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(I) (25%) The open-loop trausfer function of a system and its controller is shown below

K{s+1)
s(s=1)(s* +4s+16)
find the range of the controller gain K which would result in a stable closcd-loup system under unity

negative feedback, find also the resonance frequency wihen the fecdback control results in marginal
stability (also called limited stability).

G(syH(s) =

(11) {a) (8%) Consider a simplified second—order system whese characteristic equation is 524-2§EDH3-+CUHI, and

scveral constaat-parameter familics of curves on Lhe s plane are shown below, cxplain the characteristics
of the four fawilies of curves shosn below:

Constant Parameter Family of Curves:
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(b) vertical lines f//i:f“"’h“‘ngaxi'"
(c) radial lines !

{d) circles centered at [
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| the s-plane
(b (22%) An uncompensated system with an adjustalle controller gain K hos its open-loop transfer Tunction
as ’
_ K
s(s+2)

Design a proper controller gain and a phase-lap compensator in series with the controller such that the
closed loop systee under unity nepative feedhack satisfies the following dviamic properlics: (1) Lhe
damping ratio of its dominant complex rootg is 0.45 aud (2) there is only b% steady-stalc error in responsc
to 3 rapp input.

(Nint] You can make approximations in order to properly decouple the design of your contreller paramelers,
bai_gou must verify that the conditions for your approximations to hold are satisfied reasonably in your

results.
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