We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



2

Study of Inductive-Capacitive Series Circuits
Using the Simulink Software Package

Titu Niculescu
University of Petrosani
Romania

1. Introduction

This chapter presents a modern method for approaching the electrical circuits using the
MATLAB-SIMULINK package programs. The simple series circuits which are switched on a
DC voltage at the initial moment are presented below. For the young researchers these are
very useful. We can determine the current variation forms and the reactive elements
voltage, by using this virtual medium. Each presented case contains an analytical
presentation of the problem, but it also contains electrical diagrams of electrical parameters.
The diagrams were obtained by different methods which use this programs package.

2. Study of the inductive series circuits

We will consider the RL series circuit with concentrated parameters from Fig.1. At the initial
moment, the k circuit switcher is closed and we intend to study the behavior and variation
of circuit electrical parameters after connection.
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— —

BE it) y

:

Fig. 1. RL series circuits at closing

2.1 Theoretical study of the circuit

The differential equation which corresponds to the transitory regime immediately after
closing is the following;:

Ri+Lﬂ=E (1)
dt

www.intechopen.com



20 Technology and Engineering Applications of Simulink

The current expression through the circuit after closing is the solution of the differential
equation of the circuit (1).

t

i(t) = (1-e ) @
where:
L
T = 3 3)

and it represents the time constant of the circuit.

The voltage expression on the coil after connection is:

di . ¢
u(t)=LE=E~e 4)

2.2 SIMULINK model of the circuit

The SIMULINK model of the circuit after closing was done on grounds of equation (1)
where the derivative of the current was separated.

di 1

—=—(E-Ri 5

= T(E-Ri) ©)
The SIMULINK model obtained in this way is shown in Fig.2 and was created in order to
allow the drawing of the current diagrams through the circuit and the voltage on the coil,
for different values of the R resistance and the E D.C. voltage.

| P
1 []
Step - S >

1/L Integrator Scope |
Add

R [ 1]

% < P{du/dt I——>
Derivativ
Product Scope U
50

L

R

Fig. 2. SIMULINK model of the RL circuit at closing

The k switcher is realized using a voltage step signal which is applied at the terminal of the
circuit, to simulate the closing of the k switcher.

If we consider the following values of the electric parameters

- D.C.voltage applied: E = 24[V];
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Study of Inductive-Capacitive Series Circuits Using the Simulink Software Package 21

- The resistance value: R = 50[Q];
- The circuit inductivity: L = 1[H],

we will obtain the diagrams from Fig.3 and Fig.4.
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Fig. 3. Variation of the coil voltage after closing
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Fig. 4. Variation of the circuit current

2.3 Analysis of RL series circuits using the SimPowerSistems software package

The SimPowerSystems software package is a component of the MATLAB program which
allows analyzing an electrical circuit by drawing it in an editing window. The
SimPowerSystems model is presented in Fig.5 and allows the visualization of the circuit
current and the coil voltage if we apply a step voltage signal and a unitary impulse. The
electrical parameters of the circuit have the values:
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R =50[Q]; L = 1[H].

Controlled Voltage Source R

[

Step

Continuous

powergui

) a—aJ\/\/\/—a—-—e—fm“:I-—e

p| 1

L Current Measurement Scope |

_EIE ‘:l

Voltage Measurement Scope U

Fig. 5. SimPowerSystems model of an inductive circuit

The Continous powergui analyze block is required to be present in the drawing window for
launching the simulation model. We will open an analysis window by double-clicking on
this block, Fig. 6.

Fig. 6. The analysis window of the circuit

n RL2/powergui

— Simulation - and configuration options

Configurs paramsters

— Analysis tools

Steady-State Wollages and Currents

Initial States Setting

Load Flowe and Machine Initialization

U=se LT] Wiewer

mpedance vs Freguency Measuremeaent

FFT Anahrsis |

Senerate Report

Hy=steresis De=ign Tool

Compute BLC Line Parameters |

O | | Help |

The selection of the Use LTI Viewer button will lead to the opening of the window in Fig.7,
from which we can select the current diagram or the coil voltage diagram.
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M Powergui link to LTI Viewer. model: m;z’ﬁ;_—‘——‘ )
System inputs: System cutputs:

T Controlled Voltage Source - T_Voltage Measurement —
I Current Measurement

-

[ Open News LTI Viewer ] [ Crpen in current LTI WView er I [ Close

Fig. 7. The LTI Viewer window

The selection of U_Voltage Measurement or I_Current Measurement is followed by the
obtaining of the coil voltage diagram and of the circuit current upon applying the step
signal and a unitary impulse. These are presented in Fig.8 and Fig.9.
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Fig. 8. The coil voltage variation upon applying a step signal and a unitary impulse.

www.intechopen.com



24 Technology and Engineering Applications of Simulink
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Fig. 9. The current variation upon applying a step signal and a unitary impulse.

