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Introduction

Gaining a thorough understanding of advanced electrical and electronic engineering
concepts, with an emphasis on control systems, is the aim of this project. In order to
forecast the performance of these systems, the assignment will employ theoretical
approaches to analyse, model, and sim§EEJessential ideas. The goal is to critically
evaluate the behaviour of electrical cir and control systems under a range of
scenarios by using methodical methodologies. This will help with the design and
optimisation of these systems by utilising both analytical and simulation tools.




Task 1
1.1

This is a first order RL electrical circuit's transient analysis.

R3
AN
125Q
L
Vin Vout
0.11H
Figure 1

Here are the specific values used within this task.
R=125Q0 L=0.11H

To calculate Tau the equation below was used.

T L 011 8.8 x 1075 (0.00088s)
auU= — = —— = o.0X 5 . S5
R 125
1.2
R
AN
125Q
sL
vin Vout
u(s) Y(s)
0.11H

Figure 2




sL 0.11s

Laplace Formula = H(s) = SL+R_ 01ls+125
s A1s

Transfer Function
Y(s) sL
6 =g~ iR
L
L
1+ Sﬁ
_ s
T 41
_ 88x107's 0.11s
T B8xl0“s+1° 01ls+125
1.3

A suitable model program may then be created using MATLAB and the Transfer
Function. This software would be used to measure the time constant and examine
the transient response to a 1V step input.

Command Window

Lesson2NotetwoExamplelquestionA.m |+

1 s=tf('s");

2 system = ©.11%s/(0.11%s +125) ;
3 step(system);

4

Figure 3




Step Response
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Figure 4

The graph, which was supplied by Mattlab, created an exponential decay as seen in
Figure 4 above. This is because the circuit is first order.

1.4

The computed and simulated values for the time constant are displayed in the table
below(Table 1).

Simulated Calculated Error

Tau 0.00088s 0.00088s Os

Table 1

1.5

The results make it very evident that there are no mistakes. Given that the circuit is
first order e = 0.368.

e~ as shown above comes from the fact that;
t
y(t) = 'U'(Step Input) (87) whent is equal to T.

y®)y=U(e™)

The response is an exponential decay. Tau has been measured at this location on
the graph for that reason in which validates the analysis.

Task 2
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The component values, which were selected at random in accordance with the brief,
are shown below, just as in task 1, but It's an RC circuit this time.

This is a first order RC electrical circuit's transient analysis.

R2
ANN—
758Q
(o4
vin - Vout
3nF
Figure 5

Here are the specific values used within this task.
R=758Q C=23nF

Tau =RC =758x3x107° =2.274x10 s (0.000002274s)
2.2

In order to guarantee that the transfer function was developed in terms of the time
constant, a suitable Laplace model was constructed below.

R1
A
758Q
c
vin - Vout
u(s, ¥Y(s
) 3nF ’
Figure 6
Laplace Formula = H(s) = RCs 11

Transfer Function




T=RC

Hs) = s+1
1
HS)= o
758x3x107°7 +1
23
1 s = tf('s");
2 system = 1/((758) * (3*107-9)*s +1);
3 step (system);
Figure 7
Step Response
1 — T —
"/". ]
0.8 Response system
Time (seconds) 2.27e-06
Amplitude 0.632
g/
E. /
< 041 /
/
/
02} /
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Figure 8

As shown above in Figure 8 is a graph provided by Mattlab, the graph produced an
exponential growth this is due to the circuit being a second order.

24

Simulated

Calculated

Error

Tau

0.00000227

0.000002274s

0.000000004s

Table 2
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The results make it evident that there are no errors. As the circuit is first order, the
response is exponential growth and 1 — e = 0.632 .

t
y(t) ='U'(Step Input) (e“?) when t is equal to T. 5l 12
y@)=U(1-e)

To prove the analysis tau has been measured at this point, and the extremely small
error is due to the fact the simulation equipment doesn't provide a result with enough

decimal places.

Task 3
31
This is a first order RL electrical circuit's frequency performance analysis.
R
—NAN
1250
sL
Vin Vout
u(s) Y(s)

0.11H

Figure 9
Here are the specific values used within this task, the same used from Task 1.

R= 1250 L=0.11H

R 125
Cut of f frequency = wc =—= —— =1136.36 Rad/S
L 011
1
Laplace Formula = H(s) = we _ _ % _ !
aptace = T I, stwc s+ 113636
wC

3.2




MattlabTask.m +

1 s = tf('s’ j;
2 system = s/(5+1136.36);
3 bode(system) |;
4 grid on
Figure 10
g
C 4 ]
I
Figure 11
33
Calculated Measured
wc 1136.36 Rad/s 1.14x10%/1140 Rad/s
Phase 45 degrees 45 degrees
Roll off fadB 20dB
Table 3 B315
34

This is a high pass filter because of the component layout. Only high frequencies
exceeding the -3dB threshold are permitted to pass through, due to the fact at the -
3dB point the cut off frequency is provided. There is a very minimal error within the
wc value. In which still consequently, verifies the analysis. At natural frequency, there
is a 45 degrees phase shift. The roll-off is 20dB since itis a firr circuit.

4.1

Task 4




This is a first order RC electrical circuit's frequency performance analysis.

R2

A
758Q

Vout

=

=
1|
1

3nF

Figure 12

The values chosen for this task are the same as Task 2, R=758 C =3nF

Calculated cut off frequency = we = — = ———— = 4.39 x 1072 rad/s
RC 758 x 3 x 109
Laplace Formula = H (s) = —— = B _ wc _ _asmxut
P ua = s)= we+l ﬁﬂuc T s+we  s+439x10713
4.2
| MattlabTaskm untitled e
1 s = tf('s");
2 system = 4.39%10°-13/ ((s) + 4.39%10%-13);
3 bode |[(system);
4 grid on
Figure 13
g,
S' =17
i

Frequency (radis)

Figure 14




4.3

Calculated Measured
wc 4.39x10713 4.39x107%2
Phase 45 Degrees 45 Degrees
Roll off 20 dB 20dB
Table 4
44

This is a low pass filter because of the way the components are arranged. Only low
frequencies before the -3dB threshold are permitted to pass through, because of the
fact at -3dB the cut off frequency value is provided. In which still consequently,
verifies the analysis. At natural frequency, there is a 45 degrees phase shift. The roll-
off is 20dB since it is a first-order circuit.

