Py Prifysgol Cymru

3 Y Drindod Dewi Sant

" University of Wales

Trinity Saint David

LEVEL 5 ASSESSMENT SPECIFICATION

Student name:

Dan Chick Student ID number:

Programme: HND/HNC Electrical/Electronic Engineering, HNC Instrumentation
Engineering & HNC Power System Engineering
Module: Electrical Principles, Methods and Simulation
Module code: PSDE5009 LQIEL Pt Ol ko 50%
Overall Module
Assessment (%):
Lecturer: Jason Pointer Internal Verifier: Steve Roberts
Assignment Title: | Analogue Systems Word count (or 2000
equivalent):
Submission 07/02/19 Return date of
deadline: provisional marks &
written feedback:
Submissi All written assessments, where practical and possible, must be submitted via Turnitin
M mlS.SIOI‘I 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
referencing: a reference list that indicates the books, articles, etc. that you have used, cited or

guoted 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

Marks
awarded

1. Engagement with Literature Skills

o | available

o

2. Knowledge and Understanding Skills

20

13.8

Achieved 80% for Task 1.
Achieved 65% for Task 2.
Achieved 50% for Task 3.
Achieved 85% 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 tasks.

3. Cognitive and Intellectual Skills

20

9.7

Achieved 55% for Task 1.
Achieved 50% for Task 3.
Achieved 40% for Task 5.

For the tasks that asked for comments there was limited attempt at critical evaluation and
analysis of concepts and principles, tending towards description.

4. Practical Application Skills

50

36.5

Achieved 85% for Task 1.
Achieved 65% for Task 2.
Achieved 75% for Task 3.
Achieved 85% for Task 4.
Achieved 45% for Task 5.
Achieved 83% for Task 6.

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

5. Transferable Skills for Life and Professional Practice

10

Work is accurate, coherent, fluent, well-structured and organised.

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

Exam Board. These comments and marks are to give feedback on module work Up to 1 week late (40% Max)

and are for guidance only until they are confirmed. ) Over 1 week late (0%)

66%




Q Q Electronic Principles, Methods and
INETI Simulation 07/02/2019

Daniel Chick
Instrumentation Engineering
Electronic Principles, Methods
and Simulation
Assignment 1: Analogue
Systems
PSDE 5009

-~ 120

Time (t)

--120
Volts (v)

Image taken from: https://learn.sparkfun.com/tutcrials/analog-vs-
digital/all

Page 1 of 24




Q Q Electronic Principles, Methods and
IN ETI Simulation 07/02/2019

Table of Contents

Contents

TADIE OF COMEEIIES ...vveevtieitieiieeee ettt ettt ettt te et e bt e s st e eabeesstesbaeesbeesbe e sbesabbe e sbeeabbaeaesesrsessnassseensns 2
INtrOdUCTION . ....oeiiiiiii e Error! Bookmark not defined.
Tagk I — Combinational GIHeult s amsmmsimamsmmsmimmmmmeisesssve s s i sy i 3
Task 2 Clronit Theorem s s i s s o s e s e 8
B i1 [ | T 12
Task 4 - COMPIEX AC CIFCUILS .veiuviiiiiuieieiieie ettt eae ettt e ebe e ebeeebe et e sb e et e e s e esseseensenns 18
Task 5 — Non Inverting Amplifier CIrCUIL. ......oviiiiiiiiiii ettt e 20
Task 6 — Integrator CIECHI cusiiwsnssivmssirsissremsssvivisses imvssssoimvss v sivsiss o5 s ssss sessssy iy sepasiss 23

Page 2 of 24




Q Q Electronic Principles, Methods and
INETI Simulation 07/02/2019

Task 1 — Combinational Circuit

The circuit below was required to be constructed on breadboard and the voltage
measurements of each resistor was to be measured and recorded using a Digital Multimeter.
The results from the physical build were then to be compared with calculated measurements
which would demonstrate the difference between a real world scenario and an ideal
calculation outcome. Both results are shown below:

T o I

1.2k2 5600

Rs

— |

1.8kQ2
Ry Rs

—

6802 2.2kQ

N

Breadboard Measurements with Multimeter.

