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1. Transient Analysis of a First Order RL Electrical Circuit
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Figure 1 - RL Circuit
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Figure 2 - Laplace Model
For the chosen circuit, the component values chosen are as follows;

- R=50
- L=0.7H

The time constant for this circuit can be calculated by inserting the component values into the
following formula;

Below is the transfer function for the above circuit;

1 1
HG) = 507 = oqa+1
t

From this circuit, an exponential rise is expected in the form = 1 —e o014,




MATLAB Code;

>> num = [1];
>> den [0.14 1];
>> step (num,den)

Figure 3 - MATLAB Code

grid
fx >> |
MATLAB Results
Step Response
1 + + P—— -
/
08 System: sys
Time (seconds): 0.14
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s
o /
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Figure 4 - MATLAB Graph
Calculated Time Constant 0.14s
Actual Time Constant (MATLAB) 0.14s

As you can see from the simulated graph from MATLAB, at 0.632{1 Time constant), we have a value

of 0.14s. Which is exactly the same as the calculated value.




2. Transient Analysis of a First Order RC Electrical Circuit
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Figure 5 - RC Circuit
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Figure 6 - Laplace Model G - o

For the chosen circuit, the component values chosen are as follows;

- R=25kQ
- C=3uF

The time constant can be calculated by the following formula;
T=RxC=2500x3x10"%= 7.5ms

The transfer function for this circuit is as follows;

ts 7.5ms

ts+1 s+1

H(s) =

From this type of circuit and transfer function, the expected outcome of this circuit is an exponential
t

decay in the form of = y(t) = @ 7.5x10°3

Next, the transfer function will be inputted into MATLAB with a step input to display a graph for the
transient response. The time constant is expected to be 7.5ms at an amplitude of 0.368,




MATLAB Code

>> num = [7.5e-3 0]:

[7.5e-3 1]:
>> step(num,den);
>> grid

f{ >> I

>> den =

Figure 7 - MATLAB Code

MATLAB Results
Step Response
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Figure 8 - MATLAB Graph

Calculated Time Constant

0.06 0.07

7.5ms
Actual Time Constant (MATLAB)

7.49ms

As seen from the table of results below, the results are only 0.01ms off which is hardly anything




3. Frequency Performance Analysis of a First Order RL Electrical

Circuit
L
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Figure 9 - RL Circuit
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Figure 10 - Laplace Model
For the chosen circuit, the component values chosen are as follows;
R=50
L=0.7H
To find the transfer function of this circuit, the potential divider rule must be used as follows;

R 5

Y(S) - SL+R X(S) Y(S) - 50.7+5 X(S)
Y(s) _ R/L Y(s) _ 5/07
X(s)  S+R/L X(s)  S+5/07




After this, the formula above can be compared with the transfer function of a low pass filter;

wc 7.143
}f Ss) = =
( ) S+ wc 5+7.143

wC is known as the cut off frequency and is calculated by L/R. Therefore, it gives us a value
of 7.143rad/s
With regards to Phase shift, this can be calculated by the following formula;

I
O(jw) tan (R W= wc= 5

6(jw) = —tan~1(1) = —45°

Once the phase shift and cut off frequency had been calculated, the next stage involved performing
a bode plot on MATLAB to see the frequency response of the circuit.

MATLAB Code

>> num [7.143];
>> den = [1 7.143]:
>> bode (num, den) ;
grid

fr s> |

Figure 11 - MATLAB Code

MATLAB Results
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Figure 12 - MATLAB Graph

10




Magnitude Difference per 20db 20.1db
decade
Phase Shift -45 -45

As you can see from the table of results, the comparison between both the calculated values and the
simulated values are almost the same. The ever so slight differences are likely down to human error
when placing the cursors on the MATLAB graph. The fact the results are nearly exact proves the

calculations were indeed correct.

11




4. Frequency Performance Analysis of a First Order RC Electrical
Circuit
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Figure 13 - Laplace Model
For the chosen circuit, the component values chosen are as follows;

- R=2.5k0
- C=3uF

The time constant can be calculated by the following formula;
T=RxC=2500x3x10"%= 7.5ms

The cut off frequency can be calculated by the following formula;

1 1
wec = == = 133.33rad/s
T 0.0075s
The transfer function is as follows;
s s
H(s) - =

s+ wc s+ 133.33

Phase shift
o) = ton (57)
= tan|——
o wRC
90 — (tan — 1(wRC)) = 90° — 45° = 45°

12




Once the phase shift and cut off frequency had been calculated, the next stage involved performing

a bode plot on MATLAB to see the frequency response of the circuit.

MATLAB Code
>> num = [1 0];
>> den = [1 133.33]:;

>> bode (num, den) ;
grid

f-‘;>2>|

Figure 14 - MATLAB Code

MATLAB Results

System: sys
Freguency (rad/s): 20.1
Magnitude (dB) -16.5

g
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&0 . . IR . F— ——
90 = — T - T L T T T T T
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Frequency (rad/s)
Figure 15 - MATLAB Graph
Calculated Result (rad/s) Simulated Result
Cut-off Frequency at -3db 133.33 134
Magnitude Difference per -20db -20db
decade
Phase Shift 45¢ 45¢

As you can see from the table of results, the comparison between both the calculated values and the
simulated values are almost the same. The ever so slight differences are likely down to human error

when placing the cursors on the MATLAB graph. The fact the results are nearly exact proves the

calculations were indeed correct.
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5. Transient Performance Analysis of a Second Order Series
Electrical Circuit
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Figure 16 - Series Circuit
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Figure 17 - Laplace Model
For the circuit above, the component values chosen are;

- R=250
- L=0.2H
- C=50uF

For this circuit, the following equations are needed,;

The time constant for this circuit is calculated as follows;

r=R_2 15
10z

The natural frequency is calculated by;

wn?= —= —— =100,000
Lc 0.2 x (50x10786)

wn = V100000 = 316.228rad/s

14




The transfer function for this circuit is as follows;

Kwnn?
S242twns + wn?

