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Abstract

Introduction and aims: The work shows the description of the analyticathod of state variables
(matrix notation) electrical circuit. As state \abies assumed currents in the coils and the capacit
voltage. State variables describe the specific maton system. Purpose of these simulation
calculations the automation system.

Material and methods: The material is a multi-dimensional automatic ey exposed to
disturbance signals, which included analytical eyyst of differential equations of the first order.
Interference signals created with trigonometricctions and procedures rnd(x) progrétathCAD
generating random numbers distributed natural.fméthod of analytical and numerical has been used
in the paper.

Results: Simulations signal output of selected automatisiesns interference was determined on the
basis of their analytical descriptions. The systdndifferential equations of the first order is wadi
numerically by difference equations in the progtdathCAD The results of simulation output signals
of the automation system were verified in the ppogPSpice.Verification programPSpicewas to
create the equivalent circuit diagram of an electircuit constituting the automation system and
declare the appropriate analysis.

Conclusion: Using the calculation procedures of the progrsiathCAD can be made dynamic
visualization of automation systems including ifegng signals.
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OBLICZENIA SYMULACYJNE PARAI\/IETROW DLA OBWODOW
ELEKTRYCZNYCH JAKO UKEADOW AUTOMATYKI
Z UZYCIEM PROGRAMOW MATHCAD | PSPICE

Streszczenie

Wstkp i cele: Praca pokazuje opis analityczny metadniennych stanu (zapis macierzowy) obwodu
elektrycznego. Jako zmienne stanu pipyprgdy w cewkach i naptie na kondensatorze. Zmienne
stanu opisuj okreslony uktad automatyki. Cel to obliczenia symulaeyjianego uktadu automatyki.
Materiat i metody: Materiat to uktady automatyki wielowymiarowe poddadziataniu sygnatow za-
ktdcaigcych, ktére ujto analitycznie ukladami réowrmardzniczkowych pierwszegodadu. Sygnaty za-
ktécajgce utworzono z funkcji trygonometrycznych i procgdod(x) programu MathCAD geneij

cej liczby pseudolosowe o rozktadzie naturalnynst@&wano metedanalityczno-numeryczn

Wyniki: Obliczenia symulacyjne sygnatéw ¥gipwe wybranych uktadéw automatyki z zaktdéceniami
wyznaczono w oparciu o ich opisy analityczne. Uktagina: rozniczkowych pierwszegoadu rozwi-
zano numerycznie metpdéwnai roznicowych w programie MathCAD. Uzyskane wyniki cgic
symulacyjnych sygnatow wygjowych wybranego uktadu automatyki zweryfikowangpmnegramie
PSpice. Weryfikacja w programie PSpice polegaftestweorzeniu schematu zagtzego danego obwo-
du elektrycznego stanaygiego uktad automatyki i zadeklarowania odpowiedaigglizy.

Whniosek: Za pomog procedur obliczeniowych programu MathCAD zm& dokonywa wizualizacji
dynamiki uktadow automatyki z uwegpieniem sygnatéw zakideajych.

Stowa kluczowelUktady automatyki, obwody elektryczne, obliczeMiathCAD, PSpice.
(Otrzymano: 15.09.2014; Zrecenzowano: 20.09.20b&keéeptowano: 25.09.2016)

© P.S. Fgczak, A.A. Czajkowski 2016 Automation systems / Uklady automatyki



P.S. Fgczak, A.A. Czajkowski

1. Introduction

The electrical circuits are described, among otHershe systems of n first-order differen-
tial equations (a method state variable) with thiestant timeThe system of the n differential
equations in vector - matrix notation has the feitgy form:

X¢() | a1 &2 ... @ | [ Xa) | [bir bp ... by || ug()
dix2(t)|_|a @z ... axm |{Xa(t)| | b2y bzp ... bom |l ua(t) (1)
dt| Lo | N o

Xn(] (8 @n2 - @nn] [Xn(D] [Bpn Bmz .o Bmm] [Um(Y)

Thus, in simplified terms:
%x(t) = AX(t) +B (), (2)

whereA is the matrix of basic electrical circuit (statatnx - automation systemp is the
extortion matrix of electrical circuit (matrix infgI- automation systeny, is the state vector
(state vector - automation systergjjuation (2) engaging a description of the eleatrotrcuit

in the matrix form corresponds to the structurehef block diagram (Fig. 1). The block dia-
gram included in the Figure 1 creates an automatystem. In the automation systerag)

means a derivative of the state vector with resfetine.

u(t) x(t) x(t)
—»|{ B z f

A

Fig. 1. The structure of the system described lmwaggn (2)

2. Analytical description of selected automation stems from disturbance signals

The classic study of automation in the relationstapntrol input - output or input
Interference - output does not capture the whattupe directly in the dynamics of the sys-
tem. To get a comprehensive grasp of the dynanfigsven system, it is described by state
variables. This method allows to describe the stathe automation system at any time [4].
Below are shown and accordingly described somenaation systems including disturbance
signals.

