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Task 1 — RC Circuit First Order System

3|F

a)

Below the transfer function is determined

Kirchhoff law states

Ri(t) +) = Vin(t)

Taking the first derivative on both sides above gives

R (di(t))/dt+ 1/Ci(t)= (dVin(t)/dt

)_’;l.-"‘u.-«; "F /
Ul vl Al
A

Using Laplace transform, the series electric RC circuit can be modelled by

sRI(s)+ (I(s))/C= sVin(s)
I(s)[sR + 1/C]=sVin(s)
I(s)[R + 1/Cs]= Vin(s)
V_in (s)=1(s)[R + 1/Cs]
Also
V_out= 1/C [i(t)dt
(dV_out)/dt= (i(t))/C
Using Laplace transform
sVout(s)= (I(s))/C
I(s)=sV_out (s)xC
Sub into eq (1)
V_in (s)= sV_out (s)xC[R + 1/Cs]
(V_in (s))/(V_out (s))=sC[R + 1/Cs]=CRs+1
So
(V_out (s))/{V_in (s))=1/(CRs+1)
Divide top and bottom by CR

(V_out (s))/(V_in (s))=(1/CR)/(s+1/CR)

eq (1)



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

2L

v_out (t)= v_in (t)x1/CR e ¥R / W"’“ sl ./N'W& /,/;{
b)

Below the time response plot can be seen along with the time constant, delay time and
rise time

(v_out (t))/(v_in (t))= 1/CRxel VCR) /gy&*— fr""w,d%‘«{’ gy & e

1. %File Name - Assigment_2 task 1 part b.m
2. %Task 1 -B

3. %Author - Tom Wolsey

4. %Date 07/03/2019

5

%First order response of a RC circuit. //

7. %%%%% %% %% %% % % % %% % % %% % %0 %0 %0 % % % % % %% % %% %0 %6 %6 % % % % %% % % % % Yo
8. %Set value for Resistor, capacitor and voltage %

9. %%%%% %% %% %% %% %% %% %% %% %% %% % %% % %% %6 % %% % % %% %% %% % % %% % Yo
10. R=input('Enter the value for R: "); %Program waits for user to input value

I'l. C=input('Enter the value for C: "); %Program waits for user to input value

12, V=input('Enter the value for V:'); %Program waits for user to input value /

14, %%%%% %% %% %% %%%6%% %% %% % %% %% %%

15. % Calculate time constant %

16. %%%%%%% %% %% %% %% %% %% %% %% %% %% /
17. Te=R*C;

o]

19, %%%%%% %% %% %% %% %% %% %6 % % %% %% % %%
% Delay Time % /

=]

- %%% %% %% %% % %% %0 %% %0 %% %0 % % % % % % % %
. dt=-Tc*log(0.5);

- %0%%% %% % %% %% %% %% % %6 %% % % %% % % %%

P2 B2 B2 b 2 B B2
W B o —

. % Rise Time %

- %%%%% % %% %% % % %% %% %% % % % % %0 % % %% /
7. rt=Tc*(log(0.9)-log(0.1));
28.
29, %%%%% %% %% %% %% %% % %0 %% % %% % % % %

e

% Set initial conditions %

¢

I %%%%%% %% %% % %% % % %% %% %% %% % % %o
32 t=0;
3. Vout=0; #
34, %% %%%%%% %% %% %% %% % %% %% % % %% %% %% % % % % %% %% %% %% % % %% %% %% %0 % % %% % %
35. % Determine the output voltage for value of time, t. %
36, %%%%% %% %% %% % %% %% % %% %% %% %% %% % % %% % %0 %% % % %% % % %% %% %% %6 % % % % % %
37. for P=1:50 /
38 (P)=(P-1y*Te/5;
39. Vout(P)=V*(1-exp(-t(P)/Tc)); /
40. end;
41 %%%%%%% %% %% %% %% % %% % %% %% %% % % % % % % %%
42. % Display the Vout against time %
13, %%%%% %% %% % %% %% %% %% % % % %% %% %% %% % % % %
44, plot(t,Vout,'t-");
43. title('First Order Response - RC Circuit')
46, xlabel('Time (sec)’)
47. ylabel ('Voltage (V))
18. grid
19.

