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Summary

This Assignment provides a variety of techniques to scrutinize the performance of
electrical and electronic circuits. The assignment offered the ability to cross reference
values, this demonstrating the ability to perform tasks using mathematical simulation and
computerised modelling techniques. These techniques together with the analysis of the

circuits increases the understanding of circuit theory and principles.
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Task 1- RC Circuit First Order System

Below is the RC circuit that is to be analysed using time and frequency response.

R
e
13EQ 4
Via 4 Vour
15pF |
v

a)
Kirchhoff law states that:

Ri(t) + % i = Vin(t

Obtaining the first derivative on both sides provides:

di)y 1. dvin(®)
R +El(t)“ dt

Laplace transform can be used to model the series electric RC circuit:

sRI(s) + ? = sVin(s)

I(s) [SR + %] = sVin(s)

1
I(s) [R + E] = Vin(s) | 7
Vin(s) = 1(s) [R + é] P [Equation (1)]
Also
Vout = %Ii(t)dt d
dVour __ @ 3
dt € /
Using Laplace transform:
I(s)
sVout(s) = <

I(s) = sVour(s) X C
Sub into Equation (1):

Vin(s) = sV,e(8) X C [R + é]

Vin (5) [ 1 ]
=sC|R+ —|=CRs+1
Vout(s) CS
Therefore:
Vout (s) _ 1

Vin(s) CRs+1
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Divide top and bottom by CR

Vout (S) _ 1/CR

To convert into a function of time take inverse Laplace transforms:

\Y t 1 t
out()_ Xe_-(:‘-ﬁ

Vin(t) CR : /

t
Vout(t) = Vin(t) X ae CR

b)

Matlab was used to determine the time constant, delay time and rise time of the circuit.

|% First order respcnse cof a RC circuit by Sean Beynon 14/02/19.

1

2

3 % below is the wvalues for the Resistor, capacitor and voltage
4 - R = 1.5%10%3; C = 1.5%10"-6; V = 20;

5 P
g = Tc=R*(C; % Calculate time constant /
T = t=0; % Set the initial conditions

L Vout=0;

g

10 $Rise Time calculaticn

11 - TR= -Tc* (log(0.1)-10g(0.9));

12

13 $Delay Time Calculation g

14 Z) [
15 = TD= -Tc * (log(0.5)); / :7@5
1€

17 % create the ocutput veltage for value of time, €.

18 - for k=1:70

19 - t(k)=(k-1)*Tc/é;

20 — Vout (k) =V?* (1-exp (-t (k) /Tc)); /

21 - end;

22

23 % Display the Vout against time

24 - plot(t,Vour,'r-');

28 = title('First Order Response — RC Circuit')

26 - xlabel ('Time (sec)')

27 = vlabel ('Voltage (V)') /

28 ~ grid

28 = disp('time constant =')

30 - disp(Tc)

32— disp('Rise Time =')

32 - disp (TR) /

33 - disp('Delay Time =')

34 - disp (TD)
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The calculations produced the following results.

Time constant =

Rise Time =

Delay Time =

0.0023 o

0.0049 d '

/

4

P ' 2 -
%5,4 T avY), /: 94,,1,{, .%%wm-r PTOPTN

TR
AL, ’f’)-"{f 1,4,41(;5

0.0016

Matlab was also used to produce a time response plot of the circuit when Vin = 20V

First Order Response - RC Circuit

s —— ! i e SR
S SN SN SN VN S
T
;| EE S - e . :
N S . T
z / : H : : !
@ / : H : H ;
A S I S ]
; a._.;. ............................................ bevamnnnnnan T ——— —
f
5-.IL ................................................................... -
4‘; """""  dedatetaic gt hdod s , ptebescdeke sttt Rt bl el o cekerly oo, 2 -yl - 1
f
2.f__._...._._n_._.___.._.n.._......._.x......_._._: ...................... -
0 f i i i i
0 0.005 0.01 0.015 0.02 0.025 0.03
Time (sec)

The time response plot was confirmed using Simulink.

