric drive with a two mass
mechanical system.

Differential Equations and Block Diagram

In realistic mechatronic systems the mechanical part
of an electric drive is mostly composed of two mass
system, peculiar for elasticity and possessing kinematic
clearance [2]. When such a drive is operating or when its
mode is changed there could appear transient and forced
oscillations as well as dynamic loads, damaging other
elements of mechatronic system. That is why these factors
have to be not only limited but damped as well.

The two mass mechanical link of an electric drive is
characterized by the following parameters:

e reduced moment of inertia J; of the elements

connected with a shaft of a motor;

e reduced moment of inertiaJ, of the elements
connected with a running device of a mechatronic
system;

e load torque 7, of a shaft of a motor;

e Joad torque T, of a running device;

e resilient bond Dbetween both masses is

characterized by the equivalent stifness ¢, .

In order to derive the transfer function of a control
object, namely the automatic electric drive with dual mass
mechanical link and limitation of coordinates and for to
compile its block diagram it is required to analyze the
second type Lagrange (J. L. Lagrange, 1736 —1813)
differential equation. It describes the movement of a drive
and relates various sorts of acting energy present in the

drive [3]:
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where W is kinetic energy; W,

is potential energy; W, is
dissipation of energy; , and ¢, are angular velocity and
shift of i link; 7; is a generalized torque; i =1, 2,....,n.

For the electric drive with two mass mechanical link
it is possible to write following the equation (1):
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where @, is the angular torque velocity of a shaft of a
motor and the first equivalent mass connected with it; @,
is the angular velocity of the second equivalent mass; T,

is the torque of a motor .
The torque of an elastic interaction of the two masses:

Ty = (@ —9,). 3)

When solving the equations (2) of the system in an
operative way it is possible to derive the following transfer
function of the two mass mechanical system:
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Further follows the analysis of the case when the
electric drives with the direct current motors in
mechatronic system, are controlled by changing the
voltage of the armature. Then according to the equations (2
— 4) together with the equations of dynamics of the direct
current separately excited motor it is possible to compile
the control systems with block diagram for the limitation
of coordinates presented in Fig. 1.

In the diagram of Fig.l there is presented the

following: /, and R, are both the current and resistance
of the armature; C is the constructive constant of the
motor; @ is the excitation flux; 7, is the electromagnetic
time constant.

Two mass elastic system has one angular frequency
value, and when it is reached there appears mechanical

resonance:
f J +J
W), = C—IZ(JIJ 2) .
12

To ensure the smooth operation of all electric drives
the control system of the variable structure has to form the
following transitional process of velocity w, = f(¢) and

)

®, = f(t), in order during the starting torque and braking
acceleration shall not exceed the prescribed mean value.
The highest angular acceleration in the drive is achieved
during the initial transitional process:

(7

where J is the total moment of inertia.

Then the condition of acceleration limitation is written
in the following:

dw
— <g

E=—"25
dt

®)
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Due to the elastic bond of the two mass system ¢,

the second mass has a tendency to oscillate more than the
first. That is why the velocity transitional process
, = f(t) of the electric drives with two mass mechanical

link is not optimal ( Fig. 2).
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Fig. 1. Block diagram of a variable structure automatic control system for direct current drives with two mass mechanical

link and with limitation of acceleration
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Fig. 2. Transitional process of the non — optimized electric drive
velocity

Employment of a changeable structure controllers

In formulating a problem of the control system of a
changeable structure with coordinate limitations, by means
of the components x;, the variation laws of the parameter
B; on which the structure of the system (the regulator, the

correction element and etc.) depends, must be formed [4,
5].

Within the control interval ¢, <¢<t¢,, where #, =0,
making use of i=1,2,..,mdiscrete values of the
components f3; of the vector B, k=mr— dimensional

vector is introduced:

xz{xl =B [0], x, = B [IT], ... Xy = B, [(r=2)T];

X =B, [ (r=DTI}; (€)

where T is the sampling period.
Let us assume that, with the boundary conditions and
coordinate limitations given

|g<s>

<ep), (10)

variation laws B/(t), i =1, ... ,m of the parameters f;

exist, which provide the minimum to the functional:

J={fle. Bo) an

N

here s is the number of the limited derivative.
Then the approximate the variation law of the
parameters of the vector B(¢) may be found in the process

of search optimization. It is necessary to find vector
x providing the minimum to the functional

J(x)=J[w, B, 1], (12)

ty<St<t,;
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following the limitations:

=12, .. (13)

g;lo, B(x, 0]20, 4 -

The problem of the control system of a changeable
structure with coordinate limitations (12) — (13) is solved
according to the diagram presented in [6] by applying
simlex search algorithms and using the software package
Kvazio 1 [7]. In this case we shall limit the derivatives of

the speed o, and o, , thatis |¢|<¢,, =0,4.

Results of simulation

When solving the problem (19) — (13) by using
software package Kvazio 1, we find the variation law of the
controller coefficient B, (¢) that is close to the optimal one

(Fig. 3) to which the system of a changeable structure with
the coordinate limitation |¢ <0,4|  corresponds.