H(s) =

K represents the gain

wn represents the natural frequency of oscillation

{ represents the damping factor

JSIJ

As shown in the transfer function for this circuit, the s” term represents a second order function.

H(s) 100,000
5) = —

s2+125+4+ 100,000
WhenK=1
20wn = R/L = 125 therefore;
{=125x316.228

= 125 =0.1976422
¢= 2x 316228

The value of { determines the damping factor of the circuit and is explained in the key below
Z = <1 = Underdamped

Z = >1 = Overdamped

Z =1 = Critically damped

Z =0 = No damping

Underdamped

MATLAB Code
>> Funderdamped
>> num = [100000];

>> den = [1 125 100000];
>> step (num,den):;
grid

fe >> |

Figure 18 - MATLAB Code

15




Step Response
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Figure 19 - MATLAB Graph

Underdamped

Expected Actual (Simulated Result)
Underdamped Underdamped
Due lio the value of Z being under 1 at 0.1976422, it's expected that the resulfs3re underdamped.
This is shown clearly in Figure 5.2 where there is an initial overshoot before gradually settling at

an amplitude of 1

Overdamped
To ensure a circuit is ‘Overdamped’, the damping factor must be a value greater than 1. To ensure
this, the value of the resistor in the circuit will be changed.

R 250
E = W = 1250.0.
B 250
¢= 2x 316228 1976422

16




MATLAB Code

>> %overdamped

>> num = [100000];

>> den = [1 1250 100000]:;
>> step (num,den);

5o |

Figure 20 - MATLAB Code
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Figure 21 - MATLAB Graph

Overdamped

Expected Actual (Simulated Result)

Overdamped Overdamped

Due to the value of Z being over 1 at 1.976422, it's expected that the results are overdamped. This
is shown clearly in Figure 5.4 where the response can be seen gradually increasing before levelling
out

Critically Damped

To ensure a circuit is Critically damped, the damping factor must be equal to 1. Therefore again, to
ensure this the resistor value in the circuit was changed as shown below.;

R 130
I= o7 = 6500
650
= 2x3t6228 ~ 102773

17




MATLAB Code

>> %critically damped
>> num = [100000]:;

>> den = [1 650 100000];
>> step(num,den);

fe 5> |

Figure 22 - MATAB Code
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Figure 23 - MATLAB Graph

Critically Damped

Expected Actual (Simulated Result)

Critically Damped Critically Damped

Due to the value of Z being near enough exactly 1 at 1.02773 it’s expected that the results are
critically damped. This is shown clearly in Figure 5.6 where the response can be seen increasing
rapidly before steadily slowing down until the response reaches an amplitude of 1.

No damping circuit

To ensure that a circuit has no damping, the damping factor must have a value equal to zero. Again
for this to occur, the resistor value in the circuit must be altered which is shown below;

18




MATLAB Code
>> %No Damping
>> num = [100000];

>> den = [1 O 100000]:
>> step (num,den);

| =

0
0.2
0

=00

$= 2x316228

Figure 24 - MATLAB Code

Step Response

2.5

Amplitude

05 , ' . , , , . ,
0 05 1 156 2 25 3 35 4 45 5
Time (seconds)
Figure 25 - MATLAB Graph
No Damping
Expected Actual (Simulated Result)
No Damping No damping

Due to the value of Z being exactly 0, it's expected that the circuit has no damping. This is clearly
shown in Figure 5.8 where the waveform is constantly vibrating.

Table of Results

Expected Circuit Simulated Circuit Resistor Value (Q)
Response Response
Underdamped Underdamped 125
Overdamped Overdamped 1250
Critically Damped Critically Damped 650
No Damping No Damping 0

19




The table of results above display each of the circuit responses. It's evident to see that by altering
the value of the resistor, the value of { (Damping Factor) changes. This shows that altering the
damping factor to different values changes the response of the circuit.

20




6. Transient Performance Analysis of a Second Order Parallel

Electrical Circuit

R, R
o—{1 O o—{1
1
Vix ]V Vour X(s) sL sC
O O
Figure 27 - RLC Circuit Figure 26 - Laplace Model

For the circuit above, the component values chosen are;

R =250
L=0.5H
C=50uF

Natural Frequency is calculated as follows;

1 1
wn = = = 200
VLC  V0.5x50x 106

Therefore wn? ;

2002 = 40,0007ad/s

1 1
2on = pr= 35 x50x 106 000

The transfer for this circuit is as follows;

1
_ X Re s x 800
H(S)_ 2 2 <2
S4+2{wns+ wn s4+800+40000

Finally, the formula for the Damping factor for this circuit is as follows;

I 05
C=3R|C™ 2x25 (50 x 10-6)

Similarly, to Task 5, if the Damping factor is > 1, the circuit should be Overdamped.

