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Task 1 — Transient Analysis of a First Order RL Electrical Circuit

1.1

In order to carry out analysis of an RL electrical circuit, first component values must
be selected. The selected values are:

R =120Q

L =0.02H

When tis equal to 7 it is known that e™? equal8
Below is the calculated time constant for this circuit.

_L_oo0z_
T—R—lzﬂ— lomsec

..R1..

A
120Q
. . - L. . . .
Vin §o.nzH VOut
Figure 1 RL circuit multisim
1.2
Laplace Formula = L= 2% _ 0.00016s
sL+R  0.02+12
R1
AAA—
1200
sL
U(s) 0.02H Y(s)

Figure 2 Laplace form for RL




1.3
Using the chosen figures, the code can now be written into MATLAB to see the
response

1 s= tf('s’);
2 system= (0.02)*s/((0.02)*s +120);
3 step(system);
4 grid on
Figure 3 MATLAB code

The response and results are as seen below in the graph

Figure 1

Step Response

07 .
06F .
@
=
2as [ ]
2051 System: system
E Time (seconds): 0.000166
04b Amplitude: 0.37 | i
03¢ 1
02 4

[=]
[=]
3

-
-
s}

Time (seconds) %103

Figure 4 MATLAB response

Above given the characteristics of the circuit is the result of the MATLAB code
entered, the cursor placed at 0.37 was placed here as it is as near to one time
constant as possible (0.368).
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Table of Results

Calculated

Simulated

Error

Tau

0.166m

0.166m

1.5

Above is a table of results produced to compare the calculated and simulated results
and to be able to see any discrepancies. The two results are exactly the same giving
no error this is due to MATLAB being software that works off ideal values and has no

outside influences.

The below formula is the reason the cursor was placed at one time constant (0.368)

t

y(®) = et
-0.166
y(t) = e0.166
y(t) = 0.368

11




Task 2 — Transient Analysis of a First Order RC Electrical Circuit

2.1

In order to carry out analysis of an RC electrical circuit, first component values must
be selected. The selected values are:

R =800Q

L =0.03H

Tau = RC = 800x0.03 = 24s

VIR Cllivout

Figure 5 RC circuit multisim

2.2

1 1
Laplace Formula = = = 0.04s
RCs+1 800x0.03+1

e n <
AV
8000

1/sC
—30mF

Figure 6 Laplace form for RC
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Using the chosen figures, the code can now be written into MATLAB to see the

response
s=tf('s');

step(system);
grid on

v ks wm e

Figure 7 MATLAB code

The response to this code can be seen in the graph below

Figure 1

Step Response
L — ——

o
©

System: system
Time (seconds): 24
Amplitude: 0.632

Amplitude
© © o o o o © ©°
o =~ w » 0 O N ®

0 50 100 150
Time (seconds)

Figure 8 RC MATLAB response

system = 1/((800)*(0.03)*s+1)

200 250

Above given the characteristics of the circuit is the result of the MATLAB code
entered, the cursor placed at 0.632 was placed here as it is one time constant.

13




24

Calculated Simulated Error

Tau

24s

24s 0

2.5

Above is a table of results produced to compare the calculated and simulated results
and to be able to see any discrepancies. The two results are the same giving no
error this is due to MATLAB being software that works off ideal values and has no
outside influences. As seen on the cursor on the above graph, the circuit takes 24
seconds to reach 63.2% of its final value. The proof behind this is seen in the

equation below.

y(®) =1-e7

t

—24

y)=1-e2%

y(t) = 0.632

14




Task 3 — Frequency Performance Analysis of a First Order RL Electrical
Circuit

31

The values chosen are R = 130 Q and L = 0.02

P I

..... 1200
Ll SEIEPIRPISOE: SRSSORII PRI P IRt IS bR SD
1T ISR R ERERRRY 17 IEREREREREL (C) SERERIREE

Figure 9 Laplace RL circuit

The low pass filter transfer function can be seen below

L
TR
R
we =
—120—6000 d
wc =502 " rads/s
Where
. 1
o S
H(s) = =% = =

_1-1 s+ wc S+ 6000
[54

15




3.2

Using this re-arranged equation the code can now be entered into MATLAB.

L
o

&
o

IS
o

Phase (deg)

Magnitude (dB)
)
L=

45

s=tf(

B2 wp R

's'); (V]
system = s/(s+6000);

bode(system);

grid on

Figure 10 MATLAB code for Laplace RL circuit

. System: system
Bode D'agran}‘-‘requency (rad/s): 6.02e+03

E®
-~
o

System: system

Frequency (rad/s): 170
L .Magnitude (dB): -31

-~

(]
=]
T
|
|
|
|

102 10°

.Magnilude (dB): -3

//...

.System: system
Frequency (rad/s): 1.76e+03
Magnitude (dB): -11

N System: system
b ~._ | Frequency (rad/s): 5.96e+03
™ .Phase (deg): 45.2

~

100
Frequency (rad/s)

Figure 11 MATLAB response for Laplace RL circuit
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33

The results are as found below

Calculated Measured
we 6000 6020
Phase 45 ° 45.2°
Roll off 20 dB 28 dB

B

This design only allows high frequencies to pass through after the 3db point, as the
component lay out makes it a high pass filter. There are very little errors seen in the
result table above, therefore supporting the analysis. The roll off is 20db as it is a first
order circuit, also the phase shift is at 45 degrees as it is at naturuency.

17




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

4.1
RA S IIiNIIIIIIIIIIIIIIIII
AN
18000 o SN
AT
il ==30mF o
DA} rxvermanpacnnn vy I Y(s)
Figure 12 Laplace RC circuit
R = 8000 C=30mf
Cut-off frequency = wc = — = ————— = 0.0416 Rad/$S
RC 800 x 30x10
1
1 - wc 0.0416
Laplace formula= H (5) = e = =
P . (s) o = 7 LN S+we s+ 00416
4.2
1 s=tf('s"');
2 system = ©0.0416/(s+0.0416);
3 bode(system);
4 grid on

Figure 13 MALAD code for Laplace RC
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" m: system
0 L Bo_de F)Iag requency (rad/s): 0.0416
o ""'-m._,__‘.Magn]lude (dB): -3.01
—_— _5 .‘.\\
o hY
210 e 1
© N
S5+ b N ]
-E \\\\
(=] i
@ -20 oy
= -
25 N
-30 .
) p————— e T
— \“"x\ System: system
b “._ | Frequency (rad/s): 0.0415
= “.. Phase (deg): -45
o 45 . J
% \\\
T )
90 o ' P
102 102 101 100

Frequency (rad/s)

Figure 15 Phase shift and natural frequency results

'
-
=]

Magnitude (dB)
8 a

)
a

Figure 14 Roll-off results

Bode Diagram

~—
e
o
1

'Systemt system
Frequency (rad/s): 0.0832 |
Magnitude (dB): -7

N

-

il

~ System: system
Frequency (rad/s): 0.93
~ .Magnitude (dB): -27

AN ]
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43

The results are as seen below

Calculated Measured
we 0.0416 Rad/S 0.0416 Rad/S
Phase 45 degrees 45 degrees
Roll off 20 dB 20dB

4.4

This design only allows low frequencies to pass through after the 3db point, as the
component lay out makes it a low pass filter. There are very little errors seen in the
result table above, therefore supporting the analysis. The roll off is 20db as it is a first
order circuit, also the phase shift is at 45 degrees as it is at naturuency.

