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Task 1
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b. This shows the similarity between the MatLab and the Simulink on the plot
although they look slightly different this is due to the time scale.

| ; AGeorge Bellmaine ass 2 task 1 .Figutn _ o %
|3 % First crder response of a RC circuit. File Edit View Insett Tocls Desktop Window Help £
|4 Dfdda NN OIEA- S 08B ad

5 3 Set value for Reaistor, capacitor and voltage

€ - R = 1.5410"3; C = 1.5*10%~6; V = 20; First Order Response - RC Circuit

? i 2 [ g ; e

a- Ic=R"C; ¥ Calculate time constant : ' H
| &= T=0; %t Ser initial conc
(10 = Vour=0;

11
|12 % Determine the output voltage for value of time, T.

13 - for k=1:60

14 - € (k)= (k-1) “Tc/5; X

15 = Vout (k) =V* (1-exp (-t (k} /Tc)); g

16 - end; /

17

18 % Display the Vout against time

1% = plot(t,Voutr, 'r-");
!20 - tivle('First Order Response - RC Cizcuit')
|21 - xlabel ('Time (sec
|22 - ylabel ('Voltag

a3 - grid

24

444 44 I
5+444.44 7
RC CIRCUIT
o TIME RESPONCE

B TivE RESPONCE - | X

&H LLL AEBE BAF E /

Time offset 0
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c. This print screen shows the frequency response when a sin wave is applied.

1 % Gecrge Bellmsane T fror— e e o - - e =
| 2=  ®=1.5010%3; C = 1.5° Tuﬁgurﬂ - B X
| 3~ =0; ¥ inatial comditions  File Edit View Insent Tools Desktop Window Help ]
. : % Time constant ‘_}':u'ﬂ h - -\“{T@%#- g} ﬂ@ G@
| :' Te=R*Cs = Frequency Response for a RC Circuit
o7 ol R ERE LR IR ERLLIL 1R RELEL

{ A= £x=0:0.5:3000; iR i i i
| 8- z=length (£x); LN H
| 10 % For loop
|11 - for x=1:z ////
|12 - £=£40.15
| 13

14 % Angular velccity |

15 - wi{x)=2*pi‘f; iy |
| 1€ 2
|17 % Time response .%
18 = G(x)=20*1log(l/ (sqgrt (1+w(x)"2*Tc"2))); (]
|25 = end

20

21 % The frequency Response

22 - semilogx (£x,G)

23~  xlabel{'Freque

24 - viakbel ( |

25 - title('Fr 1

26 - grid ‘

27 |

{

d. The print screen shows the bode plot in MatLab.
fGeorge bellmaine task ld
% Producing freguency response using Bode Flot

» Figure 1 |
e a c T & 1 4 i
% Create Transfer Function He EQt vew I Tocks D Wi o

G=tf([1],[0.00225,1]): D_@'ﬁ'gi heaeam® e 08 o

% Bode Plot
&= bode (G)
- grid

title('Bode Pir:t')/

L I R o T S P N
I

P
=1
1

e Dode LA
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a. This shows the torque to speed plotted on MatLab.

i I % George Bellmaine Task 2

2 % DC Motor Calculation
| e Ra=1.4; Va=12; TIs=0.215; % Motor paramecers

4

5= k= (Is*Ra) /Va; % Calculation of Motor constant

€ / =T g - = _ e

i % Max Speed / : n Flgulel o X

By MaxW=Va,/ km; y File Edit View Insert Tools Desktop Window Help £
|12 Odda | b RRNOTILA- S/ 0B oD
|10 % Speed Range
|11 - W=0:2:700; / Speed Torgue Relationship
|1z T=lm* (Va-km*W) /Ra; / 700 T T T T T T
|13 '
;14 $ Diplay of results cool \\\ |
15~ disp('The Motor Constant, L:rr/i \“\\

16 - disp (km) L

17 - plov (T, W, 'B-') 500 S |
[18 =  xlabel{'Torque (Nm)'} e
;15— vlabel {'Speed (Rads/s)'}) = \V\
|20 = title('Speed Torque Relationship') E 400 . 4
21 g -
| % e
| g %0 \\\ |
1 ® LY
| \\

200+ > 4
\‘\
b1
N
100+ \ 4
| =2
A L L L 1 1
‘ -% 1 -0.05 0 0.05 01 015 02 0.25
| Torgue (Nm)
b. This shows the Simulink with plot of the speed of the motor (Part C).
: O /
D418
Armn x:"l-nﬁ Eledrical TF Racs 1o Rews Scope
B scope - D x

