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Task 1

This task is all about RC circuits in first order systems. Figure 1 shows a RC circuit that can be
analysis using time and frequency response.
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Figure 1

a) Below shows the equation used to determine the transfer function for the circuit.

Voltage, R = Ri(t) Voltage, C = é ficoat
Kirchhoff law: Ri(t) + é [ i(t)dt = Vin(t) 4
Taking the first derivative on both sides above

(t) dVin(t)

. dt ( )= dt

Using Laplace transform the series electric RC circuit can be modelled by
sVin(s) = I(s) [SR + ] = sVin(s) = I(S)JB + —] = Vin(s)
Vin(s) = I(S) [R + —] (Equation (1))

VOllt - Ef i(t)dt
dVout I(t)

dk - €
Using Laplace transform /

I(s)
G

sRI(s) + Q

sVout(s) =

I(s) = sVout(s) X C
Sub into equation (1)

1 an(S) 1
Vin(s) = sV,,(s) X C [R + a]m ~ Vourls) = sC [R + Es_] =CRs +1
So
Vout(s) _ 1
Vin(s) CRs+1
Divide top and bottom by CR /

Vout(s) = 1/CR
Vin (S) s+ 1/CR
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b)

To convert into a function of time take inverse Laplace transforms:

Vout () i e C‘-;?
Vin(t) CR

1 _t
Vout(t) = Vin (t) x Eﬁe CR /

”

This task shows the time response plot when 20V DC is applied at Vin. The calculation for the
time constant, delay time and rise time where all made on multisim. This is how the response
RC circuit graph was created. .

$ First order response of a RC circuit. By - Carys Williams
% Input value for Resistor, capacitor and voltage
= R = input ('Enter the Resistance value:'); %Value R = 3.3*10"3
- C = input ('Enter the Capacitor value:'); SValue C = 22*10"-6
= V = input {'Enter the Voltage value:'):; ¥Value V = 30

% Calculate time constant

- tC=R * (C;
3Delay Time /
- dT = -tC*log(0.5); //

3Rise Time
- 1T = tl* (log(0.9)-log(0.1)); 7

% Set initial conditiocns
= t=20;
= Vout = 0;

% Determine the output voltage for t
- [Jfor k = 1:100 .
- tik)=(k-1)*tC/10; ///
= Vout (k)=V* (l-exp(-t (k) /tC)):
e end;

% Display the Vout against time

= plot (t,Vout,'r-'}):
= title({'First Order Response - RC Circuit')
= xlabel ('Time (sec)') /
= ylabel ('Voltage (V)') ,//
= grid

$Time Constant i
e disp(' Time Constant =') //

= disp(tC):;

$Delay Time ///

- disp(’'Delay Time = *);
ot disp (dT):

= disp (:T),

Carys Williams 110538 ~ 4~
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Here is an image of the circuit that was created on Simulink and the equation that was used to
calculate the transfer function.
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1
Vou(s) __/p25x10-3 _ 44444
Vin (5) s+ 444.44

1
s+ /295 % 10-3

When comparing the result from Matlab and Simulink graphs the results are the same. The only
difference is that the scale on the Simulink goes across in 0.001 as for the Matlab graph goes
up in increments of 0.05.
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c)

In this section it will determine the cut off frequency. This is shown using Matlab.

€0 -] o e W B

LB ST S ST S R S O I e el i e
L R L I P = T B T B T O S = -]

% Obtain the Time Response By - Carys Williams

% Freguency response for a RC circuit with a 1V sine wave
% The component values
R = 1.5%10"3; €= 1.5%10"~6; % Component values -

£=0; % conditions
$Time Constant ////
tC = R*C;
£x=0:0.25:1200;
z=length (fx); ///
% For loop
for x=l:2z
f=£+0.1;
% Angular velocity 4
wix)=2*pi*f; ///
% Time response
G(x)=20"log(l/ (sqgrt(l+w(x)"~2*tC"2}));:
end
% The freguency Response //
semilogx (fx,G)
xlabel ('Frequency (Hz)')
yvlabel ('Gain (dB)')
title('Frequency Response for a RC Circuit')
grid

Frequency Response for a RC Crrcuit

T T TTTTIp T TTTTT

Gain {dB)

Here is the cut-off point at 100Hz.
Which is roughly around -3 dB.
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d)

Here is a screenshot showing the program that was created in order to create the frequency
response using a bode plot

