Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David

LEVEL 5 ASSESSMENT SPECIFICATION

Student name: Harry Own Student ID number:

Programme: HND/HNC Electrical/Electronic Engineering, HNC Instrumentation
Engineering & HNC Power System Engineering

Module: Electrical Principles, Methods and Simulation

Contribution to -
Overall Module ke
Assessment (%):

Module code: PSDE5009

Lecturer: Jason Pointer Internal Verifier: Steve Roberts

Assignment Title: | Control Systems Word count (or 2000
equivalent):

Submission 16/05/19 Return date of

deadline: provisional marks &

written feedback:

AL All written assessments, where practical and possible, must be submitted via Turnitin
Submission unless otherwise instructed by the Lecturer. (Please DO NOT put this assessment
method: specification into Turnitin or it will match many similarities with other students’
submissions.)

Alternative submission method (if applicable):

Late submission of the assessment will result in a late penalty mark. Penalties
for late submission: Up to one week late, maximum mark of 40%. Over one week late,
0%. Only the Extenuating Circumstances Panel may approve a change to submission

dates.
Academic Academic honesty is required. In the main body of your submission you must give credit
honesty / to authors on whose research and ideas your work is based. Append to your submission

a reference list that indicates the books, articles, etc. that you have used, cited or

referencing: . .
quoted in order to complete this assessment.

Module Learning Outcomes

from module syllabus)
1. Analyse and evaluate electrical circuits, electronic systems and control systems.
2. Simulate standard electrical circuits, electronic systems and control systems.




STUDENT FEEDBACK FORM

This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your
mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on
the achievement of the task(s), including those areas in which you have performed well and areas that would benefit
from development/improvement.

Generic Assessment Criteria

Marks
awarded

Marks
| available

o

1. Engagement with Literature Skills

2. Knowledge and Understanding Skills 30 20.2

Achieved 65% for Task 1.
Achieved 80% for Task 2.
Achieved 52% for Task 3.
Achieved 75% for Task 4.
Achieved 65% for Task 5.

Knowledge is reasonably extensive and accurate in most parts. Show a very good
understanding of most concepts and principles covered by this assignment but not all of the
elements were covered for some of the task.

3. Cognitive and Intellectual Skills 10 3

Largely descriptive work in the analysis of the test results.

4. Practical Application Skills 50 34.7

Achieved 68% for Task 1.
Achieved 78% for Task 2.
Achieved 48% for Task 3.
Achieved 78% for Task 4.
Achieved 75% for Task 5.

A very good application of established methods in the use of Matlab, Multisim and Simulink but
in places not all of the required work was produced.

5. Transferable Skills for Life and Professional Practice 10 5

Mostly coherent, organised and accurate work, in a suitable structure and is for the most part
clearly expressed.

Late Submission Penalties (tick if
Assessment Mark (Assessment marks are subject to ratification at the appropriate) :

Exam Board. These comments and marks are to give feedback on module work Up to 1 week late (40% Max) 63%
and are for guidance only until they are confirmed. ) Over 1 week late (0%)




HND/HNC Electrical/Electronic Engineering

Electrical Princip
and Simu

PSDE 5009

es, Methods
ation

By Harry Owen

By Harry Owen



REFERENCLES

Title picture —
Taken from ‘Redirect Notice’
Website title: Google.co.uk

URL:https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&u
act=8&ved=2ahUKEwj36cWO08e_gAhWNx4UKHVtFDhUQjRx6BAgBEAU&url=https%3A%2F%2Fwww.
anixter.com%2Fen_us%2Fresources%2Fliterature%2Ftechnical-references%2Fthe-basic-principles-
of-electricity.html&psig=A0vVaw3CaHsYLeFZ4grsABWURy7D&ust=1552043057689628

Harry Owen



HND/HNC Electrical/Electronic Engineering PSDE 5009

Index

References — Page 1
Title page — Page 2
Index page and introduction — Page 3
Task 1 —Page 4 -10
Task 2 —Page 11- 13
Task 3 —Page 14 - 19
Task 4 — Page 20 - 22
Task 5 — Page 23 - 25

Introduction

In this assignment | will be focusing on analysing and evaluating electrical circuits, electronic
systems and control systems. This is going to include RC circuits, DC (Direct Current) motors
and circuit and Position Control Servo circuits. | will be using simulink as well as MatLab to
design and plot a Nyquist diagram. | will also be looking at simulating standard electrical
circuits, electronic systems and control systems to gather results which can be analysed and

evaluated.