20




Task 5 — Transient Performance Analysis of a Second Order Series
Electrical Circuit

5.1
R1 L1
-t 0.3H

c1
==60pF

Figure 16 RLC circuit

The selected component values are

R=50L=03C=60uF K=1

5.2

R1 L1

AN ot

50 0.3H

1/sc
Ul(s) 60pF Y (s)
Figure 17 RLC Laplace form
K Wn?
H(s) = — =]
524+ 2¢Wns+ W

53

The following equations were used to calculate the natural frequency and damping
factor. The natural frequency will remain the same throughout all circuits.

21




1 1
VIC 03 x60x10-5

. R |C
Damping factor = ¢ = > |

Natural frequency = Wn = = 235.70 Rad /S

Underdamped

The under damped equations are as seen below.

R =5 ohms
D ] tor = _R C—S 6{}x1{}—5_035 1 under d d
amping fac or—q—z— I3 | o3 =" < 1 under dampe
H (s) K Wn? 1 x 235.70?
5) =— — = — -
52+ 2¢Wns + Wn? s?+ ((2x0.35x235.70) s) + 235.70?
Overdamped

The over damped equations are as seen below.

R =290 ohms
D ) for — _ R [C 290 60x10_6_205>1 i i
amping factor = ¢ = 2 T2 03 % over dampe
K Wn? 1 x 235.702
H(s) =

ST+ 2¢Wns+ Wi? 57 + ((2 x 2.05 x 235.70) 5) + 235.70°

Critically damped

The damping factor in a critically damped circuit must equal to 1. To get it to equal 1

the damping factor equation must be rearranged, and zeta must equal 1.

22




R= Zxg 2x1
- - 0x10-%
W5 eI,

_ R |C 141.42 |60x10°° -
Damping factor = ¢= T II= 3 03 - 1 equal 1 critically damped

K Wn? B 1 x 235.70
s2+ 25Wns+Wn” 52+ ((2x 1x235.70) s) + 235.702

= 141.42 ohms

H(s) =

No damping

R=2x10""

The R value was selected as this so that the damping factor would be very close to

0.
D . R |C 2x107° |60x10-¢ 1414 x 10-°
amping factor = ¢ = > |T= > 03 - 4 X

K Wn? B 1x 235702
s2+ 25Wns+Wn® 52+ ((2x 14.14 x 107° x 235.70) 5) + 235.702

H(s) =

23




5.4

Under damped
1 s = tF["s");
2 system = 235.70"2/(s5"2+164.99%s+235.70"2|);
3 step (system);
4 grid onj
5
Firnira 18 | Indar damnad cnda
Step Response
//_\
2t / \\
|'l \\
_ f
zosf I
a |
= /
foe
|II
I
[
/
0 /
/
1/
- - 'Flm“e (second;i o :
Figure 19 Under damped results
Overdamped
s = tF("5"):
= 235.70"2/(s"24966.37*s+235.70"2);

system
step (system);

grid on;

B e

Figure 20 Over damped code
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Critically damped

Step Response

e
el

Amplitude

-~

/

Time (se‘conds]“

Figure 21 Under damped results

s = tf('s");

system = 235.70°2/(5"2+#471.45Fs+2
step (system);

grid on;

Bowomn e

Figure 22 Critically damped code

Step Response

35.78~2);

1 ——

_—

[

0ap

015 0.0 0.03

02 0025 O
Time (seconds)

Figure 23 Critically damped results
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No damping
Task5nod.m x| +
1 E=tf("s');
2 system = 235.70%2/(s ~2 +@.0000067*s + 235.7¢ ~ 2);
3 step (system);
4 grid on;

Figure 24 No damping code

Step Response

: .-u-|:-nH'rlll'lT‘]T”lH”TmmW

Amplitude

08

06

04

Time (seconds)

5.5 Figure 25 No damping results
Resistor values( (1) Damping factor( ¢ ) Effect
5 0.35 (g <1) Underdamping
290 2.05 (¢ >1) Overdamping
141.42 1c=1) Critically damped
2x107¢ 14.14x 107%(¢ = 0) No damping
5.7

From all the graphs produced it can be seen how the R value effected each circuit
and the circuits properties. The circuit being second order meant it was growj
towards equilibrium. The underdamping shot quickly up to the equilibrium th
overshot before oscillating. The overdamping circuit slowly grows towards the
equilibrium. Also, the critically damped grew slowly and had 0 overshoot. Finally, the
no damping had major oscillations and will never reach the equilibrium.

26




Task 6 — Transient Performance Analysis of a Second Order Parallel

Electrical Circuit

6.1

The component values selected are below and used to produce the circuit.

R=500L=03 C=45uF K=1

R1

Y(s)

ANy
500
c1 L1
== 45uF 303H
6.2 Figure 26 RLC circuit
R1
AR
500
1fSc_ sL_
u(s) = 45F 30.3H
Figure 27 RLC Laplace form
K wn?

1
55X —
As H = —_RC___ d H =
s (s) Sz+(R_1CxS)+L_1C an (s)

52+ 2 ¢ Wn s+Wn?

as both are equal, the dominiII be swapped.

27




6.3
The following equations are used to calculate the damping factor and natural
frequency. Each circuit following will have the same natural frequency.

1 'L
D ] tor= ¢=—— |=
amping factor = g T G

1
VL VU.B x 45x10-6

Natural frequency = Wn = = 272.17 Rad /S

Under damped
R = 500
- 03 _ o082
*T2x50 (45x10°6
1 i
H (s) = SXRC _ ** 50x45x10°"

s2+ 2¢Wns+Wn® 52+ (2x0.82x272.17xs) +272.17°

Over damped

R =50
— 03 _g16
ST 2x5 |a5x106
1 1
*Re _ SYSxasx 108

H(s)=

s2+ 2¢Wns+Wn® 52+ (2x8.16x272.17 xs) + 272.17°

Critically damped
For critically damped to be attained the damping factor must equal to 1. To achieve
this the damping factor equation is rearranged to find R.

S — 40820
~2./c” 2 [a5x107°
I 03
$= 2x4082 .|45x10-6

28




1
X 1082 x45x10°°

<L
£Xx RC
2

H(s)= =
s2+ 2¢Wns+Wn*  s24(2x1x27217xs) +272.17
No damping
R =3200
! 03 0.13
S~ 2x320 Jasx10¢
1 1
H(s) = **RC _ $¥ 320x45x10°°
s24 2¢Wns+Wn? 2+ (2x0.13x272.17 xs) +272.17°
6.4
Under damped
Taskbpartl.m 0 | untitled* | 4 |
1 s = tf("s")
2 system = (s5%444.44)/(5"2+444.44%5174074.074);
3 step (system);
4 grid on;
5

Figure 28 Under damped MATLAB code

Step Response
0.7 —
\,
:/ \
06 | \ 1
|II
[ \
05 | \ ]
\
| \
0.4} \ 1
g | \
\
2 | \_. 1
£ 03 \ -
E | \
< | \\ |
.2 \
| \
01} X ]
N,
e |
ot e e e s s e ——
0.1 ' '
0 0005 001 0015 002 0025 003 0035 004 0.045

Time (seconds)

