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Introduction

In this report there is the creation of electrical, electronic circuits and control systems. The
modelling and simulations produce results which must be compared to the results of using
advance mathematics techniques. The methods of analysis differ throughout the report
depending on the configuration of the circue report gives an understanding of how to
predict the performance of each circuit. La Place is used to input the values into the software
to produce simulations which are analysed with the predicted calculations, which shows

systematic understanding of these circuits.




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

1.1
Rt
AN
S350 L S
L1
:Q}ﬁ ..... gonsﬂ"' ngf'
.Ff'gufe. 1-RL Circuit.
Resistor = 350Q
Inductor = 0.05H
- _ L_ 005 _
Time constant T = == 320 = 0.000143 sec
1.2
.......... R S
..... AN
350Q
LIIiiiiIiiiiiIni sL SRS
us) $0.05H oY)
Ff'gure.2. - Lap;’a-ce rranéform RL Cf’rcw};. .
sL B 50.05
R +sL 350+ s0.05
1.3
Command Window
» s = £F ("s");

>> system = 0.05%s/(0.05*%s + 350);
>> step (system);

>> grid on

Figure 3 - Task 1 Matlab code.
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Step Response

1 T T
09
0.8}
07
o 0.6 i
©
= 05 | System: system
= Time (seconds): 0.000145
5o | Amplitude: 0.362
'... - — —
0.3
0.2 \
0.1 \\
0 1 "
0 0.2 0.4 0.6 08 1 1.2 1.4
Time (seconds) x1073
Figure 4 - RL Circuit Step Response
1.4
Calculated Simulated Error
0.000143 0.000145 0.000002
Figure 5-- Task 1 Error Table.
1.5
This type of response is an exponential decay, the solution is a 15! ordejmiste= 0.368

Matlab response proves the analysis is correct however the rounding up on both methods has

caused an error.
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Task 2. Transient Analysis of a First Order RC Electrical Circuit

2.1
cvarasesuarins i} aeae i nana it voes
AAA
..... 1.2kQ o
+ e
LM eariiiasiiia FoF V out

Resistor = 1.2kQ
Capacitor = 2uF

Time constant 1= R*C = 1200*(2+107%) = 0.0024 sec

2.2
S e
AN
L1.2kQ
oLl fsc 00000 Lo
Us) == 2pF IR CIE

Figure 7 - Laplace transform RC Circuit.

1 1

H() = 5377~ 0o02as+ 1

23

»> 5 = tf('s');

>> system = 1/(0.0024*%s + 1);
>> step (system);

>> grid on

Figure 8 - Task 2 Matlab code.
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Step Response

0.9

08 | System: system
Time (seconds): 0.0024
0.7 | Amplitude: 0.632

/

/

o
(=]

Amplitude
o
n

o
.

0.2

0.1

0 0.005 0.01 0.015 0.02 0.025
Time (seconds)
Figure 9 - RC Circuit Step Response.

2.4
Calculated Simulated Error
0.0024 0.0024 0

Figure 10 - Task 2 Error Table.

2.5

This type of response is an exponential rise, the solution i% order ODE is e™! = 0.368 —
1 =10.632.

Matlab response proves the analysis is correct | have been able to drop the cursor on the

graph accurately so both simulated and calculated were exactly the same.
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Task 3. Frequency Performance Analysis of a First Order RL Electrical

Circuit
3.1
=R 3% 000
“C= T T 005
5 5
H(s) =

S+ wc s+ 7000

3.2

Command Window

»» s = tFf("s');

>> system = (s/(s+7000));
>> bode(system);

>> grid on

Figure 11 - Task 3 Matlab code.

System: system

BoderDiagram (rad/s). 7e+03

0 .Magnitude (dB): -3.01
o -10] /
Z .
@ -20 System: system
g Frequency (rad/s): 1.03e+03
g) -30 ¢t Magnitude (dB): -16.8
@ .
S _40 System: system

Frequency (rad/s): 101
-50 Magnitude (dB): -36.8
90

System: system
Frequency (rad/s): 6.98e+03
.Phase (deg): 45.1

Phase (deg)

0!
102 10° 10* 10° 10°
Frequency (rad/s)
Figure 12 - RL Circuit Bode Diagram.

3.3
Calculated Measured Error
wce 7000 7,030 30
0] 45° 45.1° 0.1°
roll -o - 20dB/dec -20dB/dec 0
Figure 1 3 Error Table
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3.4

This circuit creates a high pass filter, it is difficult to land the cursor on the Matlab graphs, so

the calculated and measured results are slightly different. The first graph shows that under

steady state conditions that a high pass filter is created, this is shown by the weasing
Bl 10

to a point then plateauing.
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Task 4. Frequency Performance Analysis of a First Order RC Electrical

Circuit.
4.1
g _wc 416.6
() = s+wc s+416.6
Wwe= —= — = 416.6

RC ™ 12004(2+107%)

4.2

Command Window

> 5 = tF("s");

>> system = (416.6/(s+416.66));
>> bode(system);

>> grid on

Figure 14 - Task 4 Matlab code.

Bode Diagram
O r - ——— ~ T
———

g

— "|O 8

(]

=

=3

=

c

> -20 :

= ystem: system
Frequency (radis): 5.8
Magnitude (dB) -23

-30

0 T
System: system
Frequency (rad/s): 417

N JPhase (deg): -45

N
B
90 | \

10" 102 10° 104
Frequency (rad/s)

Phase (deg)
&

Figure 15 - RC Circuit Bode Diagram.

4.3
Calculated Measured Error
we 416.66 416 0.66
%] -45° -45° 0.0°
roll -on - 20dB/dec -20dB/dec 0

Figure 16 - Task 5 Error Table.
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4.4

This circuit creates a low pass filter, I've been able to drop the Matlab cursor exactly where |
wanted so there is no error between my degrees. The graph above implies that this is a low

pass filter because the wave stays at the same value to a point then drops off finally to a

nothing.
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Task 5. Transient Performance Analysis of a Second Order Series
Electrical Circuit.
5.1

The below values are what I've selected to input to the circuit.
Resistor = 4Q
Inductor = 0.2H
Capacitor = 35uF

5.2

se
= 35pF Y(s)

. Uls) .

Figure 17 - Task 5 Multi-sim Circuit.

5.3
K=1
wn = :”C ﬁ = 377.96 rad/s
=— % f (35 ;120 ? = 0.0264 therefore underdamped { < 1
kwn? 377.96% 142853.76

H(s) = = =
( ) s242fwns+wn? 524(2+0.0264+377.96)54+377.962 52419.965+142853.76

R C 250 [(35%10-%)
=—% |[-= —% |——— = =1, erefore overdampe
¢ > 1.65 theref d di>1

L 2 0.2
Hs) = kwn? _ 377.962
() = s2 + 2{wns + wn? = s2 * (2 * 1.65 * 377.96)s + 377.962
142853.76

T 52 %1247.268s + 142853.76
Rearrange to find out the resistance required to produce critical dampening.

_ 2#1

240
\'ff Vlf(asom—t‘

0.2

= 151.1860

18




R |C 151.186 [(35%*107%) Lih ical d ‘ )
= — % _——= * - -
[ > I > 02 erefore critical dampening {
Hes) = kwn? B 377962 B 142853.76
)= 5 + 2lwns + wn? 52 * (2% 1% 377.96)s +377.962 52 + 755.925 + 142853.76
R |C 0.000001 |(35+*107%) 6.6510-° th damm 0
= — % - = * =0D.O0#* =
[ > L > 02 erefore no damping ¢
Hes) = kwn? B 377.96%
=% + 2lwns + wn? s (2% (6.6 * 1079) * 377.96)s + 377.962
B 142853.76
" 524 (4.98 « 10-6)s + 142853.76
5.4

»» s = tf("'s’');

>> system = 142853.76/(5"2+19.96%s+142853.76);
>> step(system);

>> grid on

Figure 18 — Task 5 Under damping Matlab code.