By Harry Owen
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Task 1 - RC Circuit First Order System

Figure 1 shows a RC circuit that can be analysis using time and frequency response.

R
1.5kQ
Vin C__ Vout
1.5pF
Figure 1

a. Determine the transfer function for the circuit and using this produce the time
response equation.

R=15KQ C=1.5puF

R

1

A

Vin _C__'_ Vout

Voltage in R: Ri(t)
. 1
Voltage in C: — |i(t)dt
g cJiov

Using Kirchhoff voltage law -
. 1

Ri(t) + = |i(t)dt = Vin(t
®+ < [iov ()

First derivative on both sides above gives
di(t) 1 dVin(t)

L +El(t)= dt

Using Laplace transform

I(s) :
sRI(s) + < - sVin(s)

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

By Harry Owen
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I(s) [R + é] — Vin(s)

Vin(®) = I [R + 2] eq (1)
Also

1 .
Vout = Efl(t)dt
dVour __ i(t)

dt c
Using Laplace transform

I
sVout(s) = %
I(s) = sVou(s) xC

Sub into equation (1)

Vin(s) = sVyue(s) X C [R + Cs

Vin (S) 1
= SC[R + —] =CRs+1
Vout(s) Cs
So
Vout(s) _ 1

Via(s) ~ CRs+1
Divide top and bottom by CR ,

Vout(s) o= 1/ CR

Vin (S) S + 1/CR

Take inverse Laplace transforms:

Vv t 1 t
o®_ 1t

vin()  CR /
1l
Vout(t) = vip(t) X C—Re CR

By Harry Owen
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B) Use Matlab to produce the time response plot when 20V dc voltage is applied at
Vin and also to calculate the time constant, delay time and rise time. Confirm the plot
by using Simulink.

o\e

Ha

ry Owen Electronic Principles Assignment 2

.
Task 1 Matlab for first order response of a RC circuit.

oo

% Setting the value for a resistor, capacitor and voltage
R = 1.5%10"3; C = 1.5*%10"-6; V = 20;
Te=R*C; % Calculate time constant

E=0; % Set injtial conditions P

Vout=0; /

% Determine the cutput voltage for value of time, t.
for H=1:50

t (H) =(H-1) *Tc/5; ¥ oo »F 14 ,
Vout (H) =V* (1-exp (-t (H) /Tc)) ; a7 . el delerriing]
end; =
L'L!‘-{s-if\,f [ > P ‘/u(

% Display the Vout against time
plek(t,Vouk; ' ="
title('First Order Response - RC Circuit')

xlabel ('Time (sec)') //‘
vlabel ('Veoltage (V) ')
grid

Figure 1 - O X
File Edit View Insert Tools Desktop Window Help k!
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Proving using Simulink.

Transfer Fon

By Harry Owen
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C) If a sine wave is now applied to the input the frequency response of the circuit can be
determined. Use a 1V peak to peak sine wave and Matlab to produce the frequency
response for the magnitude also determine the cut-off frequency.

% Harry Owen Matlab Program to find Time Constant:
% Frequency response for a RC circuit with a 1 Volt sine wave
% Set Componnent Values

R = 1500; C = 1.5*%10"-6;

£=0; % Selt initial conditions /
% The Time constant

Tc=R*C;

£x=0:0.5:2000; y g

z=length (£fx) ;

% Angular velocity /
w(x)=2*pi*f; ’

% Time response //
G(x)=20*1log(1/ (sgrt (1+w(x) “2*Tc*2))); /
end
% The frequency Response ‘
semilogx (fx, G) /

xlabel (' Frequency (Hz) ')

ylabel ('Gain (dB) ')

title('Frequency Response of RC Circuit')
grid

The cut off frequency is
200Hz. This is the point where
the wave drops off 3dB.

Gain (dB)

<

el

cmmea=l

'
Fo-emmmmy=-

10’
Frequency (Hz)

By Harry Owen
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D) The frequency response can also be represented using a Bode plot which will include
magnitude and phase plots. Use Matlab to produce a Bode plot and confirm the results
using Multisim.

e

Harry Owen
Creating the freguency response using Bode Plot

% Create Transfer Function ////

Graph=t£f ([1], [0.00225,1]);

o

% Bode Plot 4
bode (Graph) /
grid -

title('Bode Plot')

Bode Mt

Magyrdude ()

Prase (0eg)

Fregmccy (redigec)

./), /;-"//j/ /f;/4 ,})—/ )[-c)'-'///':

By Harry Owen
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Task 2 -

PSDE 5009

1- Using Matlab write an m-file to find the motor constant KM and to plot the speed-
torque relationship. The motor parameters are: Ra = 1.4Q; Va = 12V and the stall

torque Ts = 0.21453Nm.