2.1. Action of the disturbance signal at the inpubf the automation system

The dynamics of the continuous linear multidimenalostationary system (Fig. 2) in
which there is impact signal noise to the inputidate the state equation (3) and the output
equation of the system (4).

%(t) = A Ix(t) +B [u(t) + E[2(t), 3)
y(t) =CIx(1), (4)
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Fig. 2. Equivalent scheme of the automation systéimdisturbance signals at the input

wherex(t) JO"- state vector,u(t)J0™- extortion vector, y(t)OO' - response vector,

z(t)OO™M- vector of the disturbance signals in the equati@®) and (4)A - state matrix of

dimensionnxn, B - inputs matrix of dimensiomxm, C - outputs matrix of dimensiohxn,
E - inputs matrix of disturbance signals of dimengierm in equations (3) and (4).

2.2. Action disturbance signal on the output of atmation systems
The linear continuous stationary and multivariatgeomation system (Fig. 3) in which

there is some influence of signal noise to theesgsnput describe the state equation (5) and
the output equation (6).

Fig. 3. Equivalent scheme of the automation systéindisturbance signals at the output

x(t) = Ax(t) +Blu(t), 5)
y(t) =CIx(t) +H [z(1), (6)
wherex(t), u(t), y(t), z(t) - state vector, extortion vector, response vectorthadlisturbance

signals in the equations (5) and (63, B, C, H;xm - state matrix, inputs matrix, outputs ma-
trix, andoutputsthe disturbance signals in the equations (5) apd (6

2.3. Effect of disturbance signals on the input andutput of automation system

The dynamics of the linear continuous stationany moultidimensional system (Fig. 4), in
which there is some influence from disturbance agon the input and output of the system
describes the following state equation (7) and wugguation (8) of the system.
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Fig. 4. Equivalent (block) scheme of the automasigsiem with disturbance signals at the input angut

%(t) = A [x(t) + B [u(t) + E [2(t), )
y(t) = CIx(t) +H [z(1), (8)

wherex(t), u(t), y(t), z(t) - state vector, extortion vector, response vectorthadlisturbance
signals in the equations (7) and (8); B, C, E, H - state matrix, inputs matrix, outputs ma-
trix, andoutputsthe disturbance signals in the equations (7) apd (8

3. Simulation calculations of automation systems

3.1. Simulation of the output signals of the autontén system created by the electrical
circuit in the program MathCAD

For the calculation of simulation for output signah the automation systems created by
the electrical circuits has been used the eletteoauit, which some equivalent circuit
created in th&Spicels shown at the Figure 5.

tClose=0
U 1 )i 2 .

R2
0.5
L2
0.02
1

Fig. 5. Equivalent scheme of an electric circuitiaPSpiceprogram
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The electrical circuit placed on the Figure 5 hasrbdescribed by using Kirchhoff’s laws
according to the method of the state variableschfioff's laws for the mesh and nodes have
the following form:

E R (5(0) =Ry Ty ()~ Ly 1 ~u (1) =0, (©)
-R>y [ﬂz(t)—Lz %+Uc(t)+le¥+Rl[ﬂl(t):0, (20)
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i3(t) =ig(t) +in(t), (11)
du(t) 1
4 C [y (t). (12)

As state variables accepted current@)(iio(t)) in the inductors and the voltaggtyiacross
the capacitor. In order to standardize some desamsaduring the numerical calculations of
the electrical circuits and automation systemsstige variables were determined as follows:
x1(t) = i(t), x2(t) = b(t) and x3(t) = 4(t). By introducing these designations for curreantsl
voltages has been considered a system of thresrehtial equations of the first order in the
matrix form:

 axXI()
dt XA(t)
dx2(t) E
——=|=Alx2(t) |+B :
dt " EM (13)
dx3(t) x3(t)
L dt |
_(R1*+Ry) _Rs _1]
L1 L1 L1
A = _Rs _(R2+R3) 0 |, (14)
Lo L2
1 0 0
L C ]
SR
L1
1
B=| 0 —
> (15)
0O O
Accepting the equation ) _
dx(t) _ Xn+1—Xn (16)
dt At

and making the time discretization with the s At = TendN, N =0, 1, ..., N,{= niAt) has
been obtained by the following difference equations

axXI()
dt Xlh4 — X1
dx2(t) | mloo
“at A X2n41 = X2n | (17)
dx3(t) X3+~ X3
L dt |
Xn4a Xy Xy E
X241 | =] X2 [+ ADIX2, mHB[EE}mt' (18)
X3n+1 X3p X3p