21




Overdamping
MATLAB Code

>> %0Overdamped

>> num = [800 0];

»>» den = [1 800 40000];
>> step (num,den];

Figure 28 - MATLAB Code

Step Response

0.9
UB'l \
orfl \

0.6 \
\

o
3]
_—

Amplitude
o
.
//

\

0.2 ™

01 N

0 0.02 0.04 0.06 0.08 0.1 0.12
Time (seconds)

Figure 29 - MATLAB Graph

Overdamped

Expected Actual (Simulated Result)

Overdamped Overdamped

Due to the value of Z being exactly 2, it's expected that the circuit is overdamped. This is clearly
shown in Figure 6.1 where the waveform rapidly increases to an amplitude of 0.2 before rapidly
decreasing to an eventual steady state amplitude of 0.
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Underdamping

To achieve an Underdamped circuit, the damping factor must be less than 1. To alter this value, the

resistor value in the circuit needs to be changed. This is shown below;

1

2{on = — = 200
¢ 100 x50x10-¢
0.5
2R 2x 100 | (50 x 10~ "’)
MATLAB Code
>> %underdamped
>> num = [200 0];
>> den = [1 200 40000];:
>> step (num,den);
f_\; 5%
Figure 30 - MATLAB Code
Step Response
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31 - MATLAB Graph
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Underdamped
Expected Actual (Simulated Result)
Underdamped Underdamped
Due to the value of Z being exactly 0.5, it's expected that the circuit is underdamped. This is

clearly shown in Figure 6.4 where the waveform rapidly increases to an amplitude of just over 0.6
before decreasing below an amplitude of 0. Finally, it slowly increases back up and settles at 0.

Critically Damped

To achieve a Critically damped circuit, the damping factor must be equal to 1. Again to achieve this,
the resistor value was altered and shown below;

1 1
2on= pe= soxs0x 106 100

1L 1 0.5 .
C=3R|C™ 7x50 (50 x10-%5)

Step Response
0.6 r r T
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05 | |
1
|
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04r | | 1
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0.2
Time (seconds)

Figure 32 - MATLAB Graph
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Critically Damped

Expected Actual (Simulated Result)

Critically Damped Critically Damped

Due to the value of Z being exactly 1, it's expected that the circuit is critically damped. This is
clearly shown in Figure 6.6where the waveform rapidly increases to an amplitude of just over 0.5
before rapidly decreasing below an amplitude of 0. Finally, it slowly increases back up and settles
at 0.

No Damping

To achieve a non-damping circuit, the damping factor must be equal to 0. For this the resistor value
is changed to 0Q.

2lwon= —= ———— =0,

R 0x50x10°6

C
1L 0.5 —0
g’_ZR C  2x50 |(50x10-%)

MATLAB Code

>> %No Damping
>> num = [0 0];
>> den [1 O 40000];

>> step (num,den);
e . .

Figure 34 - MATLAB Code
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Figure 33 - MATLAB Graph
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No Damping

Expected

Actual (Simulated Result)

No Damping

No Damping

Table of Results

Due to the value of Z being exactly 0, it's expected that the circuit has no damping. This is clearly
shown in Figure 6.8 where the waveform is simply static at an amplitude of 0.

Expected Circuit Simulated Circuit Resistor Value (Q)
Response Response
Underdamped Underdamped 100
Overdamped Overdamped 25
Critically Damped Critically Damped 50
No Damping No Damping 0

The table of results above display each of the circuit responses. It's evident to see that by altering
the value of the resistor, the value of { (Damping Factor) changes. This shows that altering the
damping factor to different values changes the response of the circuit.
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7 - Frequency Performance Analysis of a Second Order Series
Electrical Circuit
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Figure 36 - RLC Circuit Figure 35 - Laplace Model

For the circuit above, the component values are the same as Task 5 being;

- R=250Q
- L=0.2H
- C=50uF

Firstly, the Transfer function of this circuit is shown below;

1

H(s) = IC 3 100,000
oo 24 Rg, 1 $241255 =100,000
[>T IC

The next two formulas have been calculated for formulas later in the question.

1 1
IC - 02x50x106 ~ 100,000
R_25 _

L 02

The natural frequency is calculated as shown below;

wn = ,/100,000 = 316.22 rad/s

Next, the Maximum frequency ‘wm’ needs to be calculated;

1 1R 1 1,25
om= |L— L& =J—_6 — 2 (2)? - 303.62
LC 2L 02x50x10 2 °0.2

Also, the resonant frequency needs to be calculated as follows;

27




—

1
wo = = = 316.23

VLC  V0.2x50x1076

1L 1 0.2

=% |27 25 [s0x105
_ R |C_ 25 [50x1076
T2 0L 2 0.2

The fact the damping factor is less than 1, shows that the circuit is Underdamped.

To make the circuit critically damped, the damping factor has to be equal to 1. To achieve this, the
equation needs to be re-arranged (See below);

f ’SOxIO — = 126.50

To achieve a critically damped circuit, the resistance must be 126.5Q. Therefore, to achieve an
Overdamped circuit, any resistance higher than this value will achieve this. So, a resistance value of
2500 has been chosen.

