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PURPOSE: The purpose of this lab is to simulate the series resonant circuit using
MATLAB® and NL5 to better familiarize the student with some of its operating
characteristics. This lab will explore some of the following aspects of the series resonant
circuit:
e Input impedance
Magnitude and phase margin
Zero frequency
Output power
Output current
Plot the natural response for the output voltage
Zero poles
Phase of transfer function
Input impedance for varying resistance (R)

NOTE: The simulations that follow are intended to be completed with NL5. Itis
assumed that the student has a fundamental understanding of the operation of NL5.

Build the schematic shown in Figure A.

Vm is an AC voltage source. Set the type to ‘Sin,” and the magnitude to 1 volt.
L1 is an ideal inductor. Set to 1000uH.

R is an ideal resistor. Set to 200 Q.

C1 is an ideal capacitor. Set to 40pF.

iy
") vi (A C1 — 40e-12

sin (
T |

Figure A — Initial schematic.
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Under the ‘AC Settings’ tab, specify V1 as the source, a frequency range of 100 Hz to
10 MHz, 1000 points, and a logarithmic scale.

AC gource b ethod |Linearize schematic j
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Add a trace for the input impedance by selecting AC / Data / Traces from the menu.
Click on ‘Function’ in the ‘Add new trace’ section. Add the function V(V1)/I(V1).
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Run the simulation by selecting ‘AC’ and then ‘Start’ from the drop down menus.

[ wivtinint

H0e+3 : : : : A
de and phase of the input impedance.

Figure B — Magnitu
Referring to Figure B, what is the input impedance value of RLC circuit?
Next, we want to measure the total inductor current of RLC series resonance circuit.

Right click on the inductor, and select Add trace / current. Re-run the simulation and
adjust the display to show the data of interest.

______________________________________________________________________________________________________________________________________________________________

igure C— Induto crrent. |

What is the value of the inductor current? Describe the phase characteristics of the
inductor current.
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Next, we want to simulate the input impedance of series RLC resonant circuit with a
varying resistor. Use the same circuit as above, but change the resistor values to 50,
100, 200, 400, 2000, 4000, and 8000 Q. This type of parametric sweep is
accomplished in NL5 with a script. Go to Tools / Script and click on the Sweep tab.
Select List instead of Loop. Enter R1 as the Name, enter the parametric values in the
box, and select AC sweep. Click on the blue arrow to start the script.

= by E%
Script ] Console Sweep l Dptimizatinn]
|H'| j Mame [ Tranzient
v AL
alll N
100 v Clear storage
200
400
2000
W
Enter values, ane per line
Loop  List |

What is the input impedance value of RLC circuit with varying resistances?

[ w1 acie)
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Next, we want to simulate the inductor current of series RLC resonant circuit with
varying resistance values.

100e+3

le+3

Fig re E — Inductor current for varying resistor values.

What is the value of the inductor current? Describe the phase characteristics of the
inductor current.

Next, simulate the output voltage as a function of varying resistance. For this example,
take the voltage across the capacitor as the output voltage.
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100e+3

Figure F — Output voltage for varying resistor values.

What is the value of the output voltage? Describe the phase characteristics of the
output voltage.
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For Homework:

You need to re-solve the parallel resonant circuit with Capacitor ESR and see its
effects on the magnitude and phase plots in some detail. For example choose
the ratio of the C ESR to the load resistance to be in the ratio range from 0.01 to
1.

Series Resonant Circuit Using MATLAB

NOTE: The simulations that follow are intended to be completed with MATLAB".
It is assumed that the student has a fundamental understanding of the operation

of MATLAB". MATLAB" provides tutorials for users that are not experienced with
its functions.

In this lab you will learn how to write a function to varying, calculating and plotting
the input impedance, current and output voltage of the series RLC resonant tank
circuit. You can define your own function in MATLAB. A function must start with
aline.

Function return-value = function-name (arguments)

So that MATLAB will recognize it as a function. Each function must have its own

file and the file must have the same as the function.

PROCEDURE:

Part 1: Write a function to calculate the total input impedance of series RLC
resonant circuit as shown in Figure 1.

Vm is a variable voltage. Set to 1 volts

L is a variable inductor. Set to 1000uH.

R is a variable ideal resistor. Set to 200Q.