Task 5
5.1

As seen from the circuit below we can see that we have all component values
including Resistance, inductance and capacitance. For this task the inductance and
capacitanctay the same throughout, but the resistance value will change to

see the da g effect, the different damping will include underdamped,
overdamped, critically damped and no damping.
R1 L1
i TATAY Fa'a'n'a® -
1040  0.1H
= C1
58uF

Figure 15




The component values chosen are;

R =1040Q Overdamped, 21Q Underdamped, 83.04547985Q Critically Damped and
0.0000001Q for no damping.

L=0.1H

C=58uF
K=1
5.2
R sL
—ANN— SNV -
1040  0.1H
= 1/sC
58uF
Figure 16
K Wn?
H(s):sz+2ans+Wn2 B 22

53

The natural frequency and the damping factors were calculated via these equations.
1
Natural frequency = Wn =—=

1
vLC  +0.1x58x10°¢

The natural frequency will be the same for each circuit.

= 415.22 Rad /S

R |C
Damping factor = (= 7|7

Overdamped

R |C 104 |58x10-¢
Damping factor = (:2— =7 T:l.ZS




K Wn? B 1x415.222
sZ+ 2¢Wns+Wn® 52+ ((2x 1.25 x 415.22)x 5) + 415.222

H(s)=

Underdamped

To attain a underdamped value the resistance value was changed to 21Q.

) R |C 21 |58x10°°
Damping factor = { = =201 = 0.252

K Wn? 1x415.222

H(s) = =
) s+ 2¢Wns+Wn® s+ ((2x0.686 x 415.22)x 5) + 415222

Critically damped

To achieve a circuit that is critically damped. One must be the daactor. by
employing zeta as one and rewriting the damping factor equation @distance. This
can be made possible.

_2xG 2x1
W R

. R |C  (ANS) [58x107°
Damping factor = Z:Z— 1= % o1 = 1

K Wn? _ 1x 415.222
s2+ 2¢Wns+Wn?  s2+((2x1 x41522)x 5) + 415.222

R

= 83.045479850Q (ANS)

H(s)=

No damping
To get a damping factor near zero, 0.0000001 Q was resistance figure used.

. R |C  0.0000001 (58x107¢ _
Damping factor = (= T2 |~%1 - 1.204x107°




K wn? _ 1x415.222
s+ 2¢Wns+Wn? 52+ ((2x 1.204x 1079 x 415.22)x 5) + 415.222

H(s)=

54

All Mattlab code and graph is from the Laplace transform within 5.3 for every
damping state.

Overdamped

1 s = tf('s");
2 system = 415.2272/(s"2 + 2*1.25*415.22|*s + 415.22°2);
3 step (system);
4 grid on
Figure 17
Step Response
1 [
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Figure 18

Underdamped

s = tf('s");

system = 415.2272/(s"2 + 2%0.252%415.22%s + 415.22"2);
step (system);

grid on

Bw N

Figure 19




Step Response
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Figure 20

Critically damped

1 s = tf('s");
2 system = 415.2272/(s"2 + 2*1]*1115.22*5 + 415.22°2);
3 step (system);
4 grid on
Figure 21
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Figure 22




No damping

1 s = ff('s');
2 system = 415.2272/(s"2 + 2%1.204%10"-9%415.22%s + 415.22°2);
3 step (system);
4 grid on
Figure 23

Step Response

Amplitude
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Figure 24
5.5
Resistor Value(Q) Damping factor( ¢ ) Effect
104 1.25 Underdamping
57 0.686 Overdamping
83.04547985 1 Critically damped
0.0000001 1.204x107° No damping
Table 5
5.7

The creation of the graphs has validated every analysis. It is evident that the
damping variables have an impact on the circuits and their characteristics. As itis a




second order circuit, it was growing. The overshooting was absent in the critically
damped. No damping, there were oscillations and the system would not stabilise.
Though not exactly, the over-damped circuit gradually approaches a state of stability.
After rapidly reaching equilibrium, underdamping overshot and oscillated for a while.

Task 6
6.1

Within this task there are 6 different resistance values used to create a bode plot, the
6 values for R1 used are 104Q), 83.04547985 0,21 Q, 17 Q, 7.5 Q & 1.3 Q. These
values are used within the calculations below to find g, along with the component
values of 0.1H and 58uF. The same circuit is used throughout as shown in figure 25,
the only difference will be depending on what dampe being produced the R1
value will change to one of the specifics listed prior.

R1 L1
—ANAN, Fa'a"a'a .
1040  0.1H

Cc1

Figure 25

Below is the transfer function for this specific circuit configuration.

1
I

52 +((—)x s) +L1—C

H(s) = =2

~ =

Natural frequency at oscillation

1
Wn=—
LC
Damping Factor
_RC
‘=3I




Frequency for max amplitude

Quality Factor

Resonant frequency

Overdamped

Using the same values as within the previous task(5), the resistance value for the
overdamped is 104Q. All answers shown below, the equations for which are shown
within 6.1.

_ 104 [s8x10¢
T2 01
Wi | L 1AM essz7a
m= |[01x58x10-° E(H) -

1 0.1
Q= T0i. 587105 = 03992571147

In terms of transfer function.




172413.7931

2+ ((% x s) + s2+ ((%)x 5) + 1724137931

Critically damped

Using the same values as within the previous task(5), the resistance value for the
critically damped is 83.04547985Q. All answers shown below, the equations for
which are shown within 6.1.

 83.04547985 [58x1076 )
¢= 2 01

W — 1 1/83.04547985\" 415.2273993
™= Joixs8x 106 2( 0.1 ) -

0= 1 01 05
~ 83.04547985,/58x 106

In terms of transfer function.
1

i r . 1724137931
$) = I s) =
s? + ((%)x 5) e s + ((%)x s) + 172413.7931

Underdamped(1)

Using the same values as within the previous task(5), the resistance value for the
underdamped is 21 Q. All answers shown below, the equations for which are shown

within 6.1.
- 21 [58x10°6 0952
) 01




wme |— > 1 212*387767
m= D.1x58x10*5_§(ﬁ) -

=1 0.1 = 1.97727333
Q= 21,/58x10-¢

In terms of transfer function.