Command Window

» 5= tF ('s5");

>> system = 142853.76/(s"~2+1427.268%s+142853.76) ;
>> step(system);

>> grid on

Figure 19 — Task 5 Over damping Matlab code.

» s = tF("s");

>> system = 142853.76/(s"2+755.92%5+142853.76);
>> step(system);

>> grid on

Figure 20 — Task 5 Critical damping Matlab code
> 5 = €Ff("5");
>> system = 142853.76/(s"2+(4.98%¥10"-6)*s+142853.76);

>> step(system);
>> grid on

Figure 21 -Task 5 No damping Matlab code.
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5.5

Error Table
Resistor [ 4 Effect
4 0.0264 | T <1 underdamping
250 1.65 ¢ >1 overdamping
151.186 1 ¢ =1 critical dampening
0.000001 0 =0 no damping

Figure 22 - Task 5 Error Table.

5.6

Step Response

1.8

_‘_.
= o
=

-h
M
—

T ——

Amplitude

o

[a's] -
—

o
(&)

o
.

0.2

0 0.1 02 0.3 0.4 05 0.6
Time (seconds)

Figure 23 - Task 5 Under damping Step Response.
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Step Response

0.9

Amplitude
o o o o ©o o
W E o [=)] ~J =]

o
o

0.1

0 0.01 0.02 0.03 0.04 0.05 0.06
Time (seconds)

Figure 24 - Task 5 Over damping Step Response.

Step Response

09

Amplitude
o o o [=] o
o w (o)) | <o

0.2

0.1

0 0.005 0.01 0.015 0.02 0.025 0.03
Time (seconds)

Figure 25 - Task 5 Critical damping Step Response.
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Step Response
||| 1 'I"IE I!I:I‘:I_I III‘IIII I

Amplitude

0 1 : 1 | 11
0 0.5 1 15 2 25 3 35 4 45
Time (seconds)
Figure 26 - Task 5 No damping Step Response.

5.7

When the resistor value is at its largest this calculated a damping factor, this creates an
overdamped response as shown in the graphs above. Vice versa when the R value is much
lower this results in an underdamping. | had to rearrange the si ation to find R to input
it in the damping factor equation, this as shown above resulted tically damped output.
When | made the resistor value as low as possible this ensured that there was no dampagiag

B 15

on the output creating a consistent oscillating wave.




Task 6. Transient Performance Analysis of a Second Order Parallel
Electrical Circuit.
6.1

The below values are what I've selected to input to the circuit.
Resistor = 4Q
Inductor = 0.25H
Capacitor = 40uF

6.2

Multi-sim circuit

AN~
40
sL |Vsc
$0.25H =—40pF )

ue). ..

Figure 27 - Task 6 Multi-sim Circuit

6.3
Because of the final value t the final value in the graphs should be zero.
16

1 1
VL+C  V0.25 + (40 + 10-6)

1 L 1 025 — 988 d . 1
E_ﬁ* E_Z*-‘-}* @010 over damping ¢ >

wn = = 316.28 rad/s

ool 5*;_6
H(s) = RC _ (4*(40+107°))
P U S ] . ]

SSYRC*STIC STt @e@o+109) *S T (025 « (40 + 10-9))
s* 6250

~ 52462505 + 100000
_2 L1 025 = 0.13 under dampi 1 17
{=or* |5= 371300" (@0 + 10-¢ = 013 under amping { < B

23




1

1 5 *
S*RC 300 + (40 * 10-©

1 1
2 —_ + — 2
STRCSTIC S T R00x 40+10-9) " T (025« (40+ 10-9))

B 5*83.3
~ 24 83.35+ 100000

Rearrange the zeta equation and substitute 1 in its place to find the resistor value.

_tL_ 1 025
R= 2‘];— 3 = 39.5280

(40+1076)
1L 1 025 o
C=2R* |C~ 2+39528" [@ow10-6) lcriticaldamping =
1 s+ L

_ S*RC _ (39.528 * (40 * 107))

HE) = — 17, 1 1
+pet S+ + +
TTRCTPTIC * {39528+ (40+10°9)) ' (0.25 + (40 « 10-9))
5* 632.46

"~ 524 632.46s + 100000

= [ = 0.25 3952 % 1076 no dampi 0
=—3%* _——= * = " _
¢ 2R C 2+10000 _[(40=107%) no damping ¢
1 . 1

S*RC ((10000) * (40 10-9))
)= 2 1 1 - 2 1 1

— + =

s2+perstic S +((10000)* (40*10-5)) *S+(0_25 *(40*10-6))
s*2.5

T s24+25%s+ 100000

6.4

>> s=atf('s’);

>> system=(s*6250)/((s"2)+(6250%s)+(100000)) ;
>> step(system);

|>> grid on

Figure 28 - Task 6 Over damping Matlab code.

| > s=tf('s');

>> system=(s*83.3)/((s"2)+(83.3%s)+(100000));
>> step(system);

>> grid on

Figure 29 - Task 6 Under damping Matlab code.
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> s=tf("s");

>> system=(s*632.46)/((s"2)+(632.46%s)+(100000));
>> step(system);

>> grid on

Figure 30 - Task 6 Critical damping Matlab code.

Command Window

> s=tf('s");

>> system=(s*2.5)/((s"2)+(2.5%s)+(100000)),;
>> step(system);

>> grid on

Figure 31 - Task 6 No damping Matlab code.

6.5
Resistor { { Effect
4 9.88 { >1 overdamping
300 0.13 { <1 underdamping
39.528 1 { =1 critical dampening
100000 0 { =0 no damping

Figure 32 - Task 6 Error Table.

6.6

Step Response

Amplitude
o o
wn (o]

o
/ .

0.2} o
0.1} RS

0
0 0.05 0.1 0.15 0.2 0.25 0.3

Figure 33 - Task 6 Over damping Step R_esponSe.
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Step Response

0.25

0.2

il /\ M\ N
-0.05

0.1

[=]
o —
e n

Amplitude
o
o
o

-0.15 ; :
0 0.02 0.04 0.06 0.08 01 0.12 0.14

Time (seconds)
Figure 34 - Task 6 Under damping Step Response.

Step Response

0.8

0.7

06

0.5

Amplitude
© e e
M w NN

e
—

0
0 0005 001 0015 002 0025 003
Time (seconds)

Figure 35 - Task 6 Critical damping Step Response.
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Step Response

%1073
8

Amplitude

0 05 1 15 2 25 3 35 4 45
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Figure 36 - Task 6 No damping Step Response.

