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Task 1

11

R1
‘ A — ~:
1300
: L1 :
Vo 30.03H Vout

Figure 1 RL circuit
This is a transient analysis of a first order RL electrical circuit.
These are the values used for this task

R=130Q L=0.03H

L 0.03
Tau—;—m—23lus

1.2
R
A
1300
sL
U(s) 30.03H Y(s)

Figure 2 Laplace form

sL __ 0.03s
SL+R  0.035+130

Laplace formula=H (s) =




13

task1.m

1 s=tF ("s");

2 system = 0.03%*s/(0.03*%s +130);
3 step (system);

4 grid on

5 I

Figure 3 Mat Lab code

Figure 1

Step Response

0.9F .
08F .
0.7} E
06F i
L
=
=
s05r ¥l
=
<04l .
-
. System: system
03r Time (seconds): 0.000231 7
Amplitude: 0.368
0.2F .
0.1 E
0 : \ ; ] i
0 0.2 0.4 06 0.8 1 1.2 14
Time (seconds) x107
Figure 4 Mat Lab graph
1.4
Calculated simulated Error
Tau 231uS 231uS 0s
1.5

It is clear to see from the results that there are no errors. The response is an exponential decay, as
the circuit is first order, e ™! = 0.368. That is whﬁas been measured at this point on the graph.
This proves the analysis.

10




Task 2

This is a transient analysis of a first order RC electrical circuit.

2.1
R1

2kQ)

Vout c1
100mF

T

Vout

Figure 5 RC circuit
These are the values chosen for this task.
R =2000Q C=100mf

Tau = RC = 2000x100x1072 = 200s

2.2
R
AAN—
2kQ
1/sC
U (s)

100mF Y(%)

Figure 6 Laplace form

1 1
Laplace formula=H (5) = =

RCs+1 - 2000x1 +1
B4

11




2.3

Figure 1 x| +

Step Response

0.7F

Amplitude
o o
w [#}]

(=]
E=
T

o
w
T

0.2}

01

e

System: system

| Time (seconds): 200
0 Amplitude: 0.632

I 1 1 1

L L I

Figure 8 Mat Lab graph

100 200 300 400

500 600 700

Time (seconds)

task2.m x| +

1 s = tf
2 system
3 step (
4 grid o

Figure 7 Mat Lab code

2.4

("s");

= 1/((2000) * (8.1)*s +1);

system);
n

800

900

1000

Calculated

simulated

Error

Tau

200s

200s

0s

2.5

It is clear to see from the results that there are no errors. The response is an exponential decay, as

the circuit is firs
proves the anal

, 1 — e~ 1=0.632. that is why tau has been measured at this point. This
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Task 3
3.1

sL
uGs) 30.03H Y(s)

Figure 9 Laplace form of an RL circuit

This is a frequency performance analysis of a first order RL electrical circuit.

The values chosen are, R = 13000 L = 0.03 H

Cut-off frequency = wc = % = % =4333.3 Rad/S
. 1
o S
Laplace formula = H (S) =g—-= —
—+1 S+we S+ 4333.3
aoc
3.2
task3.m
1 se=wtE: (S5 )
2 system = s / (s+ 4333.3);
3 bode (system);
4 grid on;
5 |

Figure 11 Mat Lab code

Magnitude (dB)

Bode Diagram

-

| System: system

Freguency (rad/s). 4.33e+03
Magnitude (dB): -3.01

35 -

_40 L PR sl P PP "

Figure 10 Mat fab graph, magnitude at natural frequency

13




90 T

Phase (deg)
&
1

System: system

Freguency (rad/s): 4.33e+03

1 Phase (deg): 45

=
T
L

Figure 12 Phase shift at natural frequency

Frequency (rad/s)

System: system
Frequency (rad/s): 136
| | Magnitude (dB): -30.1
L~

351

25+

Magnitude (dB)
T

System: system

Frequency (rad/s): 1.44e+03
Magnitude (dB) -10

. : -

Figure 13 roll off

3.3
Calculated Measured
we 4333.3 Rad/S 4333
Phase 45 ° 45 °
Roll off 20dB 20 dB
3.4

Due to the lay out of the components, this is a high pass filter. This only allows high frequencies to
pass, after the 3dB point. There aren’t any errors. Therefore, confirming the analysis. The phase shift
at natural frequency is 45°. Because it is a first order circuit the roll of is 20dB.

14




Task 4

4.1
This is a frequency performance analysis of a first order RC electrical circuit.

R
AAA,
2kQ
1/sC
U (s)
100mF Y(s)

Figure 14 Laplace form RC circuit

R =20000 C=100mf

1 1
Cut-off frequency = wc = R = 2000 % 100%10% — SmRad/S
1 3
1 - we 5x10~
Laplace formula= H (S) = = T = =
wetl —4we S+we s+ 5x1073
[filn
4.2
task3.m taskd.m
1 s = tf('s");
2 system = 5*18~-3 / ((s) 4 5*10~-3);
3 bode (system);
4 grid on;

Figure 15 Mat Lab code

Bode Diagram
T
\; H- -
System: system
=T Frequency (rad/s): 0.005 7
Magnitude (dB): -3.01

Magnitude (dB)
o

Figure 16 magnitude at natural frequency

15




Bode Diagram

(IJI
T

__ 10

Magnitude (dB

System: system
Frequency (rad/s). 0.0152
.r.-‘lagnitude (dB): -10.1

System: system
Frequency (rad/s): 0.16
.Magnitude (dB): -30.1

.~

Figure 17 Roll off

5 .

Phase (deg)
5

System: system
Frequency (rad/s): 0.005
 Phase (deg): -45

]
IS

Figure 18 Phase shift at natural frequency

Frequency (rad/s)

107

107

4.3
Calculated Measured
wc S mRad/s S mRad/S
Phase =7 degrees 45 degrees
Roll off 20dB 20 dB
4.4

Due to the lay out of the components, this is a low pass filter. This only allows low frequencies to
pass, before the 3dB point. There aren’t any errors. Therefore, confirming the analysis. The phase
shift at natural frequency is 45°. Because it is a first order circuit the roll of is

16




Task 5

Transient performance analysis of a second order series electrical circuit.

51
R1 L1
: Sl 0.2H
Cc1
==50pF
Figure 19 RLC circuit
These are the components values that have been chosen.
R=40L=02 C=50uF K=1
5.2
sl
o 02H | 3
1/sC
U (s)
504F Y(s)

Figure 20 Laplace for RLC circuit

K Wn?

H(s)252+ 2¢Wns + Wn? -
E19

53
To calculate natural frequency and the damping factor these equations are used;

1 1
Natural frequency = Wn = AR T 316.23 Rad/S

Each circuit will have the same natural frequency.

Damping factor = ¢= ; %

17




Underdamped

R |C 4 [50x10-®
Damping factor = ¢= i A 0.03

K Wn? 1x316.232
H(s) =3 PR P
52+ 2¢Wns +Wn s2+((2x0.03x316.23)x s) + 316.23
Overdamped
Damping factor = ¢ = & € _ 280 [50x10°
amping acor—(;—z .- 3 02 = 2.
K Wn? 1x316.232
H(s) =

s2+ 2¢Wns+Wn? 52 4+ ((2x2.22 x316.23)x 5) + 316.232

Critically damped
To attain a critically damped circuit. The damping factor must equal one. By rearranging the damping
factor equation for resistance and using zeta as one. This can be made possible.