1
c 172413.7931
ae) = — L b - —
s2 4 ((I)x s) + 1o s2 4+ ((ﬂ)x s) + 1724137931

Underdamped(2)

Using the same values as within the previous task(5), the resistance value for the
underdamped is 17 Q. All answers shown below, the equations for which are shown

within 6.1.
17 [58x 1076 0.204
6= 2 01

2

Wm = ! 1(17) = 397.446
M= [01xs8x10° 2801/ ="

L = 2442514113
=17 [sBx10¢ " &

In terms of transfer function.

1
ic 172413.7931

Hs) = ———LC ) =
s 4 ((%)x 5) + % s2 ((%)x s) + 172413.7931




Underdamped(3)

Using the same values as within the previous task(5), the resistance value for the
underdamped is 7.5Q. All answers shown below, the equations for which are shown
within 6.1.

_ 75 [58x10°6

1= 07— = 00903

Wm = ! jL(7‘5)2—411826
Mm= [01xs58x10° 2z2\01/ -

-1 01 = 5.536365324
Q= 7.5,./58x10°¢

In terms of transfer function.

172413.7931

s?+ ((% X 5) + - s+ ((g—s)x 5) + 172413.7931

Underdamped(4)

Using the same values as within the previous task(5), the resistance value for the
underdamped is 1.3Q. All answers shown below, the equations for which are shown
within 6.1.

13 |58x10°°

= o1 = 0.0156




Wm = 1 1(1‘3)27 415.125
M= [01xs58x10¢ 2%01)

=2 0.1 =31.94056917
Q= 13, [58x10-6

In terms of transfer function.

o 172413.7931
His)= — L0 _H=

o4 ((%)x 5) i 52+ (23) s + 1724137931

R value(Q) Frequency for max | Quality factor(Q) | Damping factor({)
amplitude (Wm)
104 606.9482737 0.3992571147 1.25
83.04547985 4152273993 0.5 1
21 387.767 1.97727333 0.252
=2 17 397.446 2.442514113 0.204

75 411.826 5.536365324 0.0903

1.3 415.125 31.94056917 0.0156
Table 6
6.2
| must precigalicenter the transfer functions into the Matlab code in order to receive

accurate g bZa| results from the answers. The Matlab code will then provide me
graphs of phase angle against frequency and magnitude against frequency. The
code | entered into Matlab is shown below in figure 26.




1 s = tf('s");
2 systeml = 172413.7931/(s"2+1040%s+172413.7931) ;
3 bode(systeml) ;
a grid on
5 hold on
6
7 s = tf('s");
8 system2 = 172413.7931/(s"2 + 830.4547985 *s+172413.7931) ;
9 bode(system2);
10 s = tf('s");
11 system3 = 172413.7931/(s"2 + 210 *s+172413.7931) ;
12 bode(system3);
13 s = tf('s");
14 systemd = 172413.7931/(s"2 + 170 *s+172413.7931) ;
15 bode (system4);
16 s = tf('s");
17 system5 = 172413.7931/(s"2 + 75 *s+172413.7931) ;
18 bode(system5);
19 s = tf('s");
20 systembé = 172413.7931/(s"2 + 1B *s+172413.7931) ;
21 bode(system6);
22
Figure 26

Below within figure 27 shows the bode diagram plot, along with a label of each
individual plots resistance.

Magritste (¢8)

Figure 27




Within figure 28, is the bode plot provided with all data labels equipped along with
the frequency and magnitude value.

Response systems

Frequency (radis) 415 .
Magnitude (d8) 30.1 ou deaan

Response sysiems
Frequency (cadis) 415
Magrituds (c8) 145

g L
— AT

Figure 28

Here shows a 40db g this is a second order circuit the decade gap increases
to 40db instead of 20 in a regular first order circuit.

Response system6
Frequency (rad/s) 2.32e+03
§ Magnitude (dB) -29.6
\lg\( )

— Response system6
Frequency (rad/s) 2.29e+04
Magnitude (dB) -69.6 —

Figure 29

As shown within figure 30 is the resonant frequency, which is the same value
throughout whatever the damping factor is.

Phase deg)

Froquancy (rad/s)

Figure 30




Here is the resonant frequency calculation, proving the plot is correct at -90 degrees,
with very a very minimal difference between calculation and plot.

Wo = ——————-—==41522rad/s
V0.1 x 58 x 10-%

[ Calculated [ Mattlab
[415.22 | 415
Table 7

6.3,6.4,6.5

The results from Mattlab further aided in identifying trends within how the quality
factor and the frequency for maximum amplitude behave when presented with a
varying resistance. It can be seen within table 6 thakthe lower the damping factor
and quality factor are, the higher the frequency a aximum amplitude. This
applies for all variations of the damping factor apart from the critically damped stage.
The reasoning behind this is at the critically damped state, no oscillations occur,
meaning the quality factor is irrelevant here. The frequency reading is visible in the
results, ultimately trying to reach resonant frequency and helped when the resistance
is lowered. After the resonant frequency was identified in the calculation stage, the
Mattlab results back up the calculations via the ‘spike’ in the readings. The quality
factor is essentially a ratio of how efficient and effective a circuit is performing the
higher the better. The damping factor is essentially a measure of how quickly the
oscillations decay, the lower the better. The phase shift section is also valid as there
is a phase shift of -90 degrees at resonant frequency, and the theory is as expected.

SEx

Task 7




7.1

The suitable value of capacitance chosen for this task was 300nF, this value was
used to determine the frequency performance of a low pass frequency circuit, also
the resistance values R1 & R2 are 1kQ & 20kQ.

L
300nF
VinU
i) VoutY(s)
LW AN 9
1kQ 20kQ
OVolts
741
Figure 31

The transfer function used for this task can be seen below;

1) = —k Y ey - —ap 1668
= s rwe YT T S 1666

To determine the values of k and Wc the following equations were used.

RZ 20000

T R1” 1000

1 1

We = TRz~ 300x 10 x 20000

= 166.6 rad/s

7.2




Here shows the transfer function in Mattlab code with the specific values chosen for

this task.

s = tf('s");

systeml = -20*(166.6/(s + 166.6)) ;

bode(systeml) ;

grid on

Figure 32

Shown below in figure 33 is the bode plot provided by Mattlab. The plots on the
graph show the magnitude at 23 as this equates to the calculated 166.6. The
reasoning for the plot being at 23 is because the maximum dB value the graph

reaches is 26, and we require the value 3 less.