1 ATask A C

2 $Carys Williams

3 $Prcduce freguancy respose using bode plot
4

5 $Transfer Function _
&~ G = tf([1],[0.000225,1]): /
7

g $Bode Plot

9 - bode (G)
10 - grid /
11 = title ('Bode Plot') »

12

g

-

;

Phase (deg)

Frequency (radfsec)
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='d | Wode
E s Phase
‘ >, Horizontal Vertical >

e n ] [l /
: B Fl1 Gz | Flo [a ] /

N Y S 30 1 N -
Controls
Reverse Save Set.
* 70.568 Hz -3dB -+ + In - + Out -

When comparing the circuit that has been created on multisim and the result from the Matlab
there are some difference in the values. Even though they are both at -3dB the frequency for
the Matlab is 100Hz and for the multisim it is 70.568Hz.

i
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a)
% DC Motor Speed Torque Relationship
Ra=l.4; Va=12; Ts=0.21453; % Motor parameters 500 T T T
km=(Ts*Ra)/Va; ¥ Calculation of Motor constant 4501
) f 400+ 1
% MAX speed /
MS = Va/km; 3501 g
% Speed Range % 300 1
W=0:2:500; 34
T=km* (Va-km*W) /Ra; € 250r
@
@
% Dipley of results U% 200
disp('The Motor Constant, km') 1501
disp (km)
disp('The Motor Maximum Speed, Rads/s') { 100}
disp (W)
plot(T,W,"B-') 50 1
xlabel ('Torgue (Nm)'
& 'She A 0 1 1 A1 1 ] L
e 0.05 0 005 01 0ABE S 02 n 0255503
title ('Speed Torg Rel ynship') Torque (Nm) /
The Motor Constant, km Here is a Matlab program and the graph

that was produced after the program ran.
And the image to the left shows the values
for both motor constant and the maximum
The Motor Maximum Speed, Rads/s speed of the motor.

479.4534 //

0.0250

b)

Here is a screen shot of the armature-voltage controlled DC motor.

1
0.00045+0 0000024 -E

Mechanical TF Rads to Revs Scope

1

0.145+1.5
Armature Voltage Electrical TF Motor Constant
(Va) (Km)

Load Torque

003|1

Feedbsok
{Km)
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d)

Here is the result of the speed response
from the armature-voltage controlled DC
motor.

Here is a screen shot showing the
steady state angular speeds.

In the first screen shot it shows the
result when the load is at 0.02Nm. The
steady state speed is around 1600
rpms.

In the screenshot here it shows the
result when the load is at 0.04Nm.

And the steady state speed is around
1250 rpms.

S
4

V4
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Task 3

a)

Here is a block diagram that shows a position control servo.

m
& ____er‘, £ f/1 > 6
R > {2 a
Ke Ka sis-i-B%)
KoBo A
Ke
b) /
The transfer function is shown below
0 G(s) L
M= .l A =G =K NPl 32 = H =K
0. 1+G(s)H(s) (8) =Ky x s(s +B/) (8)=Ke /
Transfer function
KAKF/I KPKAKF/]
0,(s) s(s + B/]) _ s? + BS/I /
8i(s) > KAKF/I g KPKAKF/I
1+ Kp X| ——5— 14+ { ————1
(Sz + BS/I) X KPKAKF/
I
() _ /i e@®_ . ) :
6 G I <Kok 0O s () 4 (R
(s> + BS/) x 1+ . l _
s2+ 5% /
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A unit step input is to be applied to the position control servomechanism and the
following parameters are applied:

Ka=1.0

Kp = 5Vr’

Kf = 8mAV-"

| = 2x10%Kgm?

KpK K
PO o e RRRRIR" n?
ei(s) 52 4 (?) + (%) ei(s) i g% + ZCUJnS+ wnz

(5><1x8><1(}‘3)

8o(s) _ 2% 107 I 200
0;i(s) ., Bs (5 x1x8x 10—3) "~ 524 5000B8s + 200
: s+ (z51577) *+ (=510 |
P
wp? = 200

Steady state, kss = 1

Natural frequency, on = V200 = 14.14 rad/sec
2w, = 50008 2
Critically damping, { =1

2x1x14.14 = 50008
28.28

= === 566 x 1073N/ms™!
5000 S

Poles for critically damped

(82 +2mns + (Dn2) =0

S = -n, -on =-14.14 /
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$Carys Williams
3$Task 3 C
$Critical Damping System

$Create Denominator ////
D= [1 28.28 200]:;
% Transfer Function

sys = tf (N,D)

% Poles
pole (sys)

% Plotring the Poles ///
subplot (211), pzmap(sys)
axis([-30 1 -15 15)) //

% Plotting response
subplot(212), step(sys)

To get started, select MATLAE Help or Demos from the Help menu.

