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EXAMPLE 4.7

The open loop transfer function of a unity feedback system is given by G(s) = 1/s(1+s) (1+2s).
~ Sketch the polar plot and determine the gain margin and phase margin.

SOLUTION
SOLUTION

Given that, G(s) = 1/s(1+5) (1 +2s)
Put s = jo.

2.4

5 G(jo) = —— !
Jo (1+ jo) (1+ j20)

The corner frequencies are _, = 1/2 = 0.5 rad/sec and © ., = | rad/sec. The magnitude and phase angle
of G(jw) are calculated for the corner frequencies and for frequencies around corner frequencies and
tabulated in table-1. Using polar to rectangular conversion, the polar coordinates listed in table-1 are
converted to rectangular coordinates and tabulated in table-2. The polar plot using polar coordinates is

sketched on a polar graph sheet as shown in fig 4.7.1. The polar plot using rectangular coordinates is
sketched on an ordinary graph sheet as shown in fig 4.7.2.

A
i

1 1

(jo) (1+ jo) (1+j20) ¢ 290° 1+ w? stan"'o V1+40? Ltan™'20
1

@ J(1+0?) (1+40?)

| 1 1
;- :1G(jo)l= -
mﬁlﬂoz)(lﬂkoz) m\[|+4m2+02+4m"

£G(jo)=-90°-tan"' 0 - tan”' 20

G(jw) =

Z-90°-tan"' o - tan”' 2w

1 ;
o Y1+ 502 + 40

TABLE-1 : Magnitude and phase of G(jo) at various frequencies

©
rad/sec 0.35 0.4 0.45 0.5 0.6 , 0.7 1.0
IG(jo)| 22 1.8 1.5 1.2 0.9 0.7 0.3
£G(jw) -144 -150 -156 | -162 -171 -179.5 -198
deg =~ -180
TABLE-2 : Real and imaginary part of G(jo) at various frequencies
o £
' rad/sec 035 | 04 | 045 | 05 0.6 0.7 1.0
Gy(w) -1.78 -156 | -1.37 | -1.14 | -0.89 0.7 -0.29
G (o) -1.29 09 | 061 | 037 | -0.14 0 0.09
RESULT
Gain margin, K, = 1.4286
Phase margin, y = +12°

Scanned by Scanner Go



http://scannergo.net/?utm_source=pdf&utm_medium=watermark&utm_campaign=scannergo

(ozf + 1} (of +1) ©f . -
“ (s21putp4002 4D nSup1oa4 Suisn) \ : =(o)D ‘fo jopd 4vjod 7Ly 814
I TN
Il lton'e i
‘s H u
i 7{_ 1 ! 1
H
ral _.n Kx. b
bt - - 0 = —. e " 7
i | j ‘
it il T
_i.i_...-.‘..... '{ J )
™ ~ ."'.‘ -
.... ! ‘&-‘.
SHiH ™
j .... I __‘
\ Y
\
] _.‘__\
| I
| f \ . \\
.m» 2 __\
N it
. .
[ . \n
Wi it
I e S L e
ot M
il dntlil mm —:..;‘._r_‘ﬁ
ﬂ " pis il 1 _H - _H M — - ! 1l 135 1 N+ ﬁ — s
Wk k — IR

|

Scanned by Scanner Go



http://scannergo.net/?utm_source=pdf&utm_medium=watermark&utm_campaign=scannergo

: 608‘1'0‘ LY
4.47 —em,
EXAMPLE 4.8

The open loop transfer function of a unity feedback system.:;'- given by G(s) = 1/s¥(1+s) (1,
Sketch the polar plot and determine the gain margin and phase margifl.

SOLUTION

Given that, G(s) =1/ s’(1+s) (142s)
1
Puts = j *. G(jw) =

i s (jo)* (1+jo) (1+ j20)

The corner frequencies are _, = 0.5 rad/sec and @, = 1 rad/sec. The magnitude z.md phase ang|e ;
G(jo) are calculated for the corner frequencies and frequencies around corner ﬁ:equencnes are tabulateq ;;
table-1. Using the polar to rectangular conversion, the polar coordinates listed in ta.\ble-l are :onvened
rectangular coordinates and tabulated in table-2. The polar plot using polar coor.dmates? is sketched op,
polar graph sheet as shown in fig 4.8.1. The polar plot using rectangular coordinates is sketched o
ordinary graph sheet as shown in fig 4.8.2.
1

(jo)? (1+jo) (1+j20)
b 1
©22180° V1+0? Ztan"'e y1+40? Ztan20

1
G(jo)=
021+ 0? V1+40?

: Lyt :
el 0? Y1+0? V1+40? i sz(l¥0)2) (1+40?)
s 1
02 V1+50? + 4o
£G(jo) = -180°tan"'o — tan™' 200,
TABLE-1 : Magnitude and phase plot of G(jo) at various frequencies

G(jw) =

£(-180~-tan' @ — tan™' 2)

©
rad/sec 0:45°1°0.5.1.0.55 |06 | Gi65 0.7 0.75 1.0 i
IG(jw)| 33 2.5 1.9 155 1.2 | 097~1] 038 0.3 l.
£G(jo) ' |
deg -246 —?51' —256 | -261 . -265 -269 | —273 | —288 "
TABLE-2 : Real and imaginary part of G(jm) J

w
d/sec 0.45 : : ]
Ea .s 0.5 | 0.55| 0.6 |06s 0.7 st 1.0 |
G, (o) ol e SR T T 8 v v e
G0 e Tl I 0 1 o o e il
| - : 29 |
RESULT l |

Gain margin, K, =0
Phase margin, Y i.:goo
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s il
EXAT‘I\l:l;i:llogp transfer function of a unity foedback system is given by G(s) = 1/s(1+sy. Skety
polar plot and determine the gain and phase margin.
SOLUTION

Given that, G(s) = 1/s(1+s)’

Put s = jo,

* G(jo)

1 1
Tie (v joy  Jo(i+je) (1+jo)

The corner frequency is o = 1 rad/sec. The magnitude and phase angle _of G(jo) are calculae
comner frequency and frequencies around corner frequency and tabulated in table-1. Usmg poli
rectangular conversion the polar coordinates listed in table-1 are converted to rectangular coordina.

tabulated in table-2. The polar plot using polar coordinates is sketched on a polar graph sheet as .

fig 4.10.1. The polar plot using rectangular coordinates are sketched on an ordinary graph sheet as ¢
in fig 4.10.2.