4 I P a 2 e



50.
a1
52.
53.
54.
55.
56,
57.
58.
59.
60.
61.
62.
03.
04.
65.
60.

%%%%% %% %% %% %% %% %% %% %% %% %% %
% Displays Time Constant %

%0%% %% %% %% %% %% % %% %% % %% % % %% %
disp(' Time Constant =");

disp(Tc); 7

/

%0%% %% %% %% %% % %% %% % %% %% %% %% %%
% Displays Delay Time %

9% %%%0%%0%0% %% %% %% %% %6%0 %% %% %% %%
disp(' Delay Time =");

disp(dt); ¥ i

%%%0%%0% %% %% %% %% % %% % %% %% % % %% %%
% Displays Rise Time %

9%%%% %% %0 %% %% % %% % %% % %0 %0 %0 %6 % %% %%
disp(' Rise Time =");

disp(rt); Z

Enter the value for R: 1500
Enter the value for C: 0.0000015
Enter the value for V: 20
Time Constant = i
0.0023 /

Delay Time =

Q.001¢€ /
Rise Time =
0.0049 -
File Edit View Insert Tools Desktop Window Help B

Ddde kN 0O09EA- Q08 D
First Order Response - RC Circuit
—F T

Voltage (V)
3

i
0 0005 0.01 0015 002 0025
Time (sec)
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The transfer function
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It can be seen that the MATLAB and Simulink results match up when comparing the two

graphs.



c)
Below the cut off frequency has been determined.
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Below a bode plot and phase plots have been produced

I.  %File Name - Assigment_2_task | _part d.m

2. %Task1-C

3. %Author - Tom Wolsey

4. %Date 014/03/2019

5. %Producing frequency response using Bode Plot

0.

7. %%%%%% %% % %% %% %% % %% % %0 %0 %% %% %% % % %% % % %6 %6 % % % %% % %% % % %0 % %
8. %Create Transfer Function %

9. %%%%% %% %% %% %% %% %% %% % % %% % % %% % %% % %0 % %% %% % % %% %% %% % % %
10, G=tf([1],[0.000225,1]);

1. /

12, %%%%% %% %% %% %% %% % %% %0 %6 %0 %% %% %% %0 % %% % %0 %% % %0 %% %0 %0 %0 %% % %% %0
13. %Bode Plot %

14, %%%%%%%% % %% %% %% % %% %% % %% % %% %% % %% % % %96 %% %% %% %% %% %% %
15. bode(QG)

16. grid /

17. title('Bode Plot')

7|Page
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As can be seen when comparing the results from MATLAB and the multisim they show the
same values

Confirm both results between matlab and multisim. /
iru A Il.q"; / ' J
& PV \ It Cone -_;;—_,’. ,_;,/ // é ,{‘j‘(’ "‘})"i’ w4 r-ff'.’/,.ef;. y(/J .

! i/ J A
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Task 2 - DC Motor Model

a)

Below the equivalent circuit for the armature voltage controlled DC motor

[SST SO 6 B O T SO 0O T SO I 0N )
(el SR e S O i S S I 6 )

-~

30.
31.
32.
34.
35.
36.
a7
38,

%File Name - Assigment_2 task 2.m
%Task 2

%Author - Tom Wolsey

%Date 14/03/2019

%DC Motor.