The final calculation needed is the phase shift. This needs to be calculated when @ = @0,

>> num = [100000];

>> den = [1 125 100000]:
>> bode (num,den)
>> hold on

>> %critically damped R=126.5
>>» den = [1 €32.5 100000];
>>» bode (num,den);

hold on

>> den = [1 1250 lJOO-J“J];
>> bode (num,den) ;

>> hold on

>> Prid on

Figure 37 - MATLAB Code

28




Bode Diagram
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Figure 38 - MATLAB Graph

Comparison Table

Calculated value Simulated value
Phase shift -8p* -20"
Resonant Freguency 316.23 316
Maximum Freguency 303.62 303

As shown in the table above, both the Calculated and simulated values are very similar with only the
smallest of differences mainly due to rounding.

Figure 38 above shows there is a roll off of 39.7db. This is very close to the required value of 40db.
The ever so slight error of 0.3db is probably down to human error when placing the cursors on the
graph but the minute difference is more than acceptable.
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8 — Frequency Performance Analysis of a Second Order Parallel

Electrical Circuit

R, R
0_{:1 » O O I | + O
- . -4 1
Vix — Vour X(s) sk - sC
*+—O O {0

Figure 39 - Task 8
For the circuit above, the component values chosen are;

- R=250
- L=05H
- C=50uF
The following equations are required;

1 1
RC  25x50x106
1 1

LC 05x50 x10-6

800
= 40,000

0? ! 40000
(] = —=—=
Lc

Therefore wo = 200

_ 1
F=re
Therefore f = 800

Q= c‘;: =0.25

1
SXpe s x 800

». S . 1 5215800+ 40000
St retic

H(s) =

Phase shift =68 (jw0) = —tan—1(0) =0
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MATLAB Code

>> num = [800 0]:
>> den = [1 800 40000];
>> bode (num,den) ;
>> grid on
P>

Figure 40 - MATLAB Code

MATLAB Graph
Bode Diagram aEmaas
: P I | - = Syslem: sys P !
5 - Frequency (rad/s) 200 k. 1
- Magnitude (dB): -0.000219 |
10 o~

% 15 - ,"'/ —

@ -

220 7

2 - .

g 25 - ; BN —
40 \ - | . Ll rr—— Fo——— T
T T T T T T T
G ™~ Syslem: sys

E’ T ~ Frequency (rad/s) 200

k=% - Phase (deg): -0.0284

@ 0 — |

2 S

[ ~
45 [~ T -
80 L | 1 - 5 it —r —

10° 0’ 10° 10 10*
Frequency (rad/s)
Figure 41 - MATLAB Graph
Calculated Value Simulated Value
Phase shift 0 0
Resonant Frequency 200 200

As you can see from the table of results above, both the simulated values and the calculated values

are exactly the same.
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9 — Frequency Performance Analysis of a First Order Electronic system

11
||
Cs
Vin Vour
44—
1K€ 20KQ2
ov

Figure 42 - Circuit Diagram

A Capacitor value of 100nF was chosen as the value for C4.

71 =1kQ

22 =20KQ

For all low pass filters, the following equations are used to help derive the transfer function.

71(2)=R1
Z2(s) = R2|| !
5) = —
ScC

1
_ szﬁ
1
R2 4+ 30
RZ
~ (1 +sCR,

Now the transfer function can be derived and shown as follow

5

1

Ry

)

Ry
H(s) = ———2
)=~y *
—R, 1
His) = & (1+ SCR,
1
—R; CR,
HE) = o2 [ —2
1 54+ —
TR,
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The cut off Frequency is calculated by the following formula;
1
CR2

1
100 x 1072 x 20,000

wce =

we =

wc = 500rad/s

Now the transfer function and cut-off frequency have been found, the gain (K) is calculated by;
_ R2
- R1

20,000
1000

K =20

Next, the transfer function changes;

H(s) = —K ( we )

s+ wc

500 )

H = =20 ———
(s) (s+ 500

Due to the circuit containing an inverting amplifier, this means there is a phase shift at 180°C.
Therefore;

6 = —45 4+ 180 = 135°

In decibels (dB), 20Log(20) = 26. Therefore, the cut off should occur at 23.

MATLAB CODE
>> num = [-20%*500];
>> den = [1 500];

>> bode (num, den)
grid on

Figure 43 - MATLAB Code
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MATLAB GRAPH

Bode Diagram
Y T T
25— . E— System: sys =
=t Frequency {radis): 1.01e+03
=50 System: sys B ~— Magnilude (dB): 19
@« Frequency (rad/s) 500 e
e Magnitude (dB): 23 e
= et
2 15— e 1
& ~
[=:] -
w©
= 0 ~ -
5 System: sys
: Frequency (rad/s) 9.982+03
| | Magnitude (dB): 0.0023
0 Ly =TT
180 = ——— I T v v T v I e
- System: sys
‘é T Frequency (rad/s) 500
o ~._ | Phase (deg): 135
2 135 .
@ ~
£ -~

Frequency (rad/s)

Figure 44 - MATLAB Graph

Below is atable of comparison showing the differences between the Calculated and Simulated
results;

Simulated Value Calculated Value
Phase Shift 135 135
Cut-off Frequency at 3db 500 500
Roll Off 18.9587 20

As shown in the comparison table, both the Phase shift and cut-off frequency were both correct as
both the simulated and calculated values had the exact same value. However, the roll off had a very
slight error of 1db which is likely due to human error with the exact placement of the cursors on the
multisim graph. Despite this, only being 1db out verifies that the calculations were done correctly.
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10 — Frequency Performance Analysis of a First Order Electronic
System