R_th;_ 2x1
- ., 50x107°
D 02

. R | _ 12649 [50x10-°
Damping factor = ¢ =2—\E= - ’JT =1

K Wn? B 1x316.232
s2+ 2¢Wns+Wn® 2+ ((2x 1 x31623)xs) + 316.232

= 126.49

H(s)=

No damping
The number 0.000001 2 was used to attain a damping factor of close to zero.

R |C  0.000001 [50x107°

Damping factor = ¢ = 71z 5 - 79.05x107°

K Wn? B 1x316.232
s24 2gWns+Wn® 52+ ((2x79.05x 10~ x316.23)x s) + 316,232

H(s) =

18




5.4

Underdamped
1 s = tf('s');
2 system=316.2372/(5"2 + 18.97%5 + 316.2372);
3 step (system);
- grid on;

Figure 21 Mat Lab code

Slep ResponsY

|
14H{ {1 ||
= ““ p | 1
g‘, 1{ " |I || |i ilrl% Illll |1|"||| Ep'ijlwnl.uﬂuf‘.l r”‘ J’\f\u.r\
E YV 5 |
B ‘H'U Il
e ‘| || 1
Vl“ |

Time (seconds)

Figure 22 Underdamped

Overdamped

s = tf('s");

system=316.2342/ (52 + 1397.74%s + 316.23/2);
step (system);

grid on;

B w N

Figure 23 Mat Lab code

Step Response

L
08
B
508 /
£ i
04 /
A/
/
a rlI."
aiff
1/
0
0 001 0.02 003 04
Time (seconds)

Figure 24 Over damped

19




Critically damped

1

2
=)
a

= tf(’s");

system=316.23~2/ (5*2 + 632.4%s + 316.23°2);

step (system);
grid on;

Figure 25 Mat Lab code

Step Response

-

| Figure 26 Critically damped

system=316.2372/ (s"2 + 5.000003522*18°-€ *s + (316.2372));

- /
2 /
/
11 "lfl
R e
No damping
1 s =:4F"5")5
3 step (system);
4 grid on;

Figure 27 Mat Lab

_ Amplitu de

5.6

05 1 15 2 25 3
Time (seconds)

Figure 28 No damping

Resistor values( £2)

Damping factor( )

Effect

4 0.03 (¢ <1) Underdamping
280 2.22 (¢ >1) Overdamping
126.49 1397.74(c = 1) Critically damped

0.00001 79.05x 10~%(c = 0) No damping

20




5.7

All analysis has been confirmed by the production of the graphs. The damping factors clearly effect
the circuits and their properties. As this was a second order circuit, i geowing. The critically
damped had no overshooting. The no damping had oscillations and “each equilibrium. The
over damped circuit slowly grows to equilibrium, but not quite. Underdamping moved quickly to
equilibrium but overshot and d for time.

Task 6
6.1
R1
AN~
550
Cc1 L1
==50pF 0.2H

Figure 29 RLC circuit
These are the components values that have been chosen.

R=550L=02C=50uF K=1

6.2
R
A
550
11sC i
Us) 02H  Y(s)

50pF

JHEES ;

Figure 30 Laplace form RLC circuit

1

__ S*me = Kwnm®
As H (S) - SZ+(%X s)+L_1C and H (S) T s2+2 ¢ Wn s+Wn?

be swapped to form this equation.

are equal, the dom 12 &

SX 5=

. RC
Transfer function = H(s) = -[:]
fer f s2+ 2¢Wns +Wn? 13

6.3
To calculate natural frequency and the damping factor these equations are used;

1

1
Natural frequency = Wn = E o 316.23 Rad/S

Each circuit will have the same natural frequency.

Damping factor = ¢= ﬁ\[%

21




Underdamped

R = 550 __ ! 02 _ 0.575
- $=2x55 |50x106
1 1
SX Rje _ SX S5 x50x10°0

H(s)= 7= 2
524+ 2 ¢Wns+ Wn s2+(2x0575%316.23 x s)+316.23

Overdamped

R =40 L 92 _ 7.90
- S=2x4 [s0x10¢ "
1 1
S¥re _ SX Iys0x10°°

H(s)= 7 - 2
524+ 2¢Wns+Wn s2+(2x79x316.23 xs) + 316.23

Critically damped
To attain a critically damped circuit. The damping factor must equal one. By rearranging the damping
factor equation for resistance and using zeta as one. This can be made possible.

R—l L_1 0.2 — 31620
“2.c” 2 |50x10-¢ " T

1 02
5T 2x31.62 .|50x10-5

1 1
H(s) = S*RC _ ** 3162x50x10°
2+ 2¢Wns+Wn?  s24(2x1x316.23x5s) + 316.23°
No damping
R = 2500 ! 02 0.126
- ST 2x250 J50x10-6
1 1
H(s) = SX RC _ SX 250x50x10°¢
s2+ 2¢Wns+Wn? 524 (2x0.126x316.23x5) +316.23°
6.4
Underdamped
1 s =tFf{ 8]

system = s * (1/55*50*10~-6)/ (5"2+(2%0.575%316.23%s)4316.23"2);
step (system);
grid on;

Bw N

Figure 31 Mat Lab code

22




Step Response

Amplitude

o
h L i L

0.02 0025 003 0035 0.04 0.045

Time (seconds)

-2 -
0 0.005 001 0.015

Figure 32 Underdamped

Overdamped
1 s = tf("'s");
2 system = s * (1/4%50%10%-6)/ (s°2+(2%7.9%316.23%5)+316.2342);
3 step (system);
-+ grid on;

Figure 33 Mat Lab Over damped

Step Response
10°?
2.5
\
\
2\
1.5 .Il"
8 \
=
E, Y
< 4 3
0.5
V'J‘ 0.05 01 0.15 0.2 0.25 0.3 0.35

Time (seconds)
Figure 34 Overdamped

Critically damped

1 s =tf("'s");

2 system = s * (1/31.62*50%10~-6)/ (s~2+(2*1}316.23*5)+316.23"2);
3 step (system);

4 grid on;

Figure 35 Mat Lab code

23




Step Response

, =108
181 )
|'II A
/
i
| 1
141 |
A\
@l2 \
= A
S | \
= H \
£ | \
<Lpat \
|
0.6 \
il
ar} B
\H\ﬁ-.
0 0.005 001 0015 002 0025 003 0035 0.04
Time (seconds)
Figure 36 Critically damped
No damping
1 s = tf("s");

system = s * (1/250*50%*10~-6)/ (5"2+(2%0.126%316.23%s)+316.23"2);
step (system);
grid on;

BowoN

Figure 37 Mat Lab code

Step Response

6 T T T T

Amplitude

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Time (seconds)

Figure 38 No damping

24




6.5

Resistor values( £) Damping factor( g ) Effect (check)
55 0.03 (¢ <1) Underdamping
4 222 (¢ >1) Overdamping
32.62 1397.74 (¢ = 1) Critically damped
250 79.05x 107%(g = 0) No damping

6.6

The critically damped had no overshooting. The no damping had oscillations and will not reach
equilibrium. The over damped circuit slowly grows to equilibrium, but not quite. Underdamping
moved quickly to equilibrium but overshot and oscillated for time. As this was a first order circuit, it
was decaying. All analysis has been confirmed by the production of the graphs. The damping factors

clearly effect the circui eir properties.