C is a variable ideal capacitor. Set to 40pF.
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Zeries BLC Fesonant circuit
Minh Anh Thi noquyen
Colorado State Uniwversity

Electrical and Computer Engineering student
B o o o ol e el e ol e i e e o e o e e o e o e e e o o e

A A

A

function [Zinput]=Zinput seriesRLC1{)] %is the function declaration. HNote:

(¥The word "function”™ must be the first (non-comment) word of the program.

FrEZinput T i1z the walue that this function returns, o calculates, a.k.a. the output.
"radius" is the name of the wariable taken as input.

FUZinput seriesRLC1™ should be both the name of the function and the name

that you use to sawve the file.

o

disp('itarting the function of Zinput zeriesRLC1l'):
3define all the component values and units for Tank

Funit
Vm=1; (V¥olts
R=200; Fohms
C=40e-1z2; (Farads
L=1000e-6; thenrys

.

% define the input impedance

Zin_mumb=[L*C R*C 1]:

Zin _de=[0 C 0]:

Zinput=tf(Zin numb,Zin de)

figure(l)

bode [Zinput)

title|'Input impedance of series RLC tark circuit')

% calculating important parameters of the tank
[z,p,E]l=zpkdata(Zinput, 'vw'];

wo=sqrt(l/L/C)

Eeta=R/L

Q=wo/Beta

disp('finishedthe function of Zinput seriesRLC1l'):

Figure 1: The input impedance of series RLC tank circuit.

Once the above m file is captured, the simulations can be run. First, go to your

directory. Find your m file and then run your file. If there is a red message on
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your MATLAB window, then you need to correct your error. Otherwise, you will

see the solution as show in figure 2.

Cormrmand Windows

=x Zinput seriesRLCL
Starting the function of Zinput seriesBELCL

Transfer function:
dg-014 =42 + 8e-009 = + 1

de-011 =
wo =
Sooooon
Eeta =
200000
0=

a3
finishedthe function of Zinput seriesBELC1

Tranzfer functiomn:
dg-014 =242 4+ 8e-009 =2 + 1
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Figure2: The output of input impedance of series RLC tank circuit.

Next, plot the total input of the series resonant RLC tank circuit. Write another
function to calculate the total input current of series RLC tank circuit as shown in

Figure 3. All the initial variables and values are remained the same.

Vm is a variable voltage. Set to 1 volts
L is a variable inductor. Set to 1000uH.
R is a variable ideal resistor. Set to 200Q.

C is a variable ideal capacitor. Set to 40pF
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% RBeries Resonant of RLC tank circuit
% Minh Anh Thi noguyen
% Colorado State University

% Electrical and Computer Engineering student
o e e e i o e i e e i e i e i e e i e e e ol e el e e

o

function [J]=Zinput _seriesRLCZ(Zin)
2TZin™ iz the name of the wariable taken as input.
tdefine all the cowmponent walues and units for Tank

dispi('itarting the function of Zinput seriesRLCZ2'):

Zunit
Vm=1; 3VWolts
R=200; Zohms
C=40e-12: tFarads
L=1000e-6; Thenrys

Zin=Zinput_JeriesRLC1;

In=1/2in

fiqure(z)

bode (Im)

title('Input current of seriez RLC tank circuit')

% caloculating important parameters of the tank
[z,p,E]==pkdata(Zin,'w');

wo=3grt(l/L/C)

Beta=R/L

Q=wo/EBeta

diap('finishedthe function of Zinput_seriesBLCZ'):

Figure 3: thefunction to calculate the total input current of series RLC tank circuit

Once the above function file is captured, the simulations can be run. First, go to
your directory. Find your function file and then run your file. If there is a red
message on your MATLAB window, then you need to correct your error.

Otherwise, you will see the solution as show in figure 4.
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»» Zinput seriesRLCE
Starting the function of Zinput seriesBELCZ
dtarting the function of Zinput seriesBLCL

Transfer function:

de-01l4 2 + Ge-009 3 + 1
_________________________ File
4e-011 = “ [y
wo =
LEoooooo
Eeta =
200000
0=
25

finishedthe function of Zinput seriesBELC1

Tranzfer function:
de-011 =

de-014 32 + Ge-009 2 + 1

wo =
S0oo0oo0o
Eeta =
200000
D:
25

finishedthe function of Zinput seriesRLCE
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Figure 4: the output and plot of the total input current of series RLC tank circuit

Now write a function to varying R of the input impedance of series RLC resonant
circuit by adding an array of Resistors (R) value. Again all the initial variables
and values are remain the same.

