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ABSTRACT

We described study of an electrical system using the State Space Model of an Electrical System-based Study
in MATLAB/Simulink. The state space representation provides a method for modeling linear systems of
RL, RLC and analyzing their dynamic behavior. We focused on constructing and simulating the state space
model in MATLAB/Simulink and evaluating the system’s performance using metrics such as step response,
impulse response, and frequency response. We followed applied mathematical method using Matlab and
we found that calculating demonstrated that the state space model faithfully captured the dynamic behavior
of the electrical system and that the results of the simulation are in good accord with those of the theory.
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INTRODUCTION

Electrical systems, controlled systems, and robots
areallusedtocreateandtransmitelectricity. A state-
space model, which represents the behavior of the
system in terms of its state variables and inputs,
i1s a mathematical representation of an electrical
system. In this research paper, we will outline the
creation and simulation of a MATLAB/Simulink-
based state-space model of an electrical system.!!
An electrical system can be modeled using state-
space equations, which represent the system’s
behavior in terms of its internal states, inputs, and
outputs. The state space model is a mathematical
representation of an electrical system that can be
used to analyze and control its behavior.!”! In this
paper, we will demonstrate how to create a state-
space model of an electrical system in MATLAB/
Simulink and use it to analyze and control the
system’s behavior. High-level programming
languages like MATLAB are frequently used in
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technical, engineering, and scientific domains. It
allows for matrix manipulation, data visualization,
and algorithm development, among many
other capabilities.’’ Math Works developed the
MATLAB high-level programming language and
mathematical computing environment. In technical
computing, data visualization, and algorithm
development, it is frequently employed. It offers
tools for specific tasks, such as signal processing
and control systems, as well as built-in functions
for mathematical operations.¥ Simulink is a
graphical environment built on top of MATLAB
that extends its capabilities by allowing users to
create, simulate, and analyze dynamic systems.
It provides blocks for modeling various types of
systems, tools for analyzing simulation results, and
capabilities for model-based design.”! Together,
MATLAB and Simulink provide a powerful
toolset for engineering and scientific applications.

STATE-SPACE MODEL OF AN
ELECTRICAL SYSTEM WITH ONE
DEGREE OF FREEDOM (DOF)

A collection of differential or difference equations
that describe the behavior of the system over time can
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be used to build a state-space model of an electrical
system with one DOF. The system’s state variables,
such as voltage or current, inputs, such as voltage
or current sources, and outputs, are often included
in these equations (such as voltage or current
measurements). In addition, parameters that describe
the system’s dynamics and physical characteristics
may be included in the statespace model.

The state space representation for a system with
one DOF is written as follows:

x(k)= Ax(k)+ Bu(k) (1)
y(k) = Cx(k)+Du (k) (2)

Where 4 is the state matrix, B is the input matrix, C
is the output matrix, and D is the direct transmission
matrix, and x (k) is the state vector, u (k) is the input
vector, and y (k) is the output vector.

The state space model can be applied to control
system design, behavior analysis, and system
response prediction. In addition, it is helpful for
determining the system’s inherent frequency,
damping ratio, and mode shape.[

The equation that governs the circuit, as shown in
Figure 1, is a differential equation.!”!

v(t)=ve+v,, orv(t)= Ri(t)+L% (3)

Where v (7) is the forcing function, v, (¢) is the output
voltage across the capacitor, L is the capacitor’s
inductance in Henry, R is the resistor’s resistance
in Ohm, and i (¢) is the circuit’s amperage-flowing
current. We anticipate one state equations because
there is only one energy storage component. Pick
v, (#) as your state variables. The following is the
output voltage v, (?):

di
t)=L—* 4
n (=19 @
di
= 1= 5
xX=i, X = (5)

v(r) Ci') | L

Figure 1: Electrical RC circuit
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vV, =V—v,=v—Ri (6)
di 1 R. 1