V'N VDI.'
°“{::::}"'4 } * S 0
1KQ) Ce 2K()
oy ——

Figure 45 - Circuit Diagram

A capacitor value of 50nF was chosen for C5.
R1 =1kQ
R2 =20000

The gain for this circuit is calculated the same as the low pass filter as;
R2
K=—
R1
2000
~ 1000
K=2
Similarly, the cut-off frequency is calculated again the same as a low pass filter;
1
c= —
“C= CR1
_ 1
~ 50 x107%x 1000
wc = 20,000rad/s

wc

Now the transfer function can be derived;

16 = =2 (55 z000)

Due to the circuit containing an inverting amplifier, this means there is a phase shift at 180°C. For a
High pass filter; at wc, 6 = 45°
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Phase shift =45 + 180 = 225°

In decibels (dB), 20Log(2) = 6.02db. Therefore, the cut off should occur at 3.02db.

MATLAB Code

num = [-2 0];
den = [1 20000];
bode (num, den) ;
grid on

fx >

Figure 46 - MATLAB Code

Bode Diagram
0 T T T T T L
System: sys
Frequency (radis): 2e+04 |
5 Magnitude (dB): 3.01 i —
. =¥ s lam: sys
& ol - Frequency (radis): 2.98a+04 .
= g Magnitude (dB): 4.4
S ) ! J
= | - .
2 _
= -
&
= -10 -
7| system: sys
el - Frequer -
Magnitude (dB): =10 6
2 L L L L L |
270 = T T T T T ™ =
i - System: sys
=) ~— Frequen

Phase (deg)

Frequency (rad/s)
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Below is atable of comparison showing the differences between the Calculated and Simulated

results;
Simulated value Calculated value
Phase shift 225 225
Cut-off Frequency at 3db 20,000 20,000
Roll Off 15 20

Similarly to the low pass filter, both the phase shift and Cut off frequencies had the exact same value
verifying that they are correct. However, the roll off had quite a difference of 5. This is down to
human error within the calculations or inputting the equation into the software.
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11 — Frequency Performance Analysis of a Fourth Order Electronic
System

s =
g
*
* ——

i
. Jo—

1Kn 20K 20HA) 20K o o) 20KA2 KD D0KLD

o (o o o

Figure 47 - Circuit Diagram

For this circuit, a capacitor value of 200nF was chosen.

Next, the gain can be calculated by the following formula;

K= R2 B 20k =20
T R1T 1k
Therefore, once the gain has been found, the cut off frequency (wc) can be derived.
1 1

= 250rads

©C= CR2™ 200x10-°x 20 x 10

In a 4" order system, the cut-off frequency equation changes to;

42 — 1 x 250 = 108.74

The transfer function for this circuit is as follows.

we 250
H(s) = —K C+ wc) = _20(s+250)

Finally, in decibels, 10 is 20log (20) = 26.02db therefore the cut-off occurs at 23.02db

See next page for images:
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>
2>
>>
>>
>>
gr
>>
>>
>>
>
>>
>
>>
>
>>
>>
>>
>>
>>
>>
>
3>
>>

250;

20;
[-k*wc];
den [1 wec]:
bode (num, den) ;

id on;
hold on;

num = [k*wc"2]:
den = [1 2*wc wc"2]:;

bode (num, den) ;

hold on;
num = [-k*wc*3];
den = [1 3*wc 3*wec"2 we™3]:

bode (num, den) ;
hold on;
num = [k*wc"4];
den = [1 4%wc E*wc™2
bode (num, den) ;
hold

Figure 48 - MATLAB Code

Magnitude (dB)

Phase (deg)

4%fywc"3 we”

4]:

System: sys
Frequency (rad!

Magnitude (dB):

Diagram
) 107

23

50

-100

-180

360

Figure 49 - MATLAB Graph

Frequency (rad's)

With each order circuit, it loses 3dp per order. This can be shown in figure 49 above
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12 — First Order Control System Analysis

Figure ... below shows an open loop control system.

R(s) : Yes)

Figure 50 - Circuit Diagram

As seen from the circuit above, the transfer function is as follows.

7.5

H() = 585

From the transfer function, an argand diagram can now be drawn to show whether the system is
stable or unstable.

1 085 1

Figure 51 - Argand Diagram
Due to the pole (X) being placed in the right-hand side of the diagram. This shows that the system is
Unstable. This is shown in the MATLAB simulation below;

>> num = [7.5];
>> den = [1 -0.85];
>> step (num,den);
grid on

X >>

Figure 52 - MATLAB Code
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Step Response

10%6

=4

Amplitude

0
2 30 40 50
Time (seconds)

60

70

Figure 53 - MATLAB Graph

The MATLAB simulation proves that this control system is unstable.
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13 — DC Motor Analysis

This task contains a detailed analysis of a DC motor. Different characteristics of the motor will be
calculated by using the given parameters (See below). A model will also be created using Simulink
which will be used to test and compare to the calculated results.

Motor Parameters.