Tourgué (Nm) L
003

Feadbaor (Km)
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d. 0.02Nm

D 143418 0.00045+0 0000034
Elecwicsl TF

Mechanical TF
Meter Constant e __ ReosioRevs Scope

B

S PLL AEBE BAEE

Tourque (Nm) L
0.02

Feedbso (Km)

0.04Nm

; 1 ]
LR 0.000450.0000024
Am Volmge

o) Elecsical TF e Mechanical TF
[Km)

_ Redsio Revs Seope
B scepe - u] X
8E PLL ABE BaAF -

Tourgue (Nm) L
002

Feedback (Km)

Task 3

a.
g Kp Ka Kf/; e
—_— e et > 8
s(s +B/I)
Ke
‘—

b. Standard equation for negative feedback system. e—":ﬂﬁ
0. 1+G(s)H(s)
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Kf/l
Glsy=Ka * st

vl
H(s) =Kp
Transfer function
KAKF/
Kp X __FL'
0 _ s+ P
6i(s) £ v _Kfié_ //
P B
s(s+BA)
KPKAKF/I
0,(9) _ _ s+ 5%,
0i(s) KPKAKF/]

Lol =
SZ+BS/I

(s* + Bs/) x KPKAKF/
S

6,(5) et
8i(s) B 52+ %) KPKAKF/I
s24 BS/Y w1+
( /l) s2 + BS/]
— /4/.
s2 + ¥+ —“KP'?KF
KPKAKF /
0 () _ 7 g
@i(s) s2 4 ?,}_ %
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C.
KpKaKF
8o(8) _ 1 F
86 g2y By Rl
0,(s) . Wp?

= k
8i(s) 52 + 2lw,s + wy?

5Xx1x8x10-3
0,(s) X 107 _ 200 /
0;(s) g BS 5x1x8x10"3  s2+ 5000Bs + 200
X 10 % 2% 104

w2 = 200

So Steady state value = ks = 1 /
Natural frequency = on = V200 = 14.14 rad/sec
2{w, = 50008

for critically damping { = 1

So 2x1x11.18 = 5000B P

B = 2828 = 5656 x 10" N/ms"!
5000

To determine the poles for critically damped

(5% + 2008 + an?) =0 /

S = -p, -0n =-14.14

No damping = make the B=0

Under damped= between 0 and 5.656, /
2

B=25xi0 L

B/I = 2.5%10-3/2%10-4 = 12.5

Over damped= Over 5.656,

B=15 o lp~* >

i’

B/ = 15*%10-3/2*10-4 =75 /
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1 % GCeorge Bellmaines task 3

2

3 §$ Create the numerator 3
4 - num=[200]; /
5

€ % Create the denominatcr ¢
= den=[1 28.28 200]:; /

8

L} % Transfer Function

¥ = sys=tf (num, den) /

11 /

12 % Poles

33— pole (sys)

14

15 $ Plctting the Poles /

16 - subplot (211), pzmap(sys)

A5 = axis([-30 1 -15 15])

bt
(e

19 % Plotting the respcnse for an unit step !
20 = subplot (212), step(sys)
Pole-Zero Map
T T T 1 T T
10} b o
0 ‘
% :
Bl oo ommmmmenoeeene oo = |
a : ”
o !
E ; /
et (1) =
1 ] ] L | |
-30 -25 -20 -15 -10 -5 0
Real Axis
Step Response
1 T e : I T : T /
g
= 05| g
§
|:| ) 1 | | 1 ] 1
0 0.05 01 015 0.2 025 03 0.35 04

Time (sec)

The screen shots and calculations show how | got the correct values for my MatLab
which worked perfectly because it shows the plot.
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i } . b B Mo