Figure 29 Under damped MATLAB results
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Over damped

| Taskbpartl.m

| untitled *

(I SR VT N

s = tf('s’)

e e s
| TaskbpartZ.m

system = (S*4444.4)/(5"2+4444,4%5+74074.074));

step (system);
grid on;

Figure 30 Over damped MATLAB code

Step Response

T T T T

y—

0.05 0.1 0.15 0.2
Time (seconds)

0.25

Figure 31 Over damped MATLAB results
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Critical

Taskbpartl.m | untitled* | TaskbpartZ.m . Taskbpart3.m +
1 s = tf('s’)
2 system = (s5%544,39)/(5"2+544.39%s4740874.074);
3 step (system);
4 grid on;
Figure 32 Critical MATLAB code
Step Response
0.8 T T T T T : |
M Ba\ .
/
IIl \'.
0.6 [ | \ 1
HA
[
0.5 II \ ]
@
£\
] N A - -
ﬁ.)_-l I \
E \
g 03 H \ 1
| A\
| \
02 \\ ]
0.1 = 1
| L IE L H‘H‘—r— S — I I
0.04 0.045

0 0.005 0.01

0.015
Time (seconds)

0.02 0.025 003 0.035

Figure 33 Critical MATLAB results
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No damping

|. Taskbpartl.m | untitled * Taskbpart2.m .' Taskfpart3.m | Task6partd.m
1 5= tf('s’)

2 system = (s%69.4)/(s"2+69.4%s474074.0874);

3 step (system);

4 grid on;

Figure 35 No damping MATLAB code

Step Response
0.25 . r - T . - .

DZ'ﬁ -

Qo

oy

o
]

=]
-
—
I

Amplitude
b

_0 15 1 1 1 1 1 L 1
0 002 004 006 008 0.1 0.12 014 016
Time (seconds)

Figure 34 No damping MATLAB results

32




6.5

The results are as seen in the table below
Resistor values Damping factor( g ) Effect (check)
50 0 0.82 (¢ <1) Under damping
50 8.16 (¢ >1) Over damping
40.82 0 1(c=1) Critically damped
3200 0.13(¢ = 0) No damping

6.6

At no damping there was major oscillation and did not reach the equilibrium. At over
damping, it rises yet still does not quite reach the equilibrium. Critically damping had
no overshoot due to the damping factor of 1. Under damping shots immediately up
before steadily falling back down. The decaying effect seen in the results is due to it
damping factors clearly took effect on each circuits

being a first order cir
property as is displaye® e graphs from the tests above.

33




Task 7 — Frequency Performance Analysis of a Second Order Series

R1 L1
8’3“3 0.3H
C1
==45pF
FigL ; R1- sl
- 1i/sc
——45pF
Figure 37 Second order circuit Laplace
7.1
The values below were chosen for this task
L=0.3 C=45X10"°
55X E
Transfer function = H (s5) = — TR 1
z 4 —
5+ 7 S + iC
. _ _ 1 _ 1 _
This is the cut-off frequency = wc = Te = Joaxasx 106 27217 Rad/S

R
Damping factor = ¢= 3

ol l
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Under damped
=500

03 = 1.63
~ 5045X 106

2010g(1.63) = 4.24

Damni oy — 50 45){10—6_031
amping factor = ¢ = 2 03 = 0.
1 1
. S*Tc ¥ 03X45X 106
H(S)_ 2+E +i_ 2+2 ++
STTTSTIC STT03°T03X45X10°6

Over damped
= 1500

0.3 ———— = 0.54
~ 150 (45X 10°°

20log(0.54) = =5.35

150‘/45X 10-¢

Damping factor = ¢= -5 03 = 0.92
1 ey — 1
H(s) = SXTC 0.3 X 45X 10-6
(S)_Sz+£5+i_ +150 +;
rStic S*+t03 Sto3xasx10°

Critically
To achieve critically damped it's know that;

c=1
2

_ 2%
f ’45X106
0.3
1L 0.3
Q_R _1633 45X 10-6

35

= 163.3Q




2010g(0.50) = —6.02

1 1
SYIC *03X45X10-°

163.3 1

. R 1
2 el _— Z
s+ stic +03 St03xasx10-¢

No damping

_LEL =16.33
Q_R €~ 5./45Xx 1075

201o0g(16.33) = 24.26

) 5 45X 10°¢
Damping factor = ¢ == |———— = 0.03

2] 03
1 . 1
H(s)=—0LC _ _ 03X45X10°°
, R 1 . 5 1
2 — — 2 i - -
STHTstIc S"to3Stozxasxio-s
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7.2
The MATLAB that was used is below.

ﬁ Editor - D:\Year 4 Principles\MatLab\Task7part1.m

Task7part1.m 1
1 H=tf('s");
2 systeml = ((1/(0.3%*0.000045))/(5"2+(50/0.3)*s+(1/(0.3%0.000045))));
3 bode (systeml);
4 grid on
5 hold on
6
T s = tf('s");
8 system2 = ((1/(@.3%*0.000045))/(52+(150/0.3)*s+(1/(0.3%0.000045))));
9 bode (system2);
10
11 s = tf('s");
12 system3 = ((1/(0.3%0.000045))/(5°2+(163.3/0.3)*s5+(1/(0.3%0.000045))));
13 bode (system3);
14
15 s = tf('s");
16 systema = ((1/(@.3*0.000045))/(5"2+(5/0.3)*s+(1/(0.3%0.000045))));
17 bode (systema);
18
19 s = tf('s");
20 systems = ((1/(@.3%*0.000045))/(5°2+(25/0.3)%s+(1/(0.3%0.000045))));
21 bode (system5);
22
23 s = tf('s");
24 system6 = ((1/(0.3%*0.000045))/(5*2+(35/0.3)*s+(1/(0.3*0.000045))));
25 bode (systeme);
26

Figure 39 MATLAB code

Magniude (cB)

Phasse (g}

Froquency jradis)

Figure 38 Phase shift and locus

37




The phase shift at the cut off frequency as calculated is 272rad/s

% 1
. 1
|
O | System: system
) || Frequency (radis) 272
. ‘ Phase (deg):-90.3

]

Figure 40 Phase shift

System: system6&
Frequency (rad/s): 901
~ Magnitude (dB): -20

—
——

System: systemb6
Frequency (rad/s). 8.6e+03

Magnitude (dB): -60
i | :

Figure 41 Roll-off

38




73

Bode Diagram

/ | System: systemd
Frequency (rad/s): 272

System: system1 4
¥ 4 Magnitude (dB): 24.2

Frequency (rad/s). 272
Magnitude (dB): 4.22
e A o System: system2
- Frequency (rad/s). 272
= e Magnitude (dB): -5.26

. . =
System: system3 -
Frequency (rad/s): 272
Magnitude (dB): -6.04

Figure 42 Gain

Lod=2RER) = magnitude dB, these values can be found in task 7.1 with
the rest of the equations.

