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1. (20%) Given the pole location of the standard 28 order system (-3 + 6j), please find the natural frequency,

damping ratio, peak time, percent overshoot, and approximate settling time.

2. (20%) Please find the dynamic equations and free body diagrams in time domain and Laplace domain for
the following system. The transfer function of X(s)/F(s) should be reported. If it is a second-order system,
please also provide the damping ratio and natural frequency.

——=x(1)

3. (10%) For the unity-feedback system, find the value of K to yield an acceleration error constant K, of 50.

G(s) =

K(s+4)(s+6)(s+12)
s2(s+1)(s+5)(s+7)(s+9)

4. (25%) Consider the dynamics G with the transfer function being
s
st 41
(a) (10%) Plot the root locus of 1+4G(s)=0 along with positive k,i.e. k€[0,0).
(b) (10%) Plot the loot locus of 1+kG(s)=0 along with negative k,ie. k€ (~»,0).
(c) (5%) Let the dynamics G be negatively feedback-connected by saturation with upper limit 0.5 and
lower limit -0.5 to form a closed-loop dynamics M . It is found that the closed-loop dynamics M is

bounded-input-bounded-output stable. Explain this fact by the root locus plotted in () and (b).

G(s)=

5. (25%) Consider the dynamics G with the transfer function being structured as

_s+2

T s+l

Therein A(s) is uncertain, but the peak value of its Bode magnitude plot has been identified with 1, i.e.

G(5) = Gy ()1 + W()A(s)) Go(s)=—s—fr—2; (s)

|A(ja))| <1 for Vo=0.

Let the dynamics G be negatively feedback-connected by a positive gain k, k>0, to forma closed-
loop dynamics M . To guarantee the closed-loop dynamics M be (internal) stable, what values of &

are candidate?




