Question

State Space Analysis

7.  Consider a system defined by the following state-space equations:

[]=15 Sllel+[le e y=n 2]

Obtain the transfer function G(s) of the system.
(Ans: G(s) = 125+59)

$24+65+8




Solution
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Question

8.  For the system shown below, find the state-space equations and calculate the state transition matrix in
time domain.

Xx(s) — Xy(s) = ¥(s)
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X, (t) x, (t) x, ()Y
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Solution

542 1 (s+3) -1 1
3 3 _|s2+6s+13 sz2+6s+13| _[(s+3)2+22 (s+3)%+22
Xi(s) = 5'+4X2(S) = 5X1(s) = —4X1(s) + Xa(5) - -5 s+ 4 - -5 (s+3)+1

c s2+6s+13 s2+6s+13 (s+3)2%2+2%2 (s+3)%+22
X5(s) = —[V(S) X1(8)] = sX5(s) = SV(s) — 5X1(s) — 2X5(s)

. s+3 1 2 1 2
Taking inverse Laplace Transform, we have GI3Zt22 - i(s T3 22 f(s T3 T 2
%, (6) = —4%,() + x,(t) and x,(t) = —5x,(t) — 2x,(£) + 5v(t) _;( . 3; — : +53*)'23+ - +%( . 3; —
S S S
Hence, the state space equations are,
[21(5)] _ [_4 1 ][xl(t)] [0 o(0) Then, taking inverse Laplace transform (rules 15 and 16), we have
X2(t) =5 =21{x,(t) 5 1 1
=3t =3t .z —3f
Y. (t e "' cos(2t) — e " sin(2t) —e " sin(2t)
y@ =0 ol [xl%t;] ¢(t) = s Ly
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The state transmition matrix in s-domain, ®(s) = (sI — A)™!
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Question

Obtaint the state space equations for the following circuit.
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End of Tutorial Questions (Part 4)

Vol?)



Solution

9. We first write out the differential equations of the system,
d. . :
Vi) = Li 2 () + [ () — 2(DIR
. . d . 1.
1@~ OIR = L 1,0 + 7 [ (0 de

1
RO, =Ef i (6) dt

Since state space equations related differntial functions instead of integrals, hence, we need to
transform integral into differentiation as follow,

11 _ d
G =7 [ L@ =00 = ZV©

Let x1(t) = V,(£) = y(t), x2(t) = i1(t), x3(t) = iy(t) and u(t) = Vi(t), then we have,
u(t) = Lixy(t) + x,(0)R — x3(t)R
Xy (DR — %3 (0)R = Lyis(t) + x,(8)
x3(t) = Cx,(t)
Rearranging the terms,

R R 1
X,(t) = —L—lxz(t) +L—1x3(t) + L—lu(t)

1 R R
X3(t) = —Exﬂt) +Ex2(t) —Exz(t)

1
() = 7 x3(2)

x1(t)
X (t) | =
X3(t)

y@®=[1 0 0

Hence, the state space equations of the sytsem 1s,
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End of Tutorial Questions (Part 4) Solution