Vm is a variable voltage. Set to 1 volts

L is a variable inductor. Set to 1000uH.

R is a variable ideal resistor. Set to 200Q.
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C is a variable ideal capacitor. Set to 40pF

Write a loop function to do the varying resistors value, calculate and plot the
output of total input impedance of series RLC resonant circuit. When the
function to varying R of the input impedance of series RLC resonant circuit
function file is captured, the simulations can be run. If there is any error
message on your MATLAB windows, then correct your error and then rerun the

simulation. Otherwise, you will see the result as show below

o o o o o o e e o o e e e e e e o e il i i ol ol o ol ol o o o o i o

Zeries RLC Fesonant circuit
Minh Anh Thi noguyen
Colorado 3tate University

Electrical and Computer Engineering student
il o e ol o e el e el e o el e il e il el e e

L

AL

function [Zinput]=Einput_seriesRLC3()

digp('Atarting the function of Zinput _seriesRLC3'):
3define all the component walues and units for Tank

Funit
Vm=1; (¥Wolts
BE=200; fohms
C=40e-12; tFarads
L=1000e-6; thenrys

=,

% define the warying loads walue
B=[R/4 R/2 R E*2 R*10 R*20 R*40]

=,

% define the input impedance for waring Rs

for i=1:7

Zin_tmmb=[L*C R{i)*C 1]:

Zin_de=[0 C 0O]:

Zinput=tf (Zin_rnmmb, Zin de);

fiqure(3)

bode [(Zinput)

if i==1,

hold,

end
end
title('Input impedance of series RBLC tank circuit for waring R')
dizp('finishedthe function of Zinput seriesRLC3'):
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Figure 5: A function of the input impedance of series RLC resonant circuit with

varying Resistor

»» Zinput seriesBRLC3
dtarting the function of Einput seriesRLC3
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finishedthe function of Zinput seriesRLC3

Transfer function:
de-014 =42 + 3.2e-007 2 + 1
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Figure 6: Output of the input impedance of series RLC resonant circuit with

varying Resistor

Now write a function to varying R of the input current of series RLC resonant
circuit by adding an array of Resistors (R) value. Again all the initial variables
and values are remain the same.

Vm is a variable voltage. Set to 1 volts

L is a variable inductor. Set to 1000uH.

R is a variable ideal resistor. Set to 200Q.

C is a variable ideal capacitor. Set to 40pF

Write a loop function to do the varying resistors value, calculate and plot the
output of total input current of series RLC resonant circuit. When the function to
varying R of the input current of series RLC resonant circuit function file is
captured, the simulations can be run. If there is any error message on your
MATLAB windows, then correct your error and then rerun the simulation.

Otherwise, you will see the result as show below
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Series RLC Fesonant circuit
Minh anh Thi noguyen
Colorado Ztate Tniverzity

Electrical and Computer Engineering student
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L L
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function []=Zinput_seriesRLC4({Zinput)
dispi('3tarting the function of Zinput _seriesRLC4'):
(define all the component values and units for Tank

Funit
Vm=1; (Wolts
R=200; Lohms
C=40e-12; tFarads
L=1000e-6; thenrys

o

% define the warying loads walue
B=[R/4 B/f2 B BE*2 R*10 R*Z0 R*40]

&

% define the input impedance for waring Rz

for i=1:7

Zin_nmb=[L*C R{i)*C 1]:

Zin_de=[0 C 0O];

Zinput=tf(Zin nuwb, Zin_de):

In=Vm/Zinput

ficqure(4)

bode[(In)

if i==1,

hold,

end
end
title('Input current of series BLC tank circuit f£or waring R')
disp('finishedthe function of Zinput seriesRLC4');

Figure 7: A function of the input current of series RLC resonant circuit with

varying Resistor
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dtarting the function of Zinput seriesRLC4
B =

50 100 200 400 2000

Transfer function:
de-011 =

de-014 542 + Z2e-009 3 + 1
Current plot held

Transfer function:
de-011 =

de-014 342 + 4e-009 5 + 1

Transfer function:
de-011 =

de-014 32 + Se-009 5 + 1

Transfer function:
de-011 =

de-014 32 + 1.6e-008 5 + 1

Transfer function:
de-011 =

de-014 2 + Se-008 5 + 1

Transfer function:
de-011 =

de-014 32 + 1.6e-007 5 + 1
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Transfer function:
de-011 =

4e-014 342 + 3.2e-007 5 + 1

finishedthe function of Zinput seriesRLC4
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Figure 8: Output of the input current of series RLC resonant circuit with varying

Resistor
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Now write a function to varying R of the output voltage of series RLC resonant
circuit by adding an array of Resistors (R) value. Again all the initial variables
and values are remain the same.