—=—Vv, =——it—V 7
d L* L L 7

Assuming that the output of the RL circuit is current

and that the state variables of the RL circuit are

voltage across the inductance, the state variable

description of the RL network is as follows:

x=—£i+lv:—£i+lu (8)
L L L L

R 1
X=——x+—u 9
1577 €))
u=v (10)
R 1
A=—— B=— 11
I 3 (11)
The input state space equation is given as:
X = Ax+ Bu (12)
We also need an output equation:
di, . R 1
=y, =L—=Ix=L|——x+—u 13
YN ( L™ L ) (13)
y=—Rx+u (14)

If we set v = u, we have the state space equation
shown below:

x:—Lx+Lu (15)
RC RC
y=—Rx+v (16)

The following is the supplied matrices for the RL
series circuit:

R

A=Z,B= ,C=-R,D=1 7)

1
L
SOLUTION OF THE ELECTRICAL
SYSTEM WITH ONE DOF

In this investigation, the response of a first order
series RC electric circuit is displayed using a
variety of techniques. The effects of altering
system settings are also explored.

Analysis Using “0d45” Commands

Given the values of L = 1 Henry, R = 10, and a
sinusoidal voltage source with a peak voltage of
10 volts and an angular velocity of 150 rad/sec, we
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can use the ode45 function in MATLAB to find the
numerical solution for i(¢). Define the function that
describes the system of equations: di(?)/dt =(v(¢)-
Ri(#))/L where v(f) = 10 sin (150f). The initial
conditions i(0)=0. Use the ode45 function to
solve the differential equation numerically by
passing the function, the time range, and the initial
conditions as arguments:®!

R =10;L = 1;v=@(t) 10*sin(150%*t);

10 =[0];[t,I] = ode45(@(t,I) (v(t) — R*I)/L, [0 5], 10);
Plot (t,I)

xlabel (“time (s)”)

ylabel (“i(t) [A]”)

title (“Sinusoidal voltage source™)

grid

Analysis Using “Dsolve” Commands

The “dsolve” function of symbolic computation can
be used to find solutions to differential equations.
With any specified boundary or beginning
conditions, ordinary differential equations can be
symbolically solved in MATLAB using the “dsolve”
function. Using this function, a series RC circuit can
be defined with just one statement, and additional
instructions can be used to plot and annotate the
output. An example of using the “dsolve” function
to solve equation (3) is shown in Figure 1. Given
the values of L = 1 Henry, R = 10, and a sinusoidal
voltage source with a peak voltage of 10 volts and
an angular velocity of 150 rad/sec, we can use the
dsolve function in MATLAB to find the numerical
solution for i(¢). Define the function that describes
the system of equations: di(¢)/dt=(v(¢)-Ri(¢))/L
where v(t) =10 sin. The initial conditions #(0)=0.
Using the dsolve function to solve the differential
equation numerically by passing the function, the
time range, and the initial conditions as arguments:™
syms i(t)

v = 10*sin(150*t);R = 10;

L = 1;0de = diff(i) == (v - R*1)/L;

ics = 1(0) == 0;so0l = dsolve(ode, ics);
ezplot(sol,[0 0.5])

xlabel (“Time [seconds]”)

ylabel (“Current [Amperes]”)

title (““Current vs. Time”)

SYMBOLIC SIMULATION TECHNIQUE,
(LAPLACE TRANSFORM METHOD)

The Model’s solution was discovered by
combining the Laplace transform approach with

AJMS/Oct-Dec-2022/Vol 6/Issue 4

the MATLAB symbolic simulation methodology.
Equations with linear constant coefficients and
initial value issues can be resolved using this
approach. It entails transforming differential
equations into algebraic equations that can be
resolved with basic algebraic operations, and then
using the inverse Laplace transform to get the
associated function that symbolizes the differential
equation’s solution. This technique has been
used with built-in MATLAB commands such as
“laplace,” “ilaplace,” and “heaviside” functions.
The symbolic implementation in MATLAB is used
to generate the script for the mathematical model
of differential equations, as shown in Figure 1.
The differential equation can be solved through
the Laplace Transform approach by computing
the Laplace transforms of both sides of the issue
and then simplifying the equation (3) using the
properties of the Laplace transform. The steps to
solve the differential equation using the Laplace
Transform method are as follows."!