Armature Resistance — 1.50Q

Armature Inductance - = 0.165H

Rotor Inertia— 0.00042Kg m’

Friction Coefficient — 4.6 x 10° Nm/rad/s
Motor Voltage Constant —0.063 V/rad/s
Motor torque constant — 0.062Nm/A
Maximum Armature Voltage — 24V

13.1
1
o KT
sLa+Ra
F 3
Ke |q
Transfer Function —
Ky
_ Lagx]
G0 = ——FRav. (Raxb  K; x K.
st+s(r+ )+ (Tos7 + Toxy)
Transfer Function with Values —
0.062
G(s) = 0.165 x 0.00042

46x10° . 15 1.5 x 4.6 x 10-¢ __0.062 x 0.063
st S(—o.oomz + n_.ms) + (0.165 % 0.00042 ' 0.165 x 0_00042)
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894.66
s2+9.1019s + 56.54

G(s) =

13.2

1) Time Constant—

b  Ra 4.6x107° 1.5
2{wn = (j_+ ) =

=\0.00042 " 0165

— =9.102s
La )

2) Natural Frequency —

Raxb KpxK, 15x46x1076  0.062 x 0.063
wn = ( + ) - n = 7514

Lax] Lax] 0.165x 0.00042 ~ 0.165 x 0.00042

3) Damping Factor —

_(2emy (90019 N
{_(men)_(2x7.514)_ 606 (Underdamped)

4) Stall Torque —

KrxV, 0.062x 15

=0.62N
R, 15 m
5) Frictionless No-Load Speed —
Va 15 238rad
Ke ~ 0063~ 238rad/s
6) Current -
Tm  0.031 0.54
@ Ky 0062
7) No Load Torque —
Type equation here.
13.3
This subtask involves plotting the poles for the motor on the Argand Diagram
—-b+Vbh%—4ac
Poles 1&2 = T 22

—9.1019 + v9.10192 — 4 x 1 x 56.463
2x1

—9.1019 + v—143.69

2
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—9.1019 + j11.99

2
—91019+;11.99 —9.1019—-j11.99
Poles 1&2 = > or >

= -4.55 +j5.995 or -4.55 - j5.995

These values are then plotted onto an argand diagram

-4.55+ j5.995

-4.55 - j5.995

Figure 54 - Argand Diagram

The fact both the poles are in the left-hand pane show that this system is stable

13.4

i : ' Iy o) . !
\] 0.165541 6 L— \I/ | 0.000425+4.6¢-08

<Tonle

1|‘

Figure 55 - Motor Circuit
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135
Motor Speed with No Disturbance

-

Figure 56 - Motor Speed with no disturbance

This graph shows the no load speed 237.7rad/s (Cursor 2)

Motor Torque with no disturbance

Figure 57 - Motor Torque with no disturbance
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¥ ¥ Cursor Measurements L]
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136
Motor Speed with 0.03Nm disturbance added after 10 seconds

® 15 Curvor Moasuremonts X

______________________,____'._'

Figure 58 - Motor Speed with Disturbance added

This graph shows the motor speed with the disturbance added after 10 seconds. It shows a speed of
226.2rad/s (Cursor 2)

Motor Torque with 0.03Nm disturbance added.

0- 00 - a-32- F-

O 20 Curser Mossorements X

Figure 59 - Motor Torque with disturbance added
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14 — Proportional Speed Control System

14.1

This task involved implementing a PID controller into the circuit. A subsystem was created with an

input of 140rad/s. (See circuit below)

1

Figure 60 - Circuit Diagram

]

o
[

As shown above, the ‘new’ PID.controller is connected to a single input scope which can be viewed
to analyse the response. Below'is'an image showing the response.
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1
1
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1
1
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]
1
1
1
1
1
1
1
1
1
1
I
1
I
'

¥ ¥ Trace Selection W%
Subsystem 5

¥ ¥ Cursor Measurements LR
¥ Settings

) Screen cursors

® Waveform cursors

11 Subsystem -
2} Subsystem v
[JLock cursor spacing

[1Snap to data
¥ Maasurements

Time: Value

1] 5000 1.317e+02
2} 15.000 1.310e+02
AT 10,000 s AY 6.827e-01

20
o

Figure 61 - Disturbance Added

1747 100 000 mkiz

Cursors 1 and 2 represent the no load speed before and after the 0.03Nm disturbance where before
has a value of 1.317rad/s and after 1.310rad/s. This shows a very slight decrease of 0.07rad/s.

Next, a graph was produced to show the response when KP is equal to 1.
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Step Plot: Reference tracking

1.6 | T T T T
~
gy Tuned response
1.4 P = == :Block response ||
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5 I
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I
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]
0 | | |
0 0.2 0.4 0.6 0.8 1 1.2
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Figure 62 - KP=1
After this, the next thing to do was to ‘autotune’ the controller which would give an optimum value
for KP. After autotuning, it gave an optimum Kp value of 0.12477 as shown below.

Controller Parameters

Step Plot: Reference tracking

08 Tuned Block
aa Tuned response| | |p 012447 12647
= = = «Block response -
1 nfa nfa
D.7 [ L nfa nfa
N nfa na
06 ! |
L
Bos5r-
=
E .4 | Performance and Robustness
0.3 Tuned Block
Rise time 0108 seconds 0,108 seconds -
0.2 - Settling time |DB47 secands 0847 seconds
oy Overshaat 307 % 307 %
= Pesk oss7 0867
y I L L 1Gain mangin Inf 4B @ Inf rad/'s Inf dB @ Inf rad/s
0 0.2 04 0.6 08 1 1.2 |Phase margin 60 deg @ 106 radfs  60deg @ 105mdfs |v
Time (seconds)

Proportional (P): [0.124470876353121

Figure 63 - KP autotuned
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14.2

The next stage involved changing the value of KP to 2 random values with the inputs inputted into a
3-input scope to easily analyse the effect Kp has on the circuit’s response. Other characteristics such
as Overshoot, Rise time and Steady State error will be calculated and analysed.

