1909366

by Taylor Bamford

Submission date: 09-May-2023 04:08PM (UTC+0100)

Submission ID: 205406737

File name: 17374_Taylor_Bamford_1909366_181793_1969009968.pdf (3.76 M)
Word count: 10877

Character count: 60570



Course:
Module:
Assignment:

Name:

University number:

Date submitted:

Word count:

HNC Electrical and Electronic Engineering

SGEES002 Electrical Principles, Methods and Simulation
Analysis, Simulation and Evaluation of Circuits and Systems
Taylor Bamford

1909366

09/05/2023

2589




Table of Contents

Task 1 Transient Analysis of a First Order RL Electrical Circuit .............oooviiiiiiiiiiiiieceeees 9
1.1: Select suitable component values and calculate the time constant. ..., 9
1.2: Draw the Laplace model, give the transfer function in terms of the time constant................... 9

1.3: Write a suitable Matlab model program and perform an analysis of the transient responses to

a 1V step input and measure the time constant. Provide suitably annotated graphical results. ... 10

1.4: Draw up a table with columns for theoretical and simulation results and make suitable

COMIPATISONS ..t ee e ittt e e ee e ae e as o est e i a2 e a2 £ s 4 e e 282 b4 e o0 2 a2 e ehs s e a2 e e b aeesan e ntas 10
1.5: Critically analyse the performance of the circuit and draw up conclusions. ...........ccccccoceeee 11
Task 2 Transient Analysis of a First Order RC Electrical Circuit..........cccoociiiiiiiciiiiiiiiicieccce 12
2.1: Select suitable component values and calculate the time constant. ... 12
2.2: Draw the Laplace model and give the transfer function. ... 12
2.3: Write a suitable MATLAB program and produce a suitable annotated graph. ..........cccccceet 13
24 RESUIES ...ttt rn e n e n £ e et eenan e s 13
2.5: Analyse and CONCIUSION .........uiii it e e e s s s e ae e aas 13
Task 3 Frequency Performance Analysis of a First Order RL Electrical Circuit...........c.cccoeeeeeienn. 14

3.1: Calculate the cut-off frequency and transpose the transfer function in terms of the cut-off
frequency, and determine the type of frequsponse and the phase shift at the cut-off

1
frEQUENCY. oo B | 14

3.2: Write a suitable Matlab model program to perform a steady state frequency analysis and
measure the cut-off frequency from the Bode plot and the phase shift. Provide suitably annotated
GraphiCal FTESUILS. ... e et e e e ae et es 14

3.3: Draw up a table with columns for theoretical and simulation results and make suitable

COMIPATISONS ...t ee et eaie e eeat e e eaae e e e essae e st eeemsaeeasse 2 e ease 2 esms e e ek an 2 ms 2 emsse et 2 ems 2 e emss £ e st 2 e sanaesmsaeensnnaeanten 15
3.4: Critically analyse the performance of the circuit and draw up conclusions. ........................ 15
Task 4 Frequency Performance Analysis of a First Order RC Electrical Circuit..............cccoceeeeie. 16

4.1: Calculate the cut-off frequency and transpose the transfer function in terms of the cut-off
frequency, and determine the type of frequency response and the phase shift at the cut-off
FIBQUBNCY. .ot a2 st ca e e a2 £ d e e e s 2 st e e e e e e e 16

4.2: Write a suitable Matlab model program to perform a steady state frequency analysis and
measure the cut-off frequency from the Bode plot and the phase shift. Provide suitably annotated
GraphiCal TESUIS. ...ttt et et e e ee e aeeae e meeas 17

4.3: Draw up a table with columns for theoretical and simulation results and make suitable
COMIPATISONS ..t ee e ittt e e ee e ae e as o est e i a2 e a2 £ s 4 e e 282 b4 e o0 2 a2 e ehs s e a2 e e b aeesan e ntas 17




4.4: Critically analyse the performance of the circuit and draw up conclusions. ..........c.cccccveeees 17

Task 5 Transient Performance Analysis of a Second Order Series Electrical Circuit....................... 18
5.1: Select suitable coMPONENt VAIUES .........oiiiie e 18
5.2: Draw the Laplace model and give the transfer function in standard format. ....................... 19

5.3: Determine the transient performance parameters of the system for a step input from the
tranSTar FUNCHION. ... e e st a s e e 19

5.4: Write a suitable MATLAB maodel program and perform a transient analysis. Take suitable
measurements of performance. Provide suitably annotated graphical results which must be
labelled and readable.......... o ettt 20

5.5: Place results in a table and evaluate the performance of each circuit and make comparisons

between theoretical predictions and model results... ... ... s 24
5.7: Critically analyse the performance of the circuit and draw up conclusions. ...l 24
Task 6 — Transient Performance Analysis of a Second Order Parallel Electrical Circuit.................. 25
6.1: Select suitable component ValUBs. ... 25
6.2: Draw the Laplace model and give the transfer function in standard format. ......................... 25

6.3: Determine the transient performance parameters of the system for a step input from the
transfer FUNCHON. ... 26

6.4: Write a suitable Matlab model program and perform a transient analysis. Take suitable
measurements of performance. Provide suitably annotated graphical results which must be
labelled and read@able....... ... e 27

6.5: Place results in a table and evaluate the performance of each circuit and make comparisons

between theoretical predictions and model reSUlS. ... ..o 31
6.7: Critically analyse the performance of the circuit and draw up conclusions. ............cccccceeiias 31
Task 7 — Frequency Performance Analysis of a Second Order Series Electrical Circuit.................. 32

7.1: From the transfer function, determine the frequency performance parameters such as cut-off
frequencies et from thBOIY. ... ... .o ettt e e eaae e 32

7.2: Write out a suitable Matlab model program and perform a frequency analysis. Take suitable
measurements of performance. Provide suitably annotated graphical results which must be
labelled and readable..............coo 34

7.3: Evaluate the performance of each circuit and make comparisons between theoretical

predictions and Model reSUILS. ... 36

7.4: Investigate by analysis and modelling, the effects of varying the value of the resistor in each
circuit upon its performance. Produce graphic results from Matlab. ..., 36

7.5: Critically analyse the performance of the circuit and draw up conclusions. ...........cccccccueeneene 37




Task 8 — Frequency Performance Analysis of a Second Order Parallel Electrical Circuit................ 38

8.1: From the transfer function, determine the frequency performance parameters such as cut-off

frequencies et from thBOTY. ... ... .o ettt et e e eas e ean 38

8.2: Write out a suitable Matlab model program and perform a frequency analysis. Take suitable
measurements of performance. Provide suitably annotated graphical results which must be
labelled and read@able....... ... e 40

8.3: Evaluate the performance of each circuit and make comparisons between theoretical
predictions and Model reSUILS. ... e 41

8.4: Investigate by analysis and modelling, the effects of varying the value of the resistor in each

circuit upon its performance. Produce graphic results from Matlab. ...l 42
8.5: Critically analyse the performance of the circuit and draw up conclusions. ............cccccceeiias 44
Task 9 — Frequency Performance Analysis of a First Order Electronic System ... 45

9.1: Select a suitable value for C1 for the electronic system shown in figures 45 and determine

the expected frequency PerforMAanCE. ........ .ot 45

9.2: Write a suitable Matlab model program and produce frequency responses. Take readings of

cut-off frequency, phase shift and roll-off, tabulate results and compare with theoretical values. 46
9.3: Critically analyse the performance of the system and draw up conclusions. ...........cccccceeeel 46
Task 10 — Frequency Performance Analysis of a First Order Electronic System ............ccccoeienie a7

10.1: Select a suitable value for C1 for the electronic system shown in figures 47 and determine
the expected frequency PerformManCe. ........ .o a7

10.2: Write a suitable Matlab model program and produce frequency responses. Take readings of

cut-off frequency, phase shift and roll-off, tabulate results and compare with theoretical values. 48
10.3: Critically analyse the performance of the system and draw up conclusions. ...................... 48
Task 11 — Frequency Performance Analysis of a Sallen & Key 2nd Order Filter ............ccccccoeee. 49

11.1: Analyse the system shown in figure 50 for a Butterworth filter with k = 1.586. Using a Matlab
model approach, produce a frequency response of the gain over a range of frequencies. .......... 49

11.2: Critically analyse your results and compare with theory. Evaluate the system’s performance

in comparison with the system in figure 5. ... e 50
11.3: Critically analyse the performance of the system and draw up conclusions. ....................... 51
Task 12 — First Order Control System Analysis OSSOSO RS U UTUUSTOURUUOTRURSRRIOR 52

12.1: Determine the open loop performance, plot the argand diagram and comment on its
SEADIIIEY. etttk £kt et rs et et en e an 52

12.2: Produce the overall closed loop transfer function in terms of K, plot the argand diagram for
K 1 and comment on its stability. ...........ooir o 54




12.3: Determine the minimum value of K required in the feedback for stability and use a root

locus plotin Matlab to Confirmiit. ... 55

12.4: Build the model using Simulink and measure its response to a unit step input with 3
different values of K below and above the calculated value. Present all your mathematical

workings, add annotations to your graphical results. ... 56

12.5: Draw up a table with columns for theoretical and simulated results and make suitable

COMIPATISONS . ..t ee ettt eaie e eateeetae e e e essae e st eeeasaeessse e e ease 2 sns e e e ms e 2 ens 2 ems s e ot 2 emt 2 e emss £ e st 2 e sanaesmnaeesnnaeanten 58
12.6: Critically analyse the performance of the circuit and draw up conclusions. .............ccccceeee. 59
Task 13 — DC Motor Model ANalySis ... ... e 60

13.1: Develop a mathematical model of the motor and its load, produce the transfer function with

the disturbance initially Set 10 ZEro. ..o 60

13.2: Deduce the damping factor, natural frequency, stall torque and the theoretical friction-less

NO-I0AA-SPBEB. ...t e et n e st es 60
13.3: Plot the poles and comment on their location in the argand diagram. ... 61
13.4: Build a model of this motor system using Matlab Simulink. ..........cccoomiiiieieieees 61