2 Toale &)
a5 La8SK ‘a4

Ra=1.4;

Owen

Ts=0.21453;

Harkry

Va=12;

km= (Ts*Ra) /Va;

T=km#* (Va-km*W) /Ra;

% Diplay the results /
disp('The Motor Constant, km') /
disp (km)

plot(T,W, 'B-"')

xlabel (' Torque (Nm)')

yvlabel ('Speed (Rads/s)')
title('Speed Torgue Relationship')

y

The Motor Constant, km = 0.0250

s Motor parameters

Calculation of Motor

constant

Figure 1
File Edit View Insert Tools Desktop Window Help
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B - Build a Simulink model for the armature-voltage controlled DC motor. The motor
parameters are Ra = 1.50, La = 0.14H, Km = 0.03Nm/A, J = 0.0004kgm2, b = 3.4x10-
6Nms/rad and Va = 6V.

? 1 s .
T - ~ -0
0.145+1.8 0.0004:+0.0000024 l )
iture Supply Veoltage Electrical TF Mator Constant {KM; Mechenical TF Redsto Revs  SO°PS
Lesding Torque
0.02
Feedbso: [KM)
C - Run the simulation model and plot the speed response (in rpm) for the first 16 seconds
when the load of a DC motor changes between 0.02Nm and 0.04Nm with frequency
0.125Hz.
Scope S =
B LLL ARRE B A & g
! 1 ggj[?_]! ............ A A . ............... ....................... ............... el i .............. i
| “‘s?"r ......................................................................................................

0 14 15

By Harry Owen
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D- Find out the steady state angular speeds (in rpm) at load 0.02Nm and 0.04Nm,

respectively.

Scope .

2000 —

O X

7
Settled at 1583 ..+

/f m,(//;

By Harry Owen

Scope — O X

. 8B PPH ABE BE

2000

|
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1000+ 1
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Task 3 - Position Control Servo

Figure 3 shows the circuit diagram for a Position Control Servo:

Error
detector

/\Motor &

lanA

0,

linnotl

Figure 3

K,/
8 ol . of
i;(s) s(s +I%) /

Where the motor & load has the transfer function:

A) Sketch a block diagram for the system.

KeSi =

Ninn'd

» 6,

y
A
N

(KFeo

f 3

Ke

By Harry Owen
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B) From your block diagram show that the transfer function for the system is:

K,K,K
0,(8) _ e %

0;(s) _[Sz +§+KAKPKf J
I

The standard equation for negative feedback system. g"—:LS)
0, 1+G(s)H(s)

G(s) =K, X _s(s+B/I) ‘(
H(s) =Kp 4
The overall Transfer function
KAKF/
8o(s) _ s(s + °/1)
0,(s) KAKF/]
i3 Bew—L
s(s + B/I)
KPKAKF /
/I J/
0,(s) 2+ 554/
0:(s) KPKAKF/
1+ —B]
s? + S/l

Multiply by (s? + BS/[)

(SZ & BS/I) X KPKAKF/[ ../,'

KpK;K

80(8) _ g2 4 BS/l _ P ]A F |
6i(s) (s2+ Bs/)) x KPKAKF/ 2 4 ¥+ %

s2+ Bs/)x 1+ I

( /l) 52 4 BS/1

KoK, Kr

6o(s) _  TfE |
00 ey B KKK/

By Harry Owen
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C) A unit step input is to be applied to the position control servomechanism and the

following parameters are applied:

KA =1.0

KP =5Vr-1

Kf = 8mAV-1

| = 2x10-4Kgm2

Find the value for B to create a critically damped system and using this value
determine the poles of the system. Use Matlab to show that the system is critically
damped by obtaining the pole plot and also to show stability.