Measured values | Calculated values Error
at the cut off at the cut off
frequency frequency

(magnitude Db) (magnitude Db)
Underdamped 4.24 4.22 0.02
Overdamped -5.35 -5.26 0.09
Critically damped -6.02 -6.04 0.02
No damping 24 .26 242 0.06

7.4

All calculated values were confirmed by the measured ones as seen in the table
above there is marginal errors. Rounding differences may be a factor of the errors as
the biggest difference is 0.09. A locus diagram was produced, as seen above, by
varying the resistor values to the chosgs e The lower the value of R the higher
the value of the magnitude achieved. W@ ®requencies can only be passed before

the cut o this being a low pass filter.
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Task 8 — Frequency Performance Analysis of a Second Order Parallel
8.1

R1
- m "
500
Cc1 L1
—45pF §0.3H i
Figure 44 Second order parallel circuit
: R1 :
- M/\‘ .
; 500 } x }
1/Sc sL
us) == 45uF 30.3H Y(s)

Figure 43 Second order parallel Laplace circuit

These are the selected values chosen.

C=45x10"° L=0.3H K=1
=R
Q —_
2

1 1

1
Wel= ——+ [(—) +(—
C 2RC T (ZR) + (@

Wez = L 1\ 1
““= 2rC (2R)+(LC
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1 1
Wo =— =——————==272.17 Rad/S
VvLC +03x45x10°°

R=50 Q

= 50 45x10“‘_061
Q=50 |—%3 =0

1 1 2 1
Wel = — ( ) ( ):12&14
¢ 2x50x45 x 107° + \l 2x50x45 x 10~© + 0.3x45 x 10-¢

2

1 1
We2 = o somasx 105 J(2x50x45 X 10—6) + (3745 x 106 = °7359

P =50xa5 x 1076 ~ 444

R=50Q

_: 45;510*6_0061
Q= 03

1 1 z 1
wet = - ( )+ (o) = 1660
¢ 2x5x45 x 107° * J 2x5x45 x 107° * 0.3x45 x 10~°

1 1 2 1
Wez = 2x5x45x 106 + ‘/(2x5x45 x 10—5) + (0.3x45 x 1075) = 4461.05

P =g xi0-s - H444s

R=40.82 Q)

1 1 z 1
Wel = — ( ) ( ):uzn
¢ 2x4082x45x 10 6 | \] 224082x45x 10 ¢) ' \0.3x45x 10 ¢

2

1 1 1
Wce2 = = 657.12
¢ 2x40.82x45 x 10°° * J(2x40.82x45 x 10‘5) * (0.3x45 x 10“‘)

1

=———————="5444
40.82x45x 107°

B

M




R=3200

0=320 | B2X0°°_ o4,
a 03 7

1 1 z 1
Wel = =5 320ma5x 105 T J(2x320x45 x 10—6) + (U.3x45 X 10—6) = 239.65

2z

+(

) = 309.09

1 1
We2 = ( )
¢ 2x320x45 x 10~° + ‘j 2x320x45 x 10~¢ 0.3x45x 10~°

1

=——— =694
320x45 x 1076

B
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8.2

R=50 (1

task850.m aF
B = tFf("s")s
systeml = s * 444.4/ (s"2 + 444.4%s + 272.12°2);
bode (systeml);
grid on
hold on

AR W N

Figure 45 R = 50 code

Bode Diagram
0 T
’/.
«’ ‘\I
= System: system1 System: system1 |
& Frequency (rad/s). 130 Frequency (rad/s). 572
Magnitude (dB): -3 Magnitude (dB): -3
ra d 5
A0 -
@ y \
2
@ / ,
k- s
3 N
o N
= s
20 / h .|
4 \
25 [ 1
a0 " " P s P s . Y
90 F—
45 - , B
b System: system1
@ 5, Fregquency (rad/s): 272
- ™\ | Phase (deg): 0.102
g 0 .
|
& N,
N
45
80 & " " PSR | N . PP | . . — ]

Frequency (rad/s)

Figure 46 R = 50 results

43




R=5(Q

task85.m

DR wWw N e

+|
s = tf('s');

systeml = s * 4444.4/ (5”2 + 4444.4%s + 272.12°2);

bode (systeml);
grid on
hold on

Figure 47 R = 5 code

5[ System: system1

1 Vi

Magnitude (dB)
T

=20 [~

=25 [

Frequency (rad/s). 16.7
Magnitude (dB): -3

it L£EOQQR

System: system1
Frequency (rad/s) 4.44e+03
Magpnitude (dB): -3

N\ ]

45 -

Phase (deg)
(-]
T

45

90 =

—

—

-
System: sysiem1
Frequency (rad/s). 272
Phase (deg): -0.00801

-

10°

Figure 48 R = 5 results

10" 102

Frequency (rad/s)
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R=40.82 Q)

task84082.m ¥ | +

il s = tf('s");

2 systeml = s * 544.4/ (5”2 + 544.4%s + 272.1272);
3 bode (systeml);

4 grid on

5 hold on

6

Figure 49 R = 40.82 code

Bode Diagram
0 T /__:-- o T L |
e
..// \\\.
sk System: system1 System: system1 ]
E Frequency (rad/s): 113 Frequency (rad/s): 655
Magnitude (dB): -3 Magnitude (dB): -3
P
10 \\ 1
) A
3 N
2-15 ’ \\ i
g i N
= / \\
201 / . i
b
25 N
)
-30
o0 F T r s
. —_—
~
.-\-"‘\..
45 T
L - -
\\\ )
N System: system1
§ '\\ Frequency (rad/s). 272
= \\_ Phase (deg): 0.0101
& .
hY
™
\\\
-45 - .
\\
‘-Hﬁ-\..
00 & . " e ) " . P —— | - =
10’ 102 10°

Frequency (rad/s)

Figure 50 R = 40.82 resuits
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R=320 10

| task8320.m | +
1 B = tf('s’);
2 systeml = s * 69.4/ (572 + 69.4%s + 272.12/2);
3 bode (systeml);
4 grid on
5 hold on
6

Figure 51 R = 320 code

Bode Diagram
0 T T
./_\‘
5 System: system1 System: system1
Frequency (rad/s): 240 Frequency (rad/s). 309
A0 F Magnitude (dB). -3 Magpnitude (dB). -3.01

s o \\
20} \\\

- .

35| /// \

w0t

45 -

Magnitude (dB)
T
I

a5 - \

| | System: system1
§ |'| Frequency (radis): 272
kel \ Phase (deg): 0.735
0r .

8 u
& \

45 [~ \

a0k 1 T S —

Frequency (rad/s)

Figure 52 R = 320 results
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83

Calculated

Resistance Wo (Hz) Lower cut off | Upper cut off B (Hz)
frequency (Hz) | frequency (Hz)
50 27217 129.14 575.59 444 .4
5 272.17 16.60 4461.05 4444 .4
40.82 272.17 112.73 657.12 544.4
320 272.17 239.65 309.09 69.4
Measured
Resistance Wo (Hz) Lower cut off | Upper cut off B (Hz)
frequency (Hz) | frequency (Hz)
50 272.17 130 572 442
5 272.17 16.7 4444 4427
40.82 272.17 113 655 542
320 272.17 240 309 69

84

As can be seen in the results collected and calculated above, as the resistance
decreases the bandwidth will increase. This demonstrates a more selective circuit
using higher resistances. As can be seen from the tables of results above, both the
calculated and measured results are very similar. The slight differences may be due
to rounding error or placement of the probfcZilr on the measured graphs.
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Task 9 — Frequency Performance Analysis of a First Order Electronic
System

9.1

Below is the value that has been selected

C =450nF

c1

11

11

450nF

R1 R2
AAN— .
1kQ

OPAMP_3T_VIRTUAL

Figure 53 First order electronic system circuit

9.2
) = 20000 20
~ 1000

.