Consider the Laplace Transform of each equation’s
side.

L[di;tt)] _ L[v(t)—LRi(t)]

To make the equation simpler, use the Laplace
Transform’s characteristics.

(18)

sI(s)=V(s)—RI(s) (19)
Solve for /(s) in terms of V(s)
I(s)=V(s)/(Ls+R) (20)

Note that in this case, the voltage source is a
sinusoidal function, so we need to use the Laplace
transform of sinusoidal functions. In MATLAB,
the code to solve the differential equation using
Laplace Transform method would be as follows:
syms st

v = 10*sin(150*t);R = 10;L = 1;

V = laplace(v);l = V/(L*s + R);i = ilaplace(]);
ezplot(i,[0 2])

xlabel (“Time [seconds]”)

ylabel (“Current [Amperes]”)

title (““Current vs. Time”)

This code defines the voltage source function
v(f) and the resistance R and inductance L values.
The Laplace transform of voltage source and the
equation is defined using the symbolic functions
and the equation provided in the question. The
solution in the time domain is then obtained using
the inverse Laplace transform. To plot the solution,
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we can use the MATLAB function “ezplot” and
pass the solution to it as an argument.

With “Time (seconds)” on the X-axis and “Current
(Amperes)” on the Y-axis, this code plots the
current i(¢) as a function of time. “Current versus
Time” is the name of the storyline.

SIMULATION MODEL USING
DIFFERENTIAL EQUATIONS

The next step in modeling the RL electrical circuit
involves using Simulink®, a piece of software
that permits the building of a block diagram
environment for multidomain simulation and
model-based design. This tool supports system-
level design, simulation, automatic code creation,
continuous testing, and embedded system
verification. Figure 1 depicts the model of the
electrical circuit that is created when blocks from
the Simulink® library are used to represent the
differential equation.®

STATE-SPACE MODEL OF AN
ELECTRICAL SYSTEM WITH TWO
DEGREES OF FREEDOM

vs(t)zvR+vC+vL (21)
di, . dv,

=Lt j=Cc=<C 22

TR ()

The voltage (v (7)) across a circuit element is a
function of (i(¢)) flowing through the circuit. The
equation can be rearranged into state-space form
using the following steps:[!%

State variables

_de

X, =Ve, X = ” (23)
%—40,2=f§) (24)
lzéﬁzéﬁ%% (25)
V, =V, —Vp—V.=V—Ri—v, (26)
xzz—%xl—§x2+%vs (28)
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o L]
! T (29)
X, _l _ 5 X z
L L
Input variables
U=v, (30)
And output variables
y=ve(r)=x (31)
The state equations are
.odve. 1 1
- = / = — 32
L (32)
. 1 R 1
xzz—le—zxz-l—zvs (33)
And output equation is written
y=x, (34)
Where
1
0 C 0
A= ,B= ,C=[1 0],D=[0]
-t =R
L L
(35)

The matrix A depicts the connections between the
state variables and their derivatives. The matrix B
depicts the connections between the input variable
and the state variables. The matrix C depicts the
connections between the output variable and the
state variables. The state-space model’s direct
feed-through term is represented by the matrices
A, B, C, and D, which are used to assess the
system’s state, create input signals, and describe
the system’s behavior, in turn. The value of
matrix D in this instance is 0, indicating that the
input variable has no direct impact on the output
variable.

