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INSTRUCTIONS

There are 4 questions attached, please solve 3 of the four questions as completely as
possible. State all assumptions, and make sure that you clearly indicate the thought
processes that you employed to arrive at your answer. Answer only 3 questions. If you

answer 4 questions, only the first 3 will be graded.



TRANSFER FUNCTION ANALYSIS

The dynamic system of interest with input u(t) and response y(t) has the transfer function

Y(s) s+2
U(s) (s+1)?+a’

Define a system to have overshoot to a step input at t = 0 if y(1), its response, reaches a
maximum for a value of t where O<t<cw. For the system of interest we are concerned with
the response of the system for values of a where - < ¢’ < w0,

a) For what values of a is the response oscillatory?

b) For what values of a is the response unstable?

¢) For what values of a does the response have overshoot?

Justify your answers analytically. For your convenience a brief table of Laplace
transforms is attached.



Laplace transform pairs
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RooT Locus

Consider the system shown in Figure 1, where the characteristics of the plant KG,(s) is
given by the root locus in Figure 2. Design a controller Ge(s) so that the system can
operate

(a) with a settling time that is one-quarter of the original system (where K=4.2), and

(b) with a static velocity error constant at least 30 times larger than that of the original
system (in order to ensure that the steady-state error to a ramp input is within an
acceptable limit).

For the compensated system that you design, sketch the modified root locus and the

response to a unit step and list the following results: the dominant complex poles, settling

time, static velocity error constant, and maximum overshoot.

E
R(s) — (s)] G.(s) M(s)

KG,(s) Fr»Y(s)

Figure 1

Root Locus
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FREQUENCY RESPONSE

Please use the following transfer function for this problem

Y(s) s+10
R(s) - s(s+0.1)2 (s +1000)

Parta

Sketch the Bode plot for the transfer function. Please show gain in dB.
Partb

Determine the gain and phase margin for this system. Show them on your Bode Plot.
Partc

Determine, to a reasonable approximation, y(t) when r(t) is given by

r(r)=10sin(0.1¢) +20sin (¢ +0.1) + sin (200¢) + 0.1sin (60007)



MODELING

o

Py
~N

O
~N

T
i
il

VWY
Vi oty

—o Vour

= =L

a. Determine the transfer function between the input voltage, Vi, and the output
voltage, V.

Can the analog electronic system shown in the above figure physically generate

the transfer function that you derived for part a? This is a yes or no answer.

c. Justify your answer to part b.
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