N = J Figure 1 = R
File Edit View Insert Tools Desktop Window Help £
e DEEE& hRAMY €/ 08 O
Transfer function: : Pole-Zero Map
200 T T T T T
___________________ / 10 F .

s"2 + 28.28 s + 200

Imaginary Axis
o
I
x
H
{n
|

ans = Eh e
1 1 i 1 1 i
-14.1400 + 0.2458i -30 -23 -20 -15 -10 -5 0
-14.1400 - 0.24581 Real Axis
R nse
>.> 1 T T m BISm ! T 1
@
% as| 1
U 1 1 1 1 1 1 1
0 0.05 01 015 02 025 03 035 04
Time (sec)
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d)
The circuit below has been created on Simulink, and the result from the circuit is below as well.

0
a » ]

52+28 283

Field Controlled Motor Scope

g
o I-.-

KF

Here is the result from the scope in the
circuit. It shows the time response of the
system. When comparing the result from
Simulink and the result from Matlab the
results are very similar.

P
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e) $Carys Williams
5Task 3 E

%$Time responce and pele plot for differnt values of B

% selecting wvalue
B = input('Please

for B

Prosent a wvalue for B:');

$this is caculating B/I

BI = B/ (2*10"-4);

% Create Numerato
N = [200];

o
(@]

rea
D= [1 BI 200];

% Transfer Function

sys = tf(N,D)

% Pcles
pole(sys)

I

4

té Denominator

d

% Pleotting the Pcles

subplot (211), pzmap(sys)
axis([-50 1 -15 15])

#.

% Plotting the response for an unit step
subplot (212), step(sys)

No Damping, B =0

Carys Williams

N = ) Figure 1
Fie Edt WView Insert Tools Desktop Window Help
200 =
DeEée heaMe |08/ =0
Transfer function: Pole-Zero Map
200
T T T T x
------------------- 1ok il
s*2 + 28.28 s + 200 { §
E‘ < A o Yy LSS u SO SO S r_
ans = E‘
= <10+ b
-14.1400 + 0.2458i 1 L ‘ L : =
-14,1400 - 0.2458i Sl =2 2 ] & 2 2
Resl Axis
Please Prosent & value for B:0
Step Response
2 T . T T T T
Transfer function:
200 p 15}
_________ ]
s~z + 200 / £ 17
&
‘ 05}
ans = D 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4
0 +14.14214 ine(ane)
0 -14.1421i
>>
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Under Damped, B = 0.0035

Transfer function:
200

8*2 + 17.5 8 + 200

v

ans

-8.7500 +11.11021
-8.7500 -11.11021

/

>r

Over Damped, B = 0.008

ansg =

-8.7500 +11.1102i
-8.7500 -11.11021i

Please Prosent a value for B:0.008

Transfer function:
200

s"2 + 40 s + 200

=

ans

-34.1421
-5.8579

Please Prosent a value for B:0.008

Transfer function:
200

ans =
-34.1421
-5.8579

Y

>>

Carys Williams

Please Prosent a value for B:0.0035

) Figure 1

File Edit View Insert Tools Desktop Window Help
DS hRAM® ¥ 08 0O
Pole-Zero Map
10} X E
§'] ‘
E, ;
L R S B e LN -
g :
=3 : /
o '
E .
-10 | % : -1
1 1 ! 1 1 1
-30 -25 20 -15 10 5 1]
Real Axis
Step Response
1 S T T == T T T
_§ L L P /
=
G
g ost ]
D 1 1 1 | 1 I
0 0.1 0.2 03 04 05 o0& 07
Time (sec)

J Figure 1
File Edit View Insert Tools Desktop Window Help ~
D& hRAM® (08 =0
Pole-Zero Map
10 - N
T s s s e s s o !
8 : /
E '
Seiol .
| 1 1 1 1 1 1 1 1 i
-50 -45 -40 -35 -30 -25 -20 -15 10 -5 o
Real Axis
1 T
80 , &
i
il /! 1 1 1 1 1 1 - 1
0 01 02 03 04 05 06 07 08 08 1
Time (sec)
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No Damping

