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1. Find a state space representation for the transfer function

- s+23
G(s) (125+6) 225+2 ]_(10%)
| 3s+34 35434

Consider the control system shown in Fig. 1. The plant dynamics are described by the transfer

1
function G(S) N WG
s*+3s+2

o

If we assume a unity-feedback control system with a PID

control D(s) =K (1+2s+7, / s)

(1)  Find the range of K for which this system is stable when7, =5. (10%)
(i)  With no integral control, i.e., 7, =0 find a sufficient value for the gain K so that the poles

s,, ofthe closed loop system have Re(su) <-0.5 and 'Im(sL2 )l <2 (10%)
3. An open-loop mechanical system is governed by the second order system y+6y+Sy=u (1‘) , Where

u(t)is considered the input and y(¢)is the output state.

(i)  Take the Laplace transform (with zero initial conditions) to determine the open-loop transfer

function between U (s)and ¥ (s). (10%)

(ii)  Is the open-loop system stable? (10%)

(iif) Design a feedback control system with variable gain K which will remove the steady-state
error when the system is subjected to a unit step input. (10%)

(iv) For what values of K is the closed-loop system stable? (10%)

4. For the electrical circuit shown in Fig. 2, find the transfer function from u(t) to y (t) . (10%)

5. Consider a robot manipulator described by Fig. 3. If gravity and friction are ignored the system has
the dynamics

(J+M2)d=7(r), (1)

where 6@ is angular displacement, 7 is motor torque, J =1, M = 8§, and L. = 2. To improve the

performance we consider using the proportional-derivative controller

T'(s)=K(6,-0)-K,0(s), (2)

where K and K, are the proportional and derivative gains respectively.
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(1)  Draw a unity feedback block diagram (not simplified) described by Eq. (1) and (2). (10%)
(if)  Use the block diagram to find the transfer function G(s) = gi (10%)
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