Ste i o
F P (KA ield Controlled Motor ey

u Scope = O X

8EPLL ABE DA T -

Time offset. 0

The response in MatLab is slightly different to the result in Simulink due to the scale
on the graph but they are Identical at 0.4. /
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e. The equation for this 1 % George Bellmaine task 3
task is -
3= B=input ('enter friction,B'}
4 fcalculate B/I
b, = GB= B/ (2*10"-4);
€
N % Create the numeratcr
g = num=[200];
]
10 % Create the denominator
11 = den=[1 GB 200]:
12
13 % Transfer Function
4 - sys=tf (num, den)
15
1€ % Pocles
Y = pole (sys)
18
18 % Plotting the Poles
20 - subplot (211), pzmap(sys)
24 = axis([-100 1 -20 20])
22
23 % Plotting the response for an unit step
24 - subplot {(212), step(sys) /
No damping results
Pole-Zero Map
20 . T T T T T
%
@ 10F v
E :
E B - ot s sl e e -
E A0t ”
X
=20 - L L L ‘ L
-30 -25 -20 15 -10 5 0
Real Axis
Step Response
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Figld Controlied Motor

+F)

I scope - a -X“-
85 0LL ABE BAEF

Under damped

Pole-Zero Map
0 T T

o

Imaginary Axis
o
1

o

h 4

Soope

0

Field Controlied hotor

A

VALERO
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Over damped

Pole-Zero Map
20 T T T T T T T T T T
B _
E E
E 7 | L S A R I T Sy e %]
2 i
E 10p 1
20 | i 1 L I 1 1 L 1 |
-100 90 80 70 60 -50 40 30 20 -10 0

Real Axis
Step Response

05t " B

Amplitude

) 4

Fiela Controlied Motor

B scope — [m] X |‘

8BPLPO ABE BESF -

F 4
A

T LA e, /""ﬁ'j,’ m/fj/\/zqu/'/ ’/-/‘,/_; /:?“'b'fj/‘ﬂ“'~" i{ o (‘;)C [.4 i,

= Reio oy ok

Averitioed /{ ;_gﬁ,{?‘[ﬁ{_ Eia . s : - s
| Y

Ulae L ;4(._[' i e [.-

e~

('/ e -/=-—.fﬂ37!ﬁ—{;ﬂ.;,L{,._ /; ot :(J(u\""

l1|Page

&



SERVICES V

VALERO

Task 4

h

[+

T e
522 0844298

Step | Integrator + Traneter Fon Scope
Add ¢
b duidt ¥y
D Cesivative /
£
B scope — O X

8= PPP KEEDAF -

1

0ne

P af- ,;,-,,//" Arx/’,//#/ /,’J At ant

s |

&wawﬂlu” ot -Z;Mﬁﬁf

B2

U B , - it AJQW%J' 4@2%&

Time offset, 0 o Ko, Ky N/ |

o\

£

Task 4 shows my PID control with the parameters at the correct rate so that it hits
the max before 1 second and is less than 0.18 seconds.

Task 5
0.03868s3-5.36952-97.345+13450
a) Gels)=3 2 3 2
s34169.852+1730s+159+0.0386853—5.36952-97.3454+13450
0.03868s3-5.3695%2-97.345+13450
Ge(s)

~ 1.0386853+164.43152+1632.665+13609
above are the equations | used to add into my MatLab code.

|’Sl:EC-ICjE‘ pelimaline A88 £ Ta3K o PULl

- num=[0.03868 -5.36% -97.34 13450];
- den=[1 169.8 1730 159];

- CRIG=tf ([num], [den]) § Create the transfer function

D =] & N = W B -

- nygquist (CRIG) % Plot the Nygquist response

#
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Nyquist Diagram

50 T T T T T T T T T

Imaginary Axis

b)
1 $Gecrge Bellmaine Ass 2 task 5 pt2/3
2
3= num=[0.03868 -5.369 -97.34 13450];
4 - den=[1.03868 164.431 1632.66 13609];
5
6 = CRIG=tf([num], [den]) % Create the transfer function
T
] = nygquist (CRIG) % Plot the NHyguist response
9 - pause /
10~ bode (CRIG) $ Plot the Bode plot
1 grid

13| Page



Ty
vy
<
=
o
w
n

VALERO

Nyquist Diagram
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ALTRAD s
. _,—. * | 002868525 23655257 345412480
| » s ol b s24162.857+17205+158
= Ki Integrator Trensfer Fon
Generstor -
Kp ]
Scope /
Scope i o X

85 PPO ABE OAS

0 2 i 5 8 ik |

The whole method for trying to tune this was by first working on the proportional
number, which was rather straightforward, and then | fine-tuned the wh9|e controller
by changing the integral. This then resulted in the plot shown above.

l
m /‘/W/g Ve 4%/ m&%u(/[)" /‘_{; 4% L s “‘/"L/i/ Ww 4\/-,/»._‘2.,,.]

G il - e’
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