Matlab Simulations for the Tutorial on Limits of Controller
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1. Solutionto Q1

=

T Q1

clc;clear;

% transfer function
syml £f = cf([2 4 1],[1 5 2]):

% =state space model

syml == = == (syml tf)

% solution by hand
4 = [-5 -2;1 0] B = [1:0]: C = [-6 -3]: D = 2;
% transformation matrix
T = [4 Or O 4]:
T=R=T" (-1}
T*B
C&*T~ (-1)
syml == =
a =
®x1 =2
®x1 -5 -2
®2 1 4]
b:
ul
=1 4
X 4]
c=
=1 ®2
vl -1.5 -0.75
d:
ul
vl b

Continuous-time state-space model.



Solution to Q2
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Output response
Solution to Q3
(Just for verification, you need to know how to draw nyquist plot for simple transfer functions)

% 03

clec;clear;

% transfer function
syml tf = £f([10],[1 1 0 0O])

% Hyguist Plot
nyguist (syml tf)



Nyquist Diagram
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4. Solution to Q5

%% Soluntion to Q5
cleyclear

G of = cf([1], [1 -2]): % system transfer function
C tf tE([1 -2], [1 3]):; % Controller transfer function

% =zolution to a)
G 25 = 2=5(G tf):
C 55 = 33(C tf):

% =zolution to b)
CG ==z = series(C_s=3,G_s=s5)

[V,D] = eig(CG_s=.a);
T = inv (V)

CG =21 = g=2==2(CG_s=2,T)



CG =5 = CG ==21 =
a = a =
=1 w2 ®x1 =2z
=1 2 =-2.5 x1 2 4]
X 4] -3 xZ 0 -3
B = b =
al ul
®x1 1 x1 0
®2 2 ®x2 2.236
c = c =
®1l =2 x1 xZ
vl 1 vl 1 0.4472
d = d =
a1 ul
vl 0 vl 0
(a) Original system (b) Transformed system
There is an uncontrollable unstable mode A = 2
5. Solution to Q6
G tf = cE£([1], [1 5 2 0]):
%% =solution to a)
T tf = feedback(G _tf,1):; Y rity transfer function
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[magl,phasel] = bode(T_tf,1
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magl =

0.2425

phasel =

-165.59638

ans =

-4.6135 + 0.00001
-0.1833 + 0.42361
-0.1533 - 0.42361i

Bode Diagram
Gm = 20 dB (at 1.41 rad/s), Pm = 44.5 deq (at 0.378 rad/s)
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Ifk = 0.15; 2 = 2; b = 0.3; then T(j1)=0.0664
Loop-shaping:
open-loop and closed-loop transfer function



closed-loop: T(s)

Sensitivity transfer function

sensitivity transfer function: S(s)
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If K =0.15; a =3; b =1; then T(j1)=0.0702
Loop-shaping:

open-loop and closed-loop transfer function
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Solution to 8

closed-loop: T(s)
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