: 1 1
G = =
O (v lor . B (e
1

w.Z290° Jl+m2 Ztan™'o Jl--i-m2 Ztan™'o

1
=— Z(-90° —2tan"m)

ofiiva?)
1 Sl
m(l+m2) o +o’ LY
£G(jw)=-90"-2tan"' o
TABLE-1: Magnitude and phase of G(jw) at various frequencies

IG(jw)l=

w

rad/sec 0.4 0.5 0.6 0.7 0.8 0.9 1.0 51

IG(jc.o)I 22 | Vesialasi NI 06 | 05 | 04

£G(jo) k|

deg -134 -14? ~1851 1159 | —167 | 94 —180 | -185
TABLE-2 : Real and imaginary part of G(jo) at b

® v:ioittequenciu
rad/sec 0.4 0.5 0.6 ‘ 0.7 08 .| 09
G,(jo) -1.53| -1.28] ~1.0s -0.93 *_7.‘3-8-—-..__'_6 1.0 |
G,(jo) ~1.58 | 096 | -0.58 T.:;;W_E_-_ ~0.5 | 0.4
RESULT e e 06 | 0 0.03 |

Gain margin, K_ =2
Phase margin, y = 21°
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 ghapter 4 - Frequency Response Analysis
EXAMPLE 4.11

s csra anity feedback system having an open loop transfer function G(s) = K :
s(1+402s) (1+0.05s)
Phase margin is 60°.

| skeuch the polar plot and determine the value of K so that (i) Gain margin is 18 db (ii)
~ SOLUTION

Given that, G(s) = K . .
2 s (1+0.25) (1+0.05s) | The polar plot is sketched by taking K = 1.

~PutK=1ands=join Gs). - G(jo) = L
: jo (1+j0.200) (1+§0.050)

The g frequencies-are o, = 1/0.2 = 5 rad/sec and ®_, =1/0.05 = 20 rad/sec. The magnitude and
phase angle of G(jw) are calculated for various frequencies and tabulated in table-1. Using polar to rectangular
conversion the polar coordinates listed in table-1 are converted to rectangular coordinates and tabulated in
table-2. The polar plot using polar coordinates is sketched on a polar graph sheet as shown in fig 4.11.1.
Polar plot using rectangular coordinates is sketched on an ordinary graph sheet as shown in fig 4.11.2.

G(jo) =~ =

Jo (1+)0.2m) (1+j0.050)

1
 ©290° 1+(0.20) Ztan™ 020 J1+(0.050)? Ztan™ 0050
- 1
© {1+(0.20)% {1+ (0.050)?
I
o {1+(0.20)° y/1+(0.050)’

Z£(-90° — tan"'026 — tan~" 0.050)

~|G(jo)= and ZG(jo)=-90°—tan"' 02 — tan"'0.050

TABLE-1 : Magnitude and phase of G(jo) at various frequencies

Scanned by Scanner Go

(0]
rad/sec 0.6 0.8 1 2 3 4
G(jo)| P65 | 1.23 1.0 0.5 0.3 0.2
£G(jo) | |
deg _og | —101 | -104 | -117.5 | -129.4 | -140
1 sl
o ke 7] | }
rad/sec SEE N0 | 7 9 10 11 14
IG(jo)| 0.14 0.1 007 [005 | 004 (003 |0.02
ZG(jw) "
~ deg 149 |-157 |-164 |-176 |-180 |-184 [-195
TABLE.2 :' Real and imaginary part of G(joo) at various frequencies
[0)]
| rad/sec 0.6 0.8 I 2 3 4
G, (jo) 023 | —023 | -024 | -0.23 |-0.19 |[-0.15
| G o) e | 121 | —097 | DN =023 |-0.13
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4.61 Zontrol
From the polar plot, with K =1,
Gain margin, K, = 1/0.44 = 2237
Gain margin in db =20 log 2.27 =7.12 db
Phase margin, y = 180°+ ¢ = 180° - 165° = 15°

L]

to be decreased to a value less than one.
Let G, be the gain at —180° for a gain margin of 20 db.

Now, 20 log -Gl—= 20

A
T
o
LT
A
G -l—Ol
4710
L G, 0l
The value of K is given by, K = —A = — = 0227
Gg 044

Case (ii)

With K = 1, the phase margin is 15°. This has to be increased to 30°. Hence the gain has to
decreased. : .
Let ¢,, be the phase of G(jw) for a phase margin of 30°.

2.30°=180°+¢,

Oy =30° - 180° = ~150°
In the polar plot the —150° line cuts the locus of G(jo) at point C and cut the unity circle at poin' -
Let, G, = Magnitude of G(jo) at point C.
G, = Magnitude of G(jo) at point D.
From the polar plot, G_ =2.04 and G, =1
1

G ;
‘Now, K==L =____04
G

RESULT
' ()  WhenK =1, Gain margin, K, =227
Gain margin in db = 7.12 db
(i) WhenK =1, Phase margin, y = 15°
(i) Fora gain margin of 20 db, K = 0.227
(iv) Fora phase margin of 30°% K=0.49
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