6.7
The denominator (R) value is increasing the damp qad creases and vice versa when in
the R value decreases the dampening increases. W RLC circuit is over damped there

are no oscillations, and it is slow in reaching zero. When it is under damped it is oscillatory to
a for a certain time then slows down. The critical damping has no overshoot it reaches zero
the fastest. As in the graph shown above the no damping leaves the wave to constantly

oscillate with no sign of dampening. The table shown above suggest the relationship between
the dampening factor and sigw‘ges the type of dampening.
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Task 7. Frequency Performance Analysis of a Second Order Series
Electrical Circuit.
7.1

1 1
wn = = =37796rad/s

VL+C 0.2+ (35+10-6)

= C— (35+1 6)—0026 nder d [ <1
[ p— _—— =k —
4 . .026 under damping ¢

’ 1 1
2 = 2 = 377.96 — 200 = 17796 rad
em= \c” ( ) 02+@35+106) 2(02) rad/s
1
e 142857.14 142857.14
H®) = ——¢ 1=, T 5% +20s + 142857.14
s2+7s+[p  S2+gyS+142857.14
1L 1 02 _ oo
=R [c73 (35+1078)
_ I & 20
R_|C_300 [B5+10%) 00 .
= — % _—= — —— .
[ > L > 02 over damping {
1
e 142857.14 142857.14
H(s) = - -

2
52+%5+% 2+300205+142857 14 2 +1500s +142857.14

1L 1 02 _ s
Q=% 12~ 300 (35+1078)
_9 [L_ ( 02 _
R—ZJ;—Z Goviom = 151.1860

R C 151.186 (35*10‘6)_1 itical d . -1
(= 3* (= 3 * 02 = 1critical damping { =
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1
Ic 142857.14 142857.14

H(s) = - = $2 +755.93s + 142857.14

R 1 151.186
2 2
5+ LS+LC 52 4+ 03 s+ 142857.14

1L 1 02 — 0499
0= R JC 151186 [(35%1076)

R C 0.000001 [(35%*10-%) 9 .
(:E* = > * 02 =6.61+10"" nodamping (= 0

1
c 142857.14 142857.14

H - - -
(s) R_. 1, 0000001 sZ+ (5+10%)s + 142857.14

2 —_ —_ -
sc+ LS+LC s+ 02 5+ 142857.14

L1k ! 02 = 755928946
0= R [C~ 0.000001 [(35%1076) ’

7.2

>> s=tf('s");

system = 142857.14/(s"2 + 20*s + 142857.14);
bode(system);

grid on

hold on

s=tF{"'s" )z

system = 142857.14/(s"2 + 200*%s + 142857.14);
bode(system);

s=tF{"s" )3

system = 142857.14/(s"2 + 400*s + 142857.14);
bode(system);

satf('s’);

system = 142857.14/(s"2 + 600*s + 142857.14);
bode(system);

s=tf('s’);

system = 142857.14/(s"2 + 755.93*%s + 142857.14);
bode(system);

s=t("s"');

system = 142857.14/(s"2 + 0.000005*s + 142857.14);
bode(system);

s=tF{"s" )3

system = 142857.14/(s*2 + 1500*s + 142857.14);
bode(system);

>> grid on

Figure 37 - Task 7 Matlab code.
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7.3

2010g(18.898) = 25.53
2010g(0.25) = —12.04
2010g(0.499) = —6.03
2010g(75592894.6) = 157.56

Measured Calculated

db value db value Error
Under
damping 25.@ 2553 0.13
Over damping -11. -12.04 -0.24
Critical
damping -5.93 -6.03 0.1
No damping 155 157.56 2.56

Figure 38 - Task 7 Error Table.

7.4

200 F

h
o
T

(=]
(=]
T

Bode Diagram

'.System: system
Frequency (rad/s): 378
Magnitude (dB): 155

A

Magnitude (dB)
o 8

&
S
-

-45

-90

Phase (deg)

-135

180 &

System: system
Freguency (rad's): 3.88e+03
Magnitude (dB) -40

-

Figure 39 - Task 7 Bode Diagram.

| System: system

|

1y

\ Frequency (rad/s): 377
< ‘.Phase (deg): -90

System: system
Frequency (rads

agnitude (dB): -30
o'aanitude

T

g

Frequency (rad/s)
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Bode Diagram

Magnitude (dB)

Figure 40 - Task 7 - Root locus seperation.

7.5

The wmaves towards the wo as the R is varied this is shown in the graph above. | have
plott locus points to show the deviation as the R changes. When R is changed the
damping factor also changes. The results shown in the table in 7.3, suggest that there can be
a considerable error when using Matlab because of the difficulty in selecting the peak of the
frequencies. Even though there is an error it does show that there is some level of accuracy

in the calculations and graph produced.
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Task 8. Frequency Performance Analysis of a Second Order Parallel
Electrical Circuit.
8.1

The below values are what I've used from Task 6 to input to the circuit.
Inductor = 0.25H
Capacitor = 40uF

Over damping values (Resistor = 4Q):

B=Rc™ ax@o~i0-9 ~ 6250
1 1

= ——=—— - =316.22rad
WO= e T 025+ (40« 10-9) rad/s
2 ! ! 100000 rad/.
woc = — = = raays
LC  0.25* (40 % 10-¢)
Upper
2_ 1 L2y ety 1 1 2 1 -
wem=opet \/(ZRC) + (LC) T 24 (40%1076) + \/(2»4»(40»10-6)) + (0.25»(40»10-6)) B
626596 rad/s
Lower
1 1 1
1 - ——+ pp—— 2 + T~
we' = et VR + @)
= ! +V ! 24 ( )
T 2% 4 (40 % 1075) (2 *4 (40 * 10‘6)) 0.25 * (40 = 107¢)
= 1596 rad/s
_wo 31622 0.0505
Q= B~ 6250
s 5% 6250
H(s) =

s2+sf + wo? 52+ (s *6250) + 100000

Under damping values (Resistor = 300Q):
1

P=Rc~ 300=@0+105 033
Upper
2_ 1 Jeda2 g clyo 1 1 2 1 _
we = 2RC + \/(ZRC) + (LC) 2+300+(40+107¢) + \/(Za300a{40»10_5)) + (0.25»(40»‘10_5J)
360.63 rad/s
Lower
1 1 1
= — 4+ V(22 + (=
we TR T a7
= ! +i ! 2 4 !
T 2%300+ (40 * 1079) G300+ (40 10-6)) (0.25 * (40 10-6))
= 27729 rad/s
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_ wo 316.22 - 379
Q=5 ="833 =%
H(s) = s B s*83.3

)= F B+ w02 52+ (s +83.3) + 100000

Critical damping values (Resistor = 39.528Q)):
1

B= R~ 39528+ @0r10-9 - 03246
Upper
2 1 4 J iz gl = 1 1 2 1 -
wet =t \/(ZRC) + (LC) 2+39.528+(40+1076) + \/(2»39.528»(40»10-6)) + (0.25»(40»10-5))
763.45rad/s
Lower
1 1 1
1~ 32 .
we' = 7ot Vg + ()
_ 1 \/ 1 2
= 2+39528+ (40109 T V(23 39528+ 40+ 10-9)
1
+(——+——-)=130.98 rad
(0.25 v (40 + 10-6)) rad/s
_wo 316.22 — 0499
Q B~ 63246
s s*632.46
H(s) =

sZ+sB+ wo?  sZ+ (s *632.46) + 100000

No damping values (Resistor = 10kQ):
1

P=Rc = 10000+ @0=10-8) ~ 2°
Upper
2_ 1 4 J izl 1 1 2 1 -
wes = 2RC + \/(ZRC) + (LC) 2»10000»(40»10_5J + (2a10000a(40a10_5J) + (0.25»{40»10_5J)
31748 rad/s
Lower
1 1 1
= e —— + V)2 + (—
we are T VGRD @)
1 1
= + 2
2+ 10000 * (40 + 10-6) ‘/(2 +10000 * (40 10-6))
1
4(——— ) =314.98 rad
(0.25 v (40 + 10-6)) rad/s
_wo 316.22 126488
Q=p =25 ~ 126
2.5
H(s) = S i

s2+sf+ wo?  s2+ (s *2.5)+ 100000
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8.2

Matlab code
si= £FE"E" )5
system = (5%625@)/((5"2) + (s5¥6250@) + 100000);
bode(system);
grid on|

Figure 41 - Task 8 Over damping Matlab code.

s ="tF{'s");

system = (5%83.3)/((s"2) + (5%83.3) + 100000);
bode(system);

grid on

Figure 42 - Task 8 Under damping Matlab code.

s = tF["'s");

system = (s*632.46)/((s*2) + (s%632.46) + 10020@|);
bode(system);

grid on

Figure 43 - Task Critical damping Matlab code.
s = tF('s");
system = (5%2.5)/((5"2) + (s5%2.5) + 100000);
bode(system);
grid on
Ff'gl,ture 44 - Task 8 No damping Matlab code.