13.5: Analyse the speed and torque responses of the motor over 20 seconds to an armature
voltage step input of 15Vdc with the disturbance set to zero and thus measure the no-load-speed
and torque of the motor. Measure the settling time. Apply the theoretical stall torque after 10
seconds and check the result. ... 62

13.6: Analyse the speed and torque responses of the motor over 20 seconds to an armature
voltage step input of 15Vdc with the disturbance of 0.03Nm after 10 seconds and thus find the
speed and current. Compare the loaded speed with the theoretical prediction. ... 63

13.7: Draw up a table with columns for theoretical and simulation results and make suitable

COMIPATISONS ...t ee et eaie e eeat e e eaae e e e essae e st eeemsaeeasse 2 e ease 2 esms e e ek an 2 ms 2 emsse et 2 ems 2 e emss £ e st 2 e sanaesmsaeensnnaeanten 63
13.8: Critically analyse the performance of the circuit and draw up conclusions. ............cccccceeee. 64
Task 14 — Proportional Speed Control SYStem ... ... 65

14.1: Convert the motor model into a subsystem for simplicity. Add an outer loop to include a
proportional confroller with a step speed setpoint of 140 rad/s and speed feedback with a
disturbance of 0.03Nm after 10 seconds. Use the standard PID block (set up for P only) and
ensure the armature voltage is limited to maximum voltage. Run the auto tune feature and obtain
the optimum value for the constant Kp. ... 65

14.2: Replicate the control system twice and feed the speed output signals into a 3-input scope.
Manually adjust the values of Kp in the two new controllers above and below the auto tuned
value. Run the simulation and measure the steady state error, rise time, overshoot (if any) for all
BITEE TESPOMNSES . ... ettt ettt e et et e e e ae e e ae e ae 2 e eas s £ e sas s 2o e st e e ems e e s 2 emsaeemnsaeeenseaann 66

14.3: Discuss the effect of increasing or decreasing Kp......coe e 67




14.4: Draw up a table with columns for theoretical and simulation results and make suitable

COMIPATTISONS . ...ttt ettt ettt a e eat e et 2o ea 22 st e o2 2ot 2 emtae et 2 em e 2 e ems st e st 2o hme e emsae e e e niean 67
14.5: Critically analyse the performance of the circuit and draw up conclusions. ..............c.c..... 68
Task 15 — Proportional-Integral Speed Control System ... 69

15.1: Save your Matlab file under a new name and convert each controller to Pl. Auto tune the
first and use the same value of Kp in all three systems. ... 69

15.2: Change the value of Ki in the other two controllers to demonstrate the effect of tuning.
Measure the rise time, overshoot percentage, the settling time and the steady state error.......... 70

15.3: Summarise all your results in a table, critically analyse and make comparisons. What can
you now say about the effect of adding integral control and its behaviour when tuned. What is the

effect of changing Ki? Draw Up CONCIUSIONS. ........c.ooiiiiiiiiie i 72
Task 16 — Proportional-Integral-Derivative Speed Control System ..o 73

16.1: Save your Matlab file under a new name and convert each controller to PID. Auto tune the

first and use the same value of Kp and Ki in all three systems. ... 73

16.2: Change the value of Kd in the other two to demonstrate the effect of tuning. Measure the

rise time, overshoot percentage, the settling time and the steady state error....................... 74

16.3: Summarise all your results in a table, critically analyse and make comparisons. What can
you now say about the effect of adding derivative control and its behaviour when tuned. What is

the effect of changing Kd? Draw Up CONCIUSIONS. ........oiiiiiiiiiie e 76
Task 17 — Controller COMPariSONS .......c.uuiiiiiei e an s a s s e e e e 77

17.1: Save your Matlab file under a new name with 3 parallel controllers sharing the same input
and same scope. Make one system a P controller, another a Pl controller and the third can

remain @ PID COMIOIEI. ... et e e e e e e 77

17.2: Plot the response of the three types of controller on the same scope and demonstrate the
effects of controller improvement from P to P110 PID. ... 80

17.3: Summarise all your results in a table, critically analyse and make comparisons. Draw up
CONCIUSIONS.. ...ttt ettt st £t e e s 2 s ee 2 a2 e ehs s e et e sn e b ae e s e nt e 80

Task 18 — Overall Conclusions and Recommendations ............ccooveoioiiiieccccie e eiaaeeeas 81




Figure 1 First Order RL Electrical Circuit Transient Analysis.........ccoooeiie i 9

Figure 2 Laplace Model First Order RL Electrical Circuit Transient Analysis ..................oooo 9
Figure 3 Matlab Code fOr TAsk 1 ... .. et e e s e ananne 10
Figure 4 Time Constant Graphical for Task 1. 10

Figure 5 First Order RC Electrical Circuit for Transient Analysis..........cccccoeienne. o

Figure 6 Laplace Model for First Order RC Electrical Circuit for Transient Analysis..... o
Figure 7 Matlab Code for Task 2 ...ttt e ae e e 13
Figure 8 Time Constant Graph for Task 2 ... 13
Figure 9 First Order RL Electrical Circuit for Frequency Performance ... 14
Figure 10 Matlab Code for Task 3 ... e 14
Figure 11 Frequency Performance Graph for Task 3. ... 14
Figure 12 First Order RC Electrical Circuit for Frequency Performance ... 16
Figure 13 Matlab Code for Task 4 ... e 17
Figure 14 Frequency Performance Graph for Task 4. ... 17
Figure 15 Laplace Model for Second Order RL Series Circuit for Transient Performance .19
Figure 16 Matlab Code for Task 5 CircUit 1 ... 20
Figure 17 Transient Performance Graph for Task 5 Circuit 1.........cocoiiiiiice s 20
Figure 18 Matlab Code for Task 5 CirCUIt 2 ... 21
Figure 19 Transient Performance Graph for Task 5 Circuit 2...........ccoooiiiiiiiiiiicie e 21
Figure 20 Matlab Codefor Task 5 Circuit 3 ... .o e 22
Figure 21 Transient Performance Graph for Task 5 Circuit 3....... ..o 22
Figure 22 Matlab Codefor Task 5 CirCUIt 4 ... ..o e 23
Figure 23 Transient Performance Graph for Task 5 Circuit 4..........ccooiiiiiii e 23
Figure 24 Table of Results Task 5

Figure 25 Laplace Model for Second Order RL Parallel Circuit for Transient Performance................. 25
Figure 26 Matlab Code for Task 6 CirCUit 1 ..........oooiiiiiii e 27
Figure 27 Transient Performance Graph for Task 6 Circuit 1. 27
Figure 28 Matlab Code for Task 6 CirCUit 2 ..ot 28
Figure 29 Transient Performance Graph for Task 6 Circuit 2........ ... 28
Figure 30 Matlab Code for Task 6 CircUit 3 ...........o o 29
Figure 31 Transient Performance Graph for Task 6 Circuit 3. 29
Figure 32 Matlab Code for Task 6 CirCUIt 4 ..o 30
Figure 33 Transient Performance Graph for Task 6 Circuit 4..............cooeiiiiiiiiiecce s 30

Figure 34 Table of Results Task 6
Figure 35 Matlab Code for Task 7
Figure 36 Table of Results Task 7

Figure 37 Frequency Performance Graph for Task 7 ... 36
Figure 38 Frequency Performance Graph Showing Values for Task 7 ..., 37
Figure 39 Matlab Code for Task 7 CirCUit 1 ... 40

Figure 40 Matlab Code for Task 7 CirCUIt 2 ..........oooiiiiiii e 40




Figure 41 Matlab Code for Task 7 CircUit 3 ..o 40
Figure 42 Matlab Codefor Task 7 CirCUit 4 ........ ..o e 40
Figure 43 Frequency Performance Graph for Task 8 Circuit 1
Figure 44 Frequency Performance Graph for Task 8 Circuit 2
Figure 45 Frequency Performance Graph for Task 8 Circuit 3

Figure 46 Frequency Performance Graph for Task 8 Circuit 4

Figure 47 Frequency Performance First Order Electronic System for Task 9..........coooiiiiiiiiicns 45
Figure 48 Matlab Code for Task 9 ... 46
Figure 49 Freguency Performance Graph for Task 9. ... 46
Figure 50 Frequency Performance First Order Electronic System for Task 10.............cccoiiiiiiinians a7
Figure 51 Matlab Code for Task 10 ... e 48
Figure 52 Frequency Performance Graph for Task 10 ... 48
Figure 53 A Sallen & Key 2nd Order Filter. ... .. e 49
Figure 54 Matlab Code for Task 11 ... e an e 50
Figure 55 Frequency Performance Graph for Task 11 .... ...50
Figure 56 First Order Control System for Task 12 ... 52
Figure 57 Matlab Code for Task 12,1 ... 52
Figure 58 Pole-Zero Map for Task 12.7 ...t e et e e e nes 52
Figure 59 Open Loop Transfer FUNCHON ... e 53
Figure 60 Open Loop Transfer FUNction Graph....... ..o 53
Figure 61 Closed Loop Transfer FUNCHON ........oo e 54
Figure 62 Closed Loop Transfer FUNCHon Graph ... e 54
Figure 63 Matlab Code for Task 12.3 ... et e e 55
Figure 64 Root Locus Map for Task 12.3..... ...55
Figure 65 Closed Loop with @ K= ... 56
Figure 66 Task 12.4 SIMulink Graph 1 ... e 56
Figure 67 Closed Loop With @ K=1 0. 57
Figure 68 Task 12.4 SIimuUlink Graph 2 ... ae e 57
Figure 69 Closed Loop with @ K=0.005 ...t 58
Figure 70 Task 12.4 Simulink Graph 3 ...t e ae e 58
Figure 71 DC mMOtor MOGEL. ...t e e e e ae e 60

Figure 72 SImMUINK MO ...ttt e s e et e e e e e eans e e s e e e aannes 61




Task 1 Transient Analysis of a First Order RL Electrical Circuit

1.1: Select suitable component values and calculate the time constant.

