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1.(20%) A vertical launch rocket has mass m and thrust 7. The rocket is subject to gravitational

2
attraction with acceleration g =g, (—R—h) where g, is a constant, R 1is the radius of the earth,
\ R+

£

and # isthe altitude.

(a). (10%) Obtain the differential equation that describes the relationship between the thrust T
and the altitude 7. '

(b). (5%) Find the linear approximation at ~=0 and determine the transfer function.

(¢). (5%) Evaluate the poles of the system.

2. (14%) 1In a unity negative feedback control system, the plant is a double integrator G(s) = —12—
‘ s

and a PD controller K(s)=k,+k,s is used. Determine the conditions on %, and £, so that the

closed-loop system is stable and the phase margin is at least 45°,

3. (16%) For the control system in the following figure, complete the table concerning the steady
state error.

Input R(s) |Parameter a | Steady state error
1/s 2
1/s 4 R(s) 12(s +5) Y(s)
1/s° 0 ‘ - s(s+a)(s+1)
1/s? 4

4.(25%) Consider alinear time invariant SISO 3" order controllable state equation (1) = Ax(¢) + bu(?)

and let z(1)=Tx(?) , figure out and determine T such that Z(t) = KZ(ZL) +Bu(f) , Where

0 0 0
A=l 0 0 1 |aab=|0]
-a, —a, —q 1

5.(25%) Anasymptotically stable type I SISO system with input and output equations are described by

x(t) = Ax(t) +bu(t) and y(#) =cx(?). Suppose the input is given by the ramp function % (1) =5¢, for

¢ > 0. Please derive and determine the velocity error coefficient, kv ,interms of A, b,and c.