Resistor [Value (Ohms) [Voltage (V)

R1 1200 7.36

R2 560 2.64

R3 1800 2.64

R4 680 2.35 /
R5 2200 7.64| /

Calculated Measurements

R4+R5=2.88k #
I1 =10/2.88k = 3.47mA

V4 =11*R4=235V i
V5=1I1%*R5=7.634v #

R23 = (1/(1/560) + (1/1.8k)) =427ohm
R123=12k +427=1627 ohms
12 = 10/1627 = 6.15mA /

V1=6.15mA * 1200=738V 7

V2=Vs-V]1=10-7.38 =2.62V £
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After the calculated results, the task was then to build the circuit using simulation software
(Multisim), and compared to the previous physical build and the calculated results.

Multisim Measurements

From the measured results and the calculated results, there is a slight difference in the outcomes;
this could be because of the tolerances from the physical resistors, where the actual resistance could
be up to +- 5% of the stated resistance, Whereas the calculated measures uses the stated figure of
resistance which would affect the voltage readings.

With the calculated voltages, error could occur within the calculations themselves which could lead
to a false figure, or a rounding ‘error” could be present where figures have been rounding up to a
certain number of decimal places that could change the outcome of the voltages by a small margin.
With the Simulation readings, all the inputted data is the exact figure that is inputted without any
tolerance error, and all calculations are exact without rounding error, this creates an ideal scenario
where every measurement is perfect. /
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A MatLab program was then to be constructed that would perform the calculations itself while only
be given the resistor values and the input source voltage. The result are shown below and are proven
against a Multisim simulation of the same values.

Matlab Results

Code:

(NN ITAL (v wen [LeIvIEY veuuy VeIV VEIIUUWY LIy

“o Daniel Chick - 11/10/18
% Assignemnt 1 Task 1 - DC Cwcuits, Combination Circuits

V=input{' Enter the s
Rl=input('Ente
R2=input('En
R3=input(’ 1 th
R4=input('Enter the |
R5=input('Enter the res

“%Supply Voltage Value
i alue for A1
R2

for R

F

p= e u R R s
[ BN PR S
R R - e

2

n D
n P

SoCalculate V4 and VB

11=V/{R4+R5); YeCalculates {

C ugn > t11)
V4=I1"R4; %Calcualtes the Voltage across R4
y t cross RS

he Voltage ac

V5=I1*RS5; %Calcualtes

% Calculate V1, V2 and V3

R23=R2"“R3/{R2+R3); Y% Calculates
12=V/{(R1+R23}; %Calculates
V1=I2*R1; %Calculates q
V2=V-Vi1; %Calculates the Voltage across

0 %% Yo % Yo Yo Yo Yo Yo Vo Yo Ve Y Yo Yo Yo

Yoisplay the Results

disp{'The Vaolatge acoss R1: ") %Displays the Voltage across the R1 Resistor
disp(V1);

disp{'The Volatge acoss R2: ') %Displays the Voltage across the R1 Resistor

disp{Vv2);

disp{'The Volatge acass R3: ") %Displays the Voltage across the R1 Resistor
3 { Ve

disp{V2};

disp{'The Volatge acoss R4: ") Y%Displays the Voltage across the R1 Resistc

disp({v4);

disp{'The valatge acoss R5: ') %Displays the Voltage across the R1 Resisto

disp(V5);

disp{'The Current Value Through R4 and R5: ') o

Current V g8 I RE; %Displays the Current through R4 and R5
disp(I1);

disp('The Currant Value Through R1, R2, and R3: ') %Displays the Current through R1, R2 and R3
disp(12);

L]
i
T
w
<
4]

disp('The Resis
disp(R23);

and R3 parallel resistors: ') %Displays the total resistance or R2 and R3

’/fl/_:-,__'.,, 4 M ¥ MUM’@Z@«.\
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Results:

| Enter the supply voltage: 10
Enter the resistance value for R1: 1200
Enter the resistance value for R2: 560
Enter the resistance value for R3: 1800
Enter the resistance value for R4: 680
Enter the resistance value for R5: 2200
The Volatge acoss R1:

7.3750

The Volatge acoss R2:
2.6250

The Volatge acoss R3:
2.6250

The Volatge acoss R4:
2.3611

The Volatge acoss RS:
7.6389

The Current Value Through R4 and RE:
0.0035

The Current Value Through R1, R2, and R3:
0.0061

The Resistance of the R2 and R3 parallel resistors: /
427.1186

e

Check Results

New Values

Supply Voltage: 12V

Rl: 2.2k

R2: 850

R3: 1k

R4: 1.5k /
R5: 800
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Multisim:
il e : g e
oo [ R
m————r e : e Ha Doz
I ] e e S : s [v] 8 @ o . oo '
e e wn = s 2l sl |
o . [ ‘
¥ Set - set, . e i |
Rt 1M ‘ |
250 8500 gl f
e - &
T ‘ TR b
”‘\‘ *‘( F 4 ‘
e g S Rk 1 : !
. . R4 RS : e ;
: i L Ly i ,
b 1.5k son » s ]
- e pr
-
Vi : :
=; .~E| 4 |
""" I PXVE A ]

Matlab:

Enter the supply voltage: 12
Enter the resistance value for R1:
Enter the resistance value for R2:
Enter the resistance value for R3:
Enter the resistance value for R4:
Enter the resistance value for R5:
The Volatge acoss R1:

9.9268

2200
850
1000
1500
800

The Volatge acoss R2:
2.0732

The Volatge acoss R3:
2.0732

The Volatge acoss R4:
7.8261

The Volatge acoss RS:
4.1739

The Current Value Through R4 and RS:
0.0052

The Current Value Through R1, R2, and R3:
0.0045

The Resistance of the R2 and R3 parallel resistors:
459,4595

g

As seen from above, the calculations from each scenario are close, with the only major differences

are the rounding errors on the programs.
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Task 2 Circuit Theorem

This task was to calculate the current flowing through the R2 resistor using a variety of methods.

[ |

R 6800 R 1.8kQ2

R, 1kQ
+ +

O 1 P

Nortons Calculation For Current

Isc =11 +12 = (8/680)+(15/1800) = 0.02A  /_

/

R= ((680*1800)/(680+1800)) = 493.55Q
(493.55/(493.55+1000))*0.02 = 6.6mA

This calculation was then checked using the Multisim software and a Digital multimeter option over

the R2 resistor
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el fncnly W

6 642 mA I
l v i[ollde

The results of the simulation are shown in the image above which match the calculated results, A
Matlab program was then to be created to perform the same calculations, by using both Thevenins
and Norton’s Theorem

S
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Matlab Program

I1=(V2=-V1}/ (R1+R3};
El=V1+ (I1*R1l);

E2=V2-~(I1*R3);

Inl=V1/R1l;

InZ=V2/R3;
Isc=Inl+In2;

rN=( (R1*R3)/ (R1+R3)};
IN= (rN/ (rtH+R2) ) *1Isc;
VHN1=Inl*R1l;

VNZ=In2*R3;

disp(’
disp(’
disp('Th
disp('Theve
disp('Thevs
disp('Nort
disp('Nort
disp('Norton:

disp('Mornon:

= Vo =
Yo =

L =
oI Rd j Rl
- BRI+ "} R2
Lol fe i e
€~ ke "4 . =
o] o i’ K3
tDisplay the Resgul

- L
")
"} disp (VN1);
" dasp (VN2);
disp(Inl);
1) disp (In2);

e
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Matlab Results

nter the wvoltage value, V1: 8
1

nter the weltage value, V2: 15
Enter the resistance val 80

ok
P
(10
£h
]
-
s
[
=

Enter the resistance value for R2: 1000
Enter the resistance value for R3: 1800
Thevanin: The Current Il:
0.0028
Thevanin: The Eguivalent resistance r:
485,54:24
Thevanin: The eguivalent current I:
0.0066
Thevanin: The Power dissapated P:
0.021l8
Thevanin: The Voltage Across V1 :
Thevanin: The Voltage Across VE
15
Norton: The Current Il
0.011%8
12:
Nerton: The Supply Current Isc:
0.0201
Ncocrton: The equivalent resistance r:
283.5484
Norteon: The egqguivalent Current IN: //
0.00¢6