%0%6%% %% %% % %% %% % %% %% %6 %% %% %0 % %0 % %0 % % % % % %0 %6 %0 % %0 % %0 % % % %0 % Y % Yo
% Motor parameters %
%%%%%%%%%%%%%%%%%%%%"/%:%%%%%%%%%%%%%%%%%%%%%%%%%%

. Ra=1.4; Va=12; Ts=0.21453;

%%%%% %% %% %% %% %% % %% %% % % %% % % %% % % % %0 %% %0 % % %0%0 %% % % %0 %0 %0 % %o

. % Calculation of Motor constant %
. %%% %% %% %% % %6 % %% % % %6 %% %0 %6 %% %0 % % %0 %% %0 % % %6 %0 % %0 Y0 %0 %6 % % %% % %0 % %o %% Yo
. k=(Ts*Ra)/Va; /

96%%0%% %% %% % % %% %% % %% %% %0 % % %% % % %0 % % %0 % %% % % %0 % % %% %0 % % % Y % Yo
% Max Speed %
%%%%%%%%%%%%%%%%%%%%%%%%%%‘ﬁo%%%%%%%%%%%%%%%%%%%%

. WO=Vak;

%6%%% %% % %% %% % %% %% % %% %% %% %% %% % % % % % %% % % % %6 %0 %% % % Yo % Yo% Yo
% Speed Range %

%%6%% %% % %% %% %% % %% %% % %% %% %% %% % % % % % % % %0 %0 % % % % % % % % % %0 % %
W=0:2:500; /

T=k*(Va-k*W)/Ra;

%% %% %% % %% %% %0 %% % %% %0 % %0 %0 %0 %0 %0 %6 %0 % % %% % % % %0 %0 %0 %6 %0 %0 %0 %0 %% %0 % % % %o
% Diplay of results %

%%%% %% % %% %% %% %% % %% % %% %0 % %0 % %0 %% %0 %% % % % %0 %0 % %6 %0 % %0 %% % % % % Ya
disp('The Motor Constant, km')

disp(k)

disp('The Motor Max Speed, Rads/S")

disp(W0)

plot(T,W, B-")

xlabel('Torque (Nm)') /

ylabel('Speed (Rads/s)")

title('Speed Torque Relationship")

//;Q“J‘J fff*":'?"j 7 QUVaN
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} Figure 1 = O X
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b)

A Simulink model for the armature-voltage controlled DC motor can be seen

File Edit View Simulation Format Tools Help

DEEHS $B@B s ¢ 2| b =6 [Noma JE-RS s RBE

1 1 =®,_.|:l

— 0.14s+1.5 0.00045+0.0000034

Armature - Electrical TF Motor Constant Mechanical TF Rads To Revs Scope
Voltage

(va)

(Km)

T #
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Below the speed response can be seen

4 Scepe Sy
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13 I P a g

Below the steady state angular speeds have been determined.

T=0.02Nm
_,o;_apn._{_gu;aa_ﬁ - TR 1 . ¥ i ] " _.

A%,

Steady state RPM = 1580 ; -~ Al

T=0.04Nm

Steady state RPM = 1250



Task 3 - Position Control Servo

a)
Block diagram for the position controlled servo
Kpbi g
Br__, Ke \Z Ka | S5y >0
S‘§+l}l/j .

KPeo

Kp /
b)
The transfer function for the system is as follows

6, G(s)
0. 1+G(s)H(s)
G(s)=K 0,
s)=Kp X —%~
s(s+B/) /

H(s) = Kp

Transfer function

K K KpKAK
A F/ pha F/]
0() | S(5+ ) k.
B(s) KaKey KpKaKg/
1+ Kp X BI 1+ 2 Bs :
S(S"‘ /1) S%+ /I
(s2+ Bs/) x KPKAKF/
|
Ko KA K
0o(s) s2 + BS/, . f‘ ;
8i(s) (s Bs/l) X KPKAK/ + KeKaKr

\

(s2+ Bs/)x1+

Bs /I
The transfer function

Wans . 71»'1-1/"2

14|



16.

