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Closed-loop transfer function of a unity-feedback system is given by

2
Z(i)- = Lz_ . Steady-state error to unit-ramp input is (8%)
R(s) s*+2o, +o]
(A) o (B) 2{/w, €)1 (D) 4/¢w,

2. Dead-time model e™*'> may be approximated by the transfer function
(A) (1-1,5s) (B) (1+7,5) (8%)
©) A+1,8/(1~1,5) D) (-z,5)/(1+17,5)

3. The characteristic equation of a feedback control system is
s* +a,s” + a,s + Ka, = 0,0, > 0, where K is a variable positive scalar parameter.

The system is stable for all values of X given by (8%)
A) K>a, (B) K<a, ©€) K>q (D) K<q

4. The system model equation is X + 7X + 6x =10, How long it will take to reach

steady-state ? (8%)
(A)Ts (B) 65 (C) Ss (D) 4s
5. A unity feedback system has open-loop transfer function (8%)
G(5)= K (s +1)(s + 2)/[s(s + 3)(s + 4)] . For K=10, the closed-loop poles are
(A)all real and distinct (B) one real and two complex conjugate
(C) all real and repeated (D) None of the answers in (A), (B), and (C) is correct

6. Undamped natural frequency @, and bandwidth @, of a unity feedback system
2

s(s +2¢w,)
(A) @, =a, (B) o,>w, ©) o, <o,

(D) None of the answers in (A), (B), and (C) is correct

with open-loop transfer function G(s) = are related as (8%)
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(a) Sketch the loci of the closed-loop poles for varying K. (10 %)
(b) Find the approximate value of K so that the damping ratio of the dominating
closed-loop poles will be 0.5. (10 %)
= The block diagram of a roll stabilizer for a ship is shown below. Minor loop rate

feedback is included because of the low damping associated with the ship dynamics.
(a) Express the transfer function for the effect of wave disturbance torque T,on

ship roll angie C. (7 %)
(b) Find the equations that must be satisfied by Ka, K;,and K, to ensure botha

steady-state value of no more than 0.1 for C in response to a unit step T, and

a systemn damping ratio 0.5. (5 %)
(c) Which of K, and Xa must be adjustable to enable both specifications in part

(b) to be met? (5 %)
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@ . - Find the transfer function, G(s) = X;(s)/F(s), for the translational mechanical system

shown below. (15%)
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