8.3

4 317 316.22 0.78
300 316 316.22 0.22
39.528 317 316.22 0.78
10000 316 316.22 0.22

Figure 45 - Task 8 wo_Values.

B 23

4 16 15.96 0.04
300 277 277.29 0.29
39.528 131 130.98 0.02
10000 315 314.98 0.02

Figure 46 - Task 8 wc1 Values.




4 6230 6265.97 35.97
300 360 260.63 0.63
39.528 760 763.45 3.45
10000 317 317.48 0.48

Figure 47 - Task 8 wc?2 Values.

4 6214 6250 36
300 83 83.3 0.3
39.528 629 631.46 2.46
10000 2 2.5 0:5
Figure 48 - Task 8 Beta Values.
8.4
Beck Diagram
e B ! System: wysieen b
e e
- A e ki 8 Fraoancy (o 650500 g
I Magritecti (B} -301 ignitude jaB -2
/ - L
g / Lt
g
B, / e
' g AN
Pl X
L i
& *
i L o M
L e —— T T
g — | |
o ! I’ wlF 0 BERaE _a’

Figure 49 - Task 8 Over damping Bode Diagram.

Frequency (radis)




Magritude (d8)

Phase (deg)

Frecuency (rad's)

Figure 50 - Task 8 Under damping Bode Diagram.

Bode Disgram

Magninsde (d8]

Phssa (dag)

Froquency (s}

Figure 51 - Task 8 Critical damping Bode Diagram.
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Maritude (o8}

Fhase (deg)

Frequency (radis}

Figure 52 - Task 8 No damping Bode Diagram.

8.5

This circuit is a second order resonant parallel circuit, the omega zer resonant
frequency. The upper and lower cut off can be calculated and measured*By*100king at the
graph and checking the db from the maximum frequency point. It was difficult to accurately
position the cursor ontphs so error would occur, the software itself sometimes doesn't
let you position the cursor where you want. It is obvious to see that error have occurred from
the Matlab rounding of numbers. However, only a couple of the errors were way ward which

shows a level of accuracy had been accomplished.
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Task 9. Frequency Performance Analysis of a First Order Electronic

System.
9.1
C4
500nF
Vin R1 R2 Vout
VA~ A
1kQ 20kQ
ov =4
Figure 53 - Task 9 Multi-sim Circuit.
1 1
we = =100rad/s

CRZ ~ (500 +10-%) 20000

R2 20000

T R1T 1000

20log(20) = 26 db

H(s)z—K[ wc ] _ [ 100

s+ wc s+ 100
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s=tf('s");

system = -20%(100/(5+100));
bode(system);

grid on

Vi oBow N e

Figure 54 - Task 9 Matlab code.

Phase (deg)

meméu (rad's)

Figure 55 - Task 9 Bode Diagram.

wce 100rad/s 100rad/s 0

@ at wc 135° 135° 0°

k 26db 26db 0

roll off 20db/1dec 20db/1dec 0
Figure 56 - Task 9 Error Table.

9.3

This circuit is an active low pass filter, its phase shift cut off is at 135° because of its inverting
nature which is calculated by adding 180° to -45°. It is a first order differentiate due to the s, if
it was s? it would be a second order. Th magnitude is measured in db and the cut off is
measured by finding the point which is -3 from the overall gai hown in my results table,
there are no errors because of the points on the graphing bﬁ to be hit. The frequency

of the cut-off and the phase shift cut off should be the exact same which it is 100 rad/s.
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Task 10. Frequency Performance Analysis of a First

System.
10.1
Vin R1 Vout
- Tka

Figure 57 - Task 10 Multi-sim Circuit.
1 1

=—= = 25000 rad
@C= TR2 T 40+ 10-9) « 1000 rad/s
_R2_ 2000
" R1° 1000

2010g(2) = 6 db

s s
H(s) = —K [5 T wc] =2 [s + 25000]

10.2
1 B=tf('s");
2 system = -2%(s5/(5+25000));
3 bode(system);
4 grid on

Figure 58 - Task 10 Matlab code.
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Bode Diagram

Magyutde (40

Prase (deg.

Frecuency (rad's)

Figure 59 - Task 10 Bode Diagram.

Measured Calculated Error
wCe 25000rad/s | 25000rad/s 0
¢ at wc 225° 225° 0°
k 6db 6db 0
roll off 20db/1dec 20db/1dec 0

Figure 60 - Task 10 Error Table.

10.3

This circuit is an actiyghigh pass filter, its phase shift cut off is at 225° because of its inverting
27

_5 % adding 180° to 45°. Itis a first order differentiate due to the s, if

it was s2 it would be a second order. Th magnitude is measured in db and the cut off is

nature which is calc
measured by finding the point which is -3 from the overall gain. As shown in my results table,

there are no errors because of the points on the graphing being able to be hit. The frequency

of the cut-off and the phase shift cut off should be the exact same which it is 25000 rad/s.
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Task 11. Frequency Performance Analysis of a Sallen & Key 2nd Order
Filter.

11.1

The values used in the circuit below:

c1
Il

I
100nF

V1 AN, +
10k02 10k

Ra

c2 _2568!'2

= 100nF

Rb

S1ka

Figure 61 - Task 11 Multi-sim Circuit.

K =1.568
wc= 1000 rad/s

Ra = (k—1)*Rb =(1568—1) * 1000 = 5680

1 1
wcC 1000« (100 = 10~9)
= : 71 =0.707
0= i
kwc? 1.586 * 1000*
A = s2 + (ﬁ)s + wc? B 2, (1000 2
0 s +(W)s+ 1000
11.2
1 s=tf('s');
2 system = (1.586%100042)/(5*2+(1000/0.707)*s+1000°2);
3 bode(system);
4 grid an|

Figure 62 - Task 11 Matlab code.
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Bode Diagram

Magniude (d8)

Phase (deg)

Fraguamey [rs's)

Figure 63 - Task 11 Bode Diagram.

Measured Calculated Error
wce 999rad/s 1000rad/s 1
@ at wc -90° -90° 0°
k 4db 4db 0
roll off | 40db/1dec 40db/1dec 0
cut off 1db 1db 0

Figure 64 - Task 11 Error Table.

1.3
This is a low pass filter circuit which is a 2™ order, the gradient is much steeper than task 9,

the roll off is more selective because it is a 2™ order not 1%t order. There is only one error
between the measured and calculated results this is due to the rounding up when calculating
the wc.