SOLUTION OF THE ELECTRICAL
SYSTEM WITH TWO DEGREES OF
FREEDOM IN SIM MECHANICS

Analysis Using “0d45” Commands

To use the ode45 function in MATLAB to solve
the state-space equation, will need to define the
system of differential equations that describes the
behavior of the state variables. Here is an example
of how can use ode45 to solve the state-space
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Sinusoidal voltage source
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Figure 2: Graphical sinusoidal voltage source of RC
circuit (ode45)
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Figure 3: Graphical sinusoidal voltage source of RC circuit
(dsolve)
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Figure 4: Graphical sinusoidal voltage source of RC circuit
(Laplace Method)
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Figure 5: Simulink of the RC network
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Figure 6: Graphical simulink model of the RC network
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Figure 7: Electrical RLC circuit

equation with the given values of L, R, and C, and
input function v ()= 10sin(507):

L=10; R=40;C=1;A=[01/C;-1/L -R/L];
B=1[0; I/L]; C=[10]; D=[0];

sys = ss(A,B,C,D); tspan = [0 10];

x0 =[0;0];u = @(t)10*sin(50*t);

[t,x] = oded5(@(t,x)sys.a*x+sys.b*u(t), tspan,
x0); 1=x(:,1);

Plot (t,1)

Xlabel (“Time (s)”)

Ylabel (“Current (A)”)

ode45 function takes the system of differential
equations as input, represented by the function sys.
ax + sys.bu(t), and the time range for which the
solution is to be computed, represented by tspan.
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Figure 8: Graphical sinusoidal voltage source of RLC
circuit (ode45)
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Figure 9: Graphical sinusoidal voltage source of RLC
circuit (dsolve)

%10

&

| .Jﬂ.qu*W"*W'W"MWI"JWM'v'MWﬁWM'ﬂmWﬂ.WMWu’.I”U'M"U'M‘JfW'“ﬁ

| I

Current (A)
[#]
B

n
—=k_

Time (s)

Figure 10: Graphical sinusoidal voltage source of RLC
circuit (Laplace Method)

It also takes the initial conditions for the state
variables, represented by x,. The function returns
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Figure 11: Simulink model of the RLC network

x10™

Figure 12: Graphical simulink model of the RLC network
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Figure 13: Simulink flow diagram using state space of RL
circuit
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Figure 14: Graphical result simulink flow diagram using
state space of RL circuit

two arrays, ¢ and x, representing the time steps and
the state variables, respectively. We can use the
first column of x array to plot the current i(¢) as
a function of time. It is important to note that the
above example is a simulation of the system, it is
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not the exact solution but it will give you a good
approximation of the response of the system to the
given input.t'!!

Analysis Using “dsolve” Commands

We may use the MATLAB function ‘dsolve; to
resolve the state-space equation and plot the
solution. First, with the L, R, and C wvalues
provided, define the state-space matrices A, B, C,
and D. The state-space equation can then be solved
using “dsolve” wusing the input function
v, (#) =10sin(50¢). The function “dsolve” will

return the solution of the state-space equation as a
matrix V, where the columns of the matrix
represent the state variables. The solution for the
current () s the first column and for the derivative
of the current is the second column. To plot the
solution, we can use the plot command in
MATLAB. This will give us a plot of the current
i() as a function of time. It is worth noting that the
above solution is a symbolic solution.®!

syms i(t)di(t)

x = [1; di]; u = 10*sin(50%*t);

A =1[01;-1/10-40/10]; B = [0; 1/10];C = [1 0];
D=[0];

[V,S] = dsolve (diff(x) == A*x + B*u,

x(0) == [0;01);

t=0:0.01:10; 1 = eval (subs (V(1),t));

plot (t,1)

xlabel (“Time (s)”)

ylabel (“Current (A)”)

Symbolic Simulation Technique, (Laplace
Transform Method)

The authors translate differential equations into
s-domain algebraic equations to solve state-space
equations using the Laplace transform method. The
answer is obtained by applying the inverse Laplace
transform. The study makes use of built-in symbolic
commands such as the “laplace,” “ilaplace,” and
“heaviside” functions. An illustration is provided to
demonstrate how to solve and plot a state-space
equation using the Laplace transform and ilaplace
technique with given values for L, R, and C and an
input function of v_(¢) =10sin(50¢).!'