Magritsto (c8)

Figure 33

Bode Disaram

Here shows the phase shift of this circuit, as seen the phase degree is at 135 within
figure 34 below. This is due to the fact we are using an inverted amplifier which has a
phase degree of 180 degrees, but due to the fact in this case the capacitor is in
parallel, meaning that it is lagging by 45 degrees as this is where the 135 phase

degree comes from.

Phase (dug)

Figure 34

Froquancy (rads)

Calculated

-3db

135 phase degree

Frequency (rad/s)

166.6

167

165

Table 8




7.3

Considering the characteristics of a conventional low pass filter, the estimations were
accurate, as shown by the Mattlab screenshots shown in figures 32, 33, and 34
above. The graph's maximum gain is represented by a straight horizontal line, which
is followed by a steadily decreasing slope. According to the labels plotted on the
graph, the cutoff frequency is extremely near to the calculated value, and the slope
shows a 20dB difference over a decade. The correctness of the Mattlabs data label
placement is the cause of this issue. At the cutoff frequency, a low pass filter circuit
exhibits a phase shift of 135 degrees. This is because, unlike with a high pass filter,
the output voltage is lagging instead of leading.

- 35

Task 8
8.1

The value of capacitance chosen to be used within this task was 30nF. The specific
value chosen was to determine the frequency performance of a high pass frequency
circuit. The resistor values within this task were R1 = 1KQ, R2 = 2KQ.

VinU(s)

JauyV- It AAN—

Il
1ka 30nF

VoutY(s)
4

OVolts

Figure 35

The transfer function used for this task can be seen below;

S

HGs) = —k 5+ 333333

Srwe e =-2

To determine the values of k and Wc the following equations were used.

Rz 2000
T R1 1000




1 1

We = TR1~ 30x109x 1000

= 333333 rad/s

8.2

Here shows the transfer function in Mattlab code with the specific values chosen for
this task.

s = tf('s");

systeml = -2%(s/(s + 33333.3)) ;
bode(systeml) ;

grid on

Figure 36

The bode plot that Mattlab provided is displayed in figure 37 below. The graph's plots
display the magnitude at 3, which corresponds to the calculated 33333.3 rad/s. The
plot's position at 3 is justified by the fact that the graph's maximum dB value is 6, and
the necessary value is 3 less than the maximum magnitude.

Bade Diagram

Magrtuce (a8)

Figure 37

Figure 38 below illustrates the circuit's phase shift, with the phase degree at 225.
This is because we are utilising an inverted amplifier, which has a 180-degree phase
degree. However, because the capacitor is in series in this instance, it is leading by
45 degrees, which is where the 225 phase degree originates.

Phasa (deg)

Frequency (radls)

Figure 38




Calculated -3db 225 phase degree

Frequency (rad/s) 33333.3 3.33x 10* 3.32x10*
Table 9

) 36
8.3

The characteristics of a conventional high pass filter in the Mattlab screenshots
above, in figures 36, 37, and 38, provide convincing proof that the calculations were
accurate. As the filter achieves its maximum gain, the graph's rising slope turns into
a flat straight line. The graph's labels indicate that the cut off frequency is around the
calculated value and that the slope is a 20dB variation over a decade. The
placement precision of the Mattlabs data labels is the route cause of the slight error.
At the cutoff frequency, a high pass filter circuit displays a 225 degree phase shift.
This is because, uith a low pass filter, the output voltage is leading instead of

lagging.

Task 9
9.1

Shown below within figures 39 & 40 |s the open loop response using Simulink, the
transfer function used can be seen within figure 39.

IO A

Figure 39

The output of this system increases exponentially over time due to its instability, as
the graph below illustrates.




= oo
Ele Tools Yiew Simustion beip
@- 90P® =-a- 0 fl@

000

2500

2000

] 1 z a 0 B O 7 O 0 o

Reasy Sampe tssad 110 000

Figure 40

The code that was entered into Mattlab to produce the argand diagram in figure 42 is
displayed below, along with the open loop circuit performances.

1 sys = tf([4.2],[1 -0.68]);
2 rlocus(sys)

3 grid on

Figure 41

It is evident from the argand diagram below that the pole is positive and situated at
0.68 on the graph, as indicated by the data label. The signal will be unstable at this
value of 0.68 since it is more than 0. (Fig. 42)
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Figure 42
9.2

The closed loop control system model, which was made using Simulink and includes
a step input, summing junction, transfer function, gain, and scope, is displayed
below.

T —

Figure 43

The closed loop transfer function is displayed below.

4.2
5—068 -
4.2k 39
1+ G—oem

Then, by multiplying top and bottom by (s - 0.68), this can be made simpler.

4.2
s— 0.68 + 4.2K

Another way to simplify the transfer function is as follows:

4.2
s+ 352K

&I 40

From this plot within figure 44 it is clear that the response is stable due to it reaching
a peak value and stabilising.
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Figure 44

Here shows the Mattlab code used to provide the argand diagram for this closed
loop circuit.(Figure 45)

1 sys = tf([4.2],[1 -©.68 + 4.2 * 1]);
2 rlocus(sys)

3 grid on

Figure 45

Below Is the argand diagram(Figure 46) provided from Mattlab, this diagram shows
us the response of the overall closed loop transfer function in terms of K. The plot
below can be seen for K = 1. The graphs stability is clear with the pole value of -3.52
meaning the signal is stable, due to it being on the negative side of 0 or in other
words the Left hand side of the plane.
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9.3

After determining the lowest value of K required in the feedback for system stability,
a root locus plot can be created in Matlab to verify this.

Below shows the rearrangement to get the minimum value of K. This is required in
the feedback for stability.

1. s—068+42k=0
2. s= 0.68—-4.2k

3. 0= 0.68 + 4.2k =

4, —068= —4.2k

-0.68 _

=0.162
—-4.2

5 k=

Below shows the code inputted to Matlab, this was used to provide a root locus plot.




s = tf('s");

system = tf(4.2/(s - 0.68));
rlocus(system);

grid on

Figure 47

The Root Locus Plot, which is displayed in Figure 48 below, demonstrates that,
according to the calculations above, the minimal value of K for a stable circuit is
0.16. Another data point at the pole, +0.68, indicates that the gain is equal to zero,
while another data point, with a pole of -0.675, indicates that the gain is 0.32. These
data points demonstrate that a system's stability increases with its gain.