R=1.5kQ

c=1.5 uF

Vout(s) = 1/Rc
Vin(s)  s+1/p,

1
Vour(S) _ /1.5 % 103 + 1.5 x 10-6
Yinl®) s+ 1155103 4 1.5 x 1076

Vaiels) 3 1/2_25 x10-3 444,44

Vin®)  s+1/y0c, 195 STHHM 7
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Diagram below shows the Simulink circuit created.

| o - |
444 44 "
s+444 44
20V DC Re circuit i

Time Response Rc

The Simulink time response plot confirms that the program created in Matlab functions correctly.

///,

c)

1 %

2 $

3
Shown below is the program created :‘ B - fs G = 25A1006) e

5 ” - b ' I ST 1nitial conditions

to determine the time response when
a sine wave is applied to the input R i o
frequency. 5

10 - £x=0:0.5:1200;

11 -

12 /

I3 = !

14 =

15

17 -

18

19 $ Time re 1se

260 = G(x)=20*1log(1l/ (sqrT(l+w(x)"2"Tc"2))):

;; - serr.:.;-::;*;—[fx,\li;). i i

25 — xlabel ('Freque y Z) ")

2€ = ylabel ('Gair i8) ')

27 = title ('Freguency Resg se f a F )

i: £ grid /
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Frequency (Hz)
Bode Plot

requency Response for a RC Circuit
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10

Frequency (radfsec)
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The frequency response can also be represented as a Bode plot. This includes a plot

Frequency response plot when a sine wave is applied to the frequency.
against magnitude and phase.

d)

H
W
=+

|
10

(Bap) aseyq
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The circuit was constructed in Multisim to confirm the results.

Magnitude plot

4% Bode Plotter-XBP1 X
[ — Mode
e e
™ Horizontal Vertical
i, (o] uwn | [eg ][ tn
Fl1 GHz FlO dB
\‘ 1/t mHz 1l dB
Controls
| Reverse || Save || set.
"4 || 70.568 Hz 7'/ [ -3d8 > +0In -+ Out i -
P
Phase plot
¥ Bode Plotter-XBP1 X
ya Mode
Magpiuce
Haorizontal Vertical
‘ Lin Log
SRR T Fl1 GHz | r[so0l |3 Deg
I[1 mHz | 1|-500 Deg
Controls
' Reverse Save Set..
«|| 70.736 Hz -45 Deg > + I - out -

P

The Multisim plots confirm that the results are correct from the Matlab program that was

created.
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Task 2- DC Motor Model

The following figure shows the equivalent circuit for an armature voltage controlled DC

motor.

Motor Parameters
Ra =1.4Q

Va =12V

Ts =0.21453Nm

a)

The motor constant (Kum) was determined by creating a Matlab program.

% DC Motor program, Assignment 2 Task 2 by Sean Beynon

% Motor specification values
Ra=l.4; Va=12; Ts=0.214;

% Motor constant Calcularion
k= (Ts*Ra) /Va;

$ Speed Range
W=0:1.5:650;
T=km* (Va-km*W) /Ra;

% Diplay of results

disp('The Motor Constant, km')
disp (km)

plot (T,W,'B-')

xlabel ('Torque (Nm)')

ylabel ('Speed (Rads/sec)

y

y ¥ ///
title('Speed Torque Relationship')

Motor Constant = 0.0250 /
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The program was also created to determine the relationship between speed and torque.

Speed Torque Relationship
TOD T T T T T T
s
600 S .
\\\

500 N
— \\\\
8 e
:“g 400 r \\‘ .
[y ~
o Y
B 300 \\ -
2 ‘\
7] e

200} \\\\ !

1
100 \\ -1
S
0 1 i 1 1 A \i /
-0.1 -0.05 0 0.05 0.1 0.15 02 0.25
Torgue (Nm)

b)
The Simulink model below shows an armature voltage controlled DC motor.

Before completing this a conversion from rad/sec to rev/minis required = w% = 9.55w /

1

014541 5 0.00045+0.0000024
Eledricsl TF Motor constant (Km) Mechanical TF Reds io Revs

1

N

Armature Vohage (Va)

!