R1
AAA
300Q
Vin L1
§o.osH Vout

Figure 1 First Order RL Electrical Circuit Transient Analysis

Resister = 300Q
Inductor = 0.06H

Time Constantt = £ = 22 = 0.0002 sec
R 200

1.2: Draw the Laplace model, give the transfer function in terms of the time

constant.
R
AL
300Q
Us) sL Y(s)

go.osn

Figure 2 Laplace Model First Order RL Electrical Circuit Transient Analysis

006

H - =P
() R SL = 300 + 50.06




1.3: Write a suitable Matlab model program and perform an analysis of the

transient responses to a 1V step input and measure the time constant.

Provide suitably annotated graphical results.

1 S =tf ('s');
2 System =

3 step (System);
4 grid on

Figure 3 Matlab Code for Task 1

0.06%s/(0.06%s + 300);

Step Response

ogH .
08k ]
0Tf .
06k .
(]
p=J
é 05k -
g ‘ System: System
= Time (seconds): 0.000203
04} Amplitude: 0.362 E
-
\
03} 1
0.2F .
014 .
0 | | i i ] |
0 0.2 0.4 06 0.8 1 4 6 g
Time (seconds) »x1073

Figure 4 Time Constant Graphical for Task 1

1.4: Draw up a table with columns for theoretical and simulation results and

make suitable comparisons

Calculated

Simulated

Error

0.0002

0.000203

0.000003




1.5: Critically analyse the performance of the circuit and draw up

conclusions.
In this task | made a RL circuit to do transient analysis which calculates the circuit’s response over time
| did a calculation to work out the time constant () which gave me 0.0002 | then went on to MATLAB
and produced a simulated graph which | used to get the 7 and | got 0.000203 this gave me an error of
0.000003 this is due to rounding in my calculation which d this error.




Task 2 Transient Analysis of a First Order RC Electrical Circuit

2.1: Select suitable component values and calculate the time constant.

R1
- _W\v " "
6kQ
) C1
Vin 12pF V out

Figure 5 First Order RC Electrical Circuit for Transient Analysis

Resister = 6000 Q
Capacitor = 0.00012 F

Time Constant t = RC = 6000 = 0.00012 = 0.72 sec

2.2: Draw the Laplace model and give the transfer function.

R
. AN .
6k
C
ut) —12yF y(1)
1IsC

Figure 6 Laplace Model for First Order RC Electrical Circuit for Transient Analysis

1 1

1
H(s) = = =
) RCs +1 (6000) = (0.00012)s + 1 0.72s + 1




2.3: Write a suitable MATLAB program and produce a suitable annotated graph.

1 s = tf('s');

2 system = 1/(((6000%0.00012)%s) +1);
3 step (system);

4 grid on;

Figure 7 Matlab Code for Task 2

Step Response

System: system

07F Time (seconds): 0.734
) Amplitude: 0.639

.

Amplitude

1 2 3 4 5 6 7
Time (seconds)

Figure 8 Time Constant Graph for Task 2

2.4: Results

Calculated Simulated Error

0.72 0.734 0.014

2.5: Analyse and conclusion

This task is very similar to task 1 as I'm calculating the circuit’s response over time but for an RC circuit
| did a calculation to work out the (r) which gave me 0.72 seconds | then went on to MATLAB and
produced a simulated graph which gave me 0.734 this gave me an error of 0.014 this is due to rounding
in my calculation and the online MATLAB which isn't every accur its curser which produced this

error.




Task 3 Frequency Performance Analysis of a First Order RL Electrical Circuit
3.1: Calculate the cut-off frequency and transpose the transfer function in terms of the

cut-off frequency, and determine the type of frequency response and the phase shift at
the cut-off frequency.

R1

e
3000

Vin L1 Voout
%D.UGH

Figure 9 First Order RL Electrical Circuit for Frequency Performance

R 300
wc = —= ——=15000
L 006

1

.
T s+ wc s+ 5000

R“’l

3.2: Write a suitable Matlab model program to perform a steady state frequency analysis
and measure the cut-off frequency from the Bode plot and the phase shift. Provide
suitably annotated graphical results.

1 E-tF('s7);
2 system=s/(s+5000);
3 bode (system);

4 grid on;

Figure 10 Matlab Code for Task 3

Bode Diagram

gritusde (o8|

May

Fhase (deg)

Frequency (rad's)

Figure 11 Frequency Performance Graph for Task 3




3.3: Draw up a table with columns for theoretical and simulation results and make
suitable comparisons

Calculated Simulated Error
we 5000 5030 30
® (degrees) 45 449 0.1
Cutmal -20dB -20dB 0

3.4: Critically analyse the performance of the circuit and draw up conclusions.

Because on the layout of the circuit this will make it a highpass filter (HPF) is a electronic filter that lets
high frequency signals passes thought if they are over certain cut-off frequency if they are under that
frequency it will reduces the signals.

Compering my calculated and my simulated they are very close minimal errors | believe the errors that
| have gathered are me rounding in my calculations and not being able to accurately place the curser

on the graph. (Wikigedia, 2022)
=17




Task 4 Frequency Performance Analysis of a First Order RC Electrical Circuit

4.1: Calculate the cut-off frequency and transpose the transfer function in terms of the
cut-off frequency, and determine the type of frequency response and the phase shift at

the cut-off frequency.

R1
AMN—
6k
. c1
Vin 12pF V out

Figure 12 First Order RC Electrical Circuit for Frequency Performance

1 1

— = -1338
RC~ 6000+ (12 + 10-9)

we =

wc 13.8

HG) = s =5+ 138




4.2: Write a suitable Matlab model program to perform a steady state frequency analysis
and measure the cut-off frequency from the Bode plot and the phase shift. Provide
suitably annotated graphical results.

S =tf('s');

system = 13.8 /5 + 13.8;
bode(system);

grid on;

Figure 13 Matlab Code for Task 4

Wopa

IS

Bods Diagrmier. <

Magnitude (dB

Phasa (deg)
T

Figure 14 Frequency Performance Graph for Task 4

4.3: Draw up a table with columns for theoretical and simulation results and make
suitable comparisons

Calculated Simulated Error
we 13.8 13.7 -0.1
® (degrees) 45 45 0
Cut-off -20dB -20dB 0

4.4: Critically analyse the performance of the circuit and draw up conclusions.

Because on the Iaye circuit this will make it a lowpass filter (LPF) is a electronic filter that lets
low frequency signalS pdsses thought if they are under certain cut-off frequency if they are over that
frequency it will reduces the signals.

Compering my calculated and my simulated they are extremely close a very error | believe the error
has occurred in my rounding while doing the calculations and not being able to accurately place the
curser on the graph. (Low-Pass Filter, 2022)




Task 5 Transient Performance Analysis of a Second Order Series Electrical

Circuit

5.1: Select suitable component values
In this task | will be making a RLC series circuit, | will be selecting the 3 different values for the
components | will also be changing the resister value 4 different times to manipulate the da B g

effect of the circuit.

Capacitor = 12uF
Inductor = 0.06H

Resistor will be subject to change depending on what dampening outcome | want if | want it to be under
dampened (U/D), over dampened (O/D), critically dampened (C/D) or no damping (N/D) to work out the

(C/D) | will need to rearrange the damping factor formula { = E\E to get it as you need the damping

factor ({) to equal 1, the rearrange the damping factor formula is:

[3%]
#
Rl

[l

21
R = —= 141.421

||12 +10-6
0.06

Resistor Values
Under Dampened (U/D) 50
Over Dampened (0/D) 2500
Critically Dampened (C/D) 141.4210
No Damping (N/D) 0.1uQ




5.2: Draw the Laplace model and give the transfer function in standard format.

R SL
. AN ~n .
50 0.06H
| c
u(t) ' —12yF y(t)
1/SC

Figure 15 Laplace Model for Second Order RL Series Circuit for Transient Performance

5.3: Determine the transient performance parameters of the system for a step input from

the transfer function.
In this circuit the gain (K) always equals 1, to workout the damping factor (¢) you use this formula { =

%\E and to workout the natural frequency (wn) you use this formula wn = v,;_c

5 (12 +10-6 0.0353
=2 )7006 ~©
250 [12#10-86

‘=% 7o 170

141.421 (121075

(=—% o006 !
01x107 f12+10° . _ s
= = *
¢ 2 0.06 : & 10
1

rad
=1178.511 <

o=
4/0.06 = (12 % 10-¢)

Resistor Values
50 2500 141.4210 0.1uQ
Damping 0.0353 1.768 1 707.107 » 1072
Factor
Natural rad rad rad ret
1178.511 — 1178.511 — 1178511 — 1178.511 —
Frequency S S S




5.4: Write a suitable MATLAB model program and perform a transient analysis. Take
suitable measurements of performance. Provide suitably annotated graphical results

which must be labelled and readable.

Kwn?

HG)=——
) 5% + 2{wns + wn?®

1%1178.511%2

H(s) = 5 5
s2 +2((0.0353)(1178.511)s) + 1178.511
1388888.177
H(s) =
52 +83.2029s + 1388888.177
1 s=tf('s");
2 system=1388888.177/(5"2+83.2029*%5+1388888.177);
3 step(system);
4 grid on;
Figure 16 Matlab Code for Task 5 Circuit 1
Step Response
2
1.8
16
1.4}
- 1.2H
©
= i
- L FEAWEWSWAWA N o T e s T P Pt e}
s 1 /\f/\ANV\/\f
&
~ 08p
06(
04
02
0 . . : ,
0 0.02 0.04 0.06 0.08 01 0.12 0.14

Time (seconds)

Figure 17 Transient Performance Graph for Task 5 Circuit 1

This graph is the response of an under damped RLC series circuit as you can see in the graph it
oscillates up and down passed an amplitude of 1 but it will eventually even out at 1 it will just take a
longer time period.




o o
(5, I =

Amplitude

b
a

0.3

0.2

01

W N =

iy

1+1178.5112
T 52 +2((1.768)(1178.511)s) + 1178.5112

H(s)

_ 1388888.177
"~ 57 +4167.215s + 1388888.177

H(s)

s=tf('s");

system=1388888 .177/(s"2+4167_.215%s+1388888.177);

step(system);
grid on;

Figure 18 Matlab Code for Task 5 Circuit 2
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Figure 19 Transient Performance Graph for Task 5 Circuit 2
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This graph is the response of an over damped RLC series circuit as you can see in the graph has a
steady curve up to an amplitude of 1 and it doesn’t overshoot but it takes a long time to get to an

amplitude of 1.