Simulation calculations based on the differentialaion (2) were performed MathCAD
program.
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Algorithm in MathCAD program: Commentary:
E 10
Ry 13
Ro 05
Ry |=| 20 Parameters of the electrical circuit
Lq 01
Lo 002
C 0001
. . . _ Tend Discretization of time t,
N:=10000 n:=1..N gq:=0.7 At =N the time steptt
_(R1*+Ry) _Rs _ 1]
L1 Ls Ls
R R, +R
A= —L—3 ( 2L 3) A - state matrix
2 2
1
— 0 0
L C ]
E o
L1
) E
B=l0 0 B - input matrix
2
0O O
Xlps X1, X1 E The equation of state (2) in the
X2n41 | =] X2, [+ADIX2, |[[At+B [ﬁEJ CAt numeric notation
X3n+1 X3n X3n
X1y 0
x2o |:=| 0 Warunki pocztkowe dla t=0
X30 0
10
X<1> 6.25
2
X2 55
X3
— 125
—5

0 0.088 0.175 0.262

0.438 0.525 0.612 0.7

Fig. 6. Simulation of the output signals of thecamiation system created by the electrical circuit
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3.2. Verification of the calculation of the state a&riables of an electric circuit constituting
output signals in the automation progranPSpice

In order to check the results of numerical catiahs for state variables (x1, x2, x3) of the
electrical circuit (Fig. 5) inMathCAD program have been carried out some additional
simulations inPSpiceprogram. Simulation calculations RSpiceprogram were consisted in
incorporation at the moment t = 0 (Sw tClose — cwitff) of the DC voltage E = 10 V to the
concerned electric circuit and to declare the appate analysis.

Due to join voltage to an electrical circuit at thement t = 0 has occurred in the transient
state. Transient states of the currents and volitadke electrical circuit correspond to the
state variable (x1, x2, x3). Transient electricatuwit in PSpiceprogram recognizes some
procedure Transient Analysis and the parametetbeotircuit switcher (Sw tClose). Tran-
sient Analysis - Print Step = 7 us, Final Time % 0s, No — Print Deley = 0, Step Celling =7
us, Sw tClose - tClose = 0, ttran = 0.01 ns, Rdosé.0001, Ropen = 1 Me&imulation
calculations in th@Spiceprogram of the currents and voltages which arpedsvely state
variables are given in the Figure 7. In both nuoarprograms, th#MathCAD (Figure 6) and
PSpice(Figure 7) have been obtained the same valuesiaf gariables.

§.8

s 106N 20t 4 0ms 400ms 5Bins NS 7 ins
o T(R1) = U{G=1) = -T{RD)

T mo

Fig. 7. Simulation of the output signals of thecamétion system created by the electrical circuthzprogranPSpice

3.3. Simulation calculation of the output signals fathe automation system with
the influence of disturbance signals

In order to make some simulation calculatiohthe output signals of automation system,
which was created with the electrical circuit antjected the action of disturbance signals on
the input and output have been respectively useedations (7) and (8).

It have been created some disturbance signals fiegonometric functions and
pseudorandom numbers distributed natural. Equatf@ghsand (8) in the numeric notation
have been implemented in environmenMaithCAD program.

Algorithm in MathCAD program: Commentary:
E Ry R2 R3)_(10 13 05 20 Parameters of the electrical
Ly Lo f 701 002 0001 50 circuit

Discretization of time t, the time
step4t, time t on step n

N:=10000 n:=1..N J4:=0.7 At—TeN”d t,:= niAt
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-18 -20 -10 10 O .

A - state matrix

A:=/-100 -125 O B:= 0 50 B-i ¢ matr
100 0 0 0 o - input matrix

00 1 00 1 00 C - output matrix
C=/0 1 0| E=|0 1 0|l H=|/0 1 O E - input matrix interference signals
01 0 0 1 00 1 H - output matrix interference signals

z1,) [0.5Ein(200 [y,) +0.20mg2 0 dy,) + (mod(0.7) 0.2)
22, |=| 0.2[sin(20E () + 0.50g2 Gt (i) +(mod(0.3)-0.1) Vector of interfering signals
z3, 0.3G6in(20td O,) +0.70og2 01 [@),) + (mod(0.5) 0.3)
X1 Xy Xl e 4y The equation of state (7) in the
X2 |=| X2n [HADIX2, [[At+B [EEJ [At+H 0 z2, (At | numeric notation
Xlg 0 Yin X1 2, The initial conditions for t = 0
X2 [:=] 0 y2, |=Clx2, [+E0Z2, The equation of the output
signals (8) in the numeric
X3 0 ¥3n X3n Z3n notation

0 0.14 0.28 0.42 0.56 0.7

n-at

Fig. 8.Simulation of the output signals of the automasgstem created by the electrical circuit with
the impact of interference signals on the input aumghut of the prograrilathCAD

4. Conclusions

» Using the electrical circuits can be modeled autamasystems.

e Automation systems described by some differenttalations of the first order can be
analyzed by the difference equations in terms t¢dutation procedures of the program
MathCAD.

e Using the calculation procedures of the progrdathCAD can be made dynamic
visualization of automation systems including iféegnce signals.
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