We can use the Edit/Plot Configurations and Edit/ Viewer Preferences options, in order to create
these diagrams. We can also select the Bode option from these menus, which allows the

obtaining of the current frequency diagrams of the RL series circuit.
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Fig. 10. The amplitude frequency diagram of the voltage coil.
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Fig. 11. The frequency current diagrams.

3. Study of the capacitive series circuits

We will consider the RC series circuit with concentrated parameters from Fig.12. At the
initial moment, the k circuit switcher is closed and we want to study the current variation
through the circuit and the capacitor voltage variation, after connection.

<\

C

-

Fig. 12. RC series circuit at closing

3.1 Theoretical study of the circuit

The integral equation which corresponds to the transitory regime immediately after closing
is given by:

1.
R1+E.|. idt=E (6)

Equation (6) is equivalent with differential equation:
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RCH Ly E 7)
dt

The expression of the capacitor voltage after closing is the solution of differential equation

():
_t
u(t)=E(l-e T) )
where T = RC, represents the time constant of the circuit.

The circuit current after closing is given by:

3.2 SIMULINK model of the circuit

The SIMULINK model of the circuit after closing was done on grounds of equation (7)
where the voltage derivative was separated.

du 1
i R_C(E - 1) (10)

The SIMULINK model obtained is shown in Fig.13 and was created in order to allow the
drawing of the current diagrams through the circuit and the voltage capacitor, for different
values of the R resistance, of the E D.C. voltage and of the C capacitor.
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- Scope U
Integrator
Product1

du/dt |
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Y Product2 Seppe |
R S —

X
< Product

O
C ivide
L 1

1

Fig. 13. SIMULINK model of the RC circuit at closing

1500

The k switcher is realized using the same voltage step signal which is applied at the terminal
of the circuit, to simulate the closing of the k switcher.

If we consider the following values of the electric parameters:
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- D.C. voltage applied: E = 24[V];

- The circuit resistance: R = 50[Q];

- The circuit capacity: C = 100[uF],

we will obtain the diagrams from Fig.14 and Fig.15.

B Scope U " 7 l=|l§||ﬂ
SE DL ABE B8 ® -

0.04

Fig. 14. The capacitor voltage variation

n Scope " _j l @||§g1
B RPLPP HABERBEAF -~

Fig. 15. The current variation after closing

3.3 Analysis of RC series circuits using the SimPowerSistems software package

The SimPowerSystems model is presented in Fig.16 and allows the visualization of the
circuit current and the capacitor voltage if we apply a step voltage signal and a unitary
impulse.
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Fig. 16. SimPowerSystems model of the capacitive circuit

The electrical parameters of the circuit have the values:
- R=50[Q]; C=10[uF].
To study the voltage variation on the capacitor, we follow the steps:

e  Select by double clicking the Continous powerguy block from the simulation model.
. Select Use LTI Wiewer in the new window;
e  We will select U Voltage Measurement.

This method allows us to obtain the voltage capacitor diagram upon applying the step
signal and the unitary impulse (Fig.17).

The current variation through the circuit upon applying a step signal and a unitary impulse
was obtained by selecting I_Current Measurement option (Fig.18).
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Fig. 17. The capacitor voltage variation upon applying a step signal and a unitary impulse.
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Fig. 18. The current variation upon applying a step signal and a unitary impulse.

The Bode diagrams which allow the visualization of the frequency behavior of the circuit are
presented bellow:

File Edit Wirrd ow Help

D & | = = |E

Bode Diagram
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Fig. 19. The capacitor voltage frequency diagrams
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Fig. 20. The current frequency diagrams.

4. Study of the inductive-capacitive series circuits

We will consider the RLC series circuit with concentrated parameters from Fig.21. At the
initial moment, the k circuit switcher is closed and we intend to study the behavior and
variation of circuit electrical parameters after connection.

R L C

L Ry

—

Fig. 21. RLC series circuit at connecting

4.1 Theoretical study of the circuit

The integral-differential equation which corresponds to the transitory regime of the
considered circuit is the following;:

Ri+Lﬂ+ljidt=E (11)
it C
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or:
2
Lc””; +RCM Ly _E (12)
dt dt
The following notations are made:
R
S =— 13
Y (13)
The circuit amortization:
1

== (14)
the circuit personal pulsation:

w=1/6% -} (15)

We will consider the situation when ¢ > @, or R<2 L/ C , which will be checked by the

resistor in the circuit.