1+1178.5112
T s2+2((1)(1178.511)s) + 1178.5112

H(s)

_ 1388888.177
"~ 57 +2357.022s + 1388888.177

H(s)

s=tf('s");
system=1388888.177/(s"2+2357.022%s+1388888.177);
step(system);

grid on;
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Figure 20 Matlab Code for Task 5 Circuit 3
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Figure 21 Transient Performance Graph for Task 5 Circuit 3

This graph is the response of critically damped RLC series circuit as you can see in the graph has a
steady curve up to an amplitude of 1 and it doesn’t overshoot, and it will take the shortest amount of
time to get to an amplitude of 1 making it the most efficient damping profile.




1+1178.5112
s? +2((707.107 + 10-'2)(1178.511)s) + 1178.5112

()=

1388888.177
H(s) =5 =
52 + (1.667 » 107%)s + 1388888.177

s=tf('s"');
system=1388888.177/(s"2+(1.667*10"-6)*s+1388888.177);
step(system);

grid on;
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Figure 22 Matlab Code for Task 5 Circuit 4
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Figure 23 Transient Performance Graph for Task 5 Circuit 4

This graph is the response of no damping on a RLC series circuit as you can see in this graph it
oscillates up and down passed an amplitude of 1 rapidly this will never level out at an amplitude of 1
as there is no dampening on the circuit.




5.5: Place results in a table and evaluate the performance of each circuit and make
comparisons between theoretical predictions and model results.

Dampening Rate Resistor Values {
Under Dampened (U/D) 50 0.0353
Over Dampened (O/D) 2500 1.768
Critically Dampened (C/D) 141.4210Q 1
No Damping (N/D) 0.1u0 707.107 * 1012

Figure 24 Table of Results Task 5

5.7: Critically analyse the performance of the circuit and draw up conclusions.

When you change the resistor value it changes the dampening factor of the circuit when the resister
value is highest this creates an overdamped response as shown in (Figure 24). When the resister
value is lowest this results in no damping d S 11 rcuit. To get critically damped | had to rearrange the
sigma equation to find the resister value.

When | made the resistor value lower than the criticaly dampened value this produced an under
dampened circuit.




Task 6 — Transient Performance Analysis of a Second Order Parallel Electrical
Circuit
6.1: Select suitable component values.

In this task | will be making a RLC parallel circuit, | will using the same values from task 5 for my
capacitor and inductor, for my resistor value this will be subjectto change 4 different times to manipulate

the dampening effect of the circuit.

Capacitor = 12uF
Inductor = 0.06H

Resistor will be subject to change depending on what dampening outcome | want if | want it to be under
dampened (U/D), over dampened (O/D), critically dampened (C/D) or no damping (N/D) to work out the

(C/D) 1 will need to rearrange the damping factor formula { = ﬁ‘E to get it as you need the damping

factor ({) to equal 1, the rearrange the damping factor formula is:

R 1 |L

20
R ! 0.06 35.355339060
T2 12+10% 77

6.2: Draw the Laplace model and give the transfer function in standard format.

R

A
750

sL Cc1
0.06H 12pF
' Tﬂsc

Figure 25 Laplace Model for Second Order RL Parallel Circuit for Transient Performance




6.3: Determine the transient performance parameters of the system for a step input from
the transfer function.
In this circuit the gain (K) always equals 1, to workout the damping factor ({) you use this formula { =

1 L

A and to workout the natural frequency (wn) you use this formula wn = =
N
! 0.06 0.4714
$=75+2 12105 %
1 0.06 35358
C=10-2 12106 >
1 0.06 1
¢ =73535533006+2 |12+105
! 0.06 47.14 % 107°
¢ = 7500002 12106 = ¥4
1 rad
wn=—— =1178511—
J0.06 = (12 = 107%) &)
Resistor Values
750 100 35.355339060 7500000
Damping 0.4714 3.5355 1 47.14 % 107°
Factor
Natural rad rad rad rad
u 1178.511 — 1178.511 — 1178511 — 1178.511 —
Frequency S S S S




6.4: Write a suitable Matlab model program and perform a transient analysis. Take
suitable measurements of performance. Provide suitably annotated graphical results

which must be labelled and readable.

1
§* ==

RC

H -_——
) 52 + 2{wns + wn?

1
S* 75w (12 + 10°9)

H(s) =
2 52+ 2{(0.4714)(1178.511)3) +1178.51172
H(s) s*1111.1
$)= s2+ 1111.15 + (1388.888 = 10°)
1 s=tf('s");

2 system=(s5*1111.1)/((5~2)+(1111.15)+(1388.88*10~3));
3 step (system);
grid on;

Figure 26 Matlab Code for Task 6 Circuit 1
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Figure 27 Transient Performance Graph for Task 6 Circuit 1

This graph is the response of an under damped RLC parallel circuit as you can see in the graph it
oscillates up and down passed an amplitude of O but it will eventually even out at O it will just take a

longer time period.




1
$* 10+ (12 + 109

s2+2((3.5355)(1178.511)s) + 1178.5112

H(s) =

s+83333
H(s)= 5 5
s?+8333.251s + (1388.888 *» 10?)

s=tf('s");
system=s*8333.3)/((s"2)+(8333.251*s)+(1388.888*10"3));
step (system);

grid on;
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Figure 28 Matlab Code for Task 6 Circuit 2
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Figure 29 Transient Performance Graph for Task 6 Circuit 2

This graph is the response of an over damped RLC Parallel circuit as you can see in the graph has a
steady curve down to an amplitude of 0 and it doesn’t undershoot but it takes a long time to get to an

amplitude of 0.




1
S * 750000 + (12 + 10-9)

2+ 2((47.14 « 10-)(1178.511)s) + 1178.5112

H(s) =

H(s) = s+01
" 5?2+ 0.1s + (1388.888 « 10%)

s=tf('s");
system=s*0.1/((s"2)+(0.1%s)+(1388.888%10"3));
step (system);

grid on;
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Figure 30 Matlab Code for Task 6 Circuit 3
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Figure 31 Transient Performance Graph for Task 6 Circuit 3

This graph is the response of no damping on a RLC parallel circuit as you can see in this graph it
oscillates up and down passed an amplitude of 0 rapidly this will eventually level out at an amplitude
of 0 it only goes to 0 because the capacitor is discharging but as there is pas pening on the circuit
this will take a very long time to do so.




1
S * 3535533906 + (12 + 10-9)

s2 +2((1)(1178.511)s) + 1178.5112

H(s) =

u 2357.022604
)= 723570225 + (1388.888 » 10%)

s=tf('s");

system=(E*2357.022604)/( (s*2)+(2357.022%s)+(1388.888%18°3));
step (system);

grid on;
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Figure 32 Matlab Code for Task 6 Circuit 4
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Figure 33 Transient Performance Graph for Task 6 Circuit 4

This graph is the response of critically damped RLC parallel circuit as you can see in the graph has a
steady curve down to an amplitude of 0 and it doesn’t undershoot, and it will take the shortest amount
of time to get to an amplitude of 0 making it the most efficient damping profile.




6.5: Place results in a table and evaluate the performance of each circuit and make

comparisons between theoretical predictions and model results.

Dampening Rate Resistor Values {
Under Dampened (U/D) 750 0.4714
Over Dampened (O/D) 10Q 3.5355

Critically Dampened (C/D) 35.355339060 1
No Damping (N/D) 750,0000 47.14+ 107"

Figure 34 Table of Results Task 6

=13

6.7: Critically analyse the performance of the circuit and draw up conclusions.

Unlike task 5 which when you increased the resister value the dampening of the circuit increases as
well this task is exactly the opposite when you increase the resister value it decreases the dampening

factor.

When the resister value is highest this creates no damping response as shown in (Figure 34). When
the resister value is lowest this results in over dampened response on the circuit. To get critically
damped | had to rearrange the sigma equation to find the resister value.

When | made the resistor value higher than the critically dampened value this produced an under

dampened circuit.




Task 7 — Frequency Performance Analysis of a Second Order Series Electrical
Circuit.

To do this task | will be using the same circuit (figure 15) and the same component values as | used in
task 5.

7.1: From the transfer function, determine the frequency performance parameters such
as cut-off frequencies etc from theory.

My values are:
Capacitor = 12uF
Inductor = 0.06H

R35|5t. 2500, 141.421Q, 0.1pQ

Circuit 1

R 83.3
L 006

1 1

_——_ = 3
LC 006+ (12100  1388:889+10

1 1/RV? rad
wm = ———( ) (1388889*103)——(83 32 = 1177038—

1
Wo=—= =1178.511
VLC \f006*12*10 6

=1 0.06 14.1421
T3 |az«109 ¢

R [C 5 [12+10-6 0.0353
2L 2] 006

This would make the circuit 1, underdamped as the dampening factor is blow 1




Circuit 2

1 1
LC ~ 0.06* (12 *1075)

1 |L 1 0.06 0.2828
Q=% |t 250 (12+107¢) ~

R (C 250 (12%10-6 1768
=2l =2 006 %

This would make the circuit 2, overdamped as the dampening factor is above 1

= 1388.889 * 10°

Circuit 3
R 141.421 2357016
L~ 006 :
1 1

—=—— = 1388.889 % 10°
LC ~ 0.06+(12+10°9) *

1 (L 1 0.06 05
Q_R C 141421 |(12+1075)

141.421 (12 % 107 )
¢= 2 0.06

This would make the circuit 3, critically dampened as the dampening factor is equal to 1




Circuit 4
R 01*10°°
=1.6+10"°

1 006

1 1
= —138888910°
LC _ 0.06+ (12 * 10-5) *

L ! 0.06 707.107 # 106
= — == = . *
=g T 01r10 (12 + 10-9)
01107 12+ 107 707.107 = 1072
(== 006 T

This would make the circuit 4, no damping as the dampening factor is almost a 0

7.2: Write out a suitable Matlab model program and perform a frequency analysis. Take

suitable measurements of performance. Provide suitably annotated graphical results

which must be labelled and readable.

