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Systems and Controls Qualifier

Fall, 2003

Answer any 3 of the following 4 problems.






of an electromechanical (EM)
the EM actuator and the closed-
PID controller.

loop transfer function for the syste

m? Would you operate the system with this set of PID gain
values? Explain.

(b) Determine the relationship(s) among the

asymptotically stable. Discuss the effect of the proportional gain on the gain margin of the position
servo for a given set of derivative and integral gains.
R(s) + Ge(s), PID | M(s) | G 15) EM (s)
_ Controller Actuator
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Figure 2 Bode plot of the EM actuator
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Figure 3 Bode plot of the closed-loop system
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AT (s) =

U(s).
rs+1

(¢) Construct the root locus for the System of (b) as X is varied andB=11=2 s€C, L =0. What valye

of K=K isico yields a critically damped response? Is a rise time faster than K = Keriticar accurately
predicted by this analysis for this physical system? Why or why not?

(d) What distortion wil] you observe in the root locys of part (c) as L increases to a significant valye?
Justify your answer with a r1gorous argument.
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—=4. You are a member of a team designing a control
System for a satellite. The satellite wil] orbit earth while it
scans various portions of outer space, looking for signs of
intelligent life. Since the search might take a while, the
satellite must continually obtain power from the sun. To do
this, it is equipped with large solar panels. In order to
maximize power absorption, the satellite routinely reorients
itself so that the solar panels are pointing at the sun. Given

the solar panels are very large and thin, they have a tendency
to vibrate. A simple model of the satellite is shown in

3) The reaction wheels can create virtually any torque vs. time profile that you can imagine (the
maxtmum torque value is limited). Plot a "g00d” reaction wheel torque profile so that the satellite

moves a small distance from ope configuration (initia] angle) and stops in some other configuration.
4)  How would the reaction wheel torque profile change for long move distances?

J)  Sketch a block diagram representation of 3 control system that you would design for this satellite.
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