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1. Consider the system shown in Fig. 1. Let T(s) denote the closed loop transfer function,
ie.,T(s)=Y(s)/R(s).

(1) Find the S? (the sensitivity of the T'(s) to the variation ina ). (10%)
(2) Find the S; (the sensitivity of the T'(s) to the variation in ). (10%)
R(s) a G(s) —> Y(s)
B
Fig. 1

2. The equations that describe the dynamics of a motor control system are
di (t) d 6.1 .
dt

H=R i (¢ +L
e,()=R,1,()+ dt. |

T,,,(t) =K,i,(t) 3

T ()=J +K6 (t) . e,()=K,e(t) ; e(t)=K, [é,gt)—em(ij] .'

de, (t) dH ®
dr t
(1) Assign the state variables as x,(£)=0,.(?), x,(t)=d6,(t)/dt, and x, (t) =i (t) Write the state

equatlons of the system in the following vector-matrix form:
- X()=Ax(?) +BO (), y(©)=Cx(), SRS
where X=[x, %, X1 =[dx/dt dx,/dt dx;/dt T and y()= Bm(t). (10%)

(2) Find the closed-loop transfer function M(s)=0,,(s)/®,(s), where ©,(s) and ©,(s) denote the
Laplace transforms of 6,(t)and 6, (), respectively. (10%)

3. Determine the condition on b,b,,¢, and ¢, so that the followmg system is completely
controllable and-observable.. o o 4 (10%)

o dx() | |
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-—-'-Ax(t).-i; Bu(?) j/(t)?= Cx(?)
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4. Consider that the process of a unity-feedback control system is

_ 1000
P s(s+10)
Let the series controller be a single-stage phase-lead controller:
_1+aTs
© 14T

Determine the values of a and T so that the zero of G_(s)cancels the pole of G,(s) at s=10.
The damping ratio of the desigued system should be unity. (10%)

5. The block diagram of a control system is shown in Fig. 2. The error signal is defined to be e(?).
(1) Find the step-, ramp-, and parabolic-error constants. ‘ (10%)

(2) Find the steady state error when the input is as follows: (10%)

2
r(t) =3u,(t) —tu () + —%us (t),, whereu, (¢) is the unit-step function.

R(s) E(s) | 4G+ (s)
rey Y e | S+ ()
. Fig. 2

6. The block diagram of a feedback control system is shown in Fig. 3. o
(1) Apply the Nyquist criterion to determine the range of & for stability. (10%)

(2) Apply the Routh-Hurwitz criterion to determine the range of & for stability. (10%)
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