1
H(s) = ¢
s2++s

&8l=

+

el ==l

Circuit 1
— 1
H(s) = 2.06 * (12 * 10—15)
s2+ 0.06° + 0.06+ (12 10-5)

H( 1388888.889
$)= s? + 83.3s + 1388888.889

Circuit 2
1
0.06 * (12 * 1079)

H(s) = 50 1
ST4 TS+ oo
0.06° T 0.06+(12+10-9)

1388888.889
H(s) =
s* + 4166.6s + 1388888.889




Circuit 3

1
_ 0.06+ (12 + 10-9)
H(s) = 2, LALA2T 1
s 0.06 ° T 0.06+(12+10°5)
Hs) 1388888.689
$) = 573 2357.016s + 1388888.889
Circuit 4
1
B 0,06+ (12 + 10°9)
H(s) = , ,01+10°6 1
s 006 °T006+(12-109)
1388888.889
H(s) =

52 + 1.6 » 10~%s + 1388888.889

1 s=tf('s");

2 system=(1/(0.06%(12%10"-6)))/((s*2)+((5/0.96)*s)+(1/(0.06%(12*10"-6))));

3 bode (system);

4

5 grid on;

6 hold on;

7

8 s=tf('s");

] system=(1/(0.06%(12%10%-6)))/((s~2)+((25/0.06)%s)+(1/(0.06%(12*18°-6))));
1@ bode (system);

11

12 s=tf('s");

13 system=(1/(@.06%(12°10"-6)))/((5°2)+((50/9.06)*s)+(1/(0.06*(12*10~-6))));
14 bode (system);

15

16 s=tf('s");

17 system=(1/(0.06%(12%184-8)))/((5°2)+((75/0.06)*s)+(1/(0.06*(12*10-6))));
18 bode (system);

19

20 s=tf('s");

21 system=(1/(0.06%(12%18~-6)))/((s*2)+((100/0.06)*s)+(1/(0.06%(12*10~-6))));
22 bode (system);

23

24 s=tf("s");l

25 system=(1/(0.06%(12%104-6)))/( (= 2)+((125/0.06)*<)+(1/(0.06%(12*10-6))));
26 bode (system);

27

28 s=tf('s");

29 system=(1/(0.06%(12%10"-6)))/((s°2)+((141.421/0.06)*s)+(1/(0.06*(12*18*-6)))));
30 bode (system);

31

32 s=tf('s");

33 system=(1/(0.06%(12%18~-6)))/((s"2)+((250/8.06)%s)+(1/(0.06%(12%10~-6))));
34 bode (system);

35

36 s=tf('s");

37 system=(1/(0.06%(12%104-6)))/((s*2)+(((@.1*10~-6)/0.26)*s)+(1/(0.06*(12*10"-6))));
38 bode (system);

Figure 35 Matlab Code for Task 7




Magnitude (dB)

Phase (deg)

7.3: Evaluate the performance of each circuit and make comparisons between
theoretical predictions and model results.

20log(14.14[S K301
20 log(0.2828) = —1097
2010g(0.5) = — 6.02
2010g(707.107 * 105) = 176.99

Calculated (dh) Simulated (dh) error
Under Damping 23.01 23 0.01
Over Damping -10.97 -11 0.03
Critical Damping -6.02 -6.01 0.01
No Damping 176.99 176 0.01

Figure 36 Table of Results Task 7

7.4: Investigate by analysis and modelling, the effects of varying the value of the
resistor in each circuit upon its performance. Produce graphic results from Matlab.

Bode Diagram

Frequency (radis)

Figure 37 Frequency Performance Graph for Task 7




System: system
Frequency (rad/s): 1.18e+03
Magnitude (dB): 23

System: system
Frequency (rad/s): 1.18e+03
Magnitude (dB): 8.98 | System: system
! Frequency (rad/s): 1.18e+03 —

System: system )
Frequency (rad/s): 1.18e+03 Magnitude (dB): 3
Magnitude (dB): -0.505 1 Frequency (rad/s): 1.18e+03
T ———————————e Magnitude (dB): -3 —
-

-
»

System: system | gyctam: system

—| Frequency (radis). 1.18e+03 § prequency (radis): 1.18e+03 —
Magnitude (dB): -4.94 | yyo0hityde (dB): -6.01
Frequency (rad/s): 1.18e+03
Magnitude (dB): -11

Figure 38 Frequency Performance Graph Showing Values for Task 7

7.5: Critically analyse the performance of the circuit and draw up conclusions.

It is apparent that all calculated and observed values have been verified. Rounding mistakes could
result in minor differences, with the largest magnitude error being 0.03 dB shown in Figure 34, if you
see figure 36 this shows how the damping factor changes as the resistance value changes, resulting
in a locus diagram. The magnitude grows as the value of R decreases. Only the lower frequencies
can pass through this low pass filter before the cutoff frequency.




Task 8 - Frequency Performance Analysis of a Second Order Parallel Electrical
Circuit

To do this task | will be using the same circuit (figure 24) and the same component values as | used in
task 6.

My values are:

Capacitor = 12uF

Inductor = 0.06H

Resisters = 75Q, 10Q, 35.355339060, 750,000Q

8.1: From the transfer function, determine the frequency performance parameters such
as cut-off frequencies etc from theory.

Circuit 1

1 1

== =11111
B =%rc 75+ (12 + 10-6)

1 1
wo=—=————=1178.51

VLC  ,J0.06 + (12 + 10-%)

= mr () e o (o) L =74734 radls
wel = 2RC 2RC Lc 2(75)(12:107%) 2(75)(12=107%) (0.06)(12+10°%) .

P g [ P — +J[ L) ¢l —185845radls

2RC 2RC 2(75)(12=10°%) 2(75)(12:107%) (0.06)(12=107%)

sB s*1111.1

H(s) = —
)= T sprwo? - 24 (s 111L1) + (117851)°




Circuit 2
1 1

f=—=————=§8333.3
@ 18 RC 10+(12+1075)

1 1321 1 1 2 1
wel= —opct (m) T T Tzmazes T J(z(loj(lleo—ﬁj) t ez 163.46 rad/s
1 132 1 1 1 2 1
We2 = cpc T (%) te= 2(10)(12-10"%) + J(z(w)(nxm—ﬁ)) + (0.06)(12:1075) §496.79 rad/s
u sB s+ 8333.3
)= F g twor - 57+ (s +83333) + (1178.51)°
Circuit 3
1 ! 2357.022604
b= RC ~ 3535533906 * (12 + 1076) ~ :
R ¢ 35.35533906 —12 » 107 0.5
Q=R |p=35 006
1 13 1 1 1 2 1
wel = — 2RC (ﬁ) + L€ 2(35.35533906)(12+10-5) + J(2(35.35533905)(12~10-6)) + (0.06)(12+10-6)
488.16 rad/s
we2 = —+ (L)2+l= ! + ( - )2+ ! =2845.18
2RC 2RC LC 2(35.35533906)(12=107%) 2(35.35533906)(12=107%) (0.06)(12+107%) )
rad/s
s 5+ 2357.022604
H(s)=

SZ+ B+ wo?  S2+ (s + 2357.022604) + (117851)2




Circuit 4
1 1
= RC ™~ 750,000 + (12 * 1076)

R ¢ 750,000 12~ 107 10606.60172
0= L~ 0.06 :

1 1y 1 1 1 z 1
wel = -+ (ﬁ) Y= " 2msomnaze s T J(z(?so.ooo)(lleo—ﬁj) t emazie s =1178.46 rad/s

0.1

1 Z 1 1 1 z 1
we2= oo+ (%) T 2(750,000)(12-10-5) + J(z(?so.ooo)uzno—ﬁ)) (0.06)(12=1078) 1178.57 rad/s

u sB s+0.1
)= T Twe? - 5+ (5 0.0) + (11785172

8.2: Write out a suitable Matlab model program and perform a frequency analysis. Take
suitable measurements of performance. Provide suitably annotated graphical results

which must be labelled and readable.

[

B=tf('s');
system=(s*1111.1)/((5"2)+(s*1111.1)+(1178.51)2)
bode (system);

grid on;

B ow o

Figure 39 Matlab Code for Task 7 Circuit 1

s=tf('s");
system=(s*8333.3)/((5"2)+(s%*8333.3)+(1178.51)"2)
bode (system);

grid :nn;l

Bow o e

Figure 40 Matlab Code for Task 7 Circuit 2

b=t ("5
system=(5%*2357.022604)/( (5°2)+(5*2357.022604)+(1178.51)"2)

bode (system);

BowW N e

grid on;

Figure 41 Matlab Code for Task 7 Circuit 3

1 b=tf('s");

2 system=(5%0.1)/((5°2)+(5%0.1)+(1178.51)"2)
3 bode (system);

4 grid on;

Figure 42 Matlab Code for Task 7 Circuit 4




8.3: Evaluate the performance of each circuit and make comparisons between
theoretical predictions and model results.

Calculated Simulated error
Ji] 1111.1 1102 9.1
wo 1178.51 1170 8.51
wcl 747.34 748 -0.66
wc 1858.45 1850 8.45
Calculated Simulated error
B 8333.3 8308 25.3
wo 1178.51 1170 8.51
wcl 163.46 162 1.46
wc?2 8496.79 8470 26.79
Calculated Simulated error
B 2357.022604 2346 11.022604
wo 1178.51 1170 8.51
wel 488.16 484 4.16
wc? 2845.18 2830 15.18
Calculated Simulated error
B 0.1 0 0.1
wo 1178.51 1180 -1.49
wcl 1178.46 1180 -1.54
we 1178.57 1180 -1.43




8.4: Investigate by analysis and modelling, the effects of varying the value of the
resistor in each circuit upon its performance. Produce graphic results from Matlab.

Bode Disgr 1111

Magritude (dB)

Phase (deg)

Magnisade (¢8|

Phase {deg)

Frequency (radis)

Figure 44 Frequency Performance Graph for Task 8 Circuit 2
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Figure 45 Frequency Performance Graph for Task 8 Circuit 3

Bode Diagram

Froguency (rads)

Figure 46 Frequency Performance Graph for Task 8 Circuit 4




8.5: Critically analyse the performance of the circuit and draw up conclusions.