——
O] R

The 2 chosen values for Kp were halved (0.0622) and doubled (0.2849). The systems response can be
seen in the below images.

Figure 64 - Circuit Diagram

»

B 1" Trace Selection >
Sutsysiem 1 S—
¥ ¥ Cursor Messuremants b
S 0m
15 000

vewew

Rty Savple aaied  Dus=( =20 008

Figure 65 - KP values
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Figure 65 above, Shows the response of the first substation. The response shows at the KP value of
0.12477. As shown in the response graph, cursor 1 represents a speed of 92.9rad/s. Cursor 2
represents a value of 89.03rad/s which shows a speed decrease of around -3rad/s with the
introduction of the 0.03Nm disturbance.

Below, figure 6 shows the response to sub system 2 with a KP value of 0.2849. Cursor 1 represents a
speed of 111.7rad/s with cursor 2 representing a value of 109.4rad/s. This shows a speed decrease
of -2.3rad/s.

- B T Trace Selection "X
Sutrysiem 2 R
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]
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| I
|
[
| |
|
I
|
I
|
l
l
l
]
I
I
I
Ruaty Sumphi besed Ofiewr=0  T=20008

Figure 66 - KP Doubled
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Finally the value of Kp was halved to get a value of 0.062. Cursor 1 shows a value of 69.51rad/s with
Cursor 2 displaying 63.77. This shows that the disturbance impacted the speed difference of
5.74rad/s.

| & Scope - (m] X

|
File Tools View Simulation Help -
(0- SOP® - a- [ |2
n U B ¥ Trace Selection "X
i 'Subsystem 3 I [
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i 15.000 |
]
: i
i
| 1
i
! ' :
I :
| s I :
i
i
i
| I
i
I
l
i
i
| I
i
| I
| I
I
\ |
I
I

Reay Sample based  Offset=0  T=20 000

Figure 67 - KP halved

14.3,14.4
P Controller
KP Value 0.062 0.124 0.248
Rise Time (s) 0.143s 0.108s 0.008s
Overshoot 22.4% 30.7% 41%
Steady State error (s) 47.1 28.6 70.7
14.5

Ass you can see from the comparison table above, the rise gradually decreases as the value of Kp
increases. Opposing this is the overshoot, as the value of KP increases the overshoot percentage also
increases which is what we would expect:
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15 — Proportional Integral Speed Control System

15.1
This task involved designing and implementing a Proportional Integral circuit. To do this, the
controllers in the previous task were adapted to Pl controllers instead of just P.

Figure 68 below shows the controller which was adapted to a Pl controller before being autotuned.

Par
Step Plot: Reference tracking Controller Parameten

Tursd Block
— Tuned response P 0045485 0.12447
= = ‘Block response I 0.30433 046223
D Wa
N n's n's

Performance and RoDusiness

Tursd Block
Rise time 0226 yeconds 0132 seconds
Setting time 0.588 seconds |1.18 seconds
Overshoot 563N 182%
Peat 106 1.18
Gain margm nf dB @ Inf racl's inf dB @ Inf rad)s |
9 05 1 15 - = Prase margin €0 deg @ 651 radis A9 ceg @ 109 raays |
Time (seconds) Clowd- kop stabikny Szabie Stabke

Figure 68 - Pl autotuned

As shown from the images above, the values of P and | can be found as

P =0.0494
| =0.3043
15.2

Similarly, to task 14, the values of Kl will be halved then doubled to be used as a comparison tool.
Firstly, the value was halved as shown in the image below.

Step Plot: Reference tracking Controller Parameters
1.2 T
Tuned Biock
Tunesd reaponse
= — - Biock response 0.040429 0049449
p——— I 0.30433 015216
nfa n/a
N na n/a
Performance and Robustness
Tumed Block
Rise time 0.228 seconds 1101 seconds
Settling time 0.986 seconds 2.19 seconds
Overshoot 563 % 0%
Peak 1.06 0999
D Gain margin Inf dB @ Ind rad/s Jinf &8 @ Inf rad,
0 0.5 5 2 25 3 3.5 4 Phase margin 60 deg @ 651 radfs 907 deg @ 4.27
Time (seconds) Closed-loop stability  |Stable Stable

Figure 69 - KI Halved
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Finally, the value of Kl was doubled. Figure 70 below shows the circuits response.

Step Plot: Reference tracking
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N b - P 0043449 [0.04943
' ' " I |030a33 0.6085
; | A Pt e o s Ina
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@ '
i ' \ .r,
= ,
g . h Perfarmance and Robustness
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Y - - | |pisetime |0:228 seconds 10,16 seconds
Settling time 0,988 seconds 2.56 seconds
|Dvershoat [se3% 06 %
Peak [106 1141
Gain margin [imf dE @ i racs N2dB@ ATradis |
|Phase margin 60 deg @ 6.5 rad/s  23.6 deg @ 844 radd/s
Clazed-loop sability _|Stable Stable
- | | |
o o 1 2 25 3 a5
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Figure 70 - KI doubled

Controller Parameters: P = 0.04843, | = 0.3043

Once all Kl values had been inserted. A scope response (shown in figure 71 below) shows the
response of the speed of the motor and how it is effected by changing the value of KI.

