MARKING CRITERIA AND STUDENT FEEDBACK

This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The
marks available for each criterion 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.

Common Assessment Criteria Applied

Marks
available

Marks
awarded

1. Research-informed Literature
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions

2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concapts and underlying principles associated with the discipline.

20

#

3. Analysis

Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation of ideas and evidence

20

4. Practical Application and Deployment

Deployment of metheds, materials, tools and techniques; application of concepts; formulation of innovative and creative selutions to soive problems.

40

5. Skills for Professional Practice
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and orgamisation

10

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

Board. These comments and marks are to give feedback on module work and are for Up to one week late (capped at 40%)

guidance only until they are confirmed. } First Attempt? /
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1

School of Applied Computing ASSIGNMENT SPECIFICATION

Student name:

Harry Owen

Student P number:

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

Lecturer: Steve Roberts Internal Verifier: Jason Pointer

Assignment Title: | AC Circuit Lab

Hand Out Date: 07/03/18 Submission deadline: 09/05/18

Referencing:

In the main body of your submission you must give credit to authors on whose research your work is based. Append
to your submission a reference list that indicates the books, articles, etc. that you have read or quoted in order to
complete this assignment (e.g. for books: surname of author and initials, year of publication, title of book, edition,
publisher: place of publication}.

Disclosure: | declare that this assignment is all my own work and that | have acknowledged all materials used from
the published or unpublished works of other people. All references have been duly cited.

Student’s Hardcopy assignments will not be accepted without a signature here

Signature: Date:

Late submission will result in a late penal

mark, as follows:

Up to one week late, maximum mark of 40% for first attempts and 0% for resubmissions.

(Academic Quality Handbook 2017/18 7.5 (5)})

Learning Outcomes tested
(from module syllabus)

1. Produce routine solutions to typical electrical problems.

2. Relate and apply basic electrical theory to collected data.
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1

REFERENCES

Electrical Circuit Theory and Technology
Textbook by J. Bird used throughout the assignment to help with calculations ect.

https://www.electronics-tutorials.ws/decircuits/dep_7.html - used for Theremins theory.
https://www.electronics-tutorials.ws/capacitor/cap_4.html - used for capacitance.
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TASK DESCRIPTION

Introduction

An alternating current (AC) is an electrical current whose magnitude and direction vary
cyclically, as opposed to direct current, whose direction remains constant. Usual the waveform of
an AC power circuit is a sine wave, as this results in the most efficient transmission of energy. It is
essential to have awareness of ac waveform and the values associated but also the relationship
between the current and voltage values.

This assignment will introduce you into some of the different aspects of ac theory and along with
practical work.

Task 1 - RC Circuits

1
W 100
[| —
| L
. V2 CH2
V1 CHI
(v )
N _ 1
Figure 1 5 —
Volts

a)  For each of the frequencies in the table below, calculate the value of impedance and hence the
magnitude of the current flowing in the circuit of figure 1.
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XC=1/2xaxfxC)

Z=10*+XC? (Square root whole equation)

Current = V/Z,
Angle = Sin-1(XC/Z)

Calculations for X¢

1000 Hz 159.150
1
2m x 1000 x 1 x 10-6
2000 Hz 79.58 O
1
2T x2000x 1 x 10-6
3000 Hz 53.050
1
21 x 3000 x 1 x 10-6
4000 Hz 39790
1
21 x 4000 x 1 x 10-6
5000 Hz 31830
1
2T x 5000 x 1 x 10-6
6000 Hz 26.53 0
1
2m x 6000 x 1 x 10-6
7000 Hz 2274 Q
1
2w x 7000 x 1 x 10-6
8000 Hz 19.89 0
1
217 x 8000 x 1 x 10-6
9000 Hz 17.68 O

1

2m x 8000 x 1 x 10-6

Page 50f17

Calculations for impedance

1000 Hz V107 £ 150 267 159.46 Q)
2000Hz [ 107 ¥ 79.58¢ 80.21 0
3000 Hz 107 £53.05¢ 53.98 O
4000 Hz V10 £ 39,707 41.03 Q
S000Hz | g7 3rga 33.36 O
6000 Hz J10% £ 26537 28.35 0
7000 Hz J107 + 22742 2481 0Q
8000 Hz J10° £ 19.837 22.26 O
9000 Hz J10F ¥ 17.687 20.31 0