Load Torgue

0.03

"

Feedbaor (Km)
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c)

Speed response plot when the load changes between 0.02Nm and 0.04Nm.

d)
Steady state plot

1800
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Steady state plot at a load of 0.04Nm

Task 3- Position Control Servo

Error ﬂlotor &

detector

84 [output]

K
o Ke K i 0o
Kr6i & s(s + B/ ),

Block Diagram for the system

Kp
KPeo 5
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b)

()

0. 1+G(s)H(s)

1

9 __ G

K¢
G(s) =Kp X —w

=+ 0)
H(s) = Ke £

The overall Transfer function

KAKF
KpXx ]B -
0,(s) _ s(s+7)
B8i(s) S KAIKF
+ KpX
s(s+$)
KPKAKF :
S G
~—, Bs
0o(s) _ 2+ /
21O R L
SZ+E

I

. 2 Bs
Multiply the top and bottom by (s + T) /

(52+$)XKPKAKF
I
Bs KpKAKF
Bo(s) 2 SZ+T = I
0i(s) (52+§I§)prKAKF 52305, BpRAKE
2 Bs 1 1 . !
(s2+7)x14 -
I s2422
T
The transfer function
KpKpKFp 2
0 Py v &
= Bs KpK4K
Bi(s)  s244BoACF

Page 13 of 31

7




national gri d Electrical Principles, Methods and N—

Simulations

c)
KpKpKp
0o(s) _ 1 s
Bo(s) — wp? //
0;(s) 55 52 120w s+ Wy 2
5x1x8X1073
Bo(s) e . 200 /
8i(s) §24 B | 5x1x8x1073 s2+ 5000Bs+ 200
X104  Exio
w,% = 200

Steady state value = kss = 1
Natural frequency = on = V200 = 14.14 rad/sec /
2{w, = 5000B 4

2x1x14.14 = 5000B

. 28.28 - 3 s | d
B = e 5.656 x 10~ N/ms /

The following calculation is to determine the poles for critically damped.
(S + 208 +ond) =0 /

S = -y, 'C0n='14.14 / §Determine the poles and time response by Slean Beynon

% define the numeractor

The Matlab program is created =~ "%~ 12°9% /
to dgmonstrate that the system B iieagutene peleo e ’
is critically damped. den=[1 28.28 200]: /
This provides access to pole $ Transfer Function
plot, highlighting the system pc=tf (num, den)
stability.

% Poles

pole(pc)

% Plotting the Poles y
subplot (211), pzmap (pc) //
axis([-20 1 -1¢& 1&])

% Plotting the response for an unit step
subplot (212), step(pc) /f
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Pole plot showing the Pole-Zera Map :
10 T T L T T T T T T :
system is critically -
1 Co
damped < L
1 R R R R £
£ !
9 1
E S5t &
10 | 1 1 1 1 1 | 1 1 | El
-20 -18 -16 -14 12 -10 -8 -6 -4 -2 0 :
Real Axis !
Step Response .
1 T N . T T T T :
; s
£ 05} :
[~% 1
g : /
G 1 1 1 1 1 I 1 :’
0 0.05 01 015 02 0.25 03 0.35 04:
Time (sec) y
C:'JC( ;iauf sl morg
d)

The Matlab program was modelled in Simulink to compare its performance when

determining the time response of the system.

STEP

40
>
Ll =
34+28 28
FIELD CONTROLLED MOTOR

KF
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Time response plot when the system is modelled in Simulink.

e)

$ Variable B input ////
B=input ['Enter friction wvalue, B']: /

% Calculate B/I

y=B/2*10"-4; /

% denominator
den=[1 y 200];

$ Transfer Function

pc=tf (num,den);

% Plotting the Pcles
subplot (211), pzmap (pc)
axis([-20 1 -16 1€])

$ Plotting the response for an unit step

subplot (212), step(pc)
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The Values for B that were entered are as followed:

Critically damp - B= 5.656x10-3

No damping - B=0

Underdamped - B= 4.75x10-3

Overdamped — B= 8.4x10-3

The following plot is for a ‘No Damping’ system.