Finding the value of B
Kp K Kr
6o() _
0® oy B2, Rlake
0,(s) 002

0;i(s) s 4 2{w,s + w2

5x1x8x1073

Bo(s) _ 2x 107 _ 200
0;(s) o & Bs + 5x1x8x10"3  s2+ 5000Bs + 200
2x10* 2x 104
w,? = 200
So Steady state value = kg = 1
Natural frequency = o, = V200 = 14.14 rad/sec
2{w, = 5000B —r
11,1400 ¢ 8.712118 o }.ri-{t /‘-c"'{;f' )»G';,e&/ (e
for critically damping { = 1 4 11,1400 - 8.71211 1 i o
So 2x1x14.14 = 50008 / e AR
= 228 _ 5656 x 10 N/ms"! - DR e el (Dide e B e
5000 D@8 L aafNe v 08 s0

To determine the poles for critically damped
(s2 + 2008 + %) =0

] Poke. Leeo Mag
= -(n, -0n = -14.14 { e
i
1
]
Vi # b= / i
f e —:}'/L/CWJLC{{ s ‘
(Ao o W) A =
%w o %[m_ FVTHHTVN | Rl Axi
Reap Bargidge
%
X

Tee (ec)
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HND/HNC Electrical/Electronic Engineering PSDE 5009

D) Obtain the time response of the system using Matlab and compare its performance by
modelling it in Simulink.

&
_« . [
|| 5<+28 28z
Step KP4 KA Field Cantrolled Motor Scope
&
v a

By Harry Owen
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E) Modify your Matlab program to allow different values of B to be entered
producing the time response and pole plot to check stability. Select suitable

values of B for the following conditions:

e No damping
e Under damped
e QOver damped

Critically damp = B = 5.565 x 10 = 0.005565
SoB/I=5.565x 103 /2 x 10* = 27.825

No Damping=B=0 &
Under Damped (Between 0 and critical value) = B = 2.5 x 103 = 0.0025
soB/I=2.5x103/2x10%=12.5 /"

Over Damped (Over the critical value) =B =12.5x 103 =0.0125
SoB/I=12.5x103/2x10%=62.5

B

0 damplng : ) P 2;‘_&; y ) /z’\f )uc:),al.{{ ﬁe,v‘/ [ -1-1/&.(('\, { & Qv""—?“t{' { ’

PSDE 5009

T - R AN
* ol £ < T e— D T owcsibe CTwie 2 ong> T N T — ———i
D o BB & = o = SR e = S O 83 . 3

=
-
-
=
-
%
B Al
IR R ST

5
-
=
=
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Over Damped —

'
"
X

| —

:
=
TEag Kt g ense
&
*
F) - For the under damped condition obtain the following values using Matlab: /
e Risetime s At e gl

e Peaktime

e Percentage maximum overshoot

e Settling time
Also investigate the effect that the proportional controller has upon the performance of the
system.

The proportional controller has a lot of effect on the outcome of the circuit. As seen in

figures below, a higher proportional figure will allow the user to reach the target mark >
quicker but with that will be a lot of over shoot and rippling before it settles out. When '

there is a lower proportional figure, it takes longer to reach the target mark but allows less

over shoot and rippling to occur. (Values used below 1=10 the 2"=0.1 /
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Task 4
An electrical system modelled by

197.54

G(s) = 5
s? —2.05s+3.96

Using the trial and error methods, find out parameters K, Ki and Kq of the PID
controller in Simulink so that the closed-loop system can achieve overshoot ¢ = 0%,
rise time t; less than 0.18 second and zero steady-state error. Plot the unit step
response of this closed-loop system for the first 1 second.

B Scope _ l:| XV
SH PRLL ARBE BEF -

+ h-q‘i

N[

85+32.98

(5]
© |

5<-2.
Step

Transfer Fon Scope

Time offset: 0 5 /
:1

Froportinal

+

B
197 E4
DI S
5<-2.05:+2.98

Step Integral Integrator + TianitorFon Soope
Add o
>

Derivative Eerivative 1
Scope - (] >
EGE LR MAHEIEB B a F ~
g _ = z S E—— -_ _ - -
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I

Froportinal
e =
1 187 .E4
- i+ e —
> 522 0Bs+3
I Yolg Inteqrator S
ntegral ntegra + Transfer F
Add
ﬂ@—p durdt
Cerivative Cerivative1
Scope — O > ’
d

Time offset: 0O

The second attempt was to half those last
values and see what the effect would be. It can
be seen that the over shoot was worse but it did
settle down to the desired final outcome. The
rise time was better but still not within the
required parameters.

Proportional =5
Integral = 0.8

Derivative = 5

By Harry Owen
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-+ CITOT

This shows a trail to find the correct values

for the PID controller. [ firstly increased the
proportional and derivative to a higher values to
increase start peak and lower the over shoot but
this wasn’t within the parameters we were given.