This is a Butterworth filter which is designed to create a flat frequency response in the
passband. It is commonly known as the maximallgnitude filter, the higher the order

the steeper gradient which is produces better the fi =29 (Wikipedia, 2023).
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Task 12. First Order Control System Analysis
121

The open loop performance is calculated by the below code input into Matlab. The Pole-Zero

map suggest that this is unstable because it's in the right-hand side of the plane where the

cy is positive.
e exists at s-0.4 = 0, l70EAN0 4

num = [6.5];

den = [1, |-0.4];
[zz,pp,kk] = tf2zp(num,den);
pzmap(pp,z2);

Figure 65 - Task 12 Matlab code.

Pole-Zero Map E.5Maad

1 T - T r T T
08 1
0.6}

b System: sys
% 0.4 PCIIIB 0.4
§ Damping: -1
o 027 Overshoot (%): 0
L2l Frequency (rad/s): 0.4
3_0 3 A ddGaaddanaacasassassoosasuonsn.s &
=02t |
5-0.2
£
S04t ]
£

4.6
DB -
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Real Axis (seconds™")
Figure 66 - Task 12 Pole-Zero Map
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Simulink showing simulation which becomes unstable.

taskE2sim 4] Scope - o x
askizsim ' File Tools View Simulstion Help
S-S0 ®| - a-|0- FEF-
| ]
¥
o 65 I
o 2 > I:II

E‘!W — . Sample based  T+10 000
Figure 67 - Task 12 Open Loop Response.
""""" 8 Seope - o x
File  Tooks ‘iew Sewalabon Help =
G-4DL 0 - - Q- FE-
]
|
|
|
i Sarple banes Teif 200

Figure 68 - Task 12 Closed Loop Response.

123
6.5
Ve _ 66 G-0d

R(s) 1+G(s)H(s)

65
1+ G=02+%

Multiply by s — 0.4

Y(s) 6.5
R(s) s—0.4+(65+K)

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

s=0=04—(6.5+0.0614)
El 32
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1 clear all

2 num = [6.5];

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

6

Figure 69 - Task 12 Matlab code.

Floet Locus
s
1.3
1
2
=
2
£
Pl s (ssconcts”" |

Figure 70 - Task 12 Root Locus.

As shown in the graph and the calculation that 0.0614 is the minimum amount of gain required

for the pole to be on zero.

12.4
s=0=04—-(6.5%002) =027

& scope = 0 X
File  Tooh View Semulstion Help
- 90P® - a- - F&-
-
J o) as |
\{ =04 2
10
0
e
—J »
o ) . O s i
iy Sampie based Ted0 000

Figure 71 - Task 12 Response with a k of 0.02.
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s=0=04—(65%1)=—6.1

& Sonpe o x
040585 4 T Fa- )
=
= T
Figure 72 - Task 12 Response with a k of 1.
s=0=04—(65%3)=-19.1
o o *
-\ F @ -
- m

Figure 73 - Task 12 Response with a k of 3.

Below shows the root locus of one stable gain and one unstable gain using some of the

values above.
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Inagirary Axis (seconds”

Final A (sconds ')

Figure 74 - Task 12 Root Locus of various gains.

12.5

Table of values

Measured
K Value Pole Stability Calculated Stability
0.2 0.27 Unstable Unstable
1 -6.1 Stable Stable
3 -19.1 Stable Stable
Figure 75 - Task 12 Error Table.

33
12.6 =
From my findings, it is obvious to see that if the gain is large enough it produces a stable
system. The negative feedback is used because positive feedback can make the system
unstable. The root locus graph shows for the system to be stable the pole must be in the left-
hand plane. If the pole is at zero the system is neither stable or unstable and shown from my

calculation and graph measurements, 0.0614 would create this.

48




Task 13. DC Motor Model Analysis

13.1
Speed
V,(s) + | ' B T(s) I w(s)
t.‘ 11 - m r” . i
34
K, |-
Back EMF
Figure 76 - DC Motor Model.
L .
R i (1)

+

qe

g T Bo Tioad

Figure 77 - DC Motor Circuit.

kewn?

GS)= 54—
©) 52 + 2Twns + wn?

13.2
As shown be deduced the damping factor, natural frequency, stall torque and the

theoretical fricliOfN=1ess no-load-speed.

Ryb KrK, |15+ (46+1075) 0.063+0.063
Lo/ LaJ 0.165+0.0042  0.165 = 0.0042

b Rs) 46x10° 15
- (G+19) _ Coo0az " 565 _ o115
2w, 2+2.395 '
V, 006315
TSTALL: fc;; ﬂ: 15 =0.63Nm
a .
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V, 15
(Without friction){y, = é = 0063 - 238.095 rad/s
Krl, 0.063 * 15

bR, + K;K, (4.6+%10°5)+ 1.5+ 0.063 * 0.063

(With friction) Q = = 237.6820

13.3

a=1

b R, 46+107° 15
b =2lwn = ( =—————+—-]=9.092
SES 0.0042  0.165
_ Rat TKp\ _ 15+(46+107°) 006340063
¢=own"= (La,f + LaJ ) T 0.165+0.0042 © 0.165+0.0042 5.737

Poles:

—b ++bZ — 4ac ~ —9.092+ v/9.0922 — 4% 1 5,737

2a 771 = —0.6822 or — 8.4098

num = [1];

den = [1, @.6822];

zz,pp,kk] = tf2zp(num,den);
pzmap(pp,zz);

Figure 78 - Task 13 Matlab code first pole.
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Pole-Zero Map

-

T T T T

o
o
T

o
(=]
T
"

System: sys
Pole : -0.682

Damping: 1

Overshoot (%): 0
Frequency (rad/s): 0.682

o
s
T

o
h%]
T

Imaginary Axis (seconds'1)
d & b
(=] F-N (%] o

(=3
(-]

L I L I n

i
="

0.7 -0.6 0.5 -0.4 -0.3 -0.2 -0.1

Real Axis (seconds™")
Figure 79 - Task 13 Pole-Zero Map first pole.

num = [1];

den = [1, 8.4098[];
[zz,pp,kk] = tf2zp(num,den);
pzmap(pp,z2);

Figure 80 - Task 13 Matlab code second pole.
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Pole-Zero Map

©o © © o
(3% £ (=] (=] -

Imaginary Axis (seeonds")
=]
x

A 1 1 N " L . 1 "
-9 -8 -7 -6 -5 -4 -3 -2 -1 0

Real Axis (seconds")
Figure 81 - Task 13 Pole-Zero Map second pole.

13.4

Simulink model of closed loop.

-.I:T‘;! 9 W ) . - i { ) T ,I;m 5 } ?I

=g oo TF =]

= !

Figure 82 - Task 13 Simulink model.
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13.5
Here is the highest speed of the motor with friction being simulated, this is over a 30 second
duration with an armature voltage of 15Vdc with a step input. By setting the disturbance to

zero this made certain there was no load.

Figure 83 - Task 13 Open loop response with no load just friction.

Figure 84 - Task 13 Closed loop response with TSTALL added.
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13.6

=3

Figure 85 - Task 13 Closed loop response with a disturbance of 0.03.

v — BTy 1.5+ 0.03
Q= K1 _ 1>~ 0,063 = 2263638 rad/s
L= R.b LK 1.5 % (4.6 * 10-9) 0.063 ’
Kr "% T 0063 +0
13.7
Calculated Simulated Error
No Load Speed (rad/s) 237.682 237.7 0.018
Loaded Speed (rad/s) 226.3638 226.4 0.0362
Figure 86 - Task 13 Error Table.
13.8

The error between the calculated and simulated result are minimal as shown above. As you
can see that when a load is applied the speed is reduced. The calculated TSTALL is the

minimum amount of torque required for the motor to stall.




