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- 1. Consider the pitch autopilot system below,
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For an airplane flying at Mach 0.7, 40,0001t altitude, the airframe transfer function relating pitch angle ¢ to
elevator displacement ¢, is the following:
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(a) Find the zero and poles of the airframe. (5%)
(b) Let the autopilot tranfer function, Y,,, be a gain-constant K. Sketch the root locus for the closed- 100p
system for 0<K<cw. (10%)
(c) Show that in your root-locus plot in (b) that the locus depart from the complex poles with the angle of
77.1°. (5%)
(d) We now add realizable rate contml to the autopilot, so that
v, = Kl(l + S)
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Find the time constant zsuch that the root locus passes through A =-2+3/. Determine the gain constant K

such that A =-2+ 3/ is a closed-loop root. (10%)

2. (20%) Sketch the Nquist diagram for the system described by the open-loop transfer tunction
| s+ z

s (s + p) _
for the two cases (a) z=1, p =2 and (b) z =2, p = 1. Comment on the stability for the case and compare your
result by sketching the root-locus. |
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3. (15%) Consider the unity-feedback gain system below.
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Sketch the Bode diagram and determine the gam and phase marglns when the Bode gain is unity and maximum
value of K for which the system is stable. Confirm the result by using Routh’s stability criterion.

4. Consider the system shown below,
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Design a phase lead cascade compensation filter that will provide the correspondmg closed-loop system with
the following characteristics. (10%)

(1) steady-state error due to a unit ramp input of less than 25% and
(2) a closed-loop damping ratio of about 0.7.

If a phase lag compensation network 1s used, compare the step response to that w1th phase lead compensation.
(10%)

5. (15%) An open-loop, third-order system 1S descrlbed by the equation
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Using the state-feedback, find a suitable gain vector k such that the closed-loop system is dominated by a pair
of closed-loop poles having a damping ratio ¢ =0.707 and a time constant ot 0.5 rad/s. |

' - A - . o BT TR T | [’ e B T N L o, T T T Lo PR