18.
19
20.
21

15| P a

dge

K:K K5
00(s) _ o 2

00 oy B BREK

Below can be seen the value for B being found, the value of B is then used to create a
critically damped system

KpKaKrF
90(5) _ i

8i(s) 24 ¥+ KP!"’}'AKF

0o(s) Wy°
= k
0:(s)  SS5Z ¥ 20wys + w2 d

Ex1x8x103

0(s) _ 2% 10% _ 200 ,

8i(5) 2, _Bs . 5x1x8x107 " s?+ 5000Bs + 200 7
2x 104 2% 1077

wy? = 200

So Steady state value = ks =1

Natural frﬁuency ~ on = V200 = 14.14 rad/sec ”
20w, = 50008 ,

for critically damping ¢ =1

So  2x1x14.14 = 50008 V4
B = 2228 — 5 657 x 10" N/ms"!
5000

To determine the poles for critically damped
(s° + 28 + 0n2) = 0
§ = -, -0n = -14.14

MATLAB program for critically damped system
%File Name - Assigment_2_task 2 C.m

%Task2-C

%Author - Tom Wolsey

%Date 21/03/2019

%6%6%%% % %% %6 %0 %% %% %% % %0 %0 %0 %0 %0 %% % % %0 %0 %0 %0 %0 % % %% %0 % %0 %0 %0 % % %0 % % % % % Y
%Create the numerator %

06%%%6%% %% %% % %0 % %% %% % %0 %% % % %% %0 %0 % % %0 %0 %0 % % %0 % %0 %0 %0 %0 % %o % %% % % % %% -
num=[200]; /

%% %% %% %% % %0 % %0 % %% Y% % % % Y0 %0 %0 % %0 % %0 %% %6 %6 % %% %0 % % %% % % %% %0 % % % Y%
. %Create the denominator %

B G G A U E LS EC UL CUL

~ den=[1 28.28 200]; p

%% %% %% %% %% Yo% Yo% %% % %% % %% %% %0 %0 % % %0 %0 %0 %0 %0 %6 %0 %0 % %0 % % % %0 % %0 %0 % %% %
%Transfer Function %

%% %% %% %% %% %% %0 %0 % % %0 % %% % % %0 % %% % %0 % % %6 %% % %6 %% % % % % % % %0 % %% Y Y
sys=tf(num,den)

S L R B 8 S L R B T T T T S A AL A S L



77

o 2
=}

o Lo L d Lot

LL.

23.
24,
25.
26.
27.
28.
29, %%%%%%% %% %% %% %% % %% %% % %% % %% % %0 %0 % %0 % % % %% %0 % Yo% %6 % % % %% %% Yo
. subplot(211), pzmap(sys)

o odn L b o—

[=

%Poles %
90%%%%% %% %% %% % %% % %% % %% % %% % % %0 %% %% % %0 %0 %0 %0 %0 %0 % %0 % %0 %0 %0 % % % %o
pole(sys)

7% %% %% %% %% %% % %% % %% %% %% % % %% %% % % % % %% % % % % % % %% % % %o % Yo
%Plotting the Poles %

axis([-30 1 -15 15])

9%%%%%% %% %% %% %% % %% %% %% %% %0 %6 %0 % % %% % % % % %0 % %0 %6 %0 % %6 %% %0 % % % Yo
%Plotting the response for an unit step %

96%%%%% %% %% %6 % %0 %% %0 %% %% % % %0 %0 % %0 % % %0 % % % % % %0 %0 %0 % %0 %6 % %% %0 % % % Yo
subplot(212), step(sys)

J Figure 1 EJ FE'E|

File Edit vView Insert Tools Desktop Window Help

DSES kRAM® € 0B 5O

10 E- /

Step Response
1 ~E= T T T T T

g QMM fawre Mz{;:w(u¥

ﬁns- _
7 77
0 1 ! L L 1 I 1 L Aol j“‘WU
0 005 01 0145 02 0.25 03 035 04 — v . 'I'C.f‘{"?\”\
Time (sec)

Transfer function:

200

sh2 +28.28 s+ 200
ans =
-14.1400 + 0.2458i

-14.1400 - 0.2458i /

16|rPage



d)

