18. (a) Sketch the Nyquist plot for an open-loop system with transfer fune-
tion 1_.,.-".92; that is, sketch
1
= ls=cy -

where C iz a contour enclosing the entire RHP, as shown in Fig. 77.
(Hint: Assume C takes a small detour arcund the poles at s =0, as
shown in Fig. 77.)

(b) Hepeat part (a) for an open-loop system whose transfer function is
G(s) =1/(s* + wd).
Solution :
(a)
y 1
G.lSTI = ?
Note that the portion of the Nyguist diagram on the right side below
that corresponds to the bode plot iz from B to €', The large loop

from F” to A’ to B arizes from the detour around the 2 poles at the
origin.
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(b)
Gls) =5
&7 T wp
MNote here that the portion of the Nyquist plot coming directly from
a Bode plot is the portion from A’ to E'. That portion includes a
180% arc that arose because of the detour around the pole on the
imaginary axis.
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jo-jo, jo+ jo,
o<, . ¢=90"-90" =0 the phase of G(s) from A — Bare all 0", however, the

magnitude of G(s) is decreasing.
2) For the half circle B—>C — D, we set s = ja, + e, ¢>0and £=0.

1
2jw, +ceV gel’
1 1
2jw, e’
|G(s) = oo
¢=-90"-6¢ Phaseof G(s)
for point B: =-90", ..¢=-90"-0=0
for pointC: 6=0", ..¢=-90"-6=-90°
for point D: € =+90", ..¢=-90"-6=-180°

so the phase of G(s) goes from 0° — —90° — —180°, the phase is infinity (Showed in the
right figure, from B"—>C’'—> D)

1) From A— B, set s= jo, G(s) =

Then G(s) = because £~ 0,

G(S) X

1 1
jo—jo, jo+ jo,
To>a,, . ¢=-90"-90"=-180" the phase of G(s) from A — Bare all -180",

however, the magnitude of G(s) is increasing.
The Nyquist plot is showed above in the right figure.

3) From D - E, set s= jo, G(s) =



19. Sketch the Nyquist plot based on the Bode plots for each of the following
svstems. then compare vour result with that obtained using the MATLAEB
command nyquist:

- K 2]
(a) KG(s)= Kls+2)
’ 5+ 10
b) KG(s) = K
e R PR TRy
. o Kis+10)(s+1)
KG(s)= —
(e) \#) (s L100)(s+2)3
Solution :
(a)
p =) . lmnngunary
B
% o . A c_ .
18 3 . 0l I Heal
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Nt}
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N=0P=0=Z=N+FP=10D

The clozed-loop system is stable for any K = 0.



(b) 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° ).

Imi=} [Eomen o ey

The magnitude of the Nyquist plot as it crosses the negative real axis
iz 0.00174. Tt will not encircle the —1/K peint until K = 1/0.00174
= 376.

loue =} L

10 = Reiz)

i. 0= K = 376
N=0LP=0—=Z=N+FP=10D
The closed-loop system is stable.
. K = 376
N=2P=0—=Z=N+P=2
The closed-loop system has two unstable roots as verified by the
root locus.

i R =k

{e) 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 -
1580° hence the Nyquist ends the bottom leop by approaching the



origin from the negative real axiz (or an angle of -1307 )
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It will never encircle the -1/ point, hence it is always stable. The

root locus below confirms that.

N=0P=0=Z=N+P=10
The closed-loop system is stable for any K = 0.

20. Draw a Nyquist plot for

KG(s) =

Kis+1)
s{s+3)

(1)

choozing the contour to be to the right of the singularity on the jw-axis.
and determine the range of K for which the system is stable using the
Myguist Criterion. Then redo the Nyquist plot, this time choosing the
contour to be to the left of the singularity on the imaginary axis and again
check the range of K for which the system is stable uszing the Nyquist
Criterion. Are the answers the same? Should they be?



Solution :

If vou choose the contour to the right of the singularity on the origin, the
Nwvquist plot looks like this :

T | ETRTATE S

K B Raal

A‘I
From the Nyguist plot, the range of K for stability is —1? < 0[N =
b.P=0= Z=N+P=10). 50 the system is stable for K = 0.

Similarly, in the case with the contour to the left of the singularity on the
origin, the Nyquist plot is:

& Tl Ty ,

|y

From the Nyguist plot, the range of K for stability is —1? < 0[N =
—1,P=1= Z =N+ P =0). So the system is stable for K’ = (.

The way of choosing the contour around singularity on the jw-axis does
not affect its stability criterion. The resulis should be the same in either
way. However, it iz somewhat less cumbersome to pick the contour to the

right of a pole on the imaginary axis so that there are no unstable poles
within the contour, hence P=0.



Figure 6§.91: Control syvstem for Problem 21

21. Draw the Nyguist plot for the system in Fig. 6.91. Using the Nyquist
stability criterion, determine the range of K for which the system is stable.
Consider both pozitive and negative values of K.

Solution :
The characteristic equation:

1 1

1+ K— - =
(8°4+254+2)(s+1)

1
(s+1)(s2 +25+2)

Gfg;u =

5 limEMy

J1E Feal
sets= jo
1
G(s)=— ———
(Jjo+)[(jo) +2jw+2]
1
T (j0+D)2-0* +2]j0)
L (1)

T2 30%+ (4o - )



For the points on the real axe, Im(G(s))=0, ..4w—- 0’ =0=>w=00r @ =+2

when @ =0, substitute into (1), G(s) = 0.5

when @ =+2, substitute into (1), G(s) =-0.1

if K>0,then-1/K<-0.1 => 0<K<10

if K<0, the entire nyquist plot is essentially flipped about the imaginary axis,
so -1/K>05 => -2<K<0

therefore, the range of K for stability is -2 < K < 10

For positive K, note that the magnitude of the Nvquist plot as it crosses
the negative real axiz iz 0.1, hence K < 10 for ztability. For negative
K. the entire Nyquist plot is eszentially fipped about the imaginary axis,
thus the magnitude where it crosses the negative real axis will be 0.5 and
the stability limit is that K| <0 2 Therefore, the range of K for stability
18 —2 < K < 10