Consequently, the solving of the differential equation gives the following solutions:

1

u(ty=E [1-T(rler2t-rze’1t)] (16)
2407 -y
. E nt It
t — 1° _ 2 17
()= = rz_wg(e e (17)

where r1 and 12 are the roots of the characteristic equation:

Hn=-0+w 18)
1y =-0-0

We will consider the situation when & <@g or R < 2, /L/ C . The following notation was made:

wp -6° =" (19)

Consequently, the solving of the differential equation gives the following solutions:

u(t) = E[[l - o ¢ esin(e't + ,6")]} (20)
w
i(t)= ie"st sinw't (21)
w'L
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where

B'= arccosi (22)
@

4.2 SIMULINK model of the circuit

The SIMULINK model of the circuit after closing was done on grounds of the second order
differential equation (12), which is put in the form (23) where the higher order derivative is
separated:

2
au _ 1 E.rcHh (23)
it IC at

The SIMULINK model from Fig.22 generates the voltage capacitor and the current through
the circuit during the transitory regime. To this purpose, two values of the R resistor are
considered, which correspond to two important regimes:

e  Aperiodic regime;
e  Oscillatory regime.

For each regime the capacitor voltage and the circuit current variation diagrams are
plotted.

J > — »]
1 1
Ser P a@—» s ¥ s >
ScopeU
»|- 1/LC Integrator| Integrator1
Add
< € durdt |1
1500 X
< C1 C Derivative  Scopel
R 4
RCdu/dt

Fig. 22. SIMULINK model of the circuit

If we consider:

- The value of the D.C. voltage: E = 24 [V]
- The circuit resistance: R = 1.5 [kQ],

- The coil inductance: L = 104 [H]

- The capacitor capacity: C =10 [nF],
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we get the following MATLAB diagrams (Fig.23 and Fig.24) according to the equations
(16) and (17) for a-periodic mode, and according to the equations (20) and (21) for
oscillating mode (Fig.25 and Fig.26).

S EBE || L2 AEE B 8 5%

Times offsst: 0

Fig. 24. The current variation in the a-periodic mode

S| OL 0 dAiaE @ & %

Time o

Fig. 25. The capacitor voltage variation in the oscillating regime

www.intechopen.com



34 Technology and Engineering Applications of Simulink

! f
o

Tirme offzet: 0O

Fig. 26. The current variation in the oscillating regime

The k switcher is realized by using a voltage step signal which is applied at the terminal of
the circuit, to simulate the closing of the k switcher. Changing the value of resistance,
automatically leads to the updating of the voltage and current charts.

4.3. Analysis of inductive-capacitive circuits using the SimPowerSystems software
package

The SimPowerSystems software package allows the study of the circuit behavior, when it is
connected to a voltage step or a unitary impulse, using Continous powerguy block. The
current variation in the circuit, the voltage variation of the capacitive element, or the
frequency behavior of the circuit for different values of circuit elements can be studied.

4.3.1 SimPowerSystems model of the circuit

The MATLAB software package contains SimPowerSystems of Simulink, which can
simulate the electrical circuits and analyze different operating regimes. Because the signal
step response or pulse generates a transitory regime, the circuit behavior in these conditions
can be studied. The simulation is shown in Fig.27:

The advantage of this simulation method is that the circuit can be tested at both signals, unit
step and unitary impulse, and leads to several types of typical circuit diagrams. Two sets of
values were chosen in this case for circuit parameters, which correspond to two special
regimes.

In the simulation model from Fig.27 we used a Controlled Voltage Source controlled by a step
voltage signal. In this way, the switcher closing can be simulated.

The SimPowerSystems software package allows the obtaining of a lot of diagrams for a
circuit. So, we will study the capacitor voltage diagrams and current diagrams for the two
occurring regimes:

e A-periodic regime:
e  Oscillating regime.
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Fig. 27. SimPowerSystems model of the circuit

1. Voltage capacitor

The a-periodic loading of the capacitor leads to the obtaining of the capacitor voltage
variation diagrams when the unit step and the unitary impulse are applied to the input.
These charts are presented below.

The following values of electrical parameters were considered:

e  For a-periodic regime:

- E =24[V], the step voltage applied;

- R=1,5[kQ], the electrical circuit resistance;
- L=10 _4[H ], the circuit inductance;

- C=10 [nF], the circuit capacity.

e  For oscillating regime:

- E=24[V], the step voltage applied;

- R=10[Q], the electrical circuit resistance;

- L=10 _4[H ], the circuit inductance;

- C=10 [nF], the circuit capacity.

