EE752 Homework#1 Solution
2-1
With 4, is an equilibrium point for the system with input z, , (l§(1) = f(hy,u,)=0).
Around this equilibrium point, linearize the system with respect to the first order taylor’s
series.

0 )
sh) =Ry~ f(hyu)+ L, sute-r)+ L, sh)
ou oh
where ag, .1 and o Yy substitute into equation above and apply Laplace

au |u[):140 %|h0:2A0\/%5

Transform, we will obtain,

5h(s) e—s‘r
G(s)= = .
5u(s) A
Ay(s+ 24, \/%)
2-2
1) =0
The system dynamics e M
A(h(1))

v(t) is known, define u'(t)=u(t)—v(t). Since we need h(t) > h,(t) as t >, the
designed dynamics could be ,uﬁ?("t) +h(t)=h,t), £>0 (h(t) > h,() with x4 — 0, what
if ©<07?).

To achieve the designed dynamics, choose u'(¢) =M(—h(t)+hd (¢)) with small u
U

(why?).
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Matlab code:
clear all;

% G ven constants

A0=300;

Al=12;

A2=120;

Tao=12; % the tine del ay

v0=24,

h_d=10;

h_0=8;

% Feedback gain to be desi gned

K m n=27; %I ower bound for K

K _max=50; % upper bound for K

% lnitialize the sinulation

Ts=0. 04;

t =0: Ts: 180;

N=l engt h(t); % nunmber of simulation steps

step_of del ay:Tao/ Ts;

% Using Euler's first order nmethod: X(k+1)=X(k)+Ts*f (k)
h 1= zeros(3|ze(t)) % lnitialize h vector for K mn case
h_1(1) =h_0;

h_2=zeros(size(t)); % Initialize h vector for K max case
h_2(1) =h_0;

for i=2:N,

if i<=step_of delay

ul=0; %control for K mn case

u2=0; %control for K nmax case

el se

ul=K mn*(h_d-h_1(i-step_of delay))+v0; %control for K mn case
u2=K_max*(h_d-h_2(i-step_of delay))+v0; %control for K max case

+Ts*(ul- (v0+20*sin(0.5*t(i-1))))/ (AO+ALl*h_1(i-.
i-1)));

+Ts* (u2 (v0+20*si n(0.5*t (i-1))))/ (AO+AL*h_2(i -.
i-1)));

% Plot the results:

figure(l)

plot(t, h .1, "b-", t, h 2, '"r--");grid on;zoom on;

| egend(' K=27' ,"' K=50' 4);

You can compare the performance of different Ks by using the code above.

2-5

P(s)
1+ P(s)C(s)
Because this is a linear system, the output is the superposition from the input and the
disturbance. Now consider the part of the output from the disturbance.

B P(s) B P(s) 3 « .
y,(s)= T2 P(s\Ces) P(5)ICE) v(s) = T+ P(s5)C(s) 5 49 (*) [because v(t) =sin(3?) ].

From y(¢) >0 as t > o, wehave y (1) >0 as t > 0.

The transfer function between disturbance v(¢) and output y(¢) is

Thus, in (*),s” +9 must be eliminated from the denominator. Otherwise, after the partial
expansion, we know there will always be some sinusoidal components in the output.

To cancel s> +9, it is clear that the controller C(s) must have s> +9 term in the
denominator.
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