It is evident from reading the findings that the circuit's resistance has grown. Thus, the bandwidth is
reduced. This indicates that a larger resistance will make the cre selective.

A phase shift of 0° is observed at 1178.51 Rad/S, the resonant frequency. The majority of
the calculated and simulated values line up, with the exception of certain rounding difficulties and the
inability to accurately get Mat Lab to get on £3-dB point.




Task 9 - Frequency Performance Analysis of a First Order Electronic System

9.1: Select a suitable value for C1 for the electronic system shown in figures 45 and
determine the expected frequency performance.

I've chosen my capacitor to be (6nF)
Resisters 1 = 1kQ
Resisters 2 = 20kQ

C1
11
1
6nF
R1 R2
1kQ 20kQ
u1

Figure 47 Frequency Performance First Order Electronic System for Task 9

K_RZ 20000
T R1 1000

1 1
C = =
C+(R2) (6+10-%) 20000

=83333rad/s

20log,o(K) = 20log,(20) = 26db Gain

26 —3 = 23dB Cut — of f [=pH




9.2: Write a suitable Matlab model program and produce frequency responses. Take
readings of cut-off frequency, phase shift and roll-off, tabulate results and compare

with theoretical values.

we 8333.3
H(S) = —K{ ]: —20{97}
S+we +83333

1 s=tf('s");
system=(-20%(8333.3/5+8333.3))
3 bode (system);
4 grid onj|

Figure 48 Matlab Code for Task 9

Bode Diagram

Meagrilude (48]

Phase {deg)

Froquency {iad's]

Figure 49 Frequency Performance Graph for Task 9

9.3: Critically analyse the performance of the system and draw up conclusions.

All calculated and simulated values correspond. Given that an inverting amplifier was utilised, this ends
up resulting in a 180° phase shift. Phase shift at the cutoff frequency is therefore 135° (-45 + 180). The
equation below demonstrates the calculated gain (26dB). Considering that the circuit is in the first order,

a roll off of 20dB was performed which provide an almost perfect decade.

20logy,(20) = 26dB Gain




Task 10 - Frequency Performance Analysis of a First Order Electronic System

10.1: Select a suitable value for C1 for the electronic system shown in figures 47 and
determine the expected frequency performance.

I've chosen my capacitor to be (6nF)
Resisters 1 = 1kQ
Resisters 2 = 2kQ

R1 c1 R2
—AA— | ——W
1kQ  gnF 2kQ

U1

Figure 50 Frequency Performance First Order Electronic System for Task 10

_R2 2000 _

T R1 1000

1 1

WE=TY@RD) ~ (6+10-9) +1000

=166666.6 rad/s

20log,o(K) = 20log,0(2) = 6.021dB Gain

6.021 — 3 = 3.021dB Cut — of f Point




10.2: Write a suitable Matlab model program and produce frequency responses. Take
readings of cut-off frequency, phase shift and roll-off, tabulate results and compare

with theoretical values.

S A
0= i) - =l
+ wc 5+ 166666.6

s=tf('s");

2 system = (-2%(s/s+166666.6)))
bode (system);

- grid on;

Figure 51 Matlab Code for Task 10

Bods Diagram

Magriude (o8]

Prase (deg)

Figure 52 Frequency Performance Graph for Task 10

10.3: Critically analyse the performance of the system and draw up conclusions.

All calculated and simulated values correspond. The phase shift for a high pass filter is 45° at natural
frequency. Given that it is was inverted, this ends up resulting in a 180° phase shift. Phase shift at the
cutoff frequency is therefore 225° (45 + 180). The equation below demonstrates the calculated gain
(6.021dB). Considering that the circuit is in the first order, a roll off of 20dB was performed which provide
an almost perfect decade.

20logqp(2) = 6.021dB Gain




Task 11 — Frequency Performance Analysis of a Sallen & Key 2nd Order Filter

11.1: Analyse the system shown in figure 50 for a Butterworth filter with k =1.586. Using
a Matlab model approach, produce a frequency response of the gain over a range of
frequencies.

Values:

Capacitor 1 = 100nF
Capacitor 2 = 100nF
Resisters 1 = 35kQ
Resisters 2 = 35kQ0
Resisters 3 = 5860
Resisters 4 = 1kQ

c1
1
1l
100nF
R1 R2 u
—ApA— AN
35kQ 35kQ .
R3
10((:)31F+ ?5350
R4
§1m

Figure 53 A Sallen & Key 2nd Order Filter

R3 = (K —1)*R4 = (1.586 — 1) * 1 = 5860

1 1
c= = = 285.71rad/s
VRZ+ €2 \f(35+10%)% % (100 + 10~%)2

“3-k - 3-13586 Y7

7= 2B - 40412
g 0.707




11.2: Critically analyse your results and compare with theory. Evaluate the system’s
performance in comparison with the system in figure 5.

H(S) = K+ Wc? 1.586  285.712
= W = ¢z z
Sz+(TC)S+WCZ 54+ 404.125 + 285.71
1 S=tf('s');
2 system =(129465.5/(5"2+404.12%5+81630.2));
3 bode(system);
4 grid on;
Figure 54 Matlab Code for Task 11
Bode Diagram
T T T T T
0 O ';»ys'.e" system —, d
Frequency (rad/s): 20.3 System: system

Erequency (radis): 283

Magnitude (dB): 4.01
Magnitude (dB): 1.00

—
o 20t System: system H
E Frequency (rad/s) 972
o) Magnitude (dB): -17.3
E .
2 40t ~ ]
System: system
g’ Frequency (rad/s). @ B4e+03
1] .'.’ag".ad! dB). -57.5
= 60 iR mgEEEE R
80 > 1
. ' 2, M@ A7)
0 T T T oo

45 I System: system 1
Frequency (rad/s): 288
.F’hase (deg): -90.6

Phase (deg)
8

135 1
-180 & L 1
10" 10% 10° 10*

Frequency (rad/s)

Figure 55 Frequency Performance Graph for Task 11




11.3: Critically analyse the performance of the system and draw up conclusions.

With the exception of the cut off frequency, which was wrong by 3 Rad/S, all calculated and simulated
results correspond. Rounding mistakes may be to blame for this as well as the inability to accurately
place the -90° point. As this is a second order circuit this changes the phase shift as well as the roll-
off, which is -40dB, compared to a first order circuit with a roll off of -20dB over a decade.

As a result, a second order cigasilsigamore specific about what frequencies it lets in. because of the
steeper roll-off.




Task 12 - First Order Control System Analysis .

Analyse the system model shown in figure 54.

r | . o

Q
Figure 56 First Order Control System for Task 12

12.1: Determine the open loop performance, plot the argand diagram and comment on

its stability.

num = [6.5];

den = [1, -90.4];

[z,p,k] = tf2zp(num,den)
pzmap (num,den)

Bow oMo

Figure 57 Matlab Code for Task 12.1

Pole-Zero Map
1 T T T T T T
0.8 1
0.6 1
I.'g 0.4 1
§ 0.2 1
L
8 g
2'0.2 i
£-0.2
£
06 1
0.8 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Real Axis (seconds™)

Figure 58 Pole-Zero Map for Task 12.1




6.5

s—04

Figure 59 Open Loop Transfer Function

v

7

Figure 60 Open Loop Transfer Function Graph




diagram for K 1 and comment on its stability.

12.2: Produce the overall closed loop transfer function in terms of K, plot the argand

J

6.5
s—04 "

Figure 61 Closed Loop Transfer Function

06}

04r

10

0
Figure 62 Closed Loop Transfer Function Graph




12.3: Determine the minimum value of K required in the feedback for stability and use
a root locus plot in Matlab to confirm it.

Imaginary Axis (seconds™)

M

08

(-

c
=
(i)

5—04

6.5
Y(s) G 5-04

RGs)  1+G()H(s) 1"‘(5 6.5 *K)

- 04

Multiply by (s — 0.4)
6.5

S—0.4+(65+K)
S5—04+65K=0

S+ (65K — 04) =0
S = —(6.5K — 0.4)
§= —-65K+04

§=04-65K
§=10=04— (6.5+0.0614)

1 num = [6.5];

2 den = [1 -0.4];
3 rlocus(num,den);
4 grid on

Figure 63 Matlab Code for Task 12.3

Root Locus

|0897 povs 0.989 0.975 0.88

410.999

1

1

0.7 0.6 05 04 0.3 02 0.1

1

1

4 -0.999

g7 0.995 0983 0.075. 0.88

-0.8 -0.6 -0.4

U

Real Axis (sec onds™ )

Figure 64 Root Locus Map for Task 12.3




12.4: Build the model using Simulink and measure its response to a unit step input with
3 different values of K below and above the calculated value. Present all your
mathematical workings, add annotations to your graphical results.

Circuit 1
K=5

§=04-65K =04 —-65(5) =-321
The pole is at -32.1, therefore stable.

I % =

Figure 65 Closed Loop with a K=5

02 1 T . T T = T T T = — =

01k 1 { 1 + 1 { ! ! -

Figure 66 Task 12.4 Simulink Graph 1




Circuit 2
K= 10

1

S =0.4—-6.5K = 04— 6.5(10)
The pole is at -64.6, therefore stable.

6.5

s—04

Figure 67 Closed Loop with a K=10

0.1F

0.08

0.04

0.02

3

5
Figure 68 Task 12.4 Simulink Graph 2




Circuit 2
K= 0.005

§=04—-65K=04—-65(0.005) = 03675
The pole is at 0.3675, therefore unstable.

-

6.5
s—04

_

Figure 69 Closed Loop with a K=0.005

400

Figure 70 Task 12.4 Simulink Graph 3

12.5: Draw up a table with columns for theoretical and simulated results and make

suitable comparisons.

K Value Pole Measured Stability Calculated Stability
5 -32.1 Stable Stable
10 -64.6 Stable Stable
0.005 0.3675 Unstable unstable




12.6: Critically analyse the performance of the circuit and draw up conclusions.