We = 450x 1059x 20000 ~ 111 Rad/s

111.11

Transfer function = —20 (m)
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Using the calculations above the following MATLAB code was produced

- .
task3.m a3
1 s'w (Y3
2 system = (-20%(111.11/(s+111.11)));
3 bode (system);
4 grid on;

Figure 54 First order electronic system code

Bode Diagram

Magnitude (dB)

Phase (deg)

Frequancy (rad's)

Figure 55 First order electronic system results

9.3
As can be seen by the MATLAB results both these and the calculated match up with

tolerances. Thus meaning -45 + 180 = 135 degrees and the cut off frequency phase
shift. A 20Db roll off was measured as can be seen | from the results, this is as the
circuit is a first order. 20log(*=pye26.02 proves the fact of the calculated gain and

measured results are true.
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Task 10 — Frequency Performance Analysis of a First Order Electronic
System

10.1

As can be seen below the selected value was C=40nF =
21

OPAMP_3T_VIRTUAL

Figure 56 First order electronic system circuit

10.2

Below the cut-off parameters can be seen.

Transfer function H(s) = —k ( : )= —2(——)

s+We 5+25,000

K = 2000+1000 = 2

We=—=—1___ —25000

CR1  40%10~°+1000
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task10.m + |

s:=4F("s");

systeml = (-2 * (s/( s + 25000)));
bode (systeml);

grid on

hold on

(x O I N PTG S

Figure 57 First order electronic system code

Bode Diagram

Magritude (dB)

Phase (deg)

Frequency (rad's)

Figure 58 First order electronic system results

10.3

Once again as seen above both the calculated and measured results match up. The
phase shift can be seen at 45 degrees at natural frequency due to it being a high
pass filter. Thus, further meaning the phase has shift to 180 degrees. To obtain the
new cut off frequency phase shift the following calculation is carried out,
180=45=225. This is backed up by the measured evidence above, also this shows a
roll-off of 20db measured as it is a first order circuit. Below is the equation proving all

values correct.
20 10 6.02
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Task 11 — Frequency Performance Analysis of a Sallen & Key 2 nd Order
Filter

111
Below is the design of a Butterworth filter

Wce = 2,000 rad/s

R1 R2

AN AAN
5kQ 5k

Figure 59 Butterworth filter circuit

Wec = 2,000 rad/s

C =100nF

1 1

WeC 2,000 x 100 x 107°

k = 1.586 20logk = 4dB

RA=(k—-1) RB=586Q
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(1.586 x 2,000)?
H(s) = 7000
s2 + (0'707) s +2,0002

11.2
| Task1l.m o
1 s = tf('s");
2 system = ((1.586%2000)"2/(5"2+(2000/0.707)*s|4000000));
3 bode (system);
- grid on
5 hold on
B

Figure 60 Butterworth code

Magritude (dB)

Phase (deg)

Frequency (rad's)

Figure 61 Butterworth results
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Calculated Simulated
Roll off -40dB -40dB
Cut off frequency 2,000 rad/s 2,000 rad/s
Gain 4dB 4dB

As can be seen in the results both the simulated and calculated matched up perfectly

with O error.

113

The phase shift here was measure -90 degrees as seen in the measures results
above the result was 89.9 degrees this due to human and software tolerances.
Differently to tasks previous, the roll-off here was measured to -40dB. This meaning
this second order circuit is more selecti frequencies are allowed to pass

through, due to the steeper roll-off.
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Task 12 — First Order Control System Analysis

121

B 24 1 num = [6.5];-
2 den = [1, -0.4];
3 [z, ps k] = tf2zp(num,den)
4 pzmap (num,den)
Figure 63 Pole zero code
Pole-Zero Map
1 T T T T T
08} 1
06 i
804t 1
[ =
Q
202 1
2
é—ﬂ 0 1
.02 1
=
@041 1
E
0.6 |
08f
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Real Axis (seconds™)

Figure 62 Pole zero results

It can be seen from the argand diagram that the positive meaning that is
unstable as it's 0.4.
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The open loop transfer function response can be seen below

| 6.5 l |
> s—04 ™

Figure 64 Open loop circuit

Figure 65 Open loop results

56




12.2
Taking k as equal to 1 below is the closed loop transfer function response.

(.

v

Figure 66 k=1 model

Figure 67 k=1 results

Using Simulink to produce the above results it can be seen the response is one that
climbs to its peak then stabilises. Therefore, producing an overall stable response.
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12.3

Below is the rearranged transfer function for for the minimum value of k. this will
allow the feedback to be stable.

6.5
s—04
6.5
Ye)__ G() __ 5-04
R(s) 14+ G(s)H(s) 1+ (S Eg4 X K)
6.5

s— 0.4+ (6.5 x K)
s—04+65K=0
s+ (65K —0.4)=0
s = —(6.5K — 0.4)
s = —65K + 0.4
s=04-65K
s=0=04—(65x00614)

Using MATLAB and a root locus this can now be confirmed.

simulink

clear all

num = [6.5];

den = [1 -0.4];
rlocus(num,den);

griﬂ

OV b WN e

Figure 68 Root locus code
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Root Locus

0.06 2 : 5 i
0997 (995 0.989 0.975 0.88
; i

0.04 0.999 3 System: sys
e ] | Gain: 0.0614
e ‘ { Pole: 0.000758
§ 0.02 { Damping: -1
a 1 : : ; : Overshoot (%): 0
) ooy B i ;
@ 0B 07 06 05 04 03 0.2 04 reauency ads) 0000758
= 1
o
£.002¢
o 1
(1]
E ;

0.04 10.999

0997 0.995 0.989 0.975. 0.88
-0.06
08 06 04 02 0 0.2 0.4 0.6

Real Axis (seconds™)

Figure 69 Root locus results
The results of the above root locus back up those of the theory and calculations.

124

Below three values of k were chosen to display the differences in stability.
k=3
s=04-65(3)= —-19.1

ady Sampie based T=10.000

Figure 70 k=3 results
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k=0.0614
5 =0.4—6.5(0.0614) = 0.0009

Figure 71 k= minimum (0.0614) results

ke = 0.007
s = 0.4 —6.5 (0.007) = 0.3545

Figure 72 k=0.007 results
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12.5

. Calculated
K value Pole Measured stability stability
3 -19.1 stable stable
0.0614 0.0009 unstable unstable
0.007 0.3545 unstable unstable

12.6

By looking at the polarity of the pole the stability of the circuit can be predicted.
Anything below the rearranged value for k of 0.0614 will make the system unstable
and any value over being stable, as seen in the graphical and table results above.
This is due to 0.0614 being the minimum feedback gain required for the circuit. The
higher values are stable because the pole is a negative value therefore positioned in
the left-hand sidagg@nce again as seen in all results above. 0.0614 has a linear graph
never stabilisi '5 @ refore this minimum is also unstable.
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Task 13 — DC Motor Model Analysis

131
Below are the DC motor model and circuits used throughout the task

Armature Armature
resistance v, inductance

Vi

Rotor inertia I,

Viscous damping b

1
- \
E—ai
Figure 73 DC motor mode!
Kly =
e —— . 9
g I T 1 r
l‘_.. K - 1 _‘:___ ke |- -t oo l- -
™ Ls +R Js+ 8

Figure 74 DC motor circuit

The transfer function, with the disturbance initially set to 0, is as follows.

