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1. (30%) Consider the system dynamic equation ¥(t) + 25 (t) — y(t) — 2y(t) = u(t),

where y(t) is system output and u(t) is system control input. Define the state variable
as X = [x1 x; x3]7, where x; =y, x, =y, x3 = .

(a) Find the state-space equation for the system. (5%)

(b) According to the result in part (a), is the system stable? (5%)

(c) Asin part (b), is the system controllable? (5%)

(d) As in part (b), is the system observable? (5%)

(e) By use of the state-feedback control law u = —Kx, find the state feedback gain

matrix K so that the closed-loop system has poles at -1, -2, -3. (10%)

. (30%) A unity feedback control system has a loop transfer function L(s) = G.(s)G(s) =

K(s+1)/[s(s —2)(s + 6)].

(a) Determine the root locus on the real axis. (5%)

(b) Determine the angles and centroid of asymptotes. (5%)

(¢) Determine the breakaway point. (5%)

(d) Determine the points of the root locus crossing the imaginary axis, and the
corresponding value of K. (5%)

(¢) Determine the departure angle of its root locus at the complex poles. (5%)

() Determine the range of K such that the system is stable. (5%)

. (20%) The asymptotic log-magnitude curve for a loop transfer function is given in Figure

1.
(a) Estimate the transfer function for the system. (10%)

(b) Sketch the corresponding Nyquist plot for the system. (10%)
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Figure 1.

4. (20%) Consider the closed-loop system in Figure 2.

(@) Verify the transfer functions T;(s) = U(s)/N(s), To(s) = Y(s)/D(s). (10%)
(b) When R(s) =D(s) =1/s, N(s) =0, P(s) =2/(s+ 1), C(s) = K;/s (I-control).

Please show L!im e(t) = 0, where e(t) is the result of inverse Laplace transform of

E(s). (10%)
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Figure 2.



