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Introduction

The most expensive part of control system is the
sensors and their cabling system. Obvioudly, these
additionally elements reduce reliability of the system.
Beside that, sometimes not all signals can be measured
because the objects being measured may be inaccessible
for harsh environment. Usually sensors induce significant
errors, such as noise, deterministic errors and limited
responsiveness [1]. Observers can be used to complement
or replace sensors in the control systems, where proper
difficulties appear to use sensors|2, 3].

Designing, modeling and simulation of direct current
drive with reduced order observer is presented in the paper.

M odel of direct current drive with full order observer

Mathematical model of direct current separate
excitation drive comprises two differential equations: KVL
for armature circuit and equation of movement [4]. If the
armature current and angular speed of armature are chosen
as state-space variables, (%, = andx, =i, ), the system
of differential equations of state variables can be expressed
as.
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Parameters of motor is to be simulated are
presented in Table 1.

Table 1. Parameters of DC motor

Paa | Ra | La[H] [ Km, J, B, Ke,
meter | [Q] [NmA] | [kgm? | [N | [V
Vaue [ 05 [ 0015 |05 0.00025 | 0.0001 | 0.05

Simulink model of full order observer is presented in
[5]. Step response analysis of system with full order
observer indicates the transient time of 20 ms and
overshoot not exceeding 7%. The main problem in
designing of full order observer is calculation of feedback
gain vector. Properly caculated feedback gains alow
designing system meeting all requirements for response.
The main problem is selection of characteristic equation,
corresponding to desired response and calculation of
feedback gains according to J. E. Ackermann formula.
If itisrequired to get settling time of the drive T, =0,01 s

and overshoot as well as steady-state error not exceeding
5%, then characteristic equation of closed loop system is
calculated according to recommendations, given in [6] and
can be written as:
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Feedback gain matrix is calculated according to
Ackermann's formula with respect to characteristic
equation and matrixes A and B, and has the form:




Ka =[0 1]-[B ABJ'd(A)=[0.6802 0.1226)],  (3)
where K ,, — feedback gain matrix and d(A) — matrix
polynomial.

Design of reduced order observer

Output variable of designed system, i.e. armature
speed coincides with one state variable, therefore it is
measured directly and that gives possibility to apply
reduced order observer. Such observer according to output
signal, with is dtate variable, calculates other state
variable x, . The main advantage of reduced order observer
is gained in the order of observer differential equations
lower than plant.

Control system with measured state variable x,; can be

described by equations of state variables as:

el e

where X, — vector of estimated state variables and

(4)

A replaces A as well as A replaces C in full order

observer..
State variable vector x, of reduced order observer

iscalculated as[2]:
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where K, — observer feedback gain matrix, X, — vector of

estimated state variables, y — output of the system.
Derivative of variableX,,, entering (5), is calcu-

lated from expression:

Xe1 = (Aee' Ke)xel+
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(6)

Feedback gain K. of observer is calculated with

respect to roots of desired characteristic equation of
observer, i.e. it is calculated from equation:
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where o, — coefficients of desired characteristic equation
and | isidentity matrix.

Observer is designed in the way to match transfer
functions, relating system input and each state variable of
observer and real system. Therefore the system matrix A of
(4) and (1) isto be equal:
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As the system feedback matrix was calculated
according to (3) to ensure settling time 10 ms, therefore the

observer response time should be twice shorter, i.e. 5 ms
[4]. Then desired characteristic equation of observer is:
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and feedback gain of observer K, is calculated with
consideration of (7) and (8) to yield K, = 0.333.
(9) is the first order equation, therefore K, is

entering that, is scalar value.
Developed reduced order observer for direct current
motor is presented in Fig. 1.

Fig. 1. Reduced order observer

All blocks in the Fig. 1 compose subsystem, which
is connected to model of direct current drive. Subsystem is
provided with two inputs. armature voltage u, and
armature angular speed o as well as one output auxiliary
variablexy, which is related with observer state variable
by Eq. 5.

Current controller

As the current is one of dtate variables the
employment of current inverter alows controlling the
motor current directly. Electrical circuit of proposed
controller isgivenin Fig. 2.
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Fig. 2. Electrica circuit of current controller



Electrical circuit in Fig. 2 is composed from four
controlled switches SW1 — SW4 and the current sensor |
measuring the armature current. Current is controlled by
switches SW1 and SW3, the other two switches SW2 and
SW4 are used to change direction of rotation. Current,
measured by current sensor | is being compared with

reference current valuei, . Error signal controls relay R, .
Relay has histeresis loop of Ai width. While
i,—in>Ai/2 , relay is turned on therefore the switch

SW1 is switched off and switch SW3, connected to
inverted relay contact is switched on. At this position of
switches contacts, the motor armature is supplied by
voltage U and current increases in the armature winding.