Task 7
R
i L1
40 0.1H
; 1/sC ;
U(s)
=L 50pF Y(s)
Figure 39 Laplace form
7.1
This is the transfer function used;
sx Y P S—
Transfer function = H (s) = Lc 1 = R 01X50X 110_6 El 15

2 el 2 -
SSrT st STtorstoixsoxios

1

isi =we = ——
This is the cut-off frequency = we = Tic

This is the max frequency for no damping

i_i(ﬁ)z - J;_i(i)z = 446.32Rad/S

Lc 2\L 0.1 X50X 1076 2701

Damping factor = ¢ = % %

25




Underdamped

R =400 Gai L 0.1 =112
= an =plcT %0 /50x10°6

1 1
H(s) =— o LC _ _ _ °*0IX50X10°
R S TR Y
L LC 0.1 0.1 X50X10°°
b _ cor — 40 50){10‘57044
amping factor = ¢ = 7 01 =0.
Overdamped
R = 1500 Gai S L 0.1 =0.30
= @n =R |t~ 150 (S0x10°
sx Sx i
_ IC _ _ 0.1X50X10°6
H()=——F"71 =150 1

2 k. — 2 .
stHpstie STtoT Stoixsox10°

150 [50Xx107°
Damping factor = ¢ = > |01 = 1.68

Critically damped

L ) 1 |L 1 0.1
R=2|-=2|———=289440 Gain =— |-= —— |[———==0.50
c RC 8944 |50X 10
H(s) = ~IC _ _ 0.1X50X10°
O)=——7F 17 89.44 1
s2+rs+ym  st+—gas+
L>"TLC 0.1 0.1X50X 10°¢
b _ . 89.44 (50X 107° 100
amping factor = ¢ = G 01 = 1.
No damping

1
SX == SX s
H (s) LC _ 0.1X50X10

5, R 1 . 4 1
2 . 2 .
s +—5+LC s+ s+

01°>"01X50X10°°©

26




7.2
This is the MATLAB code;

1 s = £tF('s");

2 systeml = 200000/ (s~2 + 4@0*s + 200000);
3 bode (systeml);

4 grid on

5 hold on

6

7 s = tf('s');

8 system2 = 200000/ (s"2 + 1500%s + 200000);
9 bode (system2);

10 s = tFf('s");

11 system3 = 208000/ (s"2 + 400%s + 200000);
12 bode (system3}3|

13 s = tf('s");

14 systemd = 208008/ (s"2 + 894.4%s + 200000);
15 bode (system4);

16 s =EF('8")s

17 system5 = 200000/ (52 + 300%s + 200000);
18 bode (systemS);

19 s =tf('s’);:

20 systemé = 2000008/ (s*2 + 550%s + 200000);
21 bode (system6);

22

23 grid on

Figure 40 Mat Lab code

Magritude (48]

b

| syster: sysenes
Froquancy irmdif 447
| Phasa (degl:-60

¥

Phasa (deg)

Frequency (rad's}

Figure 41 Locus and phase shift
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This is the phase shift at the cut off frequency of 447 Rad/S

0

System: systemB
.o || Frequency (rad/s): 447 3
Ul Phase (deg): -90

A
o

Phase (deg)
©
=]

i
-
L
o
T

-180 ' ’
10° 101 102 103 10* 10°
Frequency (rad/s)

Figure 42 Phase shift

This is the roll off, when measuring a decade. The roll off should be -40 dB in a second order circuit.

Syslem: systemb
Frequency (rad/s). 9.93e+03

Magnitude (dB): -53.8
. = -

—| System: systemb
Frequency (rad/s). 9.91e+04
Magnitude (dB): -93.8

Jl 1 | | RN Y [ U .

Figure 43 Roll off
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7.3

System: system1

Frequency (rad/s). 447

Bode Diagranm Magnitude (dB) 21

11 T T
/
/ | System: system3

System: syslem4
Frequency (rad/s). 447

Frequency (rad/s): 447
Magnitude (dB): 0.969 [

— Magnitude (dB): -6.02 ——"

System: system2
Frequency (rad/s). 447
Magnitude (dB). -10.5

Log20(Q) = Magnitude dB
Underdamped
20L g =098 dB
]
Overdamped
20Log(0.30) = —10.46dB

Critically damped
20Log(0.5) = —6.02dB

No damping
20Log(11.1) = 209 dB

Figure 44 Gain

Measured values at the cut off | Calculated values at the cut off
frequency (magnitude Db) frequency (magnitude Db)
Underdamped 0.97 0.98
Overdamped -10.5 -10.46
Critically damped -6.02 -6.02
No damping 21 20.9

7.4

It is clear to see that all measured and calculated value have been confirmed. There may be small
difference due to rounding errors, with the biggest magnitude error of 0.1dB. In figure 44, be
changing the value of the resistance, the damping factor varies, thus creating a Ioam. By

decreasing the value of R, the magnitude increases. This is a low pass filter, theref&He

smaller frequencies can be passed, before the cut off frequency.
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Task 8

R
SAA
55Q
1/sC sl
U (s)
=—=50pF 0.2H. . Y(s)

Figure 45 Laplace form

8.1

These are the frequency performance parameters for the circuit;

C 1
R

1 1
Wo=——=———— =316.23 Rad/S
VLC V02x50x10-¢ /
1
F=%e
sp
Hs) = s24+ sf+ Wo?
R=550
1 1

= RC ™ E5x80x 106 S036Hz

R c 50x10~° 087
Q= L T 02

Wel = 1 1 1
Ad=-7rct (ZRC) +(E)

B 1 1 2 1
T 2x55x50x10-6 + (2x55x50x10“‘) + (0.2 x5(}x10_5)
= 134.70Hz

wez=tr (1) + (L)
““=2rc " |\2rC LC

1 1 2 1
= = 498.33H
2x55x50x10-° + J(2x55x50x10“‘) * (O.Zx 50x10‘f‘) z
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R=410Q
1 1

~RC " axs0x106 000Kz

R c 50x10-¢ 006
Q=R |;=4|—F5—=

Wel = — —— 1y, (1
AA==2rc™ (ZRC) (LC)

1 1 2 1
= T 2x4x50x10-5 + J(Zxd-xS[]xlO“‘) + (0.2 x50x10_“) = 199Hz

We2 = — Ly, (L
2=7rcT (ZRC) +(LC)