The table above makes it abundantly evident that from the Simulink model and from the formulae.
Knowing what polarity of the pole will allow you to forecast the stability of the circuit. (0.0614) is the
minimum feedback gain value, as determined by rearranging the equation. Any value above this will
stabilise the circuit, and any value below will make it unstable. You need the negative pole in the left-
hand plane for the circuit to be stable. 522




Task 13 — DC Motor Model Analysis

A DC permanent magnet motor has the following parameters:

. Armature resistance = 1.5 Ohms

. Armature inductance = 0.165H

. Rotor inertia = 0.0042 Kg m2

. Friction coefficient = 4.6 x 10-6 Nm/rad/s
. Motor voltage constant = 0.063 V/rad/s

. Motor torque constant = 0.063 Nm/A

. Maximum armature voltage = 24V

13.1: Develop a mathematical model of the motor and its load, produce the transfer
function with the disturbance initially set to zero.

Lo,

Bpoed
€ 5)

Back EMF

Figure 71 DC motor modal

Kwn?

ts)y = —
) s+ 2{w,s + wn?

13.2: Deduce the damping factor, natural frequency, stall torque and the theoretical
friction-less no-load-speed.

b Ra) (4.6* 107° 1.5 )

_ Ut _\Tovosz *otes) _ .
T 2w, 2 #2395 o

= 2.395

Rb KK, 15%(4.6%10°6)  0.063 * 0.063
+ ~ | 0165+0.0042 ' 0.165 * 0.0042

_ KnVa _ 0.063 %24

T. = — = 1.00BNm
STALL R, 15

Yo = 2 _ 380952 rad/s

Ky 0.063

Qy, =




13.3: Plot the poles and comment on their location in the argand diagram.

a=1

(b Ra) 4.6+ 107° 15 9.092
=" = \o00a2z toaes) =

1.5 % (4.6  107°) 0.063 = 0.063
+ = 5737
0.165 = 0.0042 0.165 * 0.0042

Pole:

—b+vVhI—4ac —9.092 +v9.092Z —4 * 1 5737
= —0.6822 or — 8.4098

2a N 2 %1

13.4: Build a model of this motor system using Matlab Simulink.

‘ D

0.00425 + 4.6 « 10"-6

1

0.165s + 1.5
Speed

I .

Armature V
Elec TF

O

Wech TF

Load Torque

Figure 72 Simulink modal




13.5: Analyse the speed and torque responses of the motor over 20 seconds to an
armature voltage step input of 15Vdc with the disturbance set to zero and thus measure
the no-load-speed and torque of the motor. Measure the settling time. Apply the
theoretical stall torque after 10 seconds and check the resulit.

No Disturbance




13.6: Analyse the speed and torque responses of the motor over 20 seconds to an
armature voltage step input of 15Vdc with the disturbance of 0.03Nm after 10 seconds
and thus find the speed and current. Compare the loaded speed with the theoretical
prediction.

With Disturbance

K.V, 0.063=*15

Tora = —E = 15 = 0.63Nm
@ .

o T T T Tl

+ !
| i

1 | | :

v — R.T; 15 1.5 * 0.03
_ Ky _ ~ T 0.063 _
Q, = R.b Tk = 15+ (46 + 10-9) Y = 226.3638rad/s
Ky e 0.063 .

13.7: Draw up a table with columns for theoretical and simulation results and make

suitable comparisons

K.V, 006315
Tsraw = R—u= T= 0.63Nm
Oy = 2 = = 238.095 rad
L= = Goes - 238095 rad/s

Calculated Simulated Error
No Load Speed (rad/s) 238.095 2377 0.395
Loaded Speqaags) 226.3638 220.8 5.5638

26




13.8: Critically analyse the performance of the circuit and draw up conclusions.

| built my circuit both with and without disturbance, comparing the simulated and calculated results. My
highest inaccuracy, was 5.5638 error, was with the Loaded speed. This can be attributed to human
errar while adding the tags or rounding issues when performing my calculations. My calculated and
simulated values are in agreement with one another and demonstrate how the rad/s values for the
loaded and no-load speeds are very similar. However, with the circuit without disturbance, the graph
doesn't fall back to 0 like the graph for the circuit with disturbance and instead maintains a constant

value of 237.7.




Task 14 — Proportional Speed Control System

14.1: Convert the motor model into a subsystem for simplicity. Add an outer loop to
include a proportional controller with a step speed setpoint of 140 rad/s and speed
feedback with a disturbance of 0.03Nm after 10 seconds. Use the standard PID block
(set up for P only) and ensure the armature voltage is limited to maximum voltage. Run

the auto tune feature and obtain the optimum value for the constant Kp.

& thow Dacsmatan o

‘Contralr Paramaes

Arpituse

Time [seconds)

P G PP 13 DK AN SA0CK TN LS Cantroser ParmeTy P 423




14.2: Replicate the control system twice and feed the speed output signals into a 3-
input scope. Manually adjust the values of Kp in the two new controllers above and
below the auto tuned value. Run the simulation and measure the steady state error, rise
time, overshoot (if any) for all three responses.

(% Block Parameters: PID Controller ®
PID 1dof (mask) (link)

This block implements continuous- and discrete-time PID control algorthms and includes advanced features such as ant-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires Simulink Control

Design).
Controller; | P = Form:  Parallel -
Time domain: Discrete-Dme settings

® Continuous-time
- Sample time (-1 for inherited): -1
O Discrete-time
¥ Compensator formula

P

Main  Initlalization  Output Saturation  Data Types  State Attributes
Contreller parameters.

Source: | internal

Proportional (P): |0.713417432363503

Automated tuning

Select tuning method: Transfer Function Based (FID Tuner App) -

[ Enable zero-crossing detection

[ox ][ concal || Help | [ gy

4| Show Parameters - [m] X
Controlier
Tuned Block
P 071342 071342
1 nia nia
] nia nia
N nfa nia

Performance and Robustness

Tuned Block
Rise time 0.205 seconds 0.205 seconds
Settiing time 0.691 seconds 0.691 seconds
Overshoot 132% [132%
Peak 1.04 104
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 6.18 radis |60 ceq @ 6.18 ra's
Closed-loop stability Stable Stable

[Cluse




4 Scope? - O X
File Tools View Simulation Help »
Q- AOP® Q- FB-

160 . —

140} -1

201 / 4
J
of- 4 -
|
0 5 10 15
Ready Sample based |T=15.000

14.3: Discuss the effect of increasing or decreasing Kp.

The overshoot grows and the rising time decreases when Kp is increased, making the overshoot even
quicker. When Kp is lowered steady state inaccuracy dramatically increases and the rise time might
reach over one second, but then the overshoot will lower.

14.4: Draw up a table with columns for theoretical and simulation results and make

suitable comparisons.

Kp Value Steady State Error | Rise Time (S) | Overshoot
42.3703 0 0.0178 79.40%

=l 27
0.71342 12.05 0.205 13.20%%

0.085369 60 1.24 0%




14.5: Critically analyse the performance of the circuit and draw up conclusions.

When the stable error is low, there is a strong correlation between the rise time and the overshoot. The
Kp value will be high and the steady state error will be very modest if the rise time is short. These
conclusions are supported by the results, which include an example of "High,” "Mid," and "Low Kp
values to demonstrate a clear distinction between the measured values.”

To sum up, all outcomes were in line with what was predicted to happen when Kp was increased. The
Kp value with the biggest overshoot was 42.3703, which also had the lowest rising time. Kp 0.085369
was the lowest value. 1.24s was its rise time, and there was no overshoot.




Task 15 — Proportional-Integral Speed Control System

15.1: Save your Matlab file under a new name and convert each controller to Pl. Auto
tune the first and use the same value of Kp in all three systems.

o PID Turvr (k4710 Comtrother)

G nam
| 040ms samss
o s -

Step Plot Reference acking -~

st e
ey wma
Cwarsnost
Foa
Gan magn

Arrplitude

|74 sa@ iz
)

Preview

i

8 1
Timse (seenos)

Conbaber Parsmaters. F= 1527, = 0,408

i:{l Block Parameters: PID Controller] X
PID 1dof (mask) (link)
This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires Simulink Control
Design).

Controller: |PI v | Form: Parallel =
Time domain: Discrete-time settings
@® Continuous-time

o Sample time (-1 for inherited): -1
Discrete-time

¥ Compensator formula

p+rd
z

Main  Initialization  Output Saturation  Data Types  State Attributes

Controller parameters

Source: | internal =
Proportional (P): |1.92731867174279 E
Integral (1) |D.403552]38?16405 i [ use I*Ts (optimal for codegen)

Automated tuning

Select tuning method:  Transfer Function Based (PID Tuner App) v Tune...

41 Enable zero-crossing detection

Cancel Help Apply




15.2: Change the value of Ki in the other two controllers to demonstrate the effect of

tuning. Measure the rise time, overshoot percentage, the settling time and the steady
state error.

[Pa] Block Parameters: PID Controller1 X
PID 1dof (mask) (link)
This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,

external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires Simulink Control
Design).

Controller: PI ~ Form: Parallel -

Time domain: Discrete-time settings
@ Continuous-time

Sample time (-1 for inherited): -1
O Discrete-time

¥ Compensator formula

P+I1
5

Main  Initialization = Output Saturation  Data Types  State Attributes
Controller parameters
Source: |internal -

Proportional (P): |1.92731867174279

Integral (I): |0.DS | i| [ use 1*Ts (optimal for codegen)
Automated tuning

Select tuning method: | Transfer Function Based (PID Tuner App) A Tune...

