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1. A control system is represented by the following set of equations:
@y(t) = —z1(t) +52(t),  Fa(t) = —621(t) +u(t), and

y(t) = 2(t),  u(t) = —kizi(t) ~ kaza(t) +7(2),
where k; and k; are positive real constants, y(t) is the output, and r(t) is the reference
input.
a) Draw the block diagram with proper labels to represent the system. (8%)
b) Derive the closed-loop transfer function for the system. (7%)
¢) Find k; and k; so that the estimated peak time is less than 0.8 sec. and
settling time is less than 2 seconds with 3% criterion. (10%)

2. The open-loop transfer function of a negative unity feedback system is given as

k(s +a)

GO = G e+

a) What is the system type? (5%)

b) Derive the sensitivity function for the steady state error to the variation of
parameter a with ramp input. (5%)

¢) Find the dominant poles and the associated gain k that would give an esti-
mated overshoot smaller than 5% for @ = 7 and a step input to the system.
(15%)
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3. Consider the feedback system with loop transfer function G(s) = £6=)
s(s+10)
shown in Fig.3.

(). Plot Bode plot of G(s) with K= 1. (5747

(b). Plot Nyquist plot of G(s) with X = 1 and its corresponding 9 contour. (/0 % )

(c). Determine the range of K such that the closed-loop system is stable using
Nyquist plot obtained by (b). (7% )

(d). Determine the value of K such that the gain margin of the system is 6dB. (57 )
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Fig. 3 Block diagram of the feedback system.

4. Consider the feedback system shown in Fig. 4, with

5
=5

and C(s)=Kp+Kps

(a). Determine the characteristic equation of the closed-loop system, ¢S )

(b). Let 7=Kp /K. Plotthe root locus for 0< K <0 when 7=6 (&%)

(¢). For 7 =6, determine the range of K p,, such that the closed-loop system is
stable, (574 )

(d). Determine the value of K, and Kp such that the closed-loop poles will
have damping ratio ¢ = 0.5 and natural frequency @, =10 rad/sec using the
root locus method, (/%)
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Fig. 4 Block diagram of the feedback system.