Task 14. Proportional Speed Control System
14.1

The motor model converted into a subsystem with a step speed setpoint of 140 rad/s as

shown in Figure 87.

M e [ 7  —
e A CA| |
354‘ —

Figure 87 - Task 14 Subsystem.

In Figure 88, | have run the auto tune feature to find out the optimum value for the constant
Kp.

Armphtude

Cortromer Parsmatery ¥ = 42 37

Figure 88 - Auto tune feature for optimum value.

14.2
| have then incorporated the system two more times and fed the speed output signals into
the scope. The two new values have been adjusted and now they are both below the auto

tuned value which | earlier created.
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[*al Block Parameters: PID Controller] b4
PID 1dof (mask) (link)
This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
‘external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires Simulink Control
Design).
Controller: P
Time domain:

~ Form: | Parallel -
Discrete-time settings

® Continuous-time
p Sample time (-1 for Inherited): -1

O Discrete-time
* Compensator formula
P
1 main Output Data Types  State Attributes
Controfler parameters
Source: | internal -

Proportional (P): [0.713417432363593
Automated tuning
Salect tuning method:  Transfer Function Based (PID Tuner App) v| | Tune..

B4 Enable zero-crossing detection

Figure 89 - Second Kp Value.

"4 Show Parameters - o *®
Controller Parameters
Tuned Block
P 071342 0.71342
1 Inia nia
D nia nia
N nia nia
Performance and Robustness
Tumned Block
Rise time 0.205 seconds 0.205 seconds
Seftling time 0.691 seconds 0691 seconds
Owvershoot 132% 132%
Peak 104 1.04
Gain margin Inf 0B @ Inf rads Inf 0B @ Inf rad's
Phase margin 60 deg & 6.18 radis 50 deg & 5.18 rad's
Closed-loop stability Stable Stabie
Claose |

Figure 90 - Second Kp Parameters.




[*a] Biock Parameters: PID Controller2 »
PID 1dof (mask) (link)

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

Design).
Controller: P
Time domain:

@® Continuous-time
O Discrete-time

¥ Compensator formula

Controller parameters

Source: | internal

~ Form:  Parallel
Discrete-time settings

Sample time (-1 for inherited): -1

P

Main  Initialization  Output Saturation  Data Types  State Attributes

Proportional (P): 0.0853691394403448

Automated tuning

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

[ Enable zero-crossing detection

Figure 91 - Third Kp Value.

4 Show Parameters

— o >
Ci
Tuned Block
IF' 0.085369 0.085369
1 n'a nia
D nia nfa
|N nia nia
Performance and Robustness
Tuned Block
Rise time 1.24 seconds 1.24 seconds
| Settiing time 2.25 seconds 2.25 seconds
Overshoot 0% 0%
|Peak 0.575 0.575
Gain margin Inf dB @& Inf rad/s Inf dB @ Inf rad/s
|an margin 134deg @ 0.618radls | 134 deg @ 0.618 rad/s
Closed-loop stability Stable Stable

[Close)

Figure 92 - Third Kp Parameters.

In Figure 93, is the model being simulated, with all the results collated into Figure 94, such

as the steady state error, rise time, and overshoot of all three responses.
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4 Speed - o *
File Teols View Simulation Help -
@-|0P@®|>-|Q-|0-|FA-
lca)
i » s e =
/
/
"
/
Ready Sample based Offset=0 | T=3.500

Figure 93 - Task 14 Model Simulation.

14.3
When increasing the Kp the overshoot increases, and its rise time reduces so it becomes
much faster. When the Kp is decreased the overshoot also decreases meanwhile the steady

state error rises drastically and the rise time can enter being over one second.

14.4
Rise Time Settling
Kp Value | Steady State Error (s) Overshoot Time (s)
. ; 9 0.822
42.3703 0 0.0178 7
0.71342 12.05 0.205 139N 0.691
0.085369 60 1.24 0% 2.25

Figure 94 - Kp Value Table Measurements.

14.5

When the steady error is minimal the overshoot is high, this is correlated to the rise time. If
the rise time is small for example under 0.02 this means the Kp value will be large, and the
steady state error will be near to nothing. The results shown provide evidence to these
statements, there is an example of a ‘High’, ‘Mid’ and ‘Low’ Kp values to show a distinct

difference in the measured value.
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Task 15. Proportional-Integral Speed Control System.
15.1
Below is the first controller set to Pl and has been auto tuned, | then progressed to complete

this on the other controllers ensuring the Kp is the same value in all three systems.

| 4470 Terar a4t oD Comteater o x|

EE " esperse Tive acoecs Fanior Cantrdks Paramerery

Agorbsre R ————— s [ e

Plart Lt © | e Piet Refermecs Fackng i [pamans 2
e s o [ e

Pt = w

ok
3 104 ooy

12 pecon

Ampliuds

T
Wt 2 nm
ate

Tiena [saconds)

| g apoand 1 vhock ana v resonse esiamne ‘Contrsber Paramaers. P+ 1927, | 04004 |

Figure 85 — Auto tune feature with optimum value.

| Ll
PID 1dof (mask) (link)

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

Design).
Controller: PI * Form: Parallel -
Time domain: Discrete-time settings

® Continuous-time

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

* Compensator formula
Psrl

Main Initialization Output Saturation Data Types State Attributes

|~ Controller paramaters
Source: | Internal i
Proportional (F): |1.92731867174279
Intagral (I): [0.403552338716405 13 [ use 1°Ts (optimal for codegen)
Automated tuning

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

[ Enable zero-crossing detection

[ R

Figure 96 - Auto tuned value.
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15.2
| have changed the values of the Ki on the other two controllers to 0.1 and 1, as shown in the

Figures below.

| [*al Block Parameters: PID Controller]

PID Ldof (mask) (link)
This block implements continuous- and discrate-tima FID controd algorithms and includes advanced faatures such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the Tune... button (requires Sirulink Control

Design).
Controlles: | PI =  Form: Parallel =
Tima domain: Discreta-tima settings
@) Continucus-time
Sample time (-1 for inherited):

) Discrete-time
* Compensator formula

perl

=

Main Initialization Output Saturation Data Types State Attributes
Controller parameters
Source: | internal
Proportional (P): [1.92731867174279
Integral (1): [0.1 i [ Use 1*Ts (optimal for codegen)
Automated tuning
Select tuning method: | Transfer Function Based (PID Tuner App)

E4 Enable zero-crossing detection

[ox ]| cancal Help Apply

Figure 97 - Second Pl controller showing Ki value.
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Figure 98 - Second Pl controller's parameters.
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[*al Block Parameters: PID Contreller2 ®
PID 1dof (mask) (link)
This block and di FID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the FID gains automatically using the Tune..." button (requires Simulink Control
Design).
Controller: |PL = | Form: | Parallel =
Time domain: Discrete-time settings
® Continuous-time: e ;
Sample time (-1 inherited):
O Discrete-time
¥ Compensator formula
perl
=
Main Initialization Output Saturation  Data Types State Attributes
Controfler parameters
Source: |internal i
Proportional (P): [1.92731867174279
Integral (1): [1 |5 O use 1*7s (optimal for codegen)
Automated tuning
Salect tuning method:  Transfer Function Based (PID Tuner App) - Tune...
[ Enable zero-crossing detection
Co] T [
Figure 100 — Third Pl controller showing Ki Value.
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Figure 99 - Third Pl controller’s parameters.
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15.3

4 Speed - (m] *®
File Tools View Simulation Help ~

[@- «@r® [&-(a-|C-|F@-

Ready Sampie based |T=3.500

Figure 101 - Response of varying Ki.