1 1 2 1
= Zxdx50x10-6 | J(2x4x50x10‘6) * (0.2 x50x10—6) = 5019.92Hz

R=31.62(

1 1
= ———————=63251 Hz
3162x50x 10-¢

Q=R |-= 3162 50x107°
B 02

Wel = 1+(1)+(1)
“="2rct |\2rC Ic

1 1 2 1
~ 2x31.62x50x10°¢ + J(2x31.62x50x10‘5) + (0.2 x50x1[]“‘)
= 130.97Hz

We2 = — LA
““=%rct (ZRC) +(LC)

1 1 2 1
T 2x31.62x50x1076 + J(2x31.62x50x10‘°) + (0.2 x50x10‘°)
= 763.48Hz

31




R=250 0
1 1

“RC 3162x50x10°6

R |—= 250 50x1078 =3.95
0= 02

Wel 1 12 1
A=-2rct (ZRC) +(E)

=80Hz

1 1 2 1
- 2x250x50x10-6 + J(2x250x50x10_5) + (0.2 xSDxlﬂ_ﬂ')
= 278.75Hz

wez =+ |(1) 4 ()
““=2rc " |\2rC LC

B 1 1 2 1
T 2x250x50x10-¢6 + (2x250x50x 10"3) + (0.2 x50x10‘6)

= 358.74Hz
8.2
R=550
L1 s = tf('s');
2 systeml = s * 363.6/ (s"2 + 363.6%s + 316.23°2);
3 bode (systeml);
4 grid on
5 hold on|

Figure 46 Mat Lab code

‘, \'.
System: system1 System: system1
i Frequency (rad/s) 184 Frequency (radls): 545
=10 Magnitude (dB) -3 Magnitude (dB) -3

Magnitude (dB)
o

. System: systam1
N Frequency (rad/sy 316
‘-\ Phase (deg): 0.212
-
X

Phase (deg)
=]

10! 102 103 104 Figure 47 250 ohms
Frequency (rad/s)
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£ ="E"')z

systeml s * 5000/ (52 + 5@68}"5 + 316.23/2);
bode (systeml);

grid on

hold on

L IS I T S T )

Figure 48 Mat Lab code

0 —
| ../" "‘\..
. System: system1 System: system1
% Frequency (rad/s): 20 | | Frequency (rad/s) 5e+03
~  Magnitude (dB) -3 Magnnitude (dB): -3
o
£y o R— N |
2 / e
= o \ J
& -20 / Y
= \
25 ¢
_3[.!
o0 ——— T T
de b By N System: system1
= " . Frequency (rad/s). 318
g \ Phase (deg): -0.0311
0 T
= %
& st s 1
\'\.
e
90 e
10° 10 102 108 10? 10°
Frequency (rad/s)
Figure 49 4 Ohms
R=31.6210Q
1 s = tf('s");
2 systeml = s * 632. 51|/ (5*2 + 632.51%s + 316.23"2);
3 bode (systeml);
- grid on
5 hold on

Figure 51 Mat Lab code

System: system1

System: systam1

@ Frequency (radis): 131 Frequency (radis) 761
o -of Magnitude (dB ) -3 Magnitude (dB): -3 1
g 8 i L5 < |
§, A5 ps o : |
= o \\
2ot '/’ 1
/ |
} |
=25
90 ——
e Sysh lem1
a5 | > ystem: syskem
5 \\\ Frequency (radis) 316
Fi ~
=N '\\ Phase {deg): 0.0654
g of . 1
a k.
T ™
45 ‘\\ 4
-0 - - ——
10 102 10° 104

Figure 50 31.63 Ohms




R=25010Q

1 5 = t'f('s‘ H

2 systeml =

3 bode (systeml);
4 grid on

5 hold on

Figure 52 Mat Lab code

u ¥ \.
i System: syslem1 System: system
E.' : Frequency (rad/'s): 279 Frequency (rad/s) 359
= Magnitude (dB ) -2.99 Magnitude (dB) -3
20 , :
% e ~ "
= - o
€ .30 o o)
g e
= —~ g
40 b ""-..1
50
a0 —r—
o Y | Syslem: system1
'@ \ | Frequency (rad/s): 316
h=h Phase (deg): -0.0624
0 P ——————
g '.
& \
-45 \
N
a0 o
10 107 10°

Frequency (rad/s)

Figure 53 250 Ohms

8.3

Calculated values

\
Fs
s * 80/ (s*2 + 80fs + 316.2372);

Resistance (1 Wo (Hz) Lower cut off Upper cut off b (Hz)
frequency (Hz) frequency (Hz)
4 316.62 199 5019.9 5000
31.62 316.62 130.97 763.48 632.51
55 316.62 134.70 498.33 363.60
250 316.62 278.75 358.74 80
Measured values
Resistance (1 Wo (Hz) Lower cut off Upper cut off £ (Hz)
frequency (Hz) frequency (Hz)
4 316.62 20 5003 4983
31.62 316.62 131 761 630
55 316.62 184 545 363
250 316.62 279 359 80
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The measured bandwidth has been calculated by ded =19 e two -3Db points on the Mat Lab
graphs.

8.4

Conclusion

This decreases the bandwidth. This means that the circuit is more selective with a higher resistg & 20
At resonant frequency of 316 Rad/S, a phase shift of 0°is seen. Most calculated and measured values
match up other than some errors due to rounding and not being able to get on the -3-dB point on Mat
Lab. At a resistance of 55 Ohms, the cut off frequencies don’t match up, but the bandwidth surprisingly
almost perfect. This may be an anomaly.

From reading the results taken, it is clear that as the resistance of the circuit has been increase

Task 9
9.1 S 21

A value of 400nF has been chosen.

c1

——
400nF
R1 : R?
BT A — =
1kQ 20k0)

um
:1

Figure 54 capacitor value chosen

9.2

These are the cut off parameters.

Calculations
20000
~ 1000
1
We = 200 x 10-9x 20000 — 120 Rad/s
) We 125
Transfer function = —k Py Wc] = =20 (—s+ 125)
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This is the mat lab code

1 s = tf('s");

2 systeml = (

3 bode (systeml);
- grid on

5 hold on

Figure 55 mat lab code

-2 (125 [ {5+ -225)});

Bode Diagram - o™
- s A80@a0
T L T
1 e System: system1
System: system1 = 28 F?equenc:‘(mds' sk
== ai Frequency (rad/s): 1.33 System: system1 . = Mz 3 =1
o S agnitude (dB) 15.5
o Magnitude (dB): 26 Frequency (rad/s) 125 ~q
= Magnitude (dB): 23 .
S 1w .5 |
.
& System: syslem1
= ok Frequency (rad/s): 4 2e+03 A
; Magnitude (dB): -4.5
.
N
10 L L .
180 ——r—r T
i
e r
. System: system1
g o ¥ Frequency (rad/s) 125
= ™ «_| Phase (deg): 135
o 135 . A
2
o N
i
E=ifl
ag I I i— - L

10?

Figure 56 Mat lab annotations

Conclusion

10"

102
Frequency (rad/s)

All measured and calculated values marry up. As an inverting amplifier was used, this gives a phase
shift of 180°. Therefore, at cut off frequency phase shift = —45 4+ 180 = 135°. The equation below
proves the calculated gain and measured values are correct. A roll off of 20dB was measured as the

circuit is in the first m@

20 1og%26.02
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Task 10
10.1

Avalue of 30nF was chosen.