Calculations for Current Calculations for phase angle

1000 Hz 5/159.46 31.35mA 1000 Hz 605_1(1521‘115) 86.4°

2000 Hz 5/80.21 62.33mA 2000 Hz cos-t (7;“; s) 82.78°
3000 Hz 5/53.98 92.62mA 3000 Hz cos-L (5;;5) 79.13°
4000 Hz 5/41.03 121.86mA 4000 Hz cos-t (391;9) 75.44°
5000 Hz 5/33.36 149.88mA 5000 Hz J_— (31103 3) 71.69°
6000 Hz 5/28.35 176.36mA 6000 Hz T (Z;Z 3) 67.86°
7000 Hz 5/24.81 201.53mA 7000 Hz os-t (2 :.1;4) 63.91°
8000 Hz 5/22.26 224.61mA 8000 Hz o (1 ;.t; g) 50.82°
9000 Hz 5/20.31 246.18mA / 5000 Hz cos— (171.(:53)' / 55.56°

b)

Determine the value of the phase angle between the voltage and the current in the circuit.

Capacitive Circuit Calculations

Frequency Xc(Q) Impedance Current Phase
(kHz) Q) (mA) Angle (°)
1 169.15 159.46 31.35 86.4°
2 79.58 80.21 62.33 82.78°
3 53.05 53.98 02.62 79.13°
4 39.79 41.03 121.86 75.44°
5 31.83 33.36 149.88 71.69°
6 26.53 28.35 176.36 67.86°
7 22.74 24.81 201.53 63.91°
8 19.89 22.26 224.61 | 59.82° &
9 1768 - | 20.31 - 24618 / | 55.56°
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Build the circuit show in figure 1.

In this circuit the oscilloscope channel 2 is being used to monitor the voltage across the 10 Q
resistor. The voltage developed across a known resistor can be used to determine the current
flow. As this channel of the oscilloscope is monitoring the current, it can be used to determine
the phase angle between the supply current and voltage, that is, the difference in phase
between the two waveforms on the oscilloscope.

Use this method to record the supply current and its phase angle with respect the supply
voltage.

QA QA
ANV 7ava

L1 1 )
= T Channel_A Channel_B
.-:._; ﬂﬂ] mu.;;?ms -7?5“512\7 l.gqgem_\-' Reverse I
P 180.515ms  660.002my 43,275 mv
1271 i 254,237 us 7712y 441,461 mvy Save I Ext P
~Timebase ————— —1~Channal A Channal B Tnggerr__
Scale | 500 us/Div Scale |5 V{Div Is:alg IHJD my/Div Edge [# = ”T B i Eat I
% positon [0 ¥ positon [0 ¥ poston [0 | Leve! IE_‘__W“'
J¥7T add] Braam] [A€ o]oc] = [A€ ooc]-| ﬁ"JType sing. | Nor. | Auto [[None

Results from digital oscilloscope.

Capacitive Circuit — Practical Results

Frequency Current (A) Phase Angle
(kHz) ©)
1 31.07ma 86.42
2 68.5ma 82.68
3 92.16ma 78.26
4 121.53ma 75.66
5 147.52ma 71.54
6 176.47ma 69.32
7 201.16ma 66.24
8 224.75ma 63.32
9 246.71ma 60.51
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Task 2 - Equivalent Inductance

a) Calculate the equivalent inductance of figure 2 shown below.
Lt=L1+L2+L3=1mH+4.7mH + 2.2mH = 7.9mH J

b)  Simulate the circuit and measure the voltage across each inductor and current drawn by the
circuit.

Inductor 3 = 2.2mH and has a voltage drop of 3.509V
Inductor 2 = 4.7mH and has a voltage drop of 7.496V
Inductor 1 = ImH and has a voltage drop of 1.595V
Total current in the circuit = 5.077A (I=V/XL)

XMM1 XMM2 XMM3
— —~ —~
P 4 ] @ G
2 3
L1 L2 L3 4
R, .y — L Fa'a'a'sl
1mH 4.7mH 2.2mH
XMma4 1
A
+ —
2§
V1
12.6 Vrms
50 Hz
00
GND

¢)  The circuit in figure 3 has the following currents through inductors L1, L2 and L3.