The results are shown above and are shown to be a correct calculation when compared to both the
manual calculation and the Multisim findings.
ff(‘/ ; i / /f‘, ._T{'L'rf”"ﬁ"'{u L
5

qu/m// A\ P v
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Task 3 - Series AC Circuit

By using the circuit below, this task required the resonant frequency and the phase angle
between each waveform to be calculated and proved using various methods.

L C R
Y Il L —
|
4.7m 1uF 120Q
()
12V
1kHz

Phase Angle and resonant Frequency at 1kHz

Phase Angle:
Theta = tan-1(XL-XC/R)
XL=2PiFL == 2*Pi*1000%(4.7x10-3)=29.53 b~/ L
XC= 1/(2PiFC) = 1/(2*Pi*1000%(1x10-6) = 159.15 (L 7 Moy
Theta = tan-1((29.53 — 159.15)/120)=47.2°  /

Resonant Frequency:

Fo = 1/(2*Pi*VLC) = 1/(2*Pi*V(4.7m*1u)) = 2.321KHz ,

Page 12 of 24




Q I N E TIQ Electronic Pg?niigllzt?érl:nethods and

07/02/2019

To prove the accuracy of the calculations, the circuit was designed and tested using Multisim to

¥

x
R
4.4 Vrms .
|
e —_—————51
Chennel_ & Chammel B T
4,536 ¥ 205,689 my Reverse
204.254 my -2.892V
-, i L / Say
A e sy = Ext. Trigger
i Lseees | Temebsce Channela  Chamels Trigger
S A S o - - Scale | 100 us/Dwv Scate (6 VDV |3 semle |5 VD te [ E_ 3
- X position L Y positon | 0 Yooston |0 level [ Jr\

[¥7]sdd B2 a® ac o [oc] ac o [oc] - Type Smg. Nor. Auto [fione] |

Calculated from multisim. (133*10-6)*1000*360= 47.88 deg /

Vg

“¥ Bode Plotter-XBP1 X
X Mode
phese
Horizontal Vertical
Lin Lin
Fll GHz | Flo B |
11 mHz | 1|-200 dB
Controls
Reverse Save Set...
€] 2384kHz -0.003 dB + + In - + Out -
Phase angle = 2.364 kHz /
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A Matlab Program was then created to automatically calculate the required resonant frequency and
the phase angle, and also produces a waveform plot diagram of the frequency.

Indact i i lus=s
= ke lue | - lues
nput {'E = ne v iuae: ¥y zlua=

f=input ("= ne ] 2 Jii =51re fre= =
fprincf(*
Pa=(180/pi) *atan( (XL-XC) /R):
Rf=]/ (2*pi*sqgrc (L*C)):
for Q=1:10000 ///

freg(Q)=Q; riable Fredquenc

{L=2*pi*freq(Q)*L;

XC=1/(2*pi*freq(Q)*C);

QA(Q)=(180/pi) *atan( (XL-XC)/R);
end
Dl={' Thes phase angle calculated iz ',num2scr(Pad), " d=grees o

disp (D1}
D2Z={*' The Rescnant Freguency calculazed is k,:umis::{Rf), *Hz "1
disp (D2} 7

plot (freq,Ql, 'g~-"3:
xiabel ('Freqg R ¥ :
ylabel ('Phas= (d= Yer

grid
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The circuit was then physically created on breadboard and measurements were taken at set
frequencies which were then used to construct a graph using Excel to show voltage a across the

frequency range.