¢ R1 R2
- e - —AAA
u1

&

Figure 57 capacitor value chosen

10.2
These are the cut off parameters.

Calculations
2000
k=——=2
1000
1

= —333333Rad
30 x 109 1000 adfs

We

s s
TTCIRSfE’T function H (5} = —k [m] = -2 (m)

1 g =this:);

2 systeml = (-2 * (§ /( B + 33333.3)));
: bode (systeml);

4 grid on

5 hold on

Figure 58 mat lab code
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+ Figure1
File Edit View Inset Tools Desktop Window Help E
DEde |8 0E| kE

ode Dif System: system1

System: sysiem1 Frequency (rad/s): 3 33e+04

Frequency (radis): 2e+04 Magnitude (dB) 3 .
Magnitude (dB): 0.227 | . System: system1

| £9 E system1 ||
0 _— Frequency (rad's): 9.46e+05

Magnitude (dB): 6.02

System: system1
Frequency (rad/s) 1.67e+03
Magnitude (dB) -20

.

Magnitude (dB)
=

| System: syslem1

Faan ~— Frequency (radis). 3.33e+04
e “-_ | Phasa (deg): 225
“

2 T
22101 T _
o -

180 . | gl & | (

10° ( 10° 10°
Frequency (rad/s) s

Figure 59 mat lab annotations

Conclusion

All measured and calculated values marry up. For a high pass filter, at natural frequency, the phase
shift is 45°. As it is inverted, the phase has shifted 180°. Therefore, at cut off frequency phase shift
=454 180 = 225°. The equation below proves the calculated gain and measured values are

correct. A roll off of 20Db was measured as the circuit is in the first order.
201log(2) = 6.02

Task 11
111
This is the system analysis for Butterworth filter with a gain of 1.586.
(]
1l
]
100nF
R1 R2
AR
10k 10k
c2 _L
100nF <

RB
%1!(&

g

Figure 60 Butterworth low pass filter
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Calculations

We = v 1000Rads (chosen)

RC
RlandR2 = ——— — 10kQ
and f& =7000x 100x10-°
RB = 10000 RA = (K — 1)RB = (1.586 — 1)x1000 = 5860

1 1
Q 3—k 3-1586
G (dB) = 20log(k) = 20log (1.586) = 4dB

= 0.707

H () kx Wc? 1.586 x 10002
5)= =
We 1000
2 e 2 2 4 WYY 2
54+ 0 xs+ We s +0_707xs+1000

Mat Lab

System: system1 Bode D System: system1
Frequency (rad/s) 122 —————————1 Fraquency (rad/s): 999 T I
| Magnitude (dB): 4 Magnitude (dB): 0.999 |

oo 8] = |
g ( TN
o 20} - s
) System: system1 | =
T anl Frequency (rad/s): 3.97e+03 | 5. SYRAT ST
o 40 S I e Frequency (rad/s): 3.99¢
] Magnitude (dB): -20 | ~— p
= | . Magnitude (dB): -60
60 = =T
| |
V| el i i | i i I S i i T IT‘I

o System: system1
'-\ Frequency (rad/s): 1e+03
Phase (deg): -80

Phase (deg)
58

10 102 103 10* 10°
Frequency (rad/s)

Figure 61 Butterworth mat lab results

Task11.m |+ |

E=tf('s');

systeml = (1.586 *(1000)°2)/ ((5)*2 + ((1080/8.787)*s) + 1000-2);
bode (systeml);

grid on

5 hold on

woR e

H

Figure 62 Task 11 mat lab code
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11.2 Analysis and comparison

Calculated Simulated
Roll off -40dB -40dB
Cut off frequency 1000 Rad/s 999 Rad/s
Gain 4dB 4dB

All calculated and simulated results match, other than the cut off frequency that was out by 1 Rad/s,
this could because of rounding errors. Differently to the circuit in task nine. The phase shift
measured was -90°. The circuit in task nine was a first order circuit the roll off over a decade was
-20dB, in comparison to the second order circuit in task eleven, that has a roll off of -40dB.
Therefore, the second order circuit is more selective in what frequency it allows to pass through the

circuit. As the roll, off is steeper.

Task 12

12.1
These are the open loop performances.

TiZm + |

L Pole-Zero Map
num = [6.5]; 17 : : .

den = [1, -0.4];
[z,p,k] = tf2zp(num,den)
pzmap (num,den)

N =

)
|
|t
=

F =

)

Figure 63 Task 12 argand diagram Mat Lab

From the argand diagram it is clear to see
that the pole is positive (0.4). This means
that the signal will be unstable. Pole exists
ats-0.4=0i.e.s=+0.4

Imaginary Axis (seconds™’

005 01 015 02 025 03 035 04
Real Axis (seconds™")

Figure 64 Task 12 argand diagram

40




This is the open loop response using Simulink, with these transfer functions.

O]

Y

Y
-
i o
(=4
=

L]

Figure 65 Open loop transfer function

4| Scope
View Simulation  Help
Q-|C-|FA-

-

File Tools

8- 40 @

Sample based | T=10.000

Ready

Figure 66 Open loop response

12.2
This is the overall closed loop transfer function in terms of K, with response for K = 1.

Figure 67 Closed loop transfer function

[

Figure 68 Closed loop transfer function

From this response it is clear that the response is stable as it reaches a peak and stabilises.
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12.3

This is the minimum value for K to get the feedback stable. The transfer function must be rearranged
to find the minimum value for K to get a 0 at the denominator.

6.5
5s—04

6.5
Y@ _ G s—04

R(s) 1+4+G(s)H(s) 1+ (sf's4xK)

Multiply by (s — 0.4)

6.5
s—04+(65xK)

s—04+4+65K=0
s+ (65K — 0.4) =0
s= —(6.5K —04)
s= —6.5K+ 04
s=04—-65K
s=0=04—(65x00614)

This can be confirmed by using a rout locus in mat lab. This is the code.

1 simulink
1
2 clear all Root Locus
3 num = [6.5]; 0.06 :
4 den = [1 -0.4]; ‘0997 0.005 0.9890.975 0.88
5 rlocus(num,den); P o o
6 grid| 0.04 r0.999 System: sys
— : ' . | Gain: 0.0614
Figure 69 Task 12 locus code & L T i 3 Pole: 0.000758
§ 0.02 i : Damping: -1
@ Ao b Dl R 5 Overshoot (%): 0
It is clear to make a comparison of the % 08l 07 06 05 0403 '0:2 o .71 Frequency (rad/s): 0.000758
findings as the root locus clearly 3 0 T 2 STEHIL
indicates that the minimum number E‘ 1
for gainis 0.0614. to make a pole of £002 4
zero. This confirms the calculations. 2
0.04 [0 9{3@
0997 0995 0980 0.975 0.88
-0.06 Sk '

08 0.6 0.4 0.2 0 0.2
Real Axis (sec:cmdls.'1 )

(=]
B
(=]

Figure 70 Task 12 root locus
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12.4
The gain was then varied to show the difference in stability.