Ki Value | Steady State Error | Rise Time (s) | Overshoot | Settling Time (s)

0.40335 0 0.104 30.30% 112
0.1 6 0.105 28.60% NaN
1 2 0.103 33.30% 0.824

Figure 102 — Ki Value Table Measurements.

When the lower Ki value was selected even though it is only 0.3 difference compared to the
second value selected its steady state error was three times the difference. As shown in the
results table the lower the Ki value the quicker the settling time with 0.1 resulting in
nanoseconds. Interesting the larger Ki Value doesn't have a larger settling time than the tuned
value. Each value has a similar oscillation response, they are just varying in rise times and
overshoot percentage slightly. Introducing the integral control when tuned has reduced the

overshoot by over half compared to just having tuned proportional control response.
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Task 16. Proportional-Integral-Derivative Speed Control System

16.1

Here all three controllers have the same auot tuned value of Kp and Ki.

[®a] Blcck Paramatars: PID © >
PID 1dof (mask]) (link) -
This block and FID control and inchudes advanced foatures such as anti-windug,
external reset, and signal tracking. You can tune the PID gains automatically using the Tune...’ button (requires Simulink Control
Design).
Controller: PID = | Porm: | Paratiel
Tima domain: Discrate-time sattings
® Continuous-time
Sample time (-1 for inherfted): -1
) Discrete-time
~ Compensator formula
perlip N
* deN
s
Main  Initialzation  Output Saturation  Data Types  State Attributes
Controller parameters
Source: |internal hd
Froportional (F): | 1.18188193815251
Integral (1): [1.91904799500264 4| [ use 1*Ts {optimal for codegen)
Derivative (D): [0.13974363542015
Filver coafficient (N): | 1367.24019267143 )| Use filtered derivative
Automated tuning
Select tuning methad: | Transfer Function Based (PID Tuner App) =| | Tune..
E2l Enabile zero-crossing detection
< >
ok ]| canemt Help: Apply
Figure 103 - First controller with Kp & Ki values the same.
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) 3| Conruite Paraters
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Figure 104 - First controller parameters.
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16.2

As shown the effect of varying the Kd can be much more harsh increase.
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Figure 105 - Second controller parameters.

Camroter Faramwtees P o 806G, | = 01067, 0= DOIISH Mz 136

| ¥l Btock Parameters: PID Cantrolles] x
PID 1daf (mask) (link)

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

Design].

Controller: | PID = Form: Parallel -
Time domain: Discrete-time settings

@ Continuous-time

= Sample time (-1 for inherited):
= Compensator formula

pealip N
S B N

{ Man  Initmlzation  Output Saturation  Data Types  State Attributes
| controller parameters

Source;  internal
| Froportional (P): [1.18188190815251

Integral (1): [1.91504799500264 #] [ use I*Ts {optimal for codegen)
| Dervatwe (0): [0.08

Piter coafficlent (N): | 1367.24019267143

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

) Enable zero-crossing detection

©

| [Cox ]! cancel Help Apply
Figure 106 - Second controller with a varied Kd of 0.08.




: k
= * i T e TLMEH o [ | [ [ — - o
- at thow | Updew
P r— notwt | ST Gmign St | o = | converer ruramens
T Dl ) ° | tusee faoc
T | [ [assans [
. mmmm : : 5 ik 5
—_— ey 0] D [ e
RTINS ¢ 310 ROTIAITES.
Tuses ok
I 135 1acanns 12183 secanmn
.ﬂﬂvﬁu Tasmincamn (152 secomn
BT [Toen JEEE
|Fome w [1m
T |G g Jirt €8 @ i rasn [iet 20 @ ¥ e
r — .Hmr-w! 'nmau.m .NBWD“‘Ml 1
|Coseomen sty | S 5= |
G
-
3 y : 7 5 r T
Tire {seconds)
7 I Corvabe: P < R 14108705 0018 WA T
Figure 107 - Third controller parameters.
|E| Block Parameters: PID Controller2 X

PID 1dof (mask) (link)

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

Controller: PID ~ Form: Parallel

Time domain: Discrete-time settings
® Continuous-time

o 4 Sample time (-1 for inherited): -1
Discrete-time

¥ Compensator formula

pertip N
2 1+N
8

Main  Initial Output Data Types  State Attributes
Controller parameters
Source: | internal -
Proportional (P): |1.18188193815251 5
Integral (I): |1.91904?‘995m264 | i [ use 1*Ts (optimal for codegen)
Derivative (D): 0.5 |3
Filter coefficient (N): [1367.24019267143 i & use fitered derivative
Automated tuning
Select tuning method: Transfer Function Based (PID Tuner App) > Tune...

[ Enable zero-crossing detection

Figure 108 - Third controller with a varied Kd of 0.5.
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16.3

4 Speed

File Tools View Simulstion Help

@-SQr® | - a- - FEH-

Ready

Figure 109 - Response of the varying Kd.

Sample based T=3.500

V:I(ljje Steady State Error | Rise Time (s) | Overshoot | Settling Time (s)
0.13974 0 0.167 5.38% 1.18

0.08 0.5 0.16 10.60% 0.96

05 6 0.162 2.78% 1.92

Figure 110 - Kd Value Table Measurements.

As shown by the results the Kd Value has a clear effect on the overshoot and settling time.

The two selected values of Kd work in an opposite direction to each other, if the overshoot

has increased its settling time has decreased and vice versa. The tuned Kd Value has the

slowest rise time; however, the selected values are only slightly faster by a few milliseconds.

By adding a derivative control this produces a response with minimal oscillations compared to

just having a proportional and integral control.
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Task 17. Controller Comparisons
17.1

In the following figures are each of the controllers with each having different control
parameters regarding P, Pl and PID.

[*al Bock Parameters: PID Controller
PID 1dof {mask) (link)
This block d PID control and includes advanced features such as anti-windup,

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

®

Controller: |P * Form: Parallel -

Time domain: Discrete-time settings

B Sample time (-1 for inberited)
ime (- in -1

O Discrete-time

~ Compensator formula
P

Main Initialization  Output Saturation Data Types  Stabe Attributes.
Controller parameters

Seurce:  internal

Propertional (P): [42.3702770774547

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

[ Enable zero-crossing detection

Figure 111 - First controller with just a Kp value.

[l Block Parsmeters: PID Controller]
PID 1dof (mask) (link)
This block implements continuous- and discrete-time PID controd algorithms and includes advanced features such as anti-windup,

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

Controller: | PL = Form: Parallel G

— [ ] Time domain: Discrete-time settings
%,}_. T ,'\) 1 ® Continuous-time

O o — Sample time (-1 for inherted): -1

- foemula

perl
:

. Main i Output Dota Types  State Attributes
'\‘_)—‘I;l— Controller parameters

Source: |Internal

Propartional (P): [L92731867174279

Integral (I): | 0.403552338716405 |3 O use 1*7s (optimal for codegen)

Automated tuning

:')_,_. - |> Select tuning method: | Transfer Function Based (PID Tuner App) - Tune...

[ Enable zero-crossing detection

Figure 112 - Second controller with a Kp and a Ki value.
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[%al Block Pararneters: PID Controes? x
PID Ldof (mask) (link) -

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

Design).
Controller: | PID = | Form: |Parallel
Time domain: Discrete-time settings

® Continuous-time

‘::,. -) . () Discrete-time

¥ Compensator formula

Sample time (-1 for inherited): -1

Perlip N
z

1+N
=

Main  Initialization  Output Saturation  Data Types  State Attributes
Controller parameters

Source:  internal -

Proportional (P): | 1.18188193815251

Integral (1): [1.91904799500264 |IE ] wse 1*Ts (optimal for codegen)

Derivative (D): |0.13974363542015

Filter coefficient (N): | 1367.24019267143 i Use filtered derivative
'S _E Automated turing
Salect tuning method: | Transfer Function Based (PID Tuner App) - Tune...