Kwn?

G =
(s) $?2 + Scwn s + wn?

EJ28
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13.2
The equations below are those used to work out various characteristics and results
of a DC motor.

/A 15
No load speed (no friction)Qy, = X -0063" 238.1rad/s

KTVa

bR, + K7 K,
0.063 x 15

T (46 x 1076 x 15) + (0.063 x 0.063)

No load speed (with friction)Q =

= 237.68rad/s

(Ky xV,) (0.063 x 15)
Small Torque Ty, = R = 15 = 0.63 Nm

Rab) KrK,

Natural frequency w, = ( L L.

_ ‘/((1.5 x (4.6 X 10—6))) . ( (0.063 x 0.063) ) — 2,395 rad/s

)

((0.165 x 0.0042) (0.165 % 0.0042)

b, R, 4.6X10_6) 1.5
(TJ’L_a) (( 0.0042 +(0.165)

Damping factor T = Ixw, 2 %X 2395 =1.898
133
Below are the equations required to calculate the poles.
A=1
B = (b N Ra) _ (4.6x107° N 1.5\ 9.09
~\J La/  \ 0.0042 " 0165)
Rab KtKe 15x46x107° 0.063x0.063
C= = 574

Laj " Taj  0165x00042 T 0.165x00042
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Taking these answers and substituting into a quadratic formula will provide the
answers needed to plot on the argand diagrams.

—b+Vb? —dac _ —9.09+ /9.092 —4 (1) (5.74) _

—0.683
2a 2x1
Pole-Zero Map
1 T J T

0.8 | 1

D6
Capn System: sys
B 0o4r Pole : -0.683 -
5 Damping: 1
S 0.2 | | Overshoot (%): 0
LS Frequency (rad/s): 0.683
200+ 1
5]
£
Ol _
@ -U.4
£

06 o

0.8

o ) : : .
0.7 -0.6 0.5 0.4 -0.3 -0.2 0.1 0

Real Axis (seconds")

Figure 75 Pole-zero map results
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—b +VbZ —4ac _—9.09 + \/9.092 —4 (1) (5.74) _

= —8.409
2a 2x1
Pole-Zero Map
1 ; .
0.8 r
061
e System: sys
® 04 |Pole:-841
5 Damping: 1
§ 0.2 Overshoot (%): 0
= Frequency (rad/s): 8.41
;g O b rrreerrer——l G G G G R G SRR GGG R GG
g-u.z -
£
é’-[}
T o086}
08
9 8 T 6 5 -4 3 -2 = | 0

Real Axis (seconds")

Figure 76 Pole-zero map results

These plots being negative therefore in the left-hand pane, means the system should
be a stable one.

134
This is a model of the motor produced on MATLAB

1
0.00425 + 4.6 » 10°-6

1
o 0.165s + 1.5

Elec TF

L

Figure 77 Motor model
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135

T I | | I I[‘_| | I | Hil_

|z50— | | | ] | ! | |

L i i i e e e e e i o i

Ready

Figure 78 DC motor results

vevew

# ¥ Cursor Measurements ax
» Settings
| ¥ Measurements
Time Value
1] 6.028 2.334e+02
2] 9547 2373e+02
AT 35198 AY  3.860e+00
1FAT 28B4 192 mHz
AY [ AT 1.097 {is)

Sample baged T=10.000

These results show the speed and torque response over a 30 second time frame
when the armature voltage is 15V and no disturbance. Here the no load speed and

torque of the motor can be seen.
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Tl
T T il T IE ¥ Cursor Measurements "
I » Settings
260 — T : | ¥ Measurements
— . I Tirme Value
| I 1 14,903 23TTe+02
\ : 2 27.381 3.903e-02
I ar 12472 4AY  2.3T6e+02
|
| -
P I 7 1147 80178 miiz
: AY [ AT 18,083 jfs)
I
|
I
I
il ; il
I
I
I
|
I
I
100} } 8
I
I
I
|
I
I
8o} ! |
50 i
I
l
[
I
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Figure 79 Stall results

A theoretical stall torque was placed upon the motor at the halfway point of 15
seconds, the results are as seen above.

13.6
1.5 x 0.003
Loaded speedQ, = 15— (“oez ) =226.367ad/s
L 1.5 % (4.6 x 1079)
0.063

A theoretical load has been added to the motor, the results are analysed again with
and input of 15Vdc but a disturbance of 0.03NM added after 10 seconds of the
overall 20 running time. The speed and current can be seen in the results below.
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M2 ¥ Cursor Measurements ax
» Settings
* Maasurements

Time Vaiue

e ' . e
Figure 80 Load results
13.7
Calculated Simulated Error
No load speed .
(rad/S) 238.1 237.3 0.
Loaded speed
(Rad/S) 226.36 226.4 0.04

13.8

As can be seen it the table of results there is very little error when comparing the
calculated and simulated results, the little error could be due to rounding or human
error when placing the markers on the graph. These results conclude that when a
load is applied to the motor the speed will be slower. This then causing the current to
increase and the torque likewise to try overcome the disturbance and maintain the
motors speed. The stall torque seen above is the amount required to slow then stop
the motor. Frictignalaced upon the motor would ideally not affect the speed but it

does as prove f S




Task 14 — Proportional Speed Control System

14.1

Below the motor model has been placed into sub-system with a proportional (P). The
parameters have been set up according to the brief. A PID block set to only P has
been added to make sure the armature voltage is limited.

H—O—=—@— 5
Ot r{

Figure 81 Proportional model

14.2
The system was simulated as seen below with the value of kp changed 3 times.

B oL IERC SR i

8

16 T T T T T T -E: ¥ Trace Selection
|Sateystemz Rl |
) ¥ Cursor Measurements
1 Prorr—— = SR FURUNSS—— EE—— N,
¥ Measurermen s
Tiane Value
1 9.102
b i .’I I T T I 1 [l 2w
AT wETs Ay
11T 4 484 mHa
b Y 18T -

Ready Sampe teses Ottt [TeT.000

Figure 82 P results
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143
Each of the subsystem was tuned in order to get the best response, this was done
using the PID tuner as seen below.

Controller Parameters

Tuned Block
B 423703 1
| nia nia
D nia nia
N nfa nfa

Performance and Robustness

Tuned Block
Rise time 0.0178 seconds 0.16 seconds
Settling time 0 822 seconds 0 845 seconds
Overshoot 79.4% 194 %
Peak 1.79 112
Gain margin Inf dB @ Inf radis Inf dB @ Inf rad/s
Phase margin $39deg @ 618 radis 51.9 deg @ 7.87 radis
Closed-loop stability Stable Stable

| Cloze |
v
Figure 83 P value 1
4| Show Parameters - [m] X
C ;
Tuned Block

P 071342 0.71342

| nia nia

D nfa nfa

N nia na
Performance and Robustness

Tuned Block

Rise time 0.205 seconds 0.205 seconds

Seitling time 0.681 seconds 0.691 seconds

Overshoot 132% 132%

Peak 1.04 104

Gain margin Inf dB @ Inf rad/s Inf dB @ Inf radis

FPhase margin 60 deg @ 6.18 rad/s 60 deg @ 6.18 rad's

Closed-loop stability Stable Stable

| Close |

Figure 84 P value 2
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4 Show Parameters = m] bs