So: B/l = 8.4X10-3/2X10-4 = 42

P

B e T e e e SR Y g N e e =

SO: B/l =3.75X10-3 / 2X10-4 =18.75

Time response was checked using Simulink.

Pole-Zero Map
% 10} .
E ol | L | | | | | | | ﬁ( <
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0
Real Axis
. Step Response
2 — A T“ T ; \; .Til_. e hl . \I =
AR
% %/ | l \ / | || \ lI / \ / |
ool VAL L\"\)ﬁw ’\/
DE”*'%{ !"j“l_..E%JE_L\‘:!L___I_._.I_\‘I'I_'_._.?I;I'j . QE Jl:* _:j_n _.tq:‘ ;

Time (sec)
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The following plot is for an ‘Underdamped’ system.

3

/
4
Time response was checked using Simulink.
Pole-Zero Map
T T T T T T T T T T
10 H— /
izl X 1 fK
£ : 7
- : /
E D ___________________________________________________________________ [
£ :
[=1] '
@ o ,
il ; -
1 | 1 I 1 1 ! ] I i
-20 -138 -16 -14 12 -10 -8 -6 -4 -2 (1]
Real Axis
Step Response
1.5 T T T T T T T T T -*/
T e e L e S oA
5 i
= P G
: —
05| T -
S
o
0 — 1 | | 1 I 1 | 1 |
0 0.05 01 015 02 025 03 035 04 045 05
Time (sec)
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The following plot is for an ‘overdamped’ system.

Time response was checked using Simulink.
Pole-Zero Map
T T T T T T T T
' y. /
10 D L e reud
7 i
i i LA
i I~ s oms o om,tcomf r a  m - S R .
E ] | !.’ 1q
k=) ! KNI
(4] 7
£ 1ot 4 otber ol
! ! I L i 1 1 I ; ,_J, e on
o T R B e D S -8 -5 -4 -2 0 S
Real Axis o
Step Response
1 T T d_,ﬂd—;__['_ T T
.--‘/’J
% /’/
o /
£ 05 p e /
e
i
7
/)'
0 4 1 | 1 < I8 1
0 0.2 04 06 0.8 1 1.2
Time (sec)
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f)

The Matlab program was adapted for the under damped condition to obtain the rise time,
peak time, percentage maximum overshoot and settling time. Below is the program

developed:

$Determine the poles and time response by Sean Beynon

% Variable B input
B=input (' Enter friction wvalue, B')

% Calculate B/I
v=B/ (2*10"-4) ;

% define the numerator
num=[200] ; ////
wn=sqrt (200) ;

% denominator

den=[1 v 200]: ///

% Transfer Function
pc=tf (num, den) ;

% Poles
pole(pc)

% Plotting the Poles
subplot (211), pzmap (pc) /
axis([-20 1 -16 16])

% Plotting the response for an unit step

subplot (212), step(pc) ////

% Determining zeta
z=y/ (2%wn) ;

% Damped natural frequency
wd=wn*5qr:(1—(z“2];4

% Rise Time
tr=(2.16*2+0.6)/ (wn) ;

% Peak Time ///

tp=pi/wd;

% Percentage of max overshoot
mp=100%*exp (- ((pi*2)/sqgre(1-2"2))):

% Settling Time /// E§%7Ct{-
4

ts=4/ (2%wn) ;

% Display Results
disp('Rise Time')

disp(tr)
disp('Peak Time')
disp(tp)
cdisp (' Percentage max overshoot')
disp (mp)
/

disp('Settling Time')
disp(ts)
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Rise Time =170.7 ms

Peak Time = 409.1 ms

Percentage max overshoot = 77.7%

Settling Time = 336.8 ms

The proportional controller was increased to 5, to understand what effect it has to the

performance of the system.
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Task 4

An electrical system was modelled in Simulink by

197.54

G(S) = 775055 3.96

i o 157.4 D

52.2 05s+3 28

.—Kﬂ
kA
v

wn

8

k]

Step y Transfer Fen

This model provides a totally unstable system.

TS e
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The model below shows the PID controller in Simulink.