[ Enable zerc-crossing detection

7 [Cok ] concel Help Apply
Figure 113 - Third controller with Kp, Ki and Kd value.

17.2

Running the system produced Figure 110, demonstrating how the different types of controller
performs.
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4 Speed

File Tools View Simulation Help

G- 4OP® - Q- Q- F4-

Ready

Figure 114 - Response of all three types of controller.

17.3

Sample based T=3.500 |

The parameters from each of the values as shown in Figures 88, 95 & 104.

K . Kd Steady State Rise Time Settling Time
Valrljje Ki Value Value Error (s) Overshoot (sg)
P 42.3702 4 0.0178 79.40% 0.822
Pl 1.9273 0.4035 0 0.104 30.30% 1.12
PID 1.1818 1.919 0.1397 0 0.167 5.38% 1.18

Figure 115 - PID K Value Measurements.

As shown in the table above incorporating the proportional, integral and derivative control

reduces the overshoot however this slightly increases the settling time. Using only the

proportional control the overshoot is over 50%, with only steady state error out of each of the

different options of control. To conclude it is evident that the PID control is best due to its

accurate control trying to minimise overshoot in a respectable time. The disadvantage of

proportional control is that it has some sort of steady state error compared to the other two
control t
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Task 18. Overall Conclusions and Recommendations.

To begin with carrying out transient analysis on circuits which is an evaluation of a circuit
response over a set area in time. This was performed on RC and RL circuits to calculate the
difference between the simulated version and the calculated results. The next aspect was
calculating first and second order responses, these responses are allocated to different areas
of the slope. These were achieved on parallel electronic circuits, again looking at the

calculated results to the simulations completed on Matlab.

Carrying out the simulations of cascading filters gave an insight to understanding that
increasing the order of the filter the more selective the filter becomes. In the filters section of
the assignment, it became apparent that it can be difficult to select the exact points on the
simulations on Matlab because of the cursor movement. This created an error in the tables
created but there reasoning behind it was taken into account. Moving from first order to second
order it was evident that the earlier assumption that the increase of orders filters it more. Some
of the results had errors however, this was because of the rounding of the numbers in the
calculation stage. Researching a type of filter gave a more grounded understanding of what

was trying to be created.

At the start of the control section of the assignment open loop responses were evaluated, this
was to create an understanding of stable and unstable systems and how to use evaluate a
Pole-Zero Map to come to that conclusion. This carried onto closed loops, with the integration
of PID control and the evaluation of P, | and D individually. This feature of the assignment
thoroughly built and understand of how to control a closed up using PID control and why each

of them have their own importance.

The recommendations for this module would be to introduce research sections so a further
understanding can be improved. This could be a small area for the three sections electrical,
electronics and control. The software Matlab was a consistent issue trying to perform the
simulated results. The results measurement was difficult due to the cursor selection which
became worse on the MAtlab online. In the future maybe a better software can be used or to
not use the MAtlab online throughout the assignment to ensure the errors were as small as

possible.

To give the learners a more of a hands-on experience carrying out some of the systems
circuitry physically can be advantageous. Some learners can benefit from this drastically

others it may not make as much difference. Rather than keeping the analysis to first and
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second order responses a few other systems could have been expanded to practice the theory

that the larger the order the more filtration achieved.
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19. Appendix

Wikipedia, 2023. Butterworth filter. [Online]
Available at: https://en.wikipedia.org/wiki/Butterworth _filter
[Accessed 14th Feburary 2023].
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

’ Comment 1

avoid heading style one for subheadings which are numerical only

PAGE 6

PAGE 7

PAGE 8

PAGE 9

’ Comment 2

Laplace

. Comment 3

good

PAGE 10




, Comment 4

explain what this is

PAGE 11

, Comment 5

this needs more explanation, state the equation of the time response

PAGE 12

PAGE 13

, Comment 6

Ww

, Comment 7

comment as per task 1

PAGE 14

’ Comment 8

define the quantities you are calculating

, Comment 9

WW

PAGE 15

, Comment 10

WW

’ Comment 11

descriptive and vague

PAGE 16

PAGE 17

, Comment 12

comment as per task 3



PAGE 18

®

PAGE 19

Comment 13

need to explain how you arrived at these equations in basic terms, e.g. the TF

PAGE 20

PAGE 21

PAGE 22

®

®

PAGE 23

Comment 14

explain sigma

Comment 15

WW

®

®

PAGE 24

Comment 16

state it at least

Comment 17

again a lot of undefined terms

PAGE 25

PAGE 26

PAGE 27

®

®

PAGE 28

Comment 18

WW

Comment 19

needs a definition, errors exist




®

PAGE 29

Comment 20

see previous comments, you must at least give definitions for the quantities and some
explanation from the circuit

PAGE 30

®

PAGE 31

Comment 21

put measured values from response graphs first then tabulate

®

PAGE 32

Comment 22

does not mean anything without definitions

PAGE 33

PAGE 34

®

PAGE 35

Comment 23

again with no definitions hard to see what the relationship is

PAGE 36

PAGE 37

®

®

PAGE 38

Comment 24

symbol ?

Comment 25

good , more of this simple theory needed throughout report

PAGE 39

®

Comment 26

good



PAGE 40

PAGE 41

’ Comment 27

yes, why active?

PAGE 42

’ Comment 28

explain/define

PAGE 43

’ Comment 29

good

PAGE 44

’ Comment 30

WW

’ Comment 31

show TF

PAGE 45

’ Comment 32

show calculated min k

PAGE 46

PAGE 47

PAGE 48

’ Comment 33

good work

PAGE 49

’ Comment 34



®

PAGE 50

either explain the TFs or put in the form of component values

Comment 35

where?

®

PAGE 51

Comment 36

need to show how you arrived at this

PAGE 52

PAGE 53

PAGE 54

®

PAGE 55

Comment 37

load is meant to be applied at 10 sec

PAGE 56

PAGE 57

PAGE 58

®

PAGE 59

Comment 38

seems too high check graph

PAGE 60

PAGE 61

PAGE 62

PAGE 63

PAGE 64

PAGE 65




PAGE 66

. Comment 39

good work

PAGE 67

PAGE 68

PAGE 69

. Comment 40

good work

PAGE 70

PAGE 71

PAGE 72

GRADING FORM: NEW CSG-RUBRIC

DREW GROVEHENDERSON

71

1. ENGAGEMENT WITH LITERATURE

[

y‘* NA

2. KNOWLEDGE AND UNDERSTANDING

[

y‘ Reasonably accurate and detailed knowledge has
been shown, see comments regarding some

20




poorly defined areas in the first two topics, control
has a better demonstration of knowledge via
expanded explanations and commentary on each
process. 20/30

3. COGNITIVE AND INTELLECTUAL

(

* Some critical analysis of concepts and principles,

though descriptive in parts, see comments.
Conclusion is good.20/30

4. PRACTICAL APPLICATION

20

(

y"’ Advanced application of Matlab methods and
simulation, clear data and results, mostly well laid
out and explained. 24/30

5. TRANSFERABLE SKILLS

24

[

y" Communication is effective and confident, topics
are introduced and the analysis and conclusions
are sufficiently detailed. 7/10



