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Fig. 8.3. An s-plane contour enclosing two zeros of q(s)
and the corresponding q(s)-plane contour.
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Fig. 9.6. The Nyquist contour.
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A ' L system whosge
Hustrative Example 1. Examine the closed-loop stability of a control systerm. whose
open-loop transfer function is given below :

R g e 2K
G (s) H (s) = 6T+ 1)
Solution G (s)H (s) = 9
. A (h)_s(s'l'—rl)
Put 8 =jw
. ' S il ,kl{_,,u_ ..,rlj
G () H (jo) Cjo (joT + 1)

Rationalizing Eq. (1) and separating into real and imaginary parts following equation is
obtained

O HRSLAIIN N
@ T2 +1) o @7T%+1)

From Eq. (2) it is observed that as o increases from ® =+ 0 to @ =+ = both the real part
and the imaginary part lie in the third quadrant of G(s) H(s)-plane.

At ©=+0, £ G (+0) H (+j0) =— 90° and the magnitude approaches infinity.

At @ =+ oo, Z G (+joo) H (+ Jeo) =—180° and the magnitude approaches zero.

The Nyquist plot as @ varied from w=+0 to ® =+ = is shown in Fig. 76.7. The plot for
©=-ce to ® = - 0 is shown by dotted lines.

G (Jo) H (jo) = -

..2)

Aimj
tr Imj
+jq; + 0w==0 o,
MR
wio 4
. I/ \
e L O lo=-=) =
Raw (i B0 desbons Re
=0 T
R 0=+0
s-plane . G(s)H(s)-Plane
Fig. 7.6.7. Nyquist plot for G(s)H(s) = =
s(sT +1)

Asthesystemistypeltheplotisclosedfromm=—0tom=+othm h f—n
(clockwise) with an infinite radius. The arrowheads shown in Fig. 7.6.7 areugin atl?eafl’diiit(i)m of
increasing .

As the point (- 1 +j0) is not encircled by the plot, therefore,

N=0

The number of zeros (roots) of the ch

aracteristic equation with positive real part is
determined by using relation -

N=P,-2,)
because, P,=0 Z,=0
Hence, the number of zeros (roots of the characteristics equation) with positive real part

is nil and the closed-loop system is stable,
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l—bu:oun.mmmmmmmm
G(s)H(s) = K/s(Ts + 1)

m-mu-,udmmwwmmmnmm.
Fig 9.18(a) is obtained in steps below.
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= LT e = /1 1
[0 N =tan ¢ Centrex--—z,y—zN Radius R = Z+Zﬁ
-90° oo 0 0.5
- 60° -1.732 - 0.289 0.577
- 50° -1.19 - 0.42 0.656
- 30° - 0.577 0.866 1.0
- 10° -0.176 -2.84 2.88
0° 0 22 22
+10° | 0.176 2.84 2.88
+30° 0.577 0.866 1.0
+ 50° 0.19 0.42 0.656
+60° 1.732 0.289 0.577
+90° o 0 0.5
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7.15. NICHOLS CHART

The constant M and constant N circles in G(jw) plane can be used for the analysis and
design of control systems. However the constant M and constant N circles in gair phase plane
i.e. graph having gain in decibel along the ordinate and phase angle along the abscissa are
prepared for system design and analysis as these plots supply information with less
manipulations. The M and N circles of G(jw) in the gain phase plane are transformed into
M and N contours in rectangular co-ordinates. A point on the constant M loci in G(jw) plane
is transferred to the gain phase plane by drawing the vector directed from the origin of
G(jw) plane to the particular point on the M circle and then measuring the length db, angle
in and degree. These values of length and angles are the coordinates of the corresponding
point in the gain phase plane as shown in Fig. 7.15.1 and 7.15.2. The critical point in
G(jw), plane corresponds to the point of zero decibel and — 180° in the gain-phase plane. Plot
of M and N circles in gain phase plane is shown in Fig. 7.15.3 and known as ‘Nichols chart’.

Magnitude in db
[\

» G A G(jo) Plane
M=1.5 1 )
1 _\ M=3
L e e s A s | F P SAL R R e
e T PR O R S y
\¢¢ ,/ 1 \ \\\"M=7.5
....... 'l —-l--’-)r-‘ﬂ:'.r..\ \
k —lﬁ—»a ------- AR A s
: Re Glio) e N A,
: e Sl o2 -
; Critical point -1 + jO
; ~-180°
1
: -270° -90°

Fig. 7.15.1. M-circle transformation to Nichols chart. Fig. 7.15.2. M-circles in gain-phase plane.
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