L1=40A
L2=8.7A
[L3=18.26 A
Calculate the value of each inductive reactance and inductor value.
XL=V/I) Inductive resistance
L1=40A X1~12.6/40=0.315  XL=2mx50x0.315= 1.002mH ¢
L2=87A XL=12.6/8.7=1.44 XL=2nx50x1.44=4.583mH
L3=1826 A X1~12.6/18.26=0.69 XL=2ax50x0.69=2.19mH
Inductive resistance
=L1=1.002 mH
=L2=4.583 mH
=L3=2.19mH
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d)}  Simulate the circuit and compare results with calculated values,
Simulated Values:

L1=40.27A

L2=8.75A

L3=18.313A

Compare Results:

The two results are similar. Any variance could be from using non-calibrated measuring
equipment to old faulty inductors.

M4 XMM3 XMM2 XMM1
+ - + = + - + -
& ¢ [ g o P o

L

™~ [

5 3

6 v1 *
50 Hz % ? ?

- yi ‘

=5
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Task 3 - RL Circuits

L R Rz
I__
Y2 Chz
- Y1 CH1
(v.)
L A
Circuit 4 1 Vol =

L=1mH; R2=10%; R1="?Q{measure thisvalue)

Figure 4

1. For each of the frequencies in the table below, calculate the value of impedance and hence the
magnitude of the current flowing in the circuit shown in figure 4.

Calcualtion for XL Calculation for impedance
1000Hz |2mx1000x1x107% |[6.28Q 1000Hz | fi32 L gnm | 14440
2000Hz |2mx2000x1x10°* 12.57Q 2000 Hz 132 ¥ 12572 18.08
3000 Hz |2mx3000x1x10™2 18.850 3000 Hz /132 + 18.852 2290 Q
4000 Hz | 2 x4000x 1 x 1073 2513 0Q 4000 Hz 132 n 95132 29.29 O
6000 Hz | 2mx6000x1x107% |37.70Q 6000 Hz | fy37 37707 | 39880
7000Hz | 2w x7000x1x10~% 43.98 O 7000 Hz 7132 + 43. T 43982 45.86 Q
8000Hz | 2w x8000x1x 1073 50.27 Q 8000 Hz ’132 + 50.27¢ 51920

]
9000 Hz | 27w x 9000 x 1 x 10 5?}55 0 8000 Hz 132 + 56.552 58.03 0

Calculation for current

1000Hz | 1/14.44 | 71.63ma
2000Hz | 1/18.08 | 56.56ma
3000Hz | 1/22.90 | 44.34ma
4000Hz | 1/2829 | 35.61ma
5000Hz | 1/34.00 | 29.61ma
6000Hz  |1/39.88 | 26.51ma

7000 Hz 1/45.86 22.28ma
8000 Hz 1/51.92 19.32ma
9000 Hz 1/58.03 17.28ma
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Calculation for phase angle

1000 Hz 25.78-
gin~?! ( 6.28 )
1444
2000 Hz 44.05-
= (12.57)
sin” " {——
13.08
3000 Hz 55.40-
- (18.85)
si e
2290
4000 Hz 62.66-
- (25.13)
sSin S ———
28.29
5000 Hz 67.54-
=1 (31.42)
Sin
34.00
6000 Hz 70.97-
= (37.70)
sin
39.88
7000 Hz 73.54-
=1 (43.98)
s ——
" \458¢
8000 Hz 75.52¢
- (50.27)
s 5192
9000 Hz 77.03-
5

n
[
al
[
T,
|
00| o
Q| &
R

/

2. Determine the value of the phase angle between the voltage and the current in the circuit.

Inductive Circuit Calculations

Frequency XL {Q) Impedance Current {A) Phase Angle
(kHz) () )