The time response for the system has been obtained and can be seen below

40 - El
52428 285 v
Field Controlled Motor Scope
@ 4 /

KP
Below can be seen the time response for the system, this was created using MATLAB, this
has also been modelled in Simulink to compare the results.
&= PP L

HL'é[‘éBF'*?: s i (] B ]

N

el h e N a T,

i
i

|
|

Madopienich: (i S e =

The MATLAB time response is show in Part C, this matches the one obtained from Simulink
which can be seen above.
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%File Name - Assigment 2 task 2 C.m
%Task 2 - C

%Author - Tom Wolsey

%Date 21/03/2019

%0%% %% %% %% %% %% %% %% % %0 0% %0 % %0 % %0 %0 % %0 % % Y Y0 %% %0 % % % % % Yo % % % Yo % Yo
%Create the numerator %
%0%%%% %% %% %% %% % % % %% % %0 % %% % % %0 %% % % % %6 % %% %0 %0 % % %0 % Yo % Y0 % % % Yo

B=input('Enter_Friction_Value B'); %Program waits for user to input value
BI=B/(2*10"-4); %Calculation B/
num=[200];

. %% %% %% % %% % % %% %% %% %6 % %0 % %0 %0 % Y0 %6 % % %0 %0 % % %0 %0 % %0 %0 %6 % %0 %0 %% % %% %0 % %0 % %o
. %Create the denominator %

- %%%0%% %% % % %% % %0 %% Y0 % %0 %0 %% %0 %0 %% %0 % % % %% %0 %6 %0 %0 %6 % %0 %0 %% 0% %0 %0 %0 % Y0
. den=[1 BI 200];

. %% %% %% % %% %% %% %% %0 %6 %0 % % %0 % %0 % %0 %% % %0 %0 %% %0 % % %6 %0 %6 %6 %% %0 %0 % % % % %o
. %Transfer Function %

. 9%%%%% %% %% % % %% %% % %6 % % %6 % % %0 %% %0 %0 %% %0 % % %6 %% %0 %0 % %6 %0 % %0 %0 % % % % Yo
. sys=tf(num,den)

. %%%%% %% %%%% %% %% % %% % %% %% %% % %0 %% % % %% %% % % %0 % % % %0 % %0 % %% Yo

%Poles %
%0%%%0% %% %% %% % %0 %% %% %% %0% %% %0 %0 %0 %0 %0 %6 %% % %0 %% %0 % % %0 %0 %0 %% %6 % % %% %o
pole(sys)

%0%%%% %% %% %% %% % % % % %% %% % %% %0 % %0 %% % % % % % %0 % % %0 %6 % %0 % % %% %0 % %o
%Plotting the Poles %

%% %% % %% %% %% %% %0 %0 %6 %0 %% %0 %% %% %0 %0 %0 %0 %6 %% % % %0 % % % %0 % %0 %0 %6 % % % Y0 % %o
subplot(211), pzmap(sys)

axis([-151-1515])

9%%%%%%% %% %% %% %% %% %% %% %% % % %% % % %% % %0 % % % % % %0 %% %% %6 % %0 % Y
%Plotting the response for an unit step Y%

96%%%%% %% % %% %% %% % %% %% % %% %% %% % %% % %0 % %0 % % % % %% % % % %% %0 % Yo
subplot(212), step(sys)

d =

g e



Critically damped = 5.657*107-3
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e Under damped Let B =2.5*107-3
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e Overdamped Let B =7.5%¥107-3
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Below can be seen the Rise time, Peak time, percentage maximum overshoot and settling
time when the system is in underdamped.
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The MATLAB program was also run in two other conditions to see how the performance

would be affected when the value of B was changed.
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Increasing the gain of the system causes a faster response but the there is also more
oscillations.
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Task 5

a)
A program to plot a Nyquist diagram for an open loop transfer function of a servo control rig
%File Name - Assigment_2 task 5 part am

i,
2. %Task5-a

3. %Author - Tom Wolsey
4

. %Date 02/04/2019
5. %Using Matlab to obtain the Myquist Diagram
0.
7. %%%%%%%%% %% %% %% %% %% %% %% %0 % %% % % %0 % %0 %% % % % %0 %0 % %0 %% %0 % % % Yo
8. %The component values %

