Please start with an easy question and try to answer all questions.
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1 Problem
Consider the second order system
2
G(s) = In

52 4 2Cwns + w?
and the following two performance specifications:
1. G(s) is stable,
2. Percent Overshoot (PO) > 4.3%, and
3. 5% settling time < 3 sec.
Provide answers to the following questions.

a. (10 points) Find (or draw) all possible locations of the two poles of G(s)
in the complex domain to satisfy stability and PO conditions.

b. (10 points) Find all possible locations of the two poles of G(s) in the
complex domain to satisfy the settling time condition.
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c. (10 points) Find all possible locations of the two poles of G(s) in the
complex domain to satisfy stability, PO and settling time conditions.
Hint:
_=fn P
PO = 100evi-& = 100e~"/*n?,

where ¢ = cosf. From this equation, we know that § = #/4 when

PO = 4.3%.
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2 Problem

Consider the transfer function
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in the feedback system in Fig. 1.
. (5 points) What is the root locus? Explain by using Fig. 1.

. (15 points) Draw the root locus by varying k from 0 to co. What is the
relative degree? Show the intersection of asymptotes.

. (10 points) Find the range of k > 0 for which the closed-loop system is
stable.

. (10 extra points) Compute the angle of departures for the complex poles
of the open-loop transfer function.

. (15 points) For a unit step input U(S) = %, compute the steady state
error e, := limy_,oole(t) := u(t) — y(t)] in terms of k.

(15 points) Propose a dynamical controller (in stead of using a constant
gain k) in order to eliminate the steady state error for the unit step
input completely. Justify your answer.

(10 points) Explain how you prove the stability of the closed-loop system
with the dynamical controller you provided.

k | G(s)
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Figure 1: A closed-loop system.
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