Frequency |Vout

100 1.39

500 4,79
1000 6.65
1500 747
2000 7.44
2500 7.41
3000 7.33
3500 7.09
4000 6.81
4500 6.57
5000 6.22

Vout

Vout
8
7 /f"’"_ﬂ— T —
6 /
/
7
Ir’
4 /
/
2 ’}l‘
2
1
0
0 1000 2000 3000
Frequency
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From the Practical testing, you can see the resonant frequency as marked by the green line of
approximately 2300Hz; the accuracy from this reading could be improved by taking more
measurements at lower intervals and plotting a graph from the outcomes.

You can also see the time difference between each waveform. And from these measurements the
phase angle could be calculated, this method is subject to a large amount of error as many factors ~
could alter the outcome, such as user error, where the user places the oscilloscopes measuring
functions in incorrect places.

From the Constructed circuit, the phase angle is (100%¥10-6)*1000*360= 36 deg This could be
down to component error, where the figures from the component do not match the ones stated
within the specification or user error where the measurement cursors are in the incorrect location for
the reading.
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Task 4 - Complex AC Circuits

This task required the calculation of the current running through the circuit at a set location, the
current was first to be calculated using Mesh Analysis and then proven by constructing the circuit
on Multisim and using the software’s inbuilt Multimeter to monitor the current at the specified
location.

Mesh Analysis

XL = 2L = 2*2*1000%(1.2x10"-3) = j7.54Q
XC = 1/(2* 7¥1000%(33x10%6)) = -j4.82 Q  /

Kirchoffs law for each loop

Loop 1
V=R1I1 + XC (I1-12)
10 = 2211 + (-j4.82)(11-12) /

10=(22-j4.82) 11 +j4.82 11 =Egl

Loop 2
0=R2I2 + XLI2 + XC(12 - 11)
0= 3912 +j7.5412 + (-j4.82)(12 — 11)
0=j4.82I1 + (39 +j2.72)12 =Eq2

Rearrange for Eq2

J4.82 11 = -(39+2.72)12
11 =-(39 +j 2.72)12/j4.82 =Eq3

Sub I1 into Eql
10 =-(22-j4.82)(39+j2.72)12 + j4.82 12 / j4.82 /

10=j0.207(871.11 —j128.14) 12 + j4.82 I2
10=(26.53 +j 18032) 12 +j4.8212 /
12 = 10/(26.53 + j185.14)

12 = 0.0076 — j0.0529 rd

Sub 12 into Eq 3

[1 = -(39 +2.72)(0.0076 — j0.0529)/j4.82 ,
11 = 0.4237 +0.0913

I=11-12

(0.4237 +j0.0913) — (0.00076 — j0.0529)
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[=0.4161+0.1442
Pol(0.4161,0.1442)
©®=19.1138.r=0.44.4

Irms = 0.44/2%V2=0.16 A= 160mA .~

The circuit construction and readings arde shown in the images below:

The figure stated from each method differs due to errors within the calculation. These errors could
consist of rounding errors where the figure from a previous calculation is rounded up or down to a
smaller figure, which then could affect the accuracy of the result.

Whereas the Simulation software uses actual figures to provide the measurements, and therefor is
exact.
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Task 5 — Non Inverting Amplifier Circuit.

This task required the resistors R1 and R2 to be calculated from the following Amplifier Circuit.

R
R:

Gain Calculation:

AV = 1+(Rf/Rin) Av=200 /
Rin=2.7kQ ’

Rf/Rin = Av-1

Rf=(200-1)*Rin i

Rf = 199*2.7kQ .

Rf = 537300 Q = 560kQ
After the values of each resistor was alculated for the required gain, the circuit was constructed on
breadboard and measurements were made by changing the frequency on a function generator and he
output voltage was measured, this then allowed the gain and bandwidth to be calculated.
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Gain
Frequency (Hz) Vout (V) | Gain (dB)
100 10.89 217.8 46.76
500 10.89 217.8 46.76
1000 10.69 213.8 46.60
1500 10.3 206 46.28
2000 99 198 45.93
2500 9.5 190 4558
3000 9.11 182.2 45.21
3500 8.51 170.2 44.62
4000 8.12 162.4 4421
4500 7.72 154.4 43.77
5000 7.33 146.6 43.32
8000 5.35 107 40.59 g
12000 4.16 83.2 38.40 /
15000 3.37 67.4 36.57
20000 2.57 51.4 34.22
W N/ /- .{’mﬂ%‘-’:ww/ / f:’ AXZJ’“‘{
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The circuit was then proven using simulation software and the same measurements were taken.

