[image: image1.png]3. Sketch the asymptotes of the Bode plot magnitude and phase for each
of the following open-loop transfer functions. After completing the hand
sketches verify your result using MATLAB. Turn in your hand sketches
and the MATLAB results on the same scales.
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[image: image6.png]8. Right half plane poles and zeros Sketch the asymptotes of the Bode plot
magnitude and phase for each of the following open-loop transfer functions.
Make sure the phase asymptotes properly take the RHP singularity into
account by sketching the complex plane to see how the ZL(s) changes as
s goes from 0 to +joc. After completing the hand sketches verify your
result using MATLAB. Turn in your hand sketches and the MATLAB
results on the same scales.
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Solution:
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[image: image11.png]14. Consider the system whose transfer function is

Aowos

G(s)= =———5—.
) Qs? + wos + wiQ

This is a model of a tuned circuit with quality factor Q. (a) Compute the
magnitude and phase of the transfer function analytically, and plot them
for @ = 0.5, 1, 2, and 5 as a function of the normalized frequency w/wo.
(b) Define the bandwidth as the distance between the frequencies on either
side of wo where the magnitude drops to 3 db below its value at wo and
show that the bandwidth is given by

1 fwe
BW 75(6)

(¢) What is the relation between Q and ¢?

Solution :

(a) Let s = jw,

G(jw)

|GGl =

[CES

The normalized magnitude (%) and phase are plotted against

normalized frequency (WL) for different values of Q. .
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There is symmetry around w,. For every frequency wq < w,, there
exists a frequency ws > w, which has the same magnitude

G(jwr)| = |G(juws)l

‘We have that,

which implies w% = wyiwy. Let wy; < w, and wy > w, be the two
frequencies on either side of w, for which the gain drops by 3db from
its value of A, at w,.

Wy — W1 1 w?
BU':O—T:O—_(V;Q——”> (1)

Now ws is found from,
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which yields

Comparing (1) and (2) we find,

0
BV = (_)
V2 \Wo

(c)

Agwos
Qs? + wos + w3Q
Aowos
Q(s2+%gs+u3)

Agwos

Therefore

Q (s2 + 2¢wos + w3)




[image: image14.png]19. Sketch the Nyquist plot based on the Bode plots for each of the following
systems, then compare your result with that obtained using the MATLAB

command nyquist:

o K(s+2)
(a) KG(s) = T
K

() KE) = oerop
~ K(s+10)(s+1)

(c) KG(s) = GH100)(s 12

(d) Using your plots, estimate the range of K for which each system is
stable, and qualitatively verify your result using a rough sketch of a

root-locus plot.

Solution :
(a)
Im(s) Tmaginary
A [
X O t
10 2 Re(s) |02 1 Real
In(s)
% > O
Re(s)




[image: image15.png]N=0,P=0=Z=N+P=0

The closed-loop system is stable for any & > 0.

®

The Bode plot shows an intial phase of 0° hence the Nyquist starts

on the positive real axis at A’. The Bode ends with a phase of -
270° hence the Nyquist ends the bottom loop by approaching the
origin from the positive imaginary axis (or an angle of -270° ).

Tm(s)

Tmaginary

-10 2 Re(s)

The magnitude of the Nyquist plot as it crosses the negative real axis
is 0.00174. It will not encircle the —1/K point until X = 1/0.00174

= 576.
Im(s)

i 0< K <576

N=0P=0=Z=N+P=0
The closed-loop system is stable.
ii. K > 576

N=2P=0=2Z=N+P=2

e

The closed-loop system has two unstable roots as verified by the

root locus.



[image: image16.png](c) The Bode plot shows an intial phase of 0° hence the Nyquist starts
on the positive real axis at A’. The Bode ends with a phase of -
1809 hence the Nyquist ends the bottom loop by approaching the
origin from the negative real axis (or an angle of -180° ).

Im(s) Imaginary

XK—O0—3¥0 t
2100 <10 2 -l Re(s) .k Real

It will never encircle the -1/K point, hence it is always stable. The
root locus below confirms that.

Im(s)

Re(s)

N=0P=0=Z=N+P=0

The closed-loop system is stable for any & > 0.




[image: image17.png]23. The Nyquist plot for some actual control systems resembles the one shown
in Fig.6.91. What are the gain and phase margin(s) for the system of
Fig. 6.91 given that o = 0.4, B = 1.3, and ¢ = 40°. Describe what
happens to the stability of the system as the gain goes from zero to a very
large value. Sketch what the corresponding root locus must look like for
such a system. Also sketch what the corresponding Bode plots would look
like for the system.

Figure 6.91: Nyquist plot for Problem 23

4 Im[G(s)]

N
1 Re[G(s)]

Solution :

The phase margin is defined as in Figure 6.33, PM = ¢ (w = w*),
but now there are several gain margins! If the system gain is increased
(multiplied) by %[ or decreased (divided) by |3|, then the ststem will go
unstable. This is a conditionally stable system. See Figure 6.39 for a
typical root locus of a conditionally stable system.

gain margin = -20 log|a|,p (w=wH)
+20 log |85 (W =wr)

gain margin

For a conditionally stable type of system as in Fig. 6.39, the Bode
phase plot crosses -180° twice; however, for this problem we see from the



[image: image18.png]yquist plot that it crosses 3 times! For very low values of gain, the entire
yquist plot would be shrunk, and the -1 point would occur to the left of
the negative real axis crossing at w,, so there would be no encirclements
and the system would be stable. As the gain increases, the -1 point occurs
between w, and wy, so there is an encirclement and the system is unstable.
Further increase of the gain causes the -1 point to occur between wr, and
wpr (as shown in Fig. 6.91) so there is no encirclement and the system is
stable. Even more increase in the gain would cause the -1 point to occur
between wpg and the origin where there is an encirclement and the system
is unstable. The root locus would look like Fig. 6.39 except that the very
ow gain portion of the loci would start in the LHP before they loop out
into the RHP as in Fig. 6.39. The Bode plot would be vaguely like that
drawn below:
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