K=2
This is the response when the gainis 2.

s=04—-65K=04-65(2)= —-126

The pole is at -12.6, therefore stable.

Ao {=}—0

Ready Sampie based  T=10.000
Figure 71 Response with k=2

K=0.0614

This is the response when the gainis 4.
s=04—-65K=04-6.5(0.0614) = 0.009

The pole is at 0, therefore unstable.

Figure 72 Response with k = 4
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K =0.009

This is the response when the gainis 0.009.

§=04—-65K=04-6.5(0.009) = 0.3415

The pole is at 0.3415, therefore unstable.

.

Figure 73 Response with a k of 0.009

12.5
K value Pole Measured stability Calculated stability
2 -12.6 stable stable
4 -25.6 stable stable
0.09 0.3415 unstable unstable
12.6
Conclusion

It is clear to see from the table shown above that from the Simulink model and from the equations.

The stability of the circuit can be predicted by knowing what polarity the p

Offpemi om rearranging
the equation, the minimum feedback gain value for the circuit is 0.0614. Aigher than this
will make the circuit stable and anything lower, unstable. This is because the negative pole will be
present in the left-hand plane. If in the left-hand plane. The circuit is stable.




Task 13

131

By using the circuits in figures below. A closed loop response can be created to control a DC motor

Armature Armature
resistance v. inductance
a

T\ Voltage Source
6) (Input) Vi

=0

Viscous damping b

Figure 74 Dc motor circuit

N a
I 1 Iy T 1 _:_
— K. m_*kr_-* Js+B J
Tload

Figure 75 DC motor model

Kwn?

G(s) =
() 524+ Sc¢wns+ wn? @

13.2

The natural frequency was calculated using the equation below.

Rab KtKe

“n= 1Ty T Iag

_ [15x4.6x10-5 0063 x0.063
@N = 15165 x 0.0042  0.165 x 0.0042

wn = 2.395 Rad/S
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The damping factor was calculated by using the formula below.

b, Ra

Tt Ia
2um

c:

46x107¢ 1.5
0.0042 T 0.165

30
2x 2395 5
{ ==1.898

{=

These are the steady state characterises.

Kt Va 0.063x 15

Stall torque (T stall) = e = 5 =063N/m
. . Va 15
No load speed (withought friction)(lnl = e 0063 238.01 Rad/S
No load speed (with friction){) = KtVa __ 0.063 x 15 = 237.68 Rad /S

bRa+KtKe (46x107%)15+0.063x0.063

13.3

The calculations below determine the poles of the circuit.

A=1

5 (b+Ra)_ 4.6x10_“+ LS\ _ g0
~\J "1a/ 00042 "0165) 7~

= Rab N KtKe 1.5x4.6x107° N 0.063 x 0.063
" laj ' Laj ~ 0165x0.0042 ' 0.165 x 0.0042

=5.74

Now the above are substituted into the following.

—b +Vb% — 4ac _—9.09+4 V9.092 —4 (1) (5.74)
2a - 2x1

Answer = —0.683/-8.409
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Pole-Zero Map

1 T : T :
08I
06
T System: sys
® 04| |Pole:-0683
§ Damping: 1
Q 0.2 | | Overshoot (%): 0
- Frequency (rad/s): 0.683
oo oat
£-0.2
£
é’-o 4
= 0.6
08
A : \ . )
0.7 0.6 0.5 0.4 0.3 0.2 0.1
Real Axis (seconds™)
Figure 76 Argand diagram -0.683
Pole-Zero Map
08
D6
< e System: sys
804 Pole : -8.41
§ Damping: 1
Q 0.2 Overshoot (%): 0
= Frequency (rad/s). 8.41
€025
£
é’uu -
= Pl
0.8
'1 L '} 1 1 L 1 1 L
9 8 7 6 -5 -4 -3 2 -1
Real Axis (seconds ')

Figure 77 Argand diagram -8.409
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13.4

This is the circuit used for the open loop response.

Cusrent

o

Torque

E ) | s

Ammature V

Elec TF

I 0.063

0.063 |"

1 »
0.00425 + 4.6 + 10°-6 O

Mech TR

Load Torque

@)

Figure 78 Simulink task 13

13.5

This is analysis of a speed and torque responses of a motor over 30 seconds to an armature voltage
step input of 15Vdc with the disturbance set to zero and thus measure the no-load-speed and

torque of the motor.

Figure 79 Open loop response with no disturbances

1

% ¥ Cursor Measurements

=

500
25.000

—_—
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This is the theoretical stall torque after 15 seconds and check the result.

o i
e ) ' | # ¥ Cursor Measurements ax
i 14.984
i 26.734
| e :

Figure 80 Open loop response with stall torque

13.6

This is analysis of the speed and torque responses of the motor over 20 seconds to an armature
voltage step input of 15Vdc with the disturbance of 0.03Nm after 10 seconds and thus finding the
speed and current.

Ke Tl 0.063x0.03
Va - g7 15 - (“50ez )
Loaded speed Q1L = = — = 226.36 Rad /S
Rab+K€ 1.5x46x10°° 0.063
Kt ~0.063 + 0

* ¥ Cursor Measurements

10.000
20.000

Figure 81 Open loop response with disturbance
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13.7

Calculated Simulated Errg
No load speed(rad/s) | 238.01 237.7 o.- 31
Loaded speed (Rad/S) | 226.36 226.4 0.04

13.8

The circuit performed as expected. Included is the stall load, disturbance and no load. As the circuit
is open loop, there is no defence against disturbances. Hence why when the TStall was calculated
and simulated it stalled. Confirming theoretical and practical evaluations. The steady state
characteristics have also been confirmed. There is minimal error, as seen in the table above.

Task 14

14.1

The motor model has been converted into a subsystem for simplicity. An outer loop has been added
to include a proportional controller with a step speed setpoint of 140 rad/s and speed feedback with
a disturbance of 0.03Nm after 10 seconds. The PID block (set up for P only) has been used to ensure
the armature voltage is limited to maximum voltage. The auto tune feature has been run and the
optimum value for the constant Kp upper, lower, and mid-range has been found.

]

OO 8 | —

]
I

A
,
S

TS

Figure 82 Kp loop
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14.2

Controller Parameters

Tuned
P 0.71342
I nfa

nfa
N nfa

Performance and Robustness

Tuned
Rise time 0.205 seconds
Settling time 0.691 seconds
Overshoot 132 %
Peak 1.04
Gain margin InfdB @ Inf rad/s
Phase margin 60 deg @ 6.18 rad/s

Closed-loop stability

Stable

Figure 84
Optimal value
for a mid-range
Kp

The same was done for the lower and upper range of Kp.