Root Lacus @A

Respanse sys

Imaginary Axia (saconds™)

Real Axis (saconds ')

Figure 48

B 42

9.4




After calculating a minimum value of 0.162, a value more than the minimum value of
0.301, and a value less than the minimum value necessary for system stability (0),
the value of k will be provided.

Stable System Value (0.162)

The closed loop control system model, which was made on Simulink and includes a
step input, summing junction, transfer function, gain with a value of 0.162, and a
scope, is displayed below (Figure 49).

T ,, )

Figure 49

The graph that follows demonstrates how the system's output stabilises with time. At
a magnitude of 1, the system reaches a balance. (Figure 50)
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Figure 50

Value greater then the minimum value of K (0.32)




Below is a Simulink model of a closed loop control system that includes a step input,

a summing junction, a transfer function, a 0.32 gain, and a scope.

i)

42

Figure 51
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The output of this system levels out over time as it becomes stable, as the graph
below illustrates. The magnitude of the system reaches its peak at about 0.850.

Figure 52

Value less then the minimum value of K(0.1)
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The Simulink model of the closed loop control system, which includes a step input, a
summing junction, a transfer function, a gain with a value of 0, and a scope, is

displayed below.

4.2

I =

Figure 53

5 —0.68

)

The graph below illustrates how this system's output increases exponentially over

time due to its instability.

T o T

s1g

w T 2 3

Figure 54

9.5




With the Simulink simulation, a comparison can be made by the various different
responses by changing the value of K.

Value of K Pole Stability Response
1 -3.52 Stable
0.32 -0.675 Stable
0.162 0.00255 Marginally Stable
0 0.68 Stahla
Table 10 B 43

9.6

This task has delivered a thorough examination of the behaviours seen in both open
and closed-loop systems, emphasizing how each responds under varying conditions.
It also underscores the crucial role of gain in closed-loop systems, particularly how
its adjustment influences system performance and stability. Feedback is used to
counter external disruptions, supporting the goal of maintaining steady operation.

From the comparison data, it becomes evident that there is a direct link between
gain and system response, when one shifts, the other typically follows. Achieving
system stability remains a central focus in design, and the observed trends confirm
that gain adjustment is a key factor in moving the system towards or away from
desired stability.

Additionally, the data incorporates damping values, reinforcing previously discussed
concepts. When system poles lie in the stable region, damping reflects.this with
consistent values, while shifts toward instability align with theoretical 5144 ations,
showing contrasting damping behaviour.

Task 10

Introduction




The design process of a DC motor will be demonstrated in this task using a Simulink
block diagram model system. To examine how the motor model acts in relation to
time, pertinent research will be stimulated using an electrical and mechanical
transfer function.

Parameters
The selected parameters below are used for this model.
Armature Resistance
Ra = 1.5 Ohms
Armature Inductance
La=0.2H
Rotar Inertia
J = 0.00035Kg m?
Friction coefficient
B =23.68x 107° Nm/rad/s
Motor Voltage Constant
Ke = 0.025 V/Rad/s
Motor Torque constant
&1 45 Kt = 0.0025 Nm/A
Maximum Armature Voltage
VA(Max) = 24V

101

This task involves two transfer functions, one related to the motor’s electrical side
and the other to its mechanical side. Both functions are crucial as they help predict
the motor's behaviour if implemented in real-world applications. The electrical




transfer function focuses on the relationship between current and voltage, while the
mechanical transfer function examines the rotor speed in relation to the torque
applied. By combining these functions, we can gain insights into various motor
behaviours. In addition to the transfer functions, there are two gains that share the
same value. One corresponds to the torque, while the other represents the voltage.
These gainsare essential for accounting for real-world factors that affect motor
systems.

To gather data on various parameters during testing, scopes will be utilized. They will
be especially helpful in measuring torque, current, and speed, providing graphical
outputs that can support conclusions and reveal trends during the analysis phase. A
unit step will be introduced to simulate a disturbance, allowing for comparisons
between the motor's behaviour when a load is applied and when it is not. The system
leverages negative feedback to stabilize the motor's speed and improve control. This
feedback helps limit excessive current and torque, minimizing overshoot and
enhancing result accuracy.

This system incorporates three types of motor torque: load torque, which represents
the force the motor works against to move a mechanical system,; friction torque,
which resists parts from rubbing together, like bearings; and the startup torque,
which is higher than the running torque due to the motor being stationary at the start.
The total mechanical torque is the sum of these individual torques.

Ti(g)
a(s)
ta(s) Tm (s) : (s
! N
sLa +Ra sl+b
I Ke I &
LI~

Figure 55

The transfer function shown below is for the motor model with zero disturbance:

K,
Lax]
Raxb K, XK,

G(s) =
S”S(?Jr%)’f(m’fw)

10.2

The following formula was used to get the natural frequency.




Natural Frequency

_ Rab+KtKe
Y= Tal T TLay

B [1‘5 x3.68¢10-6  0.025 x 0.025
wn = | 02x0.00035 *+0.025 x 0.00035

=3.01Rad/s

The following formula was used to get the damping factor.

Damping Factor

b, Ra
_j'Ia
¢= 2wn

(3.68x10"5 +Q)
0.00035_ " 0.2
¢= 2 x3.01 = 1.252

The characteristics of the steady state are as follows.

Stall Torque

Stall T _ K V
ali Torque = o x Va

5
Stall Torque = x14=0.233 N/m

Friction-Less no-load-speed

V
No load speed (withought friction)(nl = K—L;

No load speed (withought friction)Qnl = =560 Rad/S

14
0.025
No Load Speed With Friction

KtVa
bRa + KtKe




0.025 x 24
(3.68 x 1076 x 1.5 + 0.025 x 0.025

) =555.09 Rad/S
Loaded Speed
Va— RaTl

Kt
Rab
W‘F Ke

_ 15x005

14
0.025
= 436.14 Rad/S
-6
1.5x3.68x 10 +0.025

0.025

In this context, stall torque refers to the maximum torque a motor can generate while
remaining stationary. If the applied load torque surpasses the stall torque, the motor
will be unable to operate correctly.