_COI'!II'OIIEI’ Parameters

Tuned Block
P 0.085369 0.085369
] nia n'a
D nia nia
- !

nfa n'a

Performance and Robustness

Tuned Block

Rise time 1.24 seconds 1.24 seconds

Settling time 2.25 seconds 72 25 seconds

Overshoat 0% [o%

Peak 0575 los78

Gain margin InfdB @ Inf rad’s linfdp @ Inf rad/s

Phase margin i 134 deg @ 0.618 radfs -134neg@ﬂﬁ13racr.-’s |
|Closec-loop stabiity | Stable | stable |

(ese
Figure 85 P value 3
14.4
Results from all three kp values are as follows.
Kp SSE % OIS Rise Time

42.3702 0 79.4% 0.0178
0.7134 10 13.2% 0.205
0.0853 60 0% 1.24

14.5

To conclude, all results were as expected considering the characteristics as the Kp
value decreased. As seen in the table above when the Kp value was tuned to the
highest the SSE was the lowest, the overshoot was the highest and the rise time the
lowest. The SSE value decreased as the Kp dec I, the overshoot also
decreased as the Kp did, but the rise time increaS&&®¥he table shows the optimal
value being 0.7134 as it has been tuned.
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Task 15 — Proportional-Integral Speed Control System

15.1

The same subsystem as used in the previous task was used but altered so that the
proportional controller used P and | to see the effects would have on the system. The
results after using the different values | and taking P as the tuned value for all are as
follows.

# Speed - o X |
File Took View Smulation Help x|
G- A0 ® - a- |- FA- |
T T T T T T J—.m ¥ Trace Selection ax||
L T | T T T Subsystem/3 v ]
¥ ¥ Cursor Measurements X
160|- | | > Settings
- ¥ Measurements
Time Value
ol . —l L L 1 9702 1.401e+02
2 21519 -
AT 1837 s ay
1200 1 - : T T i — 1747 B4.4B4 mHz
/ BY (AT -
100/ I
ol 1+
ol _
40 ;'. "
II.
|
- .'J -
ol o
o0 1 " 1 I 1 1 1
[] 1 2 3 4 5 L] T B 9 0]
Ready ‘Sample based | T=10.000

Figure 86 Pl results
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15.2

73

& Show Parameters a
Controller Parameters
Tuned Block
P 0.079938 0.079938
I 0.12065 0.12065
D nfa nia
N nia nia
Performance and Robustness
Tuned Block
Rise time 1.13 seconds 1.13 seconds
Settling time 4 41 seconds 4.41 seconds
Overshoot 123% 123%
Peak 112 112
Gain margin Ini dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 1.2 radis 60 deg @ 1.2 rad/s
Closed-loop stability Stable Stable
Close |
Figure 87 Pl value 1
: T Show Parameters — m]
C P. 1
| Tuned Block
P 0.11965 0.079938
It 0.056666 0.056666
|D nia nia
[N nfa nia
i
Performance and
! Tuned Block
Rise time 2.27 seconds 2.18 seconds
ISemmg time 6.33 seconds 38 seconds
| Overshoot 0% 0.0502 %
| Peak 0999 1
| Gain margin Inf dB @ Inf rad/s InfdB @ Inf rad/s
|Phase margin 90 deg @ 1.2 radls 83deg @ 0.872 rad/s
| Closed-loop stability Stable Stable
| Close |
Nntaied |
Figure 88 Pl value 2




15.3

4 Show Parameters

Controller Parameters

baas

Tuned |Block
P 0 ID 079938
| 0.15395 'D 15395
D |nfa ;n.'a
N |nfa !n.'a

|
e and

Tuned |8Iock
Rise time [0.963 seconas [0.961 seconds
Settling time [15.8 seconds i5 40 seconds
Overshoot (541 % ?183%
Peak [154 | 118
Gain margin [114d8@24rads  |InfoB @Infradis
Phase margin |21.6 deg @ 1.2 radis i52.8 deg @ 1.33 rad’s
Closed-loop stability | Stable Stable

[ Close |

Figure 89 Pl value 3

The results have once again been collected and placed in a table for comparison.

Ki SSE % OIS Rise Time Settling Time
0.1206 0 12.3% 1.13 4.41
0.0566 0 0.502% 2.18 3.8
0.1539 0 18.3% 0.961 5.49

The table of results shows that the higher the ki value the more it will overshoot. The
value of ki being higher also means the setting time will be higher but the rise time
will decrease as ki increases. Adding ki allowed the response to be a lot smoother

with less overshoot throughout and far lg
being 0.1206 as it has been tuned.

B 32
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Task 16 — Proportional-Integral-Derivative Speed Control System

16.1
Again, the same values and subsystem was used, but a PID controller as used and 3
different values used for Kd. The responses of these changes have been captured

below.
& Speed - o b 4
File Toals View Simulstion Help b
@-30r® - Q-0 F4
T T T T T T T T ILl 7 Trace Selection ax|L
160 ! | | ! | | 1 | | 2] |Subs)‘slem'3 > |
1 ¥ Cursor Measurements EES
- T — » Settings
a0 | r 4w | | — ! | —— b ¥ Measurements
4 Time Value
1 4702 14008402
/ 2% 21539 -
120 W T T T T T T T T 1 |[ar ters  av -
/ e
/ 1147 84.484 mHz
: AY [ AT -
100l 4 =
JI’
f.il
so|- /. a
I :
'
H
60|~ .
w0l f‘llf' | | | | ! .
I
Py |
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| | | 1 | | | |
L] 1 2 3 4 5 6 T 8 ) 10
Siendy Sample based | T=10,000

Figure 90 PID results
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16.2

|4 Show Parameters = a x
Controller Parameters
Tuned Block
P 0.09469 0.09469
| 0.10873 0.10873
D 0.0031557 0.0031557
N 136.724 136724
Performance and Robustness
Tuned Block
Rise time 1.25 seconds 1.25 seconds
Settling time 4.59 seconds 459 seconds
Overshoot 7.08 % 7.08 %
Peak 1.07 1.07
Gain margin Inf dB @ Inf radis InfdB @ Inf rad/s
Phase margin 69 deg @ 1.2 radis 69 deg @ 1.2rads
Closed-loop stability Stable Stable
Close
Figure 91 PID value 1
[ Show Parameters =5 o X
Controller Parameters
; Tuned Block
P 0.09469 0.09469
I 0.10873 0.10873
D 0.0031557 0.019238
N 136.724 25308
Performance and Robusiness
Tuned Block
Rise time 1.25 seconds 1.36 seconds
Settling time 4 50 seconds 5.1 seconds
Overshoot 7.08 % 572%
Peak 1.07 1.06
Gain margin Inf dB @ Infradis InfdB @ Inf rad/s
Phase margin 69 deg @ 1.2 radis 76.6 deg @ 1.18 rad's
Closed-loop stability Stable Stable

Figure 92 PID value 2
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4 Show Parameters

Controller Parameters

Tuned Block
P 0.090201 0.094569
i 0.10887 0.10873
. D -0.00065973 -0.00065973
N 136.724 136.724
Perf and Rob
Tuned Block
.Rse time 1.18 seconds 1.17 seconds
; Settiing fime 4 53 seconds 3 47 seconds
Overshoot 8% 7.15%
[Peak 108 1.07
Gain margin 42.8dB @ 32.8 rad/s 429 dB @ 33.8 rad/s
| Phase margin 66.1 deg @ 1.2 rad’s 67.4 deg @ 1.22 radis