Transitional process s = f(¢) of the angular acceleration

is presented in Fig. 4, and the velocity of the optimized
system is presented in Fig. 5.

There have been registered optimal transitional
processes of the velocity and angular acceleration of the
control system with two mass mechanical link.
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The article analysis the issues of designing the automatic control systems possessing direct current motors with two mass
mechanical link. Due to the two mass elastic bond the second mass has a tendency to oscillate more than the first. Because of the
velocity of the electric drive with the two mass mechanical link the transitional process is not considered to be an optimal one. To
ensure fluent operation of all the drives it is necessary to limit the acceleration during the moment of starting and braking. There have
been submitted the differential equations for the control systems with limitation of coordinates with the help of which there has been
worked out the block diagram.The software package Kvazio I, applied for the algorithmic synthesis of the control system, is composed
of the algorithms of simplex search, formation of the impacts of control, and programs of adapting.

The law of variation of the controller gain of the control system with the limitation of acceleration has been developed, the
transitional processes of the system have been optimized. Il. 5, bibl. 7 (in English; summaries in English, Russian and Lithuanian).

A. Hambpayckac, b. Kapamonac, JI. lllynsckuc. Cuure3 cucTeMsbl yNpapjieHHs NEPEMEHHOH CTPYKTYPbI ¢ OrpAaHHYCHHAMH
KOOPAMHAT // DJIeKTPOHMKA U 3j1eKkTpoTexHuka. — Kaynac: Texnosiorus, 2008. — Ne 4(84). — C. 31-34.

PaccmarpuBatocst BOMPOCHI CHHTE3a CHUCTEMbI YNPABICHHUsS, MMEIOIIEH ABHUTATENM MOCTOSIHHOIO TOKa C JBYXMAacCOBOIf
MEXaHW4YEeCKOH 4acThio. B Takoil cucreme M3—3a ynmpyrod CBS3M BTOpas Macca CIOCOOHa pa3BUBAaTh HEKeNaTelbHbIE KoneOaHus.
ITosToMy mepexoAHOH MPOLECC CUCTEMBI C IByXMAacCOBOW MEXaHMYECKOH YacThiO HE SIBISAETCS ONTUMANBHBIM, a Ul 00eCIeYnBaHUS
IUIAaBHOM PabOTHI BCeX AIIEKTPOIIPHBOJOB HEOOXOIUMO OIpaHNYUBATh YCKOPCHUE KaK IIPH MyCKe, TaK M Ipu TopMoxkeHHH. [lorydens
mudepeHaIbHbIE YPAaBHEHHSI CHUCTEMBI YIPABICHUS, 110 KOTOPBIM COCTaBIE€HAa CTPYKTypHas cxema. JIis cHHTe3a CHCTEMBI
YIIpaBJICHHS IPUMEHEH KOMITBIOTEPHBIH 1makeT Kvazio I, B COCTaB KOTOPOTO BXOJST aJTOPUTMBI CHMIUIEKCHOTO ITOHMCKA, IPOTPaMMBI
(hopMUpOBaHUS BO3CHCTBHUIT yIIPABICHUS U IPOTPAMMBI aTalTaIHN.

IMosryueH 3aKOH U3MEHEHHUs KO3 duuMeHTa peryasTopa 1 NepexoaHble NPOLECcChl ONTHMU3UPOBAHHON CUCTEMBI yrpaBieHus. M.
S, 6ubn. 7 (Ha aHrIUIICKOM sI3bIKe; pedepaThl Ha aHITTHHCKOM, PYCCKOM U JIUTOBCKOM 53.).

A. Dambrauskas, B. Karaliiinas, D. Sulskis. Kintamos struktiiros valdymo sistemos su koordinadiy apribojimais sintezé //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 4(84). — P. 31-34.

Nagriné¢jami automatinés valdymo sistemos, turinios nuolatinés srovés variklius su dvimase mechanine grandimi, sintezés
klausimai. Dél dvimasés sistemos tampriojo rySio antroji masé linkusi labiau Svytuoti nei pirmoji. Todél sistemos su dvimase
mechanine grandimi grei¢io pereimamasis procesas néra optimalus, o sklandziam visy pavary darbui uztikrinti biitina apriboti pagreiti
tiek paleidimo, tiek ir stabdymo metu. Pateiktos valdymo sistemos su koordinaciy apribojimu diferencialinés lygtys, pagal kurias
sudaryta sistemos struktiiriné schema. Valdymo sistemos algoritminei sintezei panaudotas kompiuterinis programy paketas Kvazio 1,
susidedantis i§ simpleksinés paieskos algoritmy, valdymo poveikiy formavimo, kokybés rodikliy ir adaptavimo programy.

Gautas valdymo sistemos su dvimase mechanine grandimi ir pagreiio apribojimu reguliatoriaus koeficiento kitimo désnis,
optimizuoti sistemos pagreicio bei greiio pereinamieji procesai. Il. 5, bibl. 7 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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