The calculations above demonstrate the maximum torque the motor can produce
when at rest, as well as the corresponding motor speeds while factoring in friction
when necessary.

Graphs can now be generated and analysed under two conditions, with and without
an applied load. These graphs should effectively illustrate the impact of a load on a
motor's speed when introduced into the system

104

Shown below is the Motor system within Simulink, this system contains 3X Scope,
2X Gain, 2X Transfer Function, 2X Summing Junction and a step input.
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10.5

The figure 57 below provides a graphical representation of the motor model
operating without a load. As expected, the speed increases and stabilizes at the no-
load speed, accounting for friction. Additionally, the scope readings for torque and
current can be analysed. In the absence of a load, a significant initial spike is
expected, representing the torque required to start the motor, with the current
exhibiting a similar pattern. This behaviour is evident in figures 58 & 59 below.

48

Figure 57
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Figure 58 Figure 59

10.6

The figure 60 below illustrates the motor model under identical conditions, with a
load introduced at the 10-second mark. As anticipated, the speed decreases to the
previously calculated loaded speed, confirming the accuracy of the calculations. The
scope readings below display a transient-like response following the load application
at 10 seconds. This occurs because the motor cannot instantly adjust to the new
steady-state speed and must first overcome the inertia of the stationary system,
resulting in a gradual increase before stabilizing at the expected value.

Figure 60




Figure 61 Figure 62

10.7
Calculated Simulated Error (Rad/S)
(Rad/S) (Rad/S)
No Load Speed 555.09 555.11 +0.02
With Friction
Under Load 436.14 436.18 +0.04
Speed

Table 11

10.8

Through extensive testing and calculations, well-supported conclusions can be
drawn with clear evidence to validate any claims. The data from graphs and
recorded responses demonstrate that introducing a load to a motor system
negatively impacts its performance for several reasons. When a load is applied, the
motor’s speed decreases, primarily due to the increased torque demand. As the load
intensifies, so does the motor's workload. Torque and speed in a motor are closely
linkedgften influencing each other when one variable changes. Additionally, the
curriaziimand rises when a load is introduced, with this claim being reinforced by
the scope screenshots.

All scope screenshots reveal a significant inrush spike whenever the motor starts,
regardless of whether a load is present. This occurs because the motor begins from
a stationary position with no back EMF, allowing a substantial amount of current to
be drawn. Furthermore, the motor must overcome its own inertia at startup, with the
drawn current playing a crucial role in generating enough torque for initial movement.
The rapid buildup of the magnetic field further contributes to this surge, collectively
resulting in the noticeable spike in current.

The calculated and simulated values exhibited minimal error, indicating accurate and
reliable computations.




Task 11

Introduction

In this task, the motor model is converted into a subsystem for simplicity,
incorporating a proportional controller with a step speed setpoint of 140 rad/s and a
disturbance of 0.03 Nm after 10 seconds. The auto-tune feature is used to determine
the optimal Kp value. The system is then replicated twice, adjusting Kp to analyze its
impact on steady-state error, rise time, and overshoot. Finally, the effects of varying
Kp are discussed.

11.1/11.2

Seen below is the combined sub circuits which lead into a 3 input scope. The sub
circuits contain a step(X3), summing junction(X3), PID controller(X3) & Sub
circuit(X3). This combined circuit is what provides the graph in which shows the
effect of changing the Kp value. The Selected values of 1.6, 0.8 & 0.4 are inputted
into the PID Controller, the setpoint value of 140 rad/s, disturbance of 0.03Nm and
limitation of +/- 24V also inputted to which then dictates the information provided.

Figure 63




Figure 64

Below is the graph previously mentioned, this graph contains three different sub
circuits, showing the effect of varying the value of Kp individually.

Figure 65

1.3

It is evident to see from the figure 65 above that the 3 sub circuits have different
effects from varying the value of Kp. When increasing the value of K it is
subsequently increasing the Oscillations, increasing the Overshoot and reducing the
steady state error. As seen the yellow sub circuit has the smallest value of Kp at 0.4
as it has the smallest oscillations, overshot and the closest to the setpoint. Where as
the orange sub circuit has larger oscillations, over shoot and a steady state close to

&s3




the setpoint. Evidently increasing the value of Kp increases the Oscillations and
Overshoot but decreases the steady state error. Decreasing the Kp value does also
have an effect but the opposite of what increasing it does.

11.4

Following on from the Simulink results, the categories of the table below have been
filled. The value of Overshoot, Rise time and settle time are provided by the auto
tune function within Simulink, as shown within figures 66, 67 & 68.

Kp Overshoot(%) Rise Settle Steady
Time(s) Time(s) State
Error(rad/s)
Sub 1.6 60.8 0.049 0.962 2
System 1
Sub 0.8 49.4 0.0716 0.989 8
System 2
Sub 0.4 36.6 0.108 0.91 15
System 3
Table 12
Kp value of 1.6 Kp value of 0.8
Tuned Block Tuned Block
Rise time 0208 seconds 0,049 seconds Rise time 0.208 seconds 0.0716 seconds
Setting time 1.06 seconds 0.962 seconds Settling time 1.06 seconds 0,989 seconds
Overshoot 175% 608% ‘Overshonl '17 5% 494%
Peak 0989 158 Peak 0999 145
Gain margin Inf dB @ Inf rads Inf d8 @ Inf rad’s Gain margin Inf dB @ Inf rad's Inf dB @ Inf rad's
Phase margin B60deg @ 587 rads  [18deg@235radls | phase margn B0deg @587 radis | 25.4deg @ 163 radls
Closed-loop stapiity | Stzble Statle Chsedlogostbiy St Same
Figure 66 Figure 67
Kp value of 0.4
Tuned Block
Rise time 0.208 seconds 0.108 seconds
Settling time 1.06 seconds 0.91 seconds B s54
Overshoot 175% 366 %
Peak 0999 128
Gain margin InfdB @ Inf radis Inf dB @ Inf rad/s
Phase margin 60deg @587radls  |35.9deg @ 11.2radls
Closed-loop stabilitv Stable Stable:

Figure 68
11.5




As anticipated, increasing the constant produced the expected results. The data
indicates that as the constant increases, there is a notable rise in the percentage
overshoot. Additionally, a reduction in rise time and steady-state error is observed.
However, a key issue is that the settling time behaves differently than expected.
Instead of decreasing, it increased. This could be attributed to the excessive
increase in the constant, which may lead to oscillations and, consequently, instability,
thereby causing the settling time to rise.