[&] Show Parsmeters . (]
Controller Parameters
Tuned Block
P 0.085369 0.085350
| na nia
D nia nia
na nfa
Performance and Robustness
Tuned Block
Rize time 1.24 seconds 1.24 seconds
Settling time 2.25 seconds 2.25 seconds
Overshoot 0% 0%
Peak 0.575 0.575
Gain margin Inf dB @ Inf rad/s InfdB @ Inf rad/s
Phase margin 134 deg @ 0.618 rad/s 134 deg @ 0.618 rad/s
Closed-loop stability Stable Stable

Figure 85 Kp bottom range

Figure 86 Optimal value for a low range P
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4 Show Parameters e ] X t
Controller Parameters |
Tuned Block
P 423703 423703
I nfa na
D nfa nia
N nfa nfa
Performance and Robustness
Tuned Block
Rise time 0.0178 seconds 0.0178 seconds
Settling time 0.822 seconds 0.822 seconds
Overshoot 79.4% 79.4%
Peak 1.79 1.79
Gain margin inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 839 deg @ 61.8 radls 839deg @ 61.8radls
Closed-loop stability Stable Stable

Figure 87 Optimal value for a high range P
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By increasing Kp, the circuits aggression to the set point increases and the over shoot increases.

14.4
Kp Steady state error %0/S Rise time (s)
42.37 (High) 0 79.4 0.0187
0.713 (Mid) 10 13.2 0.204
0.085 (Low) 60 0 1.24

14.5

To conclude all results met all expectations for the effects of increasing Kp in a proportional loop.
The highest Kp was 42.37, this had the Io%e time and highest overshoot as expected. The

lowest Kp was 0.085. this had the lowest
enough gain to reach the set point and reached a steady error of 40 Rad/S.

Task 15
15.1

e of 1.24s and no overshoot. This didn’t have

This is a proportional-integral speed control system. Kp has been automatically tuned and has been
kept the same for the three Pl loops. Which is 1.9273, this can be seen in the block part of the
parameter’s controller below. Each controller has been converted into a Pl controller. As seenin

figure 82.

4 Show Parameters = bd
Controller Parameters
Tuned Block
P 19273 19273
| 0.40355 0.40355
D nia n/a
N nia nia
Performance and Robustness
Tuned Block
Rise time 0.104 seconds 0.104 seconds
Seftling time 1.12 seconds 1.12 seconds
Overshoot 30.3 % 303 %
Peak 13 1.3
Gain margin Iinf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 37.4deg @ 12rad/s 37.4deg @ 12 rad’s
Closed-loop stability Stable Stable
| Close |

Figure 89 Middle Ki
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:4_- Show Parameters

Controller Parameters
Tuned Block
P 0.079938 19273
[ 0.12065 0.056666
D nia na
N nia na
Performance and Robustness
Tuned Block
Rise time 1.13 seconds 0.105 seconds
Setiling time 4.41 seconds NaN seconds
Overshoot 123 % 28.4 %
Peak y B 7 1.28
Gain margin Inf dB @ Infrad/s InfdB @ Inf rad/s
Phase margin 60 deg @ 1.2 radis 382 deg @ 12 rad/s
Closed-loop stability Stable Stable

Figure 90 Low Ki

Close

& Show - o %
Controller Parameters
Tuned Block
P 0.079938 1.9273
1 0.12065 05
D nia na
N nia nfa
Performance and Robustness
Tuned Block
Rize time 1.13 seconds 0.104 seconds
Settiing time 4.41 seconds 1.1 seconds
Overshoot 123% 30.8%
Peak 112 1.3
Gain margin Inf dB @ Inf radis Inf 4B @ Inf rad/s
Phase margin 60 deg @ 1.2 radis 37.1deg @ 12 rad's
Closed-loop stability Stable Stable

Figure 91 High Ki
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Figure 92 Ki graph
Every loop includes the same Kp of 1.9273.
Ki Steady state error | %0/S Rise time (s) Settling time (s)
0.5 (High) 5 30.8 0.104 1.1
0.05666 (Low) 2 28.4 0.105 Na
0.40355 (Mid) 4 30.3 0.104 1.12

It is clear to see from the table that from decreasing the value of Ki, the circuit becomes tamer. This

all three examples. The Ki of (I52EERN isn't large enough to settle the circuit, this is why that it hasn’t

is confirmed by looking at the iercentage overshoot in the table. The rise time was consistent across

got a settle time and doesn’t even reach the set point. This has been highlighted in the table.




Task 16
16.1

This is a proportional-integral-derivative speed control system. Each controller has been converted
into a PID controller. As seen in figure 82. Kp and Ki has been automatically tuned and has been kept
the same for the three PID loops. Which Kpis 0.09469 and a Ki of 0.10873, this can be seen in the
block part of the parameter’s controller below.

16.2

4 Show Parameters - [m] X
Controller Parameters
Tuned Block
P 0.09459 0.09469
1 0.10873 0.10873
0.0031557 0.0031557
N |136.724 136.724
Performance and Robustness
| Tuned Bilock
Rise time 1.25 seconds 1.25 seconds
Settling time |4.59 seconds 459 seconds
Overshoot |7.08 % 708%
Peak 1.07 1.07
Gain margin Inf 4B @ Inf rad/s InfdB @ Inf rad/s
Phase margin |69 deg @ 1.2 adis 69 deg @ 1.2 radis
Closed-oop stability Stable Stable
| Close |

Figure 93 Middle Kd

4 Show Parameters - O X
Controller Parameters
Tuned Block
B |0.00489 0.09469
| 0.10873 0.10873
n] 0.0031557 0.023156
N |136.724 136.724
Perf e and
Tuned Block
Rise time .1 25 seconds 1.56 seconds
Settiing time 459 seconds 5.16 seconds
Overshoot 708 % 691 %
Peak 107 1.07
Gain margin Inf dB @ Inf radis Inf dB @ Inf rad/s
Phase margin 69 deg @ 1.2 radls 76.6 deg @ 1 09 rad/s
Closed-loop stability Stable Stable

Figure 94 High Kd
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16.3

[#] Show P —~ O
Controller Parameters
Tuned | Block
F 0.09469 | 0.09469
| 0.10873 10.10873
D 0.0031557 0.00035566
N 136.724 1136.724
i eand R
Tuned Block
Rise time 1.25 seconds |1.19 seconds
Settling time 4 50 seconds |4.5 seconds
Overshoot 7.08 % _7.13 %
Peak 1.07 |1.07
Gain margin Inf dB @ Inf rad/s InfdB @ Inf rad/s
Phase margin 59 deg @ 1.2 rads 167.9 deg @ 1.21 radls
Closed-loop stability Stable Stable
Figure 95 Low Kd
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Figure 96 Kd graph
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Every loop includes the same Kp of 0.0946896335942199.

Every loop includes the same Ki of 0.108726898325678.

Kd Steady state error | %0/S Rise time (s) Settling time (s)
0.0031556 (Mid) 0 7.08 1.25 4.59

0.0003556 (Low) 0 7.13 1.19 4.5

0.0231556 (high) 0 6.91 1.56 5.16

It is clear to see from the table that from increasing the value of Kd, the circuit becomes tamer. This
is confirmed by looking at the percentage overshoot in the table. There is also no steady state error
with a PID loop. The rise time was marginally different across the board, by increasing Kd the rise

time was slower, this is because it working against the rise as the rate of change is changing. With a
higher Kd, the overshoot decreases.