Vm is a variable voltage. Set to 1 volts

L is a variable inductor. Set to 1000uH.

R is a variable ideal resistor. Set to 200Q.

C is a variable ideal capacitor. Set to 40pF

Write a loop function to do the varying resistors value, calculate and plot the
output voltage of series RLC resonant circuit. When the function to varying R of
the input current of series RLC resonant circuit function file is captured, the
simulations can be run. If there is any error message on your MATLAB windows,
then correct your error and then rerun the simulation. Otherwise, you will see the

result as show below
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Series BLC REesonant circuit
Minh Anh Thi nguyen
Colorado 3tate University

Electrical and Computer Engineering student
o o e e e i e el e e o e

A

ey

function [Zinput]=Zinput seriesRLC5()
dizsp('3tarting the function of Zinput seriesBLCS'):

tdefine all the component walues and units for Tank

unit
Vm=1; (¥V¥olts
R=200; fohm=
C=40e-12; (Farads=
L=1000e-&; thenrvs

o

% define the warving loads walue
E=[R/4 R/2 B B*2 R*10 R*20 E*40]

% define the input impedance for waring Bs

for i=1:7

Ze=tE([0 1],.[C 0O7):

Ep=tfi[L R{i)], [0 1]}:

Vout=Vn*Zc/ (Zc+Zp);

figqurei(s)

bode (Vourt)

if i==1,

hold,

end
end
title|'0uput woltage across Capacitor of series BLC tank circuit for waring R')
dizp('finishedthe function of Zinput seriesRLCS'):

Figure 9: A function of the output voltage of series RLC resonant circuit with

varying Resistor
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Starting the function of Zinput seriesRLCS
B =
50 lon Zon 400 2000 4000 ao0no

Current plot held
finishedthe function of Zinput_ seriesRLCS
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Figure 10: This figure is shown the output voltage of series RLC resonant circuit

with varying Resistor
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For Homework:

You need to re-solve the parallel resonant circuit with Capacitor ESR and see its
effects on the magnitude and phase plots in some detail. For example choose
the ratio of the C ESR to the load resistance to be in the ratio range from 0.01 to
1.

Now write m file to varying R of the natural response of current in series RLC
resonant circuit by adding an array of Resistors (R) value. Again all the initial
variables are remain the same but change their values.

Vm is a variable voltage. Set to 0 volts

L is a variable inductor. Set to 5mH.

R is a variable ideal resistor. Set to 8Q.

C is a variable ideal capacitor. Set to 200uF

lo is a variable ideal of inductor current. Set to 2 amps.

Vo is a variable ideal of capacitor voltage. Set to -5 volts.

Write a loop function to do the varying resistors value, calculate and plot the
natural response of current for series RLC resonant circuit. When the function to
varying R of the natural response of current in series RLC resonant circuit file is
captured, the simulations can be run. If there is any error message on your
MATLAB windows, then correct your error and then rerun the simulation.

Otherwise, you will see the result as show below
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Geries BLC Resgonant circuit circuit
Minh Anh Thi nguyen
Colorado State University

% Electrical and Computer Engineering student
- o e e e e e i e e e e e e e e e il i i i i i e e i v i i ol i e e e e e e

oA ok

A

% clear all the windows
cle:
disp('3tarting the natural response of current')

(define all the component walues and units for Tank

Funit
V=0 (Wolts
R=5; Lohms
C=200e-6; 4Farads
L=5e-3; henrys
Io=2; Fampg (initial Ic on inductor)
Vo=-5; ¥Wolts [ initial Vo on capacitor)

% transfer function of tank current with initial conditions

rnumb=[0 Vo+Io*L -Vo]:
de=[L B 1/C]:

% define the current of series curcuit
i=tf (nunb,de)

% plot the impulse current of the circuit
impulse (i)

% define warying loads
E=[4 3 10 18]
n=size (R ;

Jmax=m(2)

hold off

o

% defining the input impedance for warying Rs.