To study the capacitor voltage variation, we follow the steps:

- Select by double clicking the Continous powerguy block from the simulation model;
- Select Use LTI Wiewer will appear in the new window;
- We will select U Voltage Measurement.

The POWERGUY analysis block, with the above values, allows the obtaining of the
following Matlab diagrams (Fig.28 and Fig.29):
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Fig. 28. The capacitor voltage variation in the a-periodic mode
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Fig. 29. The capacitor voltage variation in the oscillating regime

The POWERGUY block permits the analysis and plotting of the frequency characteristics of
the capacitor voltage, where the frequency in logarithmic coordinates was considered on the
horizontal axis (BODE diagram).

For this, we follow these steps:

- Select by double clicking Continous powerguy block ;
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- Use LTI Wiewer will appear in the window and we will select it;
- Inthe occurring window we will select U voltage Measurement;
- Now, we will select Edit / Plot Configuration / Bode

MLTH Wiewrer
File Edit ‘wWindowe Help

O & = = B

Bode Diagram
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=133

130 -
1ot 10° 10°
Freguency [(Hz)

Change the line stvles showen in this LTI Yiewer.

Fig. 30. Frequency diagrams of the voltage swing on the capacitive element

2. Study of circuit current

To study the circuit current variation the same procedure is used, mentioning that instead of
selecting the U voltage Measurement, I Current Measurement must be selected.

A-periodic loading of the capacitor leads to obtaining the current variation diagrams when
the unit step and the unitary impulse are applied to the input.

For this, we will follow these steps:

- Select Continous powerguy block diagram simulation by double click;
- Select Use LTI Wiewer in the appeared window;

- Select I Current Measurement in the window appeared;

- Select Edit / Plot Configuration / Bode

The SimPowerSystems software package allows the obtaining of two diagrams for a circuit.
So, we will study the current variation diagrams for the two occurring regimes:

e A-periodical regime:
e  Oscillating regime.

The a-periodical and oscillating regime according to these values are obtained in the
following charts (Fig.31 and Fig.32):
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Fig. 31. The current variation for signal step and impulse in a-periodic mode
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Fig. 32. The current variation for signal step and impulse in the oscillating regime

The POWERGUY block allows the analysis and plotting of frequency current characteristics,
where the frequency in logarithmic coordinates was considered on the horizontal axis
(BODE diagram). For this, we will follow these steps:
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- Select Continous powerguy by double clicking the block diagram simulation;
- Select Use LTI Wiewer in the appeared window;

- Select I Current Measurement in the window appeared;

- Select Edit / Plot Configuration / Bode
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Fig. 33. Frequency diagrams of the current swing through the circuit

In the diagram from Fig.33 we can observe a maximum of current which correspond to a
resonance regime. We can determine the resonance frequencies for an inductive-capacitive
circuit using the simulation circuit model and the SimPowerSystems software package. With
POWERGUY block, other electrical circuit parameters can be determined.

5. Conclusions

An important conclusion of this chapter is that the electrical circuits, regardless of
configuration, can be studied with this modern method which involves the use of virtual
medium.

Three elementary circuits are presented here, but the study modality can be extended to
other circuits configuration as well.

If we consider an electric circuit, a first problem is that of writing the characteristic integral
differential equations, which can be integrated with a simulation model and which uses the
Simulink software package. These models can be conceived so that the electric circuit
parameters must be electric input values in the simulation model. Thus, the obtained
diagrams are automatically updated to any changes of circuit electrical parameters, and the
influence of each parameter variation in the final diagrams can be studied.
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In order to realize the simulating model which integrates the differential equations, the basic
idea is to separate in the left member of equation, the higher order derivative. The analytical
expressions obtained in the right member of the equation underlie the achievement of the
simulating model by means of specific blocks of the virtual medium. In the case of complex
circuits, the simulating model is conceived on a differential equations system.

Another given facility of this package programs, is the possibility to study the circuit
behavior upon applying the standard signals (step unit, unitary impulse). The specific
analysis block Continous Powerguy allows the circuit response to these signals. It also allows
the study of circuit frequency characteristics and the other specific diagrams: the coil
hysteresis diagrams, line parameters, FTF analysis, Bode Diagrams, Nyquist diagrams,
Nichols diagrams and others.

This study intends to be a starting point in the approach of more complex circuits.
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