1 6.280 14,44 Q 71.63ma 25.78¢

2 12.570 18.08 O 56.56ma 44,05+

3 18.850 22,900 44.34ma 55.400

4 25130 29.29 Q 35.61ma 62.66¢

5 31420 34.00Q 29.61ma 67.54-

6 37.70Q 39.88 Q 26.51ma 70.97-

7 43.98 ) 45.86 Q) 22.28ma 73.54¢

8 50.27 0 51.920 19.32ma 75.520

9 56.550 58.03 Q 17.28ma 77.030 ‘
/ (
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3. Build the circuit shown in figure 4.
The oscilloscope channel 2 is being used to monitor the voltage across the 10 Q resistor. The
voltage developed across a known resistor can be used to determine the current flow. As this
channel of the oscilloscope is monitoring the current, it can be used to determine the phase
angle between the supply current and voltage, that is, the difference in phase between the two
waveforms on the oscilloscope.
Use this method to record the supply current and its phase angle with respect the supply
voltage.

Inductive Circuit — Practical Results

Frequency Current {A) Phase Angle
(kHz) )
1 71.47mA 26.60
P 56.44mA 4521
3 44.30mA 56.36
4 35.71mA 63.42
5 29.39mA 68.29
6 25.36mA 71.64
7 21.76mA 74.17
8 19.32mA 76.11
9 17.21mA .~ 7748 /

Compare the theoretical and practical results. Could a multimeter be used to measure the current flow
within the circuit? Why use the oscilloscope? Comment in your conclusions.

So a multimeter outputs a single measurement. In a DC circuit the peak, average and RMS of the
measured circuit is all the same, in AC circuits different multimeters will read different
measurements. All multimeters take the RMS measurement in an AC circuit but not all. Also
multimeters find it hard to read frequencies higher than 1000Hz.

An oscilloscope has a high impedance and is not effected by high frequencies. An oscilloscope not

only lets you see a visual representation of the measured circuit but lets you see the peak, average

and RMS of the measured circuit. It also lets you see the measured circuits over different time

periods. I used the oscilloscope to measure the current in my practical as it allowed me to see and

compare different sine waves as well and compare voltages to current. W\,ﬁhgw.k,)l bq ’,:;-,\?‘A.
m&-w‘m‘s V/Z_

Conclusions

Please give conclusions to all your practical activities. In your conclusions you should discuss any
discrepancies between calculated and measured values.

GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS

1. Research-informed Literature: You must provide evidence of individual research of component
and circuit theory, selecting credible sources and application of appropriate referencing conventions.

2. Knowledge and Understanding of Subject: Must show an understanding of concepts and
underlying principles associated with ac circuits.

3. Analysis: Provide analysis of the practical activities.

4. Practical Application and Deployment: Show the ability to perform practical work and be able to
verify circuit operation against calculated and theoretical results.
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5. Skills for Professional Practice: Your work should be well organised and presented in a
professional manner,
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Foundation YeaerNCfI—II'ID/FdSc/BEng/BScMEng/MComp/IVISc * | LEFELY 4
CWRS: dileer fel y bo'n berthnasol / delete as appropriate CWRS,
COURSE: LEVEL OF
COURSE:
MODIWL: ELECTRICAL TECHNOLOGY PSDE4021
MODULE:
TEITL YR ASEINIAD: ol
ASSIGNMENT AC Circuit Lab
TITLE:
DARLITHIWR/WYR: Steve Roberts DYDDIAD:
LECTURER/S: DATE:
Staff Llyfrgell YN UNIG / Library Staff ONLY
Derbymwyd gan / Accepted by: Dyddiad Cyflwyno Date Submitted: Amser | Time;
DERBYNNEB / RECEIPT
RHIF
ENW /NAME. P YMYFYRIWR P
STUDENT
P NUMBER:
Foundation Ycar/I-Il\TC/I-lND/FdSc/BEng/BSc/MEngMCompMSc * | LEFELY 4
CWRS / COURSE: dileer fel y bo'n berthnasol / delete as appropriate CWRS/
LEVEL OF
COURSE:
MODIWL / Electrical Technology PSDE4021
MODULE:
TEITL YR ASEINIAD/ T
ASSIGNMENT AC Circuit Lab
TITLE:
DARLITHIWR/WYR: Steve Roberts DYDDIAD /
LECTURER/S: DATE:
Staff Llyfrgell YN UNIG / Library Staff ONLY
Derbyniwvd gan / Accepted by: Dyddiad Cyflwyno: Date Submitted: Amser / Time:
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