- Scope

File Tools View

@- s0re

Figure 71 - three responses

Simulation

-

Help

Q- K- F &

o ——

As shown above, the motor speed is unaffected by the changing of the Kl value.
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Pl Controller
KP value 0.1521 0.3043 0.60B6
Rise Time (s) 101 0.228 D.16
Overshoot 2.19 5.63% 40%
Settling Time (s) 0 0038 2.56
Steady State error (s) 0.2 0 0

As you can see from the table above, the value of Ki increasing has a drastic effect on the control
system. Its clear to see that the overshoot percentage rises drastically up to 40% when the value is

doubled. Also, the settling time increases by almost 1.5seconds from the optimum value. However,
as the value does decrease also does the rise time.
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16 — Proportional Integral Derivative Control System

This task involved designing and implementing a Proportional Integral Derivative circuit. To do this,
the controllers in the previous task were adapted to PID controllers instead of just PID controller

before being autotuned.

Step Plot: Reference tracking

1.6 T T T T T T T

Tuned response
= = =Block response

1 1 1 1 1 | 1 1
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time (seconds)

Controller Parameters: P = 0,129, | = 0.6224, D = 0.006618, N = 1243

Figure 72 - PID autotuned

Once the circuit had been autotuned, the values of P | and D could be derived.

P=0.1920
| =0.6624

D =0.0066

16.2

Similarly, to task 15, the values of KD will be halved then doubled to be used as a comparison tool.

Step Plot: Reference tracking

12 T T T T

Tuned respense
= — = Block respanse

Amplitude
2
T

0.6
Time (seconds)
was updated based on the new controller gaing in the PID block. Controller Parameters: P = 0,129, | = 0.5224, D = 0.009618, N = 1243

Figure 73 - PID halved
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Firstly, the value was
halved as shown in the
image below.




The value of KD was then doubled and can be seen in figure 74... below;

e

Figure 74 - PID doubled

Once all 3 values of KD have been inserted into the circuit. A scope was then placed to analyse the

Step Plot: Reference tracking

Tuned response
= = «Block response

Time {seconds)

Controller Parameters

Performance and Robustress
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response from the different KD values. The response can be seen inthe image below.

Figure 75 - Scope response
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The scope shows that similarly to changing the Kl values in task 15, by changing the value of KD, the
motor speed also doesn’t change despite the disturbance. Therefore, the only value that effects the
speed of the motor is KP.

PID Controller
KP Value 0.0033 0.0066 0.0132
Rise Time (s) 0.14s 0.155s 0.201s
Overshoot 13.2% 3.66% 0.024%
Settling Time (s) 0.712s 11s 0.638s
Steady State error (s) Orad/s Orad/s Orad)/s|
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17 — Controller Comparisons

This task includes comparing the effects of all three controllers together and the circuits response.

Below is an image of the circuit created. Each controller will be autotuned individually to give the

most efficient response.

A

Figure 76 - Circuit Diagram

Firstly the P controller;

Step Plot: Reference tracking
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Figure 77 - P controller
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Next the Pl

Step Plot: Reference tracking Controlier Parameters
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Figure 78 - Pl controller
And finally the PID;
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Figure 79 - PID Controller

Next, the controllers response can be analysed by the scope seen in the image below;
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Figure 80 - Scope Response

P, Pi and PID Controller Comparison
Controller Type P Pi PID
Rise Time (s) 0.105s 0.228z 0.155s
Overshoot 31.4% 5.63% 3.65%
Settling Time (s) 0.847s 0.988s 0.733s
Steady State error (s) 47.1 0 0

As you can see from the scope and the comparison table above, its evident to see the differences
that each of the three controllers has on the control system.

As previously explained in task 15 and 16, the Pi and PID controllers have barely any visual impact on
the circuit. It's in fact the P controller which has the greatest impact. Its clear to see that the P
controller is the only controller that has a steady state error as well as having the highest overshoot
percentage.

As well as this, the P controller has an extensive overshoot of around 31% which is quite a difference
of around 26% of the Pl controller and 28% of the PID.

Overall, the table tells the author that when all controllers areintegrated together tocreate the PID
controller, it's the most efficient type of control for the motor and it has the least overshoot, the
lowest settling time and a respectable rise time without any steady state error at all.
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18 — Overall Conclusions and Recommendations

Throughout the assignment, the author has gained a vast knowledge of using both simulations
packages; MATLAB and Simulink. The author has learnt various features and tools which will come in
handy in future tasks where MATLAB and Simulink will be used.

Throughout the early stages of the assignment, knowledge was gained on different types of circuits
such as RL, RC and RLC circuits and their transient response and Laplace model. Also, as well as first
order circuits, second order circuits were carefully analysed and calculations were performed in
order to input appropriate component values. The circuits were then placed on the simulation
software ‘MATLAB’ where simulations were achieved, and the responses compared for a detailed
review of the circuits response.

Task 13 taught the author the basic principles and fundamentals of controlling a DC motor which
included various calculations to find out motor torque, speed and currents. Disturbances were also
inserted to show the decrease in speed when a load is applied on the motor.

The later tasks in the assignment enhanced the authors knowledge on P, Pl and PID controllers and
their effects on the motors response. Various characteristics were found including rise time,
overshoot percentage and steady state error which gave the author an insight of each ifof the
controllers benefits and downsides. Each of the controllers have their own effect on the motor but
integrating them all together in a PID controller proved to allow the motor to run the most efficient.
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