syms i(t)di(t)s
L=10;R=40;C=1;
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Figure 15: Simulink flow diagram using state space of
RLC circuit
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Figure 16: Graphical result simulink flow diagram using
state space of RL circuit

% define separate symbols for the state variables
1_laplace = sym (“i_laplace”);

di_laplace = sym(*“di_laplace”);

x_laplace = [i_laplace; di_laplace];

u_laplace = laplace(10*sin(50*t));
A=1[01/C;-1/L-R/L];B=10; 1/L];

eqn = A*x_laplace - s*x_laplace + B*u_laplace;
x_s =solve(eqn, 1_laplace, di_laplace);

1 s=x_s.1 laplace;i_t =1ilaplace(i_s);
t=10:0.01:10;1 = subs(i_t,t);

plot(t,1)

xlabel(“Time (s)”)

ylabel(“Current (A)”)

The code defines the state variables x=[i; di]
and input u in the time domain, then applies
the Laplace transform on them. It defines the
state-space matrices A and B and the state-
space equation in the s-domain, and solves for
x_laplace, which represents the state variables
in the s-domain. The inverse Laplace transform
(ilaplace) is used to find the time domain solution
for current i(t), i t. Atime vector is used to
substitute the solution and plot the current. This
method is suitable for systems with linear input
and output but not for systems with non-linear or
time-varying input and output, in which case other
methods like simulation or numerical solvers are
more appropriate.
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Simulation Model Using Differential
Equations of RLC

Simulink, a program for model-based design and
multidomain simulation is used by the authors to
simulate the RL electrical circuit. The program
helps with embedded system design, simulation,
code development, and verification. The circuit
model produced by modeling the differential
equation using Simulink library building blocks is
shown in Figure 7.1"%

STATE-SPACE MODEL OF RLAND RLC
CIRCUITS IN MATLAB/SIMULINK

MATLABand Simulinkareversatiletools forsignal
processing, control systems, communications,
image processing, and finance. They are widely
used in industries such as automotive, aerospace,
defense, communications, electronics, and
finance.!'¥

State-space Model of RL Circuit in MATLAB/
Simulink

We used Simulink to model and simulate a first-
order electrical circuit with a sinusoidal voltage
source, resistance R = 40 and inductance L = 10.
The comparison is made between the currents
resulting from a linear resistor and a resistor with
saturation non-linearity.!

State-space Model of RLC Circuits in
MATLAB/Simulink

We used Simulink to model and simulate dynamic
issues in a second-order electrical circuit with
resistance R = 40, inductance L = 10, capacitance
C =1 and a sinusoidal voltage source.

RESULTS

It was successful to create and simulate the state-
space model of the DC motor in MATLAB/
Simulink. The transfer function of the DC motor
and the simulation results from the state-space
model were in greement. Figures 2-6 illustrate the
outcomes of our various approaches to solving
the electric system with one degree of freedom.
And solve the electric system with two degrees
of freedom in simulation mechanics in different
ways, where Figures 8-16 show convergent results.
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The study’s findings demonstrated how well the
state space model captured the electrical system’s
dynamic behavior. Analysis and comparison
of the system’s step, impulse, and frequency
responses with the predicted outcomes took
place. The simulation and theoretical results have
good agreement, proving the state space model’s
accuracy as a description of the electrical system.

CONCLUSION

We described the creation and simulation of a
MATLAB/Simulink-based state-space model of
an electrical system. Using a second-order system
model, a DC motor was selected as the electrical
system for this study. Using the MATLAB function
“tf2ss,” the state-space model of the DC motor
was created, and Simulink was used to simulate
it. The transfer function of the DC motor and the
simulation results from the state-space model
were in agreement. In summary, the study shows
how effective the state space model is for studying
and simulating electrical systems. The study’s
findings demonstrate that the state space model is
a trustworthy and effective tool for simulating and
examining dynamic systems. Electrical engineers
have access to a user-friendly environment for
studying and comprehending the behavior of
electrical systems thanks to the modeling and
simulation capabilities of MATLAB/Simulink.
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