Armature Voliage Motor Constant
va) Km)1

Under Damped

Armeture Volisge Meotor Constant
Va) (Km)1

Carys Williams

B scope - o X

40
2
Wotor Constant Wechanical TF
[Km)
<% ¢
Feeobao
[Km}

R ST
5241785
Motor Constent Mechsnical TF Scope
[Km)
%
Feedbaor
Km) Scope o O X

o

Time offzet
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Over Damped

T ey : =
— r 524405
Armature Veltsge Motor Constant Motor Constant NMechanical TF Scope
Va) [Km)1 [Km)
[3
Bl

’%ﬂb o W /’—(Wé’ TE) /cﬁ" ’/L’-" 'é;/{
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Task 4

The image below shows the system that does not contain PID control.

197.54

T—0

Step

P

5<-2.055+2.98

Transfer Fen

u Scope

4
%10

a

8E PP ABE Oe

-

-]
s E]

...................................................

fime offset. D

Carys Williams
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In the following image below it shows the system with PID. It does contain an over shoot.

>[> — s
Kp
197 .54 [ |
’ 4 1 S -
. 52.2.055+3.96
Step Ki Integrator Transfer Fen Scope
>{> Pl cu/ct i+
Kd Derivative
Add
Scope — O X

SBAAL AEEIBAR -

...................................................

Time offset: O
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Here it shows the result after adjusting the values of Kp, Ki and Kd. There are 3 images in total
to show the result from the same values.

| |

Step

,@

Ki

»{}*»g——_w

Integrator

Transfer F
_pb\—p du/dt|——ppl+ /
Kg Derivative ‘
Add
Scope = X
~

Carys Williams
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As seen in the following images the over shoot is no longer there (c = 0%) and the rise time t:
less than 0.18 second and zero steady-state error.

Carys Williams 110538 mag™



Task 5

a)

Ge(s) =

Ge(s) =

Imaginary Axis

Med 4 s4le M reqprermed
4 P Lok .

0.03868s3-5.36952-97.345+13450
s34+169.852+1730s+159+0.03868s3—5.36952—-97.345+13450

0.03868s3-5.36952-97.345+13450
1.03868s3+ 164.432+1632.665+13609

$Carys Williams
$Task S5 R
$0btain Myguist Diagram

$Component Value ////
N [0.03868 -5.369 -97.34 13450]:

D= [1 162.8 1730 159]:

% Transfer function

Hr = c£([N], [D]) ////
% Plots Hyguist response

nygquist (Nr)

grid

Nyquist Diagram

-10 0 10 20 30 40 50 &0 70 a0 a0
Real Axis
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$Carys Williams

3Task 5 b

$Component Value
N=[0.03868 -5.3€9 -97.34 13450];
D=[1.03EB68 164.43 1632.66 13€08];

% transfer function
Nr = t£([N], [D])
B = tf([N], [D])

% Plot response
nyquist (Nr)

pause

% Bode plot d
bode (B) //
grid

Myquist Diagram
(i 17 T T T T T T T T

0.5

i
1
'
'
1
1
i
]
]
]
]
[
]
L]
]
'
]
]
1
[
]
[

Imaginary Axis
e

|

=i -0.8 08 -0.4 [t ] 02 04 06 ng 1
Real Axis

C1ng | 1 1 1

This shows that the system is stable as the response is in the negative axis. Phase margine is =
« gain margin = 20log(1/0.17) = 15.39dB. /
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Bode Diagram

¥ -

90 |- -

(8p) apnyubey (Bap) aseyd

Frequency (radisec)

/

Peak resonance My = 6.5Hz and bandwidth ws = 30-10 = 20Hz.

110538
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As seen below in both the images this is the result after creating the circuit. By having Kp value
as 0.5 and the Ki as 0.1 it causes the waveform to be distorted.

“‘“‘-\_
»l 0=
{05
ﬂ_ﬂ_ e + .| 003868535 369:2.97 345413450 o 5=
+ cai] 3 e g
S s+ 169 85€+1730s+159
Pulse 1 Add e
pl 01 T - Transfer Fen i
Generator 5
-
Ki Integratc
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By changing the value of Ki to 0.05 it makes the waveform to work under the specification of this
task. However the wave form is still distoreted.

Pl 0.028685%.5 2693297 245412450 U
24169 8524172054159
Scope
Transfer Fon P
¥
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