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1. (30%) The block diagram of a feedback control system is shown in the figure. .

1)y Hs)
(s)' ="

(a) Derive the following transfer functions: DG
S

| =0 -

(b) Find T (s) such that the output ¥(s) is totally independent of D(s).
(¢) Find the value of K so that the steady-state error is zero when the input is r(f) =u,(#) and 7(s) is as

determined in part (b).

D(s) -
T(s) < l
+
R(s) 4 O s+1 R Y(s)
| K | s+2 . s(s +20) + B

— \J

2. (50%) The characteristic equation of a unity-feedback control system is given in the following equation:
S +65°+35+K =0
(a) Using the Routh-Hurwitz criterion, determine how many roots of the characteristic equation are to
the left of the line s =—1 in the s-plane for K =10.
(b) Find the value of K that makes the relative damping ratio of the closed-loop system (measured by
the dominant complex characteristic equation roots) equal to 0.707.
(c) Apply the Nyquist criterion to determine the values of X for system stability.
(d) Find the value of X so that the gain margin of the system is 40 dB,
(¢) Design a phase-lag compensator such that the steady-state error to unit rarip input is less than 5 %
and the phase margin is greater than 70°.
3 (20%) Figure shows a circuit where the w(¥) is an input, the voltage of the R; is output, and the capacitor
voltage and the inductor current are the state variables.
(a) Write the dynamic equations (state equations and output equations) and the characteristic equation.
(b) Determine the conditions that the system 1s controllable and observable.

o .
.
i(z) R; R;

(1)

i G, L

O