for i=1:jmax
mmb=[0 Vot+Io*L -Wo]:
de=[L Ei{i) 1/C]:
Il=tf (rumh,de)
impulse(Il)
if i==1,

hold,

end;

end

grid

disp('finished the function natural response of current');
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Figure 11: the m file to calculate and plot the natural response of current in series

RLC resonant circuit with varying Resistor

Cormrmmand Windows

SGtarting the natural response of current

Transfer function:
0.0l =+ 5

0.o005 s*2 + 8 s + 5000

Jmax

Transfer function:
0.0l =+ 5

0.o005 s*2 + 4 s + 5000

Current plot held

Transfer function:
0.0l =+ &

0.o005 %2 + @ s + 5000

Tranzfer functiomn:
p.ol =+ &

o.o005 s~2 + 10 s + 5000

Transfer functiomn:
0.0l =+ 5

0.005 =2 + 1le = + 5000

finished the function natural response of current
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Figure 12: This figure is shown the output of the natural responses of current in

series RLC resonant circuit with varying Resistor

Now write m file to varying R of the natural response of capacitor voltage in a
series RLC resonant circuit by adding an array of Resistors (R) value. Again all
the initial variables are remain the same but change their values.

Vm is a variable voltage. Set to 0 volts

L is a variable inductor. Setto 5mH.

R is a variable ideal resistor. Set to 8Q.

C is a variable ideal capacitor. Set to 200uF
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lo is a variable ideal of inductor current. Set to 2 amps.

Vo is a variable ideal of capacitor voltage. Set to -5 volts.

Write a loop function to do the varying resistors value, calculate and plot the
natural response of capacitor voltage in a series RLC resonant circuit. When the
function to varying R of the natural response of series RLC resonant circuit file is
captured, the simulations can be run. If there is any error message on your
MATLAB windows, then correct your error and then rerun the simulation.

Otherwise, you will see the result as show below
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% fJeriez RLC Resohant circuit
Minh anh Thi nguyen
Colorado State University

Electrical and Computer Engineering student
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Aok

A

o

% clear all window

disp('3tarting the natural response of capacitor woltage')
(define all the component values and units for Tank

ZTunit
Vm=0; 3Wolts
R=4: Lohms
C=200e-6; tFarads
L=5e-3; thenrvys
Io=2; Fampg (initial Ic on inductor)
Vo=-5; 3Wolts [ initial Vo on capacitor)

% transfer function of tank current with initial conditions

mumb=[0 Vo+Io*L -Vo]:
de=[L E 1/C]:

% define the current of series curcuit
I=tf (mmb,de)

% plot the impulse current of the circuit
Z=tf([L R],[0 1]):

Voap=Vmn-I+%Z

impulse (Voap) »

% define warying loads
RE=[4 & 10 l&]
n=size(R):

Jjnax=m(z)

hold off

o

% defining the input impedance for warying Es.

for i=1:jmax
mmb=[0 VYo+Io*L -Va];
de=[L R({i) 1/C]:
I=tf (numb,de)
Z=t£([L E{i)], [0 1]):
Voap=Vu-TI%Z
impulse (Voap)
if i==1,
hold,
end:
end
grid

Page 30 of 33



disp('finished the function natural response of capacitor woltage'):

Figure 13: the m file to calculate and plot the natural response of current in a

series RLC resonant circuit with varying Resistor

} Figure No. 1 =10l
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Cormrmand wins

Transfer function:
0.0l =+ 5

0.o005 s*2 + 4 s + 5000

Transfer functiomn:
-Le-005 =42 - 0,065 = - 20

0.003 %2 + 4 5 + 5000

Current plot held

Tranzfer functiomn:
p.ol =+ &

0.005 %2 + 8 5 + 5000

Tranzsfer function:
-Le-005 =42 - 0,105 = - 40

o.o005 s~2 + 8 s + 5000

Transfer functiomn:
pD.o0l s+ 5

0.o005 s~2 + 10 = + 5000

Transfer function:
-he-005 s~2 - 0.125 5 - 50

n.o005 s~2 + 10 s + 5000

Transfer function:
0.0l =+ &

0.o005 %2 + 1a 5 + 5000

Tranzfer functiomn:
-Le-005 =~2 - 0.185 = - &0

o.o005 s~2 + 16 = + 5000

finished the function natural response of capacitor voltage
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Figure 14: the output of the natural response of capacitor voltage in a series RLC

resonant circuit with varying Resistor
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