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#1 (20%) Consider the system, as shown in the block diagram below.

[

K(1+ %)

w fom

(a) Show that the closed-loop transfer function is given by

1+s/ci
s2[Kci+sfci+1

Y(s) =

(b) Determine the formula for the characteristic roots Ay and A2 of the closed-loop
system in.terms of K and ¢;.

(c) Determine formulas for K and ¢; in terms of the undamped natural frequency
wy, and damping ratio { for the closed-loop system.

(d) For w, = 20 rad/sec. and ¢ = 0.5, determine the required values for K and
<.

(e) Determine the steady-state response 8,4 for ¢ > 0 when the input is the unit

ramp function defined as following (for the values of K and ¢; obtained in

(d)):

What is the steady-state error?

#2 (15%) A control system has an open-loop transfer function given by
((ci+s
(a) For ¢; = 1, sketch the root locus for 0 < K < co.
(b) Determine the value of ¢; such that —-1.8 4 52 lies on the root locus. What is
the’correéponding gain K?

(c) For the K in (b), what are the other two closed-loop roots ?
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#3 (25%) Consider the closed-loop yaw damper control system shown below, where
the system output is the airplane yaw rate R. We wish to make a root locus plot

for 0 < K < oo.

Ri +~¢ .13 2 R
K 3 (',1-{;_14) Yaw Rate
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(a) Show that the open-loop zeros are +j and the open-loop poles are 0, +52.

(b) Find the angles at which the locus leaves the poles +j2 and the angles at
which the locus terminates at the zero %j.

(c) Assume that the point —.736 + j1.5 is on the locus. Sketch the root locus.

(d) What is the gain constant K such that —.736 % j1.5 are closed-loop roots (a
graphical calculation from your sketch is 0.K.).

(e) What is the damping ratio ( for the root pair in (d) 7

#4 (15%)
(a) Determine the closed-loop transfer function for the control system shown be-

low.

s
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(b) Will the closed-loop system as shown have a steady-state error for a constant
velocity (ramp function) input 7 Why?

(c) How many characteristic roots will the closed-loop system have ? Why?
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#5 (25%) The pure inertia plant shown in the figure below is part of a éontrol system

with proportional and derivative feedback.

1
K 7

1+Cds

(a) We wish to make a root locus plot for 0 < Cy < co. Show in this case that
the open-loop transfer function for such a root-locus plot is given by

Ks

G =gra
(b) Using G(s) in (a) with K = 4, sketch the root locus plot for 0 < C4 < c0. To
help in making your plot, calculate the angles at which the locus leaves the

open loop poles and any breakaway points.
(c) From your root locus sketch in (b) estimate the value of the closed-loop roots

corresponding to { = 0.5.

(d) From your result in (c) determine (graphically, if you wish), the value of the
rate-constant C4 which gives the roots shown.

(e) From the closed-lo&p transfer function, Y (s) = 8o/6;, determine the analytic
formula for the closed-loop characteristic roots in terms of K and Cy. For

K = 4 determine Cy such that ¢ = 0.5. Compare with your result in (d).