S




Task 12

Introduction

This task explores the impact of PI control tuning by modifying the integral gain(KI),
while keeping the proportional gain(Kp) the same. A matlab model is used and
adjusted by converting all PI controllers to show the effect of varying the Kl value,
whilst being displayed on a graph.

12.1

Seen within figure 69 below is the same circuit used as within task 11, the only
change within is the function blocks. Each function block from each sub circuit is not
a Pl not a P as for this task a Pl block is required.

Figure 69

Below shows the PI function block as previously mentioned.

Pl(s)

Figure 70
12.2




The parameters shown below are provided from the auto tune function within Matlab,
within this function it provides us with performance values such as Rise time, settling
time and overshot. But for this task we used the auto tune parameters to find the key
value of Kl and as seen below it is 0.65567. This key value was found by using the
sliders shown in figure 72 , The sliders allow adjustment to the Kp value to allow it to
reach the 1.6 chosen within the previous task by adjusting the response time and
transient behaviour, this then also provided the value for Kl, this value was then used
throughout the task within sub circuit 1.

4 Show Parameters - o X
Controller Parameters

ITlmed Block
15058 16
0.65567 065567

nia nia

BCIEE]

nia nia

Performance and Robustness

Tuned Block
Rise time 0.0483 seconds 0.0492 seconds
Settling time 1.1 seconds 1.1 seconds
Overshoot 60.7 % 60.7 %
Peak 1861 1861
Gain margin [int dB @ Infradis Inf d8 @ Inf rad/s
Phase margin 17 deg @ 23 5 rad/s 17 deg @ 23.5 rad's
Closed-loop stability Stable [ Stable e
Figure 71
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Figure 72

The graph below provided from Matlab, shows the effect of each sub circuit with
different values of Kl and the constant value of 1.6 for Kp. The values chosen for Kl




are the key value of 0.65567 for sub circuit one, sub circuit twos value of Kl is 3.2
and sub circuit 3s value of 0.8.

As seen within the graph the difference in response is obvious, the key value within
sub circuit one has the least amount of oscillations and overshoot, but also reaches
steady state the quickest. Very similar to sub circuit three, because the values are so
close ( 0.65567 and 0.8 ) with sub circuit three having slightly larger oscillations
and overshoot but reaching the steady state at a very similar rate. Sub circuit 2 on

=2 Kf3e other hand has much larger oscillations and over shoot as can be seen, the time
it takes to reach the steady state value of 140 is also longer, meaning that when the
value of Kl is increased the oscillations and overshoot also increase and it takes
longer to reach the steady state value.

Figure 73




Kp Ki Overshoot(%) Rise Settle
Time(s) Time(s)
Sub 1.6 0.65567 60.7 0.0492 1.1
System
1
Sub 1.6 3.2 70 0.0477 1.35
System
2
Sub 1.6 0.8 61.3 0.0491 1.1
System
3
Table 13
B 57
Kp of 1.6 & Kl of 0.65567 Kp of 1.6 & Kl of 3.2
Performance and Robustness Performance and Robustness
Tuned Block Tuned Block
Rise time 0509 seconds, 00492 seconds Rise tme | 0.509 seconds 0.0477 seconds
Settling time 1.85 seconds 1.1 seconds. Settling ime 11.85 seconds 1.35 seconds
Overshoot 98 % 60.7 % Overshoot loguw 70%
i Ly LS Peak 11 1.7
Gain margin Inf dB @ Inf radis inf dB @ Inf rad/s
Gain margin Inf dB @ Inf rad's InfdB @ Inf rad/s
Phase margin 60 deg @ 2 57 radis 17 deg @ 235 rad's e P—
Closed-loon stabiliy | Stable Statle A4 A= |60deg @257 radis  |13.1 deg @ 23 5 radls.
Closed-loon stability. Stable Stable
Figure 74 Figure 75

Kp of 1.6 & Kl of 0.8

Performance and Robustness

Tuned Black
Rise time 0.509 seconds 0.0491 seconds
Setting time 1.85 seconds 1.1 seconds
Overshoot 98% 613%
Peak 11 161
Gain margin Inf 0B @ Inf radis Inf d8 @ Inf radis
Phase margin 60deg @257 radls | 16.8 deg @235 radis
Closed-inoo stabulity Stable Stable

Figure 76

The MATLAB graph demonstrates the impact of varying KI on system response with
a constant Kp of 1.6. Sub-circuit 1 with a Kl value of 0.65567 exhibits the most stable
response, with minimal oscillations, overshoot, and the fastest settling time. Sub-
circuit 3 (Kl = 0.8) behaves similarly but with slightly increased oscillations and
overshoot. In contrast, Sub-circuit 2 (KI = 3.2) shows significant oscillations and the
highest overshoot, leading to a longer settling time. This confirms that increasing Ki
amplifies oscillations and overshoot, reducing system stability. The optimal Kl value
balances response speed and stability, with Sub-circuit 1 demonstrating the most
efficient performance.




Task 13

Introduction

The impact of PID control tuning is demonstrated in this task by varying the
derivative gain (Kd) while maintaining constant proportional (Kp) and integral (Ki)
gains. The effect of changing Kd will be observed through the construction of a
Matlab model.

13.1

The updated circuit for this task is illustrated in figure 77, where each controller has
been upgraded from a PI Controller to a PID Controller. The optimal values obtained
from previous tasks have been applied to each controller, and the auto-tune function
was utilized once again to determine the appropriate Kd value.

Figure 77




Below shows the PID function block.

. PID(s) !

Figure 78

13.2

The graph presented in figure 79 displays three distinct responses. One represents
the tuned circuit, while the other two were selected arbitrarily to provide a basis for
comparison within the circuit.

