EE3510 Chapter 3 105060012 Yu-Sung Chang

(E3.5) A system is represented by a block diagram as shown in Figure E3.5. Write the
state equations in the form of Equations (3.16) and (3.17).

=Ax +Bu || y=Cx + Du,

S

FIGURE E3.5 Block diagram.

Ans.

i(—ka2 (s) — dX,(s) + aX;(s) + fU(s)) = X,(s) = x, = —(fk + d)x, + ax; + fu

i(U(s) — kXZ(s)) =X;(s) 2%, = —kx, +u

® Therefore, X = AX+ Bu,y = Cx + Du

A= [a _(ﬂ<+d)] B=|.|.C=[0 b,D=[0]x= [Z]u= [uly = [y]

(E3.6) A system is represented by Equation (3.16), where
_ [0 1
A=l 0]

(@) Find the matrix ®(t)
(b) For the initial conditions x1(0) = x2(0) = |, find x(t).

Ans.

(a) The state transition matrix is @ (t) = eAt = I + At + —A%t? +
21!

A? = [8 (1)] [8 (1)] —0,thus A2 = A3 = A* = ... = 0

At 0 0 17,11 ¢t
SdM) =e —[0 1]+[0 O]t—[o 1]
(b) The state at any time t >0 is given by x(t) = ®(t)x(0)
Since x1(0) =x2(0) =1

>x® =" T x®=1+tx0=1
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(E3.9) A multi-loop block diagram is shown in Figure E3.9. The state variables are
denoted by x1 and x2.
(a) Determine a state variable representation of the closed-loop system
where the output is denoted by y(t) and the input is r(t)
(b) Determine the characteristic equation.

) * Yis)
T 1
- X, 5

FIGURE E3.9 Multi-loop feedback control system.

Ris)

Ans.

(a) X;(s) = g(—Xl(s) + R(s) + %Xz(s)> =X = —x; + %xz +r
Xo(®) =2 (=(-Xu(®) + RO + 1%, = Xa(9)) = do =31 = o = 1

Y(5) = —X,(9) = (—X,(8) +RG) +2,(9) ) >y =3y = 2, 1
® |n state-variable form

X = [_11 _0155] X+ [_11] ry=[1 -15]x+[-1]r

(b) The characteristic equation

0.5

_ 2.5 - 1 =
_1l5_s]—0—>s +Zs+1—(s+2)(s+2)—0

det[_ll_ S

(E3.11) Determine a state variable representation for the system described by the
transfer function
Y(s)  4(s+3)

T(s) = RGs) (5+2)(s+6)

Ans.

Y(s) _ 4(s+3) _ 4s+12 _ 4s 1412572
R(s)  (s+2)(s+6)  s2+8s+12 1+8s71+12572

X1(s) = = (—12X,(5) + X,(5)) = %4 = —12x; +x,

X2(5) = 2 (—8X,(s) + R(5)) = %, = —8x; +

Y(S) = 12X1(S) + 4’X2 (S) = y = 12X1 + 4X2
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® x=Ax+Bry=Cx

S A= [‘32 _18],B= [(1’],c= [12 4]

(E3.19) A single-input, single-output system has the matrix equations

X=[_03 _14]x+[2]u,y=[10 0]x

Determine the transfer function G(s) = Y(s)/U(s).
Ans.

Y(s) _ 10s~2 10

U(s)  1+4s~ 143572 s2+4s5+3

G(s) =

(P3.12) A system is described by its transfer function

Y(s) 8(s+5)
T(s) = = >
R(s) s3+12s?+44s+48

(a) Determine a state variable model.

(b) Determine ®(t), the state transition matrix.
Ans.

Y(s) _ 8(s+5) _ 857 2+40s73

(a)

R(s)  s3+12s2+44s+48  1+12~ 144452448573

0 1 0 0
x=[0 0o 1 [x+|olry=[40 8 o0lx
—48 —44 —12 1
(b) (D) = e = [P1(D) P,(0) D3(0)]
0 1 0
A=1] 0 0 1 |®(s) =[s]—A]"! = P(t)
—48 —44 —-12
=0t _ 3e—dt 4 g2t %e_ﬁ' — e~ 4 %e_m ég—f" _ ig—‘“' + ée‘m
By(t) = | —Be—0t 4 12e—4 _ Ge—2 Bo(t) = 7%‘2_61 G 8e—dt ge_zt Da(t) = —%e_6t+ et _ %e_ﬂ
[ 366~ — 48e—4 4 122 J [ 27e—0 — 32¢—% 4 52 J B0t _ g it 4 L2t