Kp

197.4
* D ik =
54-2.06543.9¢€
Ki Integrator + Scope

Step y

Transfer Fen

Add

Kd Cerivative

The parameters were set as follows: Kp=3,Ki=08,Ka=1 /

Overshoot= approx. 0.3 or 30%

Rise Time= approx. 1.5 sec
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The parameters were set as follows: Kp=3,Ki=0.8,Ke=0.8 ;

Overshoot= approx. 0.1 or 10%

Rise Time= approx. 1 sec

The parameters were set as follows: Kp=3,Ki=0.8,Ka=0.5 #

SR SR ) T o e ¥ 5| MR T N K D R L Rt T G P 0 S 0 |

O\_{e_r_ghoot:__qp_)g_r_px. 0.01 or 1%_

Rise Time= approx. 0.75 sec

Page 24 of 31




nahonalg r|d Electrical Principles, Methods and 07/02/19

Simulations

The parameters were set as follows: Kp=8,Ki=0.3,Ke=0.5 /

{.: T ITmrne—

Overshoot= approx. 0%
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Task 5

a)

A Matlab program was developed, using the open loop transfer function below, to plot a

Nyquist diagram of a servo control rig.

0.03868s’ —5.369s” —97.34s+13450

s’ +169.8s” +1730s+159

The simple program below enables a Nyquist diagram to be developed.

% Nyguist by Sean Beynon 2/05/1%9. o

x=[0.03868 -5.369 -597.34 13450]; ///
y=[1 169.8 1730 158];

aya=tf({[x], [v]) % transfer function
nyguist (sys) % Hygquist response ///
grid

|

The following Nyquist diagram is created using the open loop transfer function provided in

the question.

50

MNyquist Diagram

40 -

20 +

10 +

20 +

-30

Imaginary Axis
L ]

-a0
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b&c)

Gc(s)

Ge(s)

LT I RS R« AT 7.4 I Y R 5 S

L e e
" o Wl =D
[l ]

0.038685%—5.36952—97.345+13450

" $34169.852+17305+159+0.0386853—5.36952—97.345+13450

V4

0.03868s%-5.36952—97.345+13450 /

e 1.03868s3+164.43152+1632.665+13609

% Nyquist part b) by Sean Beynon 2/05/16%.
x=[0.038€8 -5.369 -97.34 13450];
v=[1.03868 1€64.431 1632.66 13609]:

sys=tf([x],[Vv]) % transfer function
nyguist (sys) % Nyguist responss
pause
bode (svs) % Bode plot //
grid

Nyquist Diagram

155 T T T T T T T T T

Imaginary Axis

= 08 0E 04 " DD a e LR T e 1
Real Axis

< Crosses the real axis= -0.17 /
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Yes the system is stable as it's in the negative real value, although the phase margin is

infinite because the gain is always less than one.

Crosses the real axis at -0.17.

Gain margin, GM

GMgg)

/

L =588
0.17

20l0g(5.88) = 15.39dB

Bode Diagram
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Resonance M, occurs at the point of maximum magnitude.

Bandwidth we is the frequency between when the magnitude cross 0dB and phase cross

180°.
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For this system:
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Frequency at 180° = 30Hz

/

21Hz

wpb=30-9
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Below is the system model with a Pl controller gains and initial gains, which was created in

Simulink under task specifications.

Pulse =
Generstor b

ﬂﬂ | +

ntegrator

. |0.028885%-5 3885257 345+ 12450

§2+162 852+ 172054159

Transfer Fen

The response curve was plotted for the first 10 seconds and provides a square wave form.
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Manual changes were made to the Pl controller’'s gains in the servo control rig to ensure
the closed loop system can achieve overshoot o < 5% and the settling time ts < 1.0 sec. /

Y,

The following changes were made to the system: i

Kp - 0.6 P 3

Ki-0.02 :

- L § -
] 5355853—{ 2885457 245+132450 I:I
+ 8 P Y
| 524168 B5€+17205+158

. -
Ki Integrator Scope

A 4

Fulse -
Generstor b Add

Transter Fen
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Overshoot approx. r ‘
1.6 or 4% 3
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