Figure 79




Kp Ki Kd Overshoot(%) Rise Settle

Time(s) | Time(s)

Sub 1.6 0.65567 | 0.0115 38.8 0.046 0.547
System
1

Sub 1.6 0.65567 | 0.0230 259 0.0415 0.307
System
2

Sub 1.6 0.65567 | 0.0460 48.1 0.0475 0.582
System
3
Table 14

Kp of 1.6, Kl of 0.65567 & Kd of 0.0115

Kp of 1.6, Kl of

0.65567 & Kd of

0.0230

‘ Tuned Block Tuned [ Block

Rise time 0.579 seconds 0.046 seconds Rise time 0.579 seconds 0.0415 seconds.
‘Settlmg time 2.12 seconds 10,547 seconds Setling time: 2.12 seconds 0.307 seconds
Overshool l687% B8% Overshoot 687 % 20%

|Peak 107 130 Peak 1.07 126

Gain margin Inf dB @ Inf rad’s InfdB @ Inf rad/s Gain margin InfdB @ Inf rad/s Inf dB @ Inf rad’s
‘F‘hase margin ‘eg deg @ 2 57 rads 335deg @ 25.1 radls Phase margin 69 deg @ 2.57 radis 46.4 deg @ 28.1 rad's

Closed-loan stabilih Stable Stable

Figure 80

Kp of 1.6, Kl of 0.65567 & Kd of 0.0460

Tuned Block
‘RIS& time: 0.579 seconds 0.0475 seconds
Settling ime 2.12 seconds 0.562 seconds
|Overshoot 687% a8 1%
Peak 107 148
Gan margn Inf 4B @ Inf rad’s nf 0B @ I radis
|Phase margin 690eg@257rals | 256 deg @241 radls
Closed-logp stability table Stable

Figure 82

Closed-loop siability Stable

Figure 81

Stable

As seen from the graph provided in figure 79 the response of PID control is evident.
Sub — circuit 2 shows the maximum affect of the use of PID control, using the 3
specific values of Kp of 1.6, Kl of 0.65567 & Kd of 0.0230. These specific values for
the best output were found from the auto tune function within Mattlab. The 3 sub
circuits clearly show the effect of changing the values of Kd, as when the values are
more and less then the specific value of 0.0230, the oscillations, rise time and settle

time values increase as seen from table 14.




Task 14

Introduction

In this task, P, PI, and PID controllers are implemented in parallel within a MATLAB
simulation in order to compare them. Plotting and analysis will be done on their
reactions to the same simulations. To assess control improvements from P to PID,
key performance parameters like rising time, overshoot, and settling time will be
compared.

14.1

The final madifications to the circuit are shown in figure 83. In this task, one
controller is configured as P, another as Pl, and the last as PID. Each controller has
been assigned the appropriate optimally tuned values.

Figure 83

14.2

The graph in figure 84 displays the responses generated by the three different
controllers. Subsystem 1 represents the P Controller, Subsystem 2 corresponds to
the PI Controller, and Subsystem 3 signifies the PID Controller.




Figure 84

14.3
Kp Ki Kd Overshoot Rise Settle
(%) | Time (s) | Time (s)
Sub 1.6 N/A N/A 60.8 0.049 0.962
System 1
Sub 1.6 0.65567 N/A 60.7 0.0492 1.1
System 2
Sub 1.6 0.65567 0.0230 38.8 0.046 0.547
System 3
Table 15
P Pl
Tuned Block Tuned Block
Rise time Rise time 0.509 seconds 0.0482 seconds
Settling time Settling time 1.85 seconds 1.1 seconds
Overshoot 9.8 % 60.7 %
Peak 58 Peak 11 161

stabifity

Figure 85

PID

Stable

Figure 86




Tuned Block

Rise time 0.579 seconds 0.046 seconds
Settling time 212 seconds 0.547 seconds
Overshoot 6.87 % 388%

Peak 107 138

Gain margin Inf dB @ Inf radis nf dB @ Inf radis
Phase margin 69 deg @ 2 57 radis 335deg @ 25.1 rad/s
Closed-looo stability Stable Stable

Figure 87

By examining both the results table and the response graph, it is evident that all
controllers enhance the response as expected. The P Controller responds quickly
but exhibits the highest percentage of overshoot and a significantly larger steady-
state error compared to the other controllers. The Pl Controller reduces the steady-
state error but slightly compromises the settling time. However, the PID Controller
demonstrates the best overall performance by minimizing overshoot, improving rise
time, and reducing settling time. In summary, when compared to the P and P
controllers, the PID Controller proves to be the most effective and should always be

considered when available.

Task 15

Electrical Conclusion

This assignment has provided a comprehensive analysis of electrical circuit
performance, particularly in transient and frequency responses of RL and RC
circuits. Through theoretical calculations and MATLAB simulations, time constant,
cutoff frequencies, and phase shifts were evaluated. The results demonstrated that
RL circuits exhihit.slower transient responses compared to RC circuits due to
inductive enerdiazie age. Additionally, second-order circuits introduced oscillation
behaviour influenced by damping. The comparison between theoretical and
simulated results confirmed the reliability of mathematical models in predicting the
circuits behaviour. The impact of varying resistance in transient and frequency
performance was evident, highlighting the critical role of component selection in
circuit design.

Electronic Conclusion




The analysis of first and second order electrgai stems provided insight into the
frequency response characteristics of capaccuits. The investigation of
frequency performance through Bode plots allowed for accurate determination of
cutoff frequencies, phase shifts, and system stability. Electronic circuits
demonstrated behaviours with theoretical expectations, where capacitance
influences both the transient response and frequency domain performance. The
results highlighted the importance of precise component selection to achieve desired
filtering and amplification characteristics. The use of MATLAB simulations provided a
valuable tool for predicting real-world circuit behaviour, displayed with graphs.

One potential improvement would be the integration of advanced filtering techniques
or active control systems to enhance frequency response performance in practical
applications such as signal processing and communications.

Control Conclusion

The control system analysis, particularly of proportional, integral, and derivative
controllers, demonstrated the effectiveness of tuning parameters in optimizing
system response. The proportional controller provided a basic response but come
with steady state error, more overshoot and later rise and settle times. Introducing
integral action improved steady state accuracy but at the cost of increased overshoot
and settling time. The addition of derivative control helped mitigate overshoot while
maintaining stability. The simulations confirmed that a well tuned PID controller offers
the best balance between response speed, stability, and accuracy. This also
highlighted the impact of improper tuning, where excessive integral or derivative
gains led to instability.

Future recommendations include exploring adaptive PID tuning algorithms or model
predictive control technigues for improved performance.
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