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Ql. Fiqure Q1 shows a mechanical system consisting of mass M; and
Mz, damper constant B and spring stiffness K; and K. When force
ft) acts on mass M;, it moves to position x;(t) while mass M, moves
to position xz(t). Let xz(t) be the output. Find state-space
representation of the system using x;(t), x2(t) and their first

derivatives as state-variables.

X (t) X, (t)
T M T
% K, B K, %
2 24

Figure Q1

Q2. A control system is defined by the following state-space equations:

S0 e
x,(2) 3 —1|x@®)] |5

y(0)=[1 0][? ((?J

a) Is the system stable? Give reasons for your answer.
b) Determine the state transition matrix, @(t).
c) Solve the state equation for x(t) if the system is subjected to

an input uft)=et. Assume zero initial state vector.
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A two-input two-output system has the structure as shown in

Figure Q3 where Ui(s) and Uz(t) are the inputs while Y;(s) and Ya(s)

are the outputs.

a) Using the states x;(t), xz(t)=f1 (t) and x3(t) as defined in the
diagram, determine the state and output equations for the

system in vector-matrix form.
Y(s)

U,(s)

b) Determine the transfer function

UI(S) + 1 X l(t) YI(S)
’@ > S(s+]) —>

Y,(s) X t) 1 +é+ Uj(s) |
< s+2
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A system is represented in the following state-space

representation.

xl(t) _ 0 1 X1(t) + 0 u(t)
Xz(t) 206 O Xz(t) 1

¥ =l 0{"'}
X

a) Determine the gain of the state-variable feedback controller
so that the poles of the closed-loop system are located at
(-1.8+j2.4) and (-1.8-j2.4).

b) Determine the gain of the observer matrix which has both

eigenvalues located at -8.

A system is described by the following state-space equations.
' 0 1 t 0
).C‘(t) ={O O}P'( )] +[Ju(t)
x:(?) x,(t)
An optimal controlled u(t) = [-k;-k] x(t) is applied to the system.

When xT(0)=[0, 1], determine the feedback gain k of the system given

below that minimizes the following performance index
J = [x"xdt
0

Plot the performance index J versus the gain k.
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Laplace transform table

item no. f(t) F(s)
1. o(t) 1
2. u(t) -1-
s
1
3. tu(t) ;2-
4. t"u(t) !
Sn+l
5. e~ %u(r) !
s+a
6. sin wiu(t) @
52 + w?
Ry
7. cos wtu(t)
52 + w?
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