' Closed-loop stability

Stable

Stable

[ Close]
Figure 93 PID value 3
16.3
Kd SSE % OIS Rise Time Settling Time
0.00316 0 7.08% 1.25 4.59
0.1923 0 5.72% 1.36 5.1
-0.0006 0 7.15% 1.17 4.47

From the results above, now kd has been added, the response is even smoother
with a relatively even amount of o/s, rise time and settling time across the 3 selected
values. The graphical results show that having a PID controller allows the system to
be controlled to its optimum as all the results are close when rising, overshooting
and to where and when they settle, as well as to the values they settle at. The table

shows the optimal value being 0.00316 as it has been tu
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Task 17 — Controller Comparisons
17.1

The system here was changed so that one controlled P, one Pl and the other PID.
All three controllers were in parallel sharing the same input and scope. The purpose
of this is to compare the effects of the controllers’ improvements. All results are as

seen below.

& Spesd - o x
| Fle Tooks View Simulsion Help ¥
18- QP ® - &-|[C-|FH-

T T T T T T T T T Ii"—.m ¥ Trace Selection nx | ]
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Figure 94 P, | and D resuits
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17.2

[4] Show Parameters - [m} x
Controller Parameters
Tuned Block
P 071342 0.71342
| nla nia
D na nia
N na nia
Performance and Robustness
Tuned Block
Rise time 0.205 seconds 0.205 seconds
‘Sedtlling time 0.691 seconds 0.691 seconds
Overshoot 132% 132%
Peak 104 104
Gain margin Inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 6.18 radis 60 deg @ 6.18 radis
Closed-loop stability Siable Stable
Close |
Figure 95 Just P
"4 Show Parameters == ] X
Controller Parameters
Tuned | Block
P 0.079938 :0.0?9938
1 012065 |0.12085
D nia |na
N nia |na
Performance and Robustness
Tuned | Block
Rise time 1.13 seconds | 1.13 seconds
Settling time 441 seconds |4.41 seconds
Owvershoot 123% ;12 3%
Peak 112 l1.12
Gain margin Inf B @ Inf rad/s |Inf dB @ Inf rad/s
Phase margin 60 deg @ 1.2 rad/s |60 deg @ 1.2 radis
Closed-loop stability Stable | Stable
| Close

Figure 96 P and |
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4 Show Parameters ] O X
Controller Parameters
:Tunecl Block
|P | 0.09469 0.09469
[ |0.10873 0.10873
iD 0.0031557 0.0031557
[N [136.724 136.724
ESOmeance nnd Rabusineys
| :Tuned Block
| Rise time 125 seconds 1.25 seconds
;_‘Stawmg time 459 seconds | 4.59 seconds
| Overshoot |708% 7.08 %
|Peak [107 107
|Gain margin [inf dB @ Inf rad/s Inf dB @ Inf radis
;i’hase margin 159 deg @ 1.2 radis ) deg @ 1.2radls
| Closed-loop stability | stable Stable
| Close |
Figure 97 P, | and D
17.3
The results from the 3 are as seen in the table below.
Kp Ki Kd SSE % OIS Rise Time | Settling
Time
0.71342 X X 10 13.2% 0.205 0.691
0.07993 | 0.1206 X 2 12.3% 1.13 4.41
0.00315 | 0.1087 0.0031 0 7.08% 1.25 4.59

The differences can be clearly seen between the 3 controllers and are displayed
both in the table and the graph above. Using only P to contral, the results never
reach the setpoint required therefore having a high SSE. When Ki was added, the
system got far closer to the setpoint required but still had a large amount of
overshooting which needs to be controlled further. Lastly Kd was combined with Kp
and Ki allowing the system to reach the setpoint without any SSE, as well as having
less overshoot. It sacrifices the rise and settling time to do so but not majorly
compared to that of Pl. To conclude using P only means the system is too hard to
control and the correct response will never occur. The results also showing that P is
unsuitable to a system where a disturbance is applied. Pl provides an overall better
control due to it being able to stop closer to the setpoint and does so whilst
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overshooting less. However, it does so by taking longer than that of just P. PID
allows takes the benefits of both previous combined with Kd to allow it to reach the
setpoint with little overshoot, be an optimised result. The addition of d allows the
disturbances to be consusing error. Although PID is by far most accurate a
decision of what is requifed™would rely upon the accuracy require from the system.
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Task 18 — Overall Conclusions and Recommendations

During the assignment further knowledge of various aspects of electrical principles
was gained. To complete the tasks software such as multisim, MATLAB and
Simulink were used to compare measured results against calculated. RL, RC and
RLC circuits were analysed during the beginning tasks using Laplace transforms and
the transfer function.

From the tasks including high and low pass filters it was learnt that each differently
are useful at only letting certain frequencies through. Each circuit respectively
measure the roll-off at the relevant dB as demonstrated throughout. The design of a
high pass filter only allows high frequencies to pass through after the 3db point, with
a low pass being the opposite response.

The major effects a damping factor have on circuits can been seen between tasks 5-
8. Over and under damped having opposite effects in the way of over moving slowly
towards the equilibrium and under moving much faster towards it but will oscillate at
the setpoint. It was found a system that has no damping will never make the
equilibrium and when it reaches a steady point it will oscillate at that value. Critically
damped was seen to be the most effective (figure 23) as it efficiently reaches the
equilibrium and does not oscillate at it. By varying the resistor value the effects this
had were reordered and compared.

Through task 9 and 10 frequency performances in electronic systems were
analysed. The graphical results seen here were similar to those of 3 and 4 due to
both acting like a high/low pass filter. The circuits of 9 and 10 were improved by
adding an Op amp allowing further control and amplification.

Task 11 focused on frequency performance analysis of a sallen & sey 2 nd order
filter. This second order circuit was measure at -40dB and was more selective with
frequencies were allowed to move through due to its steeper roll-off.

From task 12 it was learnt that the stability of the system depended upon the poles
positioning. Poles in the left-hand pane therefore a negative value and higher than
minimum value were stable when measure. Those at or lower than the minimum was
proved unstable and positive.

The results conclude, in task 13, that when a load is applied to the motor the speed
will be slower. This then causing the current to increase and the torque likewise to try
overcome the disturbance and maintain the motors speed. The stall torque seen
above is the amount required to slow then stop the motor. Friction placed upon the
motor would ideally not affect the speed but it does as proven when tested.

Tasks 14 to finish were all about PID setting and control. It was found throughout
that the tuned values across P, | and D were most effective across the measured
results in terms of control. The system got better and more controlled as | was added
to P and further when all 3 were combined. This was proven in the results tables
collected as the tasks progressed. To conclude these the type of controller best
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fitting would be that of the PID, but when selecting would depend on the level of
accuracy required. This is due to expense of a PID.

A recommendation would be is to use the installed version of MATLAB only due to
the complications encountered using the online version. On MATLAB instead of
placing cursors typing the selected value of where they should go would improve
accuracy of the results is a further improvement that could be made. Further
investigations into filters could be carried out by looking into a 3™ or 4" cascades
instead or as well as the 2" order.
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