Task 17

171

Three parallel controllers sharing the same input and same scope have been made as seen in figure
82. One system is a P controller, another a Pl controller and the third can remain a PID controller. All

have been tuned automatically with different Kp, Ki and Kd.

17.2

4 Show Parameters — O
Controller Parameters
Tuned |Block
P 071342 (071342
| nla In!a
D nfa [nia
N nfa |nfa
Performance and Robustness
Tuned Block
Rise time 0.205 seconds !IJ 205 seconds
Settiing time 0.691 seconds |0.691 seconds
Qvershoot 132% [13.2%
Peak 1.04 1.04
Gain margin inf dB @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 60 deg @ 6.18 rad/s 60 deg @ 6.18 rad/s
Closed-loop stability Stable Stable

Figure 37 Kp
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E Show Parameters

Controller Parameters
Tuned Block
P 0.079938 0.079938
| 0.12065 0.12065
D nia 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 1.12 132
Gain margin Inf 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
Figure 98 Kp Ki
|4 Show Parameters — m}
Controller Parameters
Tuned Block
P 0.09469 0.09469
| 0.10873 0.10873
D 0.0021557 0.0031557
N 136.724 136.724
Performance and Robustness
Tuned Block
Rise time 1.25 saconds 1.25 seconds
Settling time 4 59 seconds 4 59 seconds
QOvershoot 708 % 7.08 %
Peak 107 107
Gain margin Inf dBE @ Inf rad/s Inf dB @ Inf rad/s
Phase margin 69 deg @ 1.2 rad/s 69 deg @ 1.2 radfs

Closed-loop stability

Stable

Stable

Figure 99 Kp Ki Kd
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Figure 100 Comparison graph

Kp Ki Kd Steady state | %0/S Rise time Settling
error (s) time (s)
0.71342 10 13.2 0.205 0.691
0.079938 | 0.12065 0 12.3 1.13 4.41
0.0031557 | 0.10873 0.0469 0 7.08 1.25 4.59

The legend in the top right of the graph states what loop is what. The effects of this P loop confirm
the theory evaluation. As it overshoots and reaches a steady state error of 10 Ras/S. The P isn't
aggressive enough to reach the set point on its own. The Pl loop has enough gain to reach the set
point but overshoot considerably more then the PID loop, whhes the set point (rise time)
marginally slower but has a lower overshoot. The PID also has a slower settling time. This can all be
seen in the table above.

Using just P would be hard to control and use. The best solution is to use a PID loop. Which is less
aggressive but settles slower.
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Task 18

This assignment has been beneficial to my understanding of three topics. These are; transient
behaviour, filters and DC motor PID closed loop systems. They have all been simulated by using
MATLAB. By using the software, theoretical and measured values can be compared and verified.
Transfer function of La Place transforms were used to do this.

Transient analysis

The transient and frequency of RC, RL and RLC circuit have been analysed. The circuits were first and
second order circuits. The response from a discharge of a RC circuit was confirmed. It was measured
at Tau and up to five Tau. It was verified that it would stop charging at five Tau. The response is an
exponential decay, as the circuit is first order, e ™! = 0.368. That is why tau has been measured at
this point on the graph. This proves the analysis. The charge of the RL circuit was measured, the
response is an exponential decay, as the circuit is first order, 1 — e "1 = 0.632

Frequency Performance Analysis

The first filter evaluated was a first order high pass filter. This only passes high frequencies through
the circuit, after the 3dB point. This is advantageous if you want lower frequencies not to be passed.
The phase shift at the natural frequency of a high pass filter is 45°. For a first order filter, it will have
a roll off of 20bB, this determines the steepness of the roll off over a decade. The second first order
filter evaluated was a low pass filter. This has the same characteristics as the high first order high
pass, but only allows low frequencies to pass.

The damping factor was investigated. The critically damped systems had no overshooting. The no
damping systems had oscillations and will not reach equilibrium. The over damped systems circuit
slowly grows to equilibrium. Underdamping systems moved quickly to equilibrium but overshot and
oscillated for time.

In task seven changing the value of the resistance, the damping factor varies, thus creating a locus
diagram. By decreasing the value of R, the magnitude increases. The low pass filter only passes the
smaller frequencies, before the cut off frequency.

In task eight from varying the resistance of the circuit, and increasing. This decreases the bandwidth.
This means that the circuit is more selective with a higher resistance.

Task nine and ten an op amp was added to task three and four to create a first order high and low
pass electronic circuits. The purpose of the circuit was to shift the phase 180° and this was
confirmed by MATLAB. Task eleven is a second order low pass filter using an op amp. This has a roll
off of 40dB over a decade.
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DC Motor Model Analysis

Task twelve uses an open loop system. It confirms the theory of having a negative pole presentin
the left-hand plane. If in the left-hand plane. The circuit is stable. This was verified by showing
negative and positive pole behaviour by using sumulink.

Task thirteen is the beginning of the DC motor analysis. At task thirteen it is only a open loop
response. The first response investigated was a no disturbances and it reached its set point with no
problems. Then a disturbance was applied and the set point wasn't reached and had a steady state
error. Then a stall torque was applied by calculating. This stalled the motor. This confirms the theory.

Task fourteen was three examples of P loops by varying Kp. This showed that by having a low Kp the
circuit isn’t aggressive enough to reach the set point of 140 Rad/S. But then if the circuit had an

overly aggressive Kp the circuit would overshoot and osci

Task fifteen was three examples of Pl loops keeping Kp constant and varying Ki. If you increase Ki the
circuit would overshoot more. But if the Ki is too small it doesn’t have enough aggression to settle.
As seen with the value of 0.05666.

Task sixteen was three examples of PID loops with KP and Ki staying constant and varying Kd. There
is also no steady state error with a PID loop. By increasing Kd, the overshoot percentage lessens and
rise time increases.

Task seventeen compares a P, Pl and PID loop. It is clear which one is more efficient, which is PID.
This is because it is aggressive at the start when the rate of change is more so Kd works hard but
then closer to the set point it works against the P and | making it overshoot less, but has a slower
settle time.

Recommendations

A recommendation to be made is to use the MATLAB and not MATLAB online as some features are
unavailable on the online version and the cursors are hard to place.

Ancther recommendation to be made could be to investigate a 3™ and 4" order cascading filter and
not a 2" order Sallen and key filter.
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2. KNOWLEDGE AND UNDERSTANDING

(

y"’ Explanations of electrical/electronic circuits are
limited, some missing definitions and little relation
to TF. Accurate knowledge of control circuits
displayed, See comments. 16/30

3. COGNITIVE AND INTELLECTUAL

16

(

y“‘ Analysis is descriptive in parts, particularly for the
electrical and electronic circuits, conclusion is
comprehensive.16/30

4. PRACTICAL APPLICATION
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y‘ An advanced application of methods, data and
results are clear and accurate, methods used are
exact and well presented. 24/30
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y‘ Communication is effective and points are put
across well, there needs to be more context given
to the task and an upfront task
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