<

T e [ Tme Chanrel_a

1,262 ms 45,354 mv
T2 ®% 2582108 9.958my
T2-T1 | -L017ms 103.391uv -
Timebase Channel A

Scale | J.mstlvr B

X position [0_ | Yposition \1

[)add 8ia AB  AC o [o€]

Channel_B

10.351Y Reverse
10,151V
200,081 my ] s
_ ChanmelB  Trigger
 Scale [SOmVDv | Scale irrlorrrvfr‘j.'rm-_r e - n—
| vpositon (B ]2 teve o v | |
AC O @ s Type Sing. Nor. Auto

Gain calculation = 10.35/(49.85x10"-3) = 207.

From the outputs of the multisim circuit and the calculated measurements, there is a slight
difference in the gain seen, this could be down tot a number of small errors, such as the
measurement cursors positions on the multisim oscilloscope, the measured position could be in an
incorrect position on each wave causing a incorrect voltage reading which then affects the
calculations outcome. This errors could be rectified by improving the accuracy of the position
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Task 6 — Integrator Circuit

This circuit is designed to change the inputted square wave, and display the outputted wave by
using both MatLab and multisim to prove the correct functionality of both. It functions by using a
capacitor running on a feedback from the Op-Amp which by charging and discharging, changes the
output waveform to a sawtooth wave.

. %Dan Chick - Task 6 Integrator Circuit.

) /

3. %9%%%%%%%%6%6% %% %% % %% %% %% % %% /

4,

5. R1=200; C=0.0000015; fg=200; % Inputted Values
0.

7. t=0:0.0001:0.01; % Time Span

8.

9. %%%%%%%%% /
10.

I'1. for Os = 1:length(t) % Output Signal

12. Vo(Os) = -1/(R1*C)*quad('Vin',0,t(Os));

13. end;

14,

15. Is = 1*sign(sin(2*pi*fg*t)); % Input Signal

16.

17. %%%%%%%%%

18. /
19. plot(t,Is,'m-"t, Vo,'b-"); % Display results

20. xlabel("Time (sec)"); ylabel('Output and Input");

21

22, %%%%%%%6%%%%% %% %% % %% %% %%

23

24. % Daniel Chick A1T6 - "Vin" document

25,

26. %%%%%%%%0%6%6%6%%%%%%6%0%% %% %

27.

28. function[ V] = Vin(x) %Calculate a function value at point x/
29.

30. V= I*sign(sin(2*pi*200*x)); %The function expression

Page 23 of 24




QINETIQ

Electronic Principles, Methods and

Simulation 07/02/2019
| Figure 1 g = [m] X_ ]
Eile Edit Yiew [nset Jools Desktop Windew Help |
NS de b NADEA-3 08 o O
11’ T ' = =
0
A
-1& / \ '//
4 /
1\ \ /]
1al \ /]
E 4t \\ l/ J
§. \ o ‘\\
g 5+ \ / .\\ ,'/ i
£r f/ \ / )
Tr \ / g
/
i /]
0 5007 0002 0003 0004 0005 0006 0007 0003 0003 001
Time (sec)
C =1.5uF
~ f=200Hz

[F]add 8/a a8 A o [BC]

[ac] 0 DC

= xr
| i =
| | |
| |
‘r !
! 1 ; ! !
L | e ‘ — |
. L o
< >
L e [ Tme Channel_a Chanr;e!_ﬁ\
T oew 86,013 ms 1.000V 782.333mv
- | San
L2 4 . Ext. Trigger
Timebase . Channel A __ ChannelB . Trigger
| Scale | | Scale [1VDiv | Scale 5VDW | Edge Ti[a] s
X pasition | 0 ) ; ¥ position | 1.4 ¥ position 127 | Level [ ) [v

|

Type Sing, Mor. Auto |Mone

Page 24 of 24