9. %%%%%%% %% %% %% %% % %0 %% % % %% % %% %0 % % %% %0 % %0 %0 %0 %0 % %% 0% %% %0 % %0 % Ye

11, num=[0.03868 -5.369 -97.34 13450];
12. den=[1 169.8 1730 159];

13
14, %%% %% %% %% %% %% %% %0 % %0 % %0 % %0 % %% %% % % %0 % %0 % %% %0 % % % % % %6 %6 % %6 % %6 %o
15. %Create the transfer function %

16, %%%%%%% %% %% %% % %% %% % % % Y6 %% % % % % % % % % % % % % %% % % %% % % % % %% %
I8, Ny=tf([num],[den]) ///

19.

- %%%% %% %% % % % %% %% Ya% %% Yo% %% %% Y% %% %% % %o % % % % % Y % % % % % % % % Yo

[g=]

21. %Plot the Nyquist response Yo

22, %%%%%%%% % %% %% % %% %% %% % %% %% %% %% % % %6 % %% % % %0 %0 %0 % % % %% %0 % % %a
')1_

24, nyquist(Ny)

25 grid
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17.
18.
19.
. %Plot the Nyquist response %

L —

b

o0 -1 & Lh

—_ O \D

0.03868s%-5.36952-97.345+13450

GC(S) = 3 . A A
53+169.852+17305+15940.038685"3-5.3695"2-97.345+13450
Bolaf= 0.03868s5%-5.3695%—97.345+13450 /
& 1.0386853+164.43152+1632.665+13609

%File Name - Assigment_2 task 5 part b.m
%Task 5-b

%Author - Tom Wolsey

%Date 02/04/2019

%Using Matlab to obtain the Myquist Diagram

%%%% %% %% % %% %% % %% %6 %% % % %% %% %% % % %% % % % % % % %% %6 % % % % % % % Yo
%The component values %

%6%%%%% % %% %% %% % %% %6 %% % % %6%0% % %% %% %% %6 %% %0 % % %% %% % % % % %% %
num=[0.03868 -5.369 -97.34 13450];

den=[1.03868 164.431 1632.66 13609];

%%% %% %% %% %% % %% %% %% % %% % % % % % %0 % % % % % %% % % % % %0 % % % % % % % % %
%Create the transfer function %

%%0%% %% % %% %% % %% %% % % % %% %% %% % %0 %% %6 % % % % % %% %% % % % % % % % % %
Ny=tf{[num],[den]} % Create the transfer function

2%%6%%%% %% %% %% %% %% %% %% %% %% %% %% %% % %% % %% %% %% % % % % % % Yo

9%%%% %% %% %% %% %% %% %% %0 %% % %% %% %% %% %0 %% % %% %% % % %% %6 % %0 Yo %

.

%%%0%% %% %% %% %% %% %% %% % %% % %% %% % %% %% %% % %% %% % % %% %% % Y% %
%Plot the Bode plot %
%%%%% %% %% %% % %% % %% %% %% %% %% % % %% %% % %% % % % % %0 % % % % % % % % Yo

nyquist(Ny) % Plot the Nyquist response

pause

bode(Ny) % Plot the Bode plot /
grid
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The system is stabe the response is in the netgitive axis. a

/

The phase margin is infinite because the gain less than one.
Crosses the real axis at -0.17.

. ; 1 /
Gain margin, GM = i 5.88 P

GMas) = 20l0g(5.88) = 15.39dB ./

Resonance
M, = 7Hz/

Bandwidth wp

= 30-9?qu
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d)

The final setup for the tuning of the system can be seen below in the screenshot of the Pl system
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