(4 Enable zero-crossing detection

[ok ] cancel || Help | apy

% S Paramaters - B o=
Contrusar Paramaters
@ 5 ¢ " »
Showar Rezpares Tine (seconds) Faster L Tuned [==
Uselate 3 007EaE 18273
Transnl Bonanace Fechast Biock 1308 o
£ o na a
W wa )
Flart E Step Plot. Reference wracking
Pertomance and Aobusmess
Tuned Bock
Fine trmt 113 socenas 0145 secomts
Sazing wm 441 sacons Wah saconas
Oversont 123% A%
Foar 1 2
Gar g o1 6 @ i rass [nreE @ it
Phase margn CETRA] W2 oag @ 12 a0y
Chcadlooprtatty | Stabk )
Fravim
Chsa

Time (seconds)

Controer Farimelers: F = 007994, | = 01200




Conuber Parameters # = 0083501 =0 1171

[*al Block Parameters: PID Controller2 X
PID 1dof (mask) (link)
This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (reguires Simulink Control
Design).
Controller: | PI | Form: Parallel -
Time domain: Discrete-time settings
(® Continuous-time
Sample time (-1 for inherited): -1
O Discrete-time
¥ Compensator formula
p+1l
=
Main Initialization =~ Output Saturation Data Types  State Attributes
Controller parameters
Source: |internal -
Proportional (P): |1.92731867174279 ;
Integral (I): 0.7 i| [0 use 1*Ts (optimal for codegen)
Automated tuning
Select tuning method: | Transfer Function Based (PID Tuner App) - Tune...
[ Enable zero-crossing detection
ok ] cancel Help Apply
+ & Show Parameters o x
o Contielies Parameters
— | s Ressarsa Tine (saconds) Fasher e B g | :'“""‘ :"'""'
Beset Show ptane. P 0.03358 1.9073
o - Pe——— [ 06211 5] Desgn Paaratens B.:,“T 0 w708 [
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15.3: Summarise all your results in a table, critically analyse and make comparisons.

What can you now say about the effect of adding integral control and its behaviour

when tuned. What is the effect of changing Ki? Draw up conclusions.

4 Scopel

File Tools

View Simulation Help

Q-0 Pr® =-aA-C-|FA-

Ready

10 15

Sample based |T=15.000

Kl Value

Steady State Error

Rise Time (S)

Overshoot

Settling Time (s)

0.40335

0

0.104

30.30 %

1.12

0.05

2

0.105

28.4%

NaN

0.7

0

0.104

31.80 %

1.05

The steady state error was twice as large when the lower Ki value was chosen, despite the fact that
there is only a 0.35 difference between it and the second value. According to the results table, rise
time increases as Ki value decreases. The settling time, expressed in nanoseconds, is 0.1. It's

interesting that the greater

o settling time isn't longer than the tuned value. Each number

exhibits a comparable osci B 29 esponse; their tiny variations in rise times and overshoot % are all
that separate them.




Task 16 — Proportional-Integral-Derivative Speed Control System

16.1: Save your Matlab file under a new name and convert each controller to PID. Auto

tune the first and use the same value of Kp and Ki in all three systems.

PID 1dof (mask) (link)

Design).
Fontroller: | PID
Time domain:

® Continuous-time
O Discrete-time

Main  Initialization
Controller parameters

Source: | internal

" Compensator formula

E‘ Block Parameters: PID Controller

This block implements continuous- and discrete-time PID control algerithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the "Tune..." button (requires Simulink Control

* | Form: |Parallel

Discrete-time settings

Sample time (-1 for inherited): -1

pPeIlep N}
£ N
£

Output Saturation Data Types State Attributes

Proportional (P): [1.18188193815251

Integral (I): ‘ 1.91904799500264 i [0 use 1*Ts (optimal for codegen)

Derivative (D): |0.13974363542915

Filter coefficient (N):

Automated tuning

Fraview

1367.24019267143 i Use fi

Select tuning method:  Transfer Function Based (PID Tuner App)

] Enable zero-crossing detection

T

Aggrisshe R

Time: (seconas)

I gars ppked 1o biech and biock eaponss Lotuied Coetretier Parameters P = 1183, 1+ 1019, D= 0 1307, N = 1ET

Tune...




16.2: Change the value of Kd in the other two to demonstrate the effect of tuning.

Measure the rise time, overshoot percentage, the settling time and the steady state

error.

& Show Barsmeter

Contralier Baramaters

Prtcammance and Ribusiesss
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E Cosedncg sabiity _|Stavle e
3
Frevam
1
Cow
by - 1
Time (seconds)
hl Cantroler Farameters. F = 005409, 1= 0. W87, 0= 2003156, M = 136.7
%) Block Parameters: PID Controller] x
PID 1dof (mask) (link) -
This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the "Tune..." button (requires Simulink Control
Design).
Controller: |PID ~ Form: Parallel
Time domain: Discrete-time settings
@ Continuous-time
Sample time (-1 for inheritad): -1
O Discrete-time
~ Compensator formula
pertin N
f N
&
Main  Initialization = Output Saturation  Data Types  State Aftributes
Controller parameters
Source: |internal -
Proportional (P): |1.18188193815251 |
Integral (I): ‘ 1.91904799500264 [ Use 1*Ts (optimal for codegen)
Derivative (D): | 1 | H
Filter coefficient (N): |1367.24019267143 Use f vative
Automated tuning
Select tuning method:  Transfer Function Based (PID Tuner App) - Tune...
[ Enable zero-crossing detaction
v
< >
Cancel Help Apply
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"4l Block Parameters: PID Controller2 X
PID 1dof (mask) (link) ~

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the "Tune..." button (requires Simulink Control
Design).

Controller: |PID * Form: |Paralle|

Time domain: Discrete-time settings
@ Continuous-time

Sample time (-1 for inherited): -1
O Discrete-time P ¢ )
¥ Compensator formula

pirlip ¥ -
L 1+N
E1

Main  Initialization  Output Saturation  Data Types  State Attributes
Controller parameters

Source: |internal

Proportional (P): |1‘18188193815251

Integral (1): |1.91904799500264 |[{ 3 use 1*Ts (optimal for codegen)

Derivative (D): |0.01 [

Filter coefficient (N): |1367.24019267143

B Use filtered derivative

Automated tuning

Select tuning method: :Transfer Function Based (PID Tuner App) - Tune...

[ Enable zero-crossing detection




16.3: Summarise all your results in a table, critically analyse and make comparisons.
What can you now say about the effect of adding derivative control and its behaviour
when tuned. What is the effect of changing Kd? Draw up conclusions.

4 Scopel — m] X
File Tools View Simulation Help »
Q- eOP® | =-||AQ- - F£4-

200F T  m—— T T T T T T -

Ready Sample based T=15.000

KD Value | Steady State Error | Rise Time (S) | Overshoot | Settling Time (s)
0.13974 0 0.167 5.38 % 1.18
1 0 0.0345 2.11% 2.47
0.01 0 0.139 30.60 % 1.14

The overshoot and settling time are clearly influenced by the Kd Value, as the findings demonstrate. The two
chosen values of Kd operate in an opposing manner; as the overshoot increases, the settling time decreases,
and vice versa. The selected values are just marginally faster by a few milliseconds compared to the tuned Kd

value, which has the slowest rising time.
g




Task 17 — Controller Comparisons

17.1: Save your Matlab file under a new name with 3 parallel controllers sharing the

same input and same scope. Make one system a P controller, another a Pl controller
and the third can remain a PID controller.
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17.2: Plot the response of the three types of controller on the same scope and

demonstrate the effects of controller improvement from P to Pl to PID.

4| Scope?

File Tools

View

Simulation

Help

@- 0P| =-Q-0-|F4-

200~

I T

8

Sample based |Offset=0 | T=10.000

10

17.3: Summarise all your results in a table, critically analyse and make comparisons.

Draw up conclusions.

KP Value | KlValue | KD Value Steady Rise Time (S) | Overshoot Settling
State Error Time (s)
42.3702 0 0.0178 79.4 % 0.822
1.9273 0.4035 0 0.104 30.3% 1.12
1.8188 1.9190 0.1397 0 0.167 5.38 % 1.18

As you can see in the table and graph above as you go from the P controller to the PI controller then

finally to the PID controller the overshoot decreases but the settling time increases as well as the rise
time increasing as well. when it was just a P controller the overshoot was massive (7 it had

the fastest time to rise time (0.0178s) and the quickest settling time (0.822s). The Pl coffti¥

as the

middle of the pack this had no presided major benefits to use this over PID controller. The PID controller

had the lowest overshoot (5.38%) it had the slowest rise time and the slowest settling time bit it is a

minuscule differences.




Task 18 — Overall Conclusions and Recommendations
For the whole assignment, summarise all your conclusions here, state what you now know, make overall
conclusions and recommendations which must include your suggestions on improvement of circuits

and systems.

| started by performing transient analysis on circuits, which is an assessment of a circuit reaction for a
specific period of time. This was done on RC and RL circuits to figure out how much the real results
differed from the simulation. The next step was to calculate the first and second order responses, which
are distributed across the slope in various ways. These were accomplished using parallel electronic
circuits; once more, comparing the calculated outcomes to the Matlab-completed simulations.

The second thing | dggeaaas the simulations of cascading filters allowed researchers to get insight into
how filters become nsitive as their order is increased. It became clear throughout the filters
section of the assignment that the cursor movement can make it challenging to select the precise places
on Matlab simulations. The tables were erroneously constructed as a result of this, but the logic behind
it was taken into consideration. The rounding of the numbers during the calculation stage is what caused
some of the findings to have inaccuracies. A sort of filter was studied in order to gain a better grasp of

the intended outcome.

Open loop responses were assessed at the beginning of the control phase of the assignment in order
to develop an understanding of stable and unstable systems and how to use the evaluation of a Pole-
Zero Map to reach that decision. This continued with closed loops, incorporating PID control and
evaluating P, |, and D separately. In this section of the assignment, you will have a complete
understanding of how to aperate a closed system using PID control and why each of its components is

significant.

The introduction of research sections would be advised for this module to boost understanding. When
attempting to perform the simulated outcomes, the software Matlab consistently caused problems.
Because of the cursor selection, which got worse on the Matlab online, it was impossible to measure
the outcomes. To ensure the faults were as little as possible, perhaps in the future, a better programme
might be used, or the assignment could be completed without using the Matlab online.

It can be beneficial to physically implement portions of the system circuits in order to provide the
students more hands-on experience. This can have a significant positive impact on certain students
while having less of an impact on others. There were a few more systems that might have been explored
to test the notion that the larger the order, the more filtration is obtained, rather than limiting the study
to first and second order responds.
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