When the current reaches valuei,, —i, > Ai/ 2, relay turns

off and switch SW1 is switched on. In the same way
switch SW3 is switched off. Results give the short circuit,
placed across armature winding and armature current is
reduced. Controller allows keeping current value, equal to
reference with error Ai /2.

M ode€l of thedrive

Model of motor and observer, together with feedback
compose model of electric drive. Simulink model of
considered drive is given in Fig.3. Model of direct current
motor is placed in the subsystem.
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Fig. 3. Simulink model of the drive

Input of the motor is armature voltage u, and output

is angular velocity w . Both two signals are inputs of
observer; therefore they should be measured in the real
system. The other state variable, i.e., armature current is
estimated by observer according to armature voltage and
angular velocity signals. Model of observer is denoted by
dashlinein Fig. 3.

Simulation results
Step response of motor angular speed is presented
inFig. 4.
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Fig. 4. Step response of motor angular speed
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Steady-state value of motor angular speed is 100 1/s
and is characterized by ripples. Amplitude of ripples does
not exceed 3% of steady state value, and can be reduced by
diminishing hysteresis loop width of relay. Simulation
results indicate settling time greater than desired 10 ms by
20-30%.

Step response of armature current is shown in
Fig. 5.
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Fig. 5. Step response of motor armature current



Current pulsates with amplitude approximately of  application of relay with narrow hysteresis loop but that is

12% less than starting current. limited by maximal frequency of operation inverter
switches.
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OOcyxaaeTcst IPUBOJ MOCTOSHHOTO TOKa, B KOTOPOM JUISl OLIEHKH TOKa KOS JABUIaTeINs UCTIONIB30BaH HAOJII01aTe b TIOHHKEHHOTO
HOpsJ/IKa, @ 171 YIPABJICHUs TOKA NPUMEHSETCS pEJICHHBINH PerysTop ¢ ructepe3rcoM. IIpu TakoM ynpaBieHHH B IIPUBOJIC CTAHOBUTCS
HEHYXXHBIM PETyIUpPyeMbId HCTOYHHK HOCTOSHHOTO TOKA, & CKOPOCTH BPAICHUS SKOPSI OCTACTCSl AMHCTBEHHOH BEIMUMHON, KOTOpas
JOIDKHA W3MEpSeTcss HEIOCPEACTBEHHO, YTO JelaeT OINMCHIBAEMBIH IIPUBOJ HPOCTHIM, HAJEeKHBIM M Oe30mMacHBIM. JleTanbHO
NIPUBOANTCS METOAMKA pacuera Habmonarens M Kod((UIMEeHTOB oOpaTHOH cBA3M 1o cocTostHUIO. [ mporpammer «Simulink»
MIOCTPOCHA UMHUTAIIOHHAS MOJIEIIb, PE3yJIbTAThl pabOTHl KOTOPOHi, EpeXOAHbIE POIECCHl TOKA M CKOPOCTH SKOpS, aHAIU3HPYIOTCS B
crarse. Wi 5, 6u6:1. 6 (Ha aHTTIHICKOM SI3bIKE; pedepaThl Ha aHITTMHCKOM, PYCCKOM U JIHTOBCKOM SI3.).

R. Rinkevi¢iené, A. Petrovas. Nuolatinés srovés pavara su stebikliu // Elektronika ir elektrotechnika. — Kaunas: Technologija,
2008. —Nr. 5(85). — P. 73-76.

Nagrinéjama nuolatinés srovés pavara, kurioje variklio inkaro srovei vertinti panaudotas sumazintos eilés stebiklis, o pati srove
valdoma naudojant relinj sroves reguliatoriy su histerezés kilpa. Taip valdant srovg, pavaroje nebereikalingas reguliuojamas nuolatinés
itampos saltinis, o vienintelis dydis, kurj batina matuoti tiesiogiai, yra variklio inkaro kampinis greitis, todél nagrin¢jama pavara
pasizymi paprasta, pigia ir saugia konstrukcija. Pateikiama detali griztamojo rysio buasenos kintamuyju vektoriaus bei stebiklio
projektavimo metodika. Sudarytas , Simulink” programai pritaikytas pavaros modelis. Pateikiami ir analizuojami imitavimo metu gauti
greicio bei srovés pereinamigji procesai. |l. 5, bibl. 6 (anglu kalba; santraukos angly, rusu ir lietuviy k.).
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