Proportional = 10
Integral = 0.8

Derivative = 10

%

Fropertingl
Bl 4
Laal
1 187 .64
v — —H+ {5
: 522 08542
Integrsl Integrator —_— T =
HE nhears * Transfer F
Add
ﬂb_. du’dt
Cerivative Derivative1
Scope — ] et
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e

Proportinal

iu;
Oiw|a
w
~
4]
5 i
+  +
¥
(2 8
(48
[
—;l ha
B f
dlolwm
% m |~

—P@—Duu-m

Derivative Cerivative

Scope — O x

The third attempt seen me increasing the
proportional to 10 and lowered the integral and
derivative to see what the new outcome would be.
This actually worked as seen by the screenshot. The
overshoot has been resolved to none and the rise
time is in the required parameters by reaching 0.9
on the Y axis before 0.2 on the X axis.

Proportional = 10
Integral = 0.3

Derivative = 0.8

=22
et
o
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5) Write a Matlab file to plot the Nyquist diagram for the open loop transfer function of
a servo control rig given below.

0.03868s’ —5.369s” —97.34s+13450
s’ +169.8s” +1730s+159

L(s) =

% Task 5A Harry Owen
top=[0.03868 -5.369 -97.34 13450];
bot=[1 169.8 1730 159];

system=t£f ([top], [bot]) % Transfer function being created

nyquist (system) % Plotting the Nyguist response
Grid
Trmrn=f=x WU A
L= =5 - = -2 - =.dav = - DT.3- =~ - 139O
T T e + 169.8 @2 = 2730 = = 189
[ regmmar s e i) =i |
O e b e D = 0O (o g

ek
-

el M-

B) - Is the closed-loop system L(s)/(1+L(s)) stable? If yes, find the stability margins.

e e / I*-;n U .
Yes | found the circuit to be stable because the gain margin is positive. ¢ f’l‘“’f “ R g o ae

Transfer STwWr-Ct iorns e P r . v
O.03848 2~ 3 — S.269 -2 - BT_.34 = =+ 13420 C// et ‘767 p
2.03% » > - P1%54.4 =" - 1433 = - A3 EOD
XN -
L] L T Lrenm—n T o T g i e — i
- - > - il 3 - = ™
D EB&: L | ™ oo O3 -
rrrop st Tmmgy arm
- - > ot

. N - e, 2 = o
. o . ///

By A
[

e A s
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C) - Plot the Bode plot of the closed-loop transfer function Ge(s) = and find the peak resonance Mp
and bandwidth wb.

<) Figure 1 LA - 10] x|

ESR i Eduis Yiow - Lot “Took & Destiop s Window i Hep £ i D DR N vt

Deds i’ W 0B/ed TR
Bode Diagram

1§ e SRS e e R S S iR S e e S bl

Phase (deg)
8

O bonctciasiorpinh e coa .o genapind o e casobaerzanloc. go0p 2 -
o 2 3 ‘

10" 10" 10' 107 10 10
Frequency (radfsec)

A
Peak resonance from the graph = 7@ Hy

Bandwidth from the graph = 9-30 = 21Hz /

By Harry Owen
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D) - Build the system model with a Pl controller gain and initial gains Ki = 0.1 and Kp = 0.5 in Simulink
and then run the simulation. Plot the position response curve for the first 10 seconds if the reference
position angle is a square wave with amplitude 40 degrees and frequency 0.2Hz. Manually tune the
Pl controller’s gains in the Servo Control Rig so that the closed-loop system can achieve overshoot o
< 5% and settling time ts < 1.0sec. Describe the tuning procedure in detail.

» 0.038685%-£ 38952.57.341+, > 0.02888:2.5 282:2.87 243~ 1245

22109 85741730515 L— 5?_2“ e

. 168,852+ 17205+ 128

Insegre] Iregrator e Integrator Add
Integral
Transfer Fon
Transfer Fon
e - o % Scope - O X
o = ER T' s2 w'l 3

eB rrp ABE B LT 1= 1PV Y-l -N

et i _ fimeoffset 0

Proportional = 0.5 and integral = 0.1 Proportional = 0.5 and integral = 0.05
7 s : g /.‘;:ﬁ T f _'-4/
LA/ W, o i & .p,)'/./{zl-'—— Y 4Py
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