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0=05 o=2 "w=8

i e f
Asymptote ‘1
20
P~ —20 db/decade
10 ]
T ™ 4—- 12 db Exact db plot
db 0 5] :
Asymptote ‘2’ ‘2? db/decade
-10 e = :
- 40 db/decade N
2 Asymptote 3| | |1¥ }N:\ I
] | i
=4 R TN
—60 db/decade  |Asymptote ‘4’ | "N
90°
60° = =
y \Z (1+_,0 50)
30° ,—// f_T_I)
o° | tt="1 A ( - )_
B 1+ 0.050 + (joy8)-
_30° > S T~
—60° \"‘{ L +]20')’ \
T = -'"-'--_.__.__ s
Fheey N
-120° r 3
L N
~150° 7 N
Resultant phase plot
-180°
—210° §
N
~240°
0.4 07 2 5 10 16
» —p
4(1+ jo/2)

Fig. 8.16. Bode plot of

jo(1+ 20)[1+ j0.4(w/8) - (m/é):?]'
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Problem 8.1 Sketch the Bode Plots and determine the gain cross-over and
phase cross-over frequencies.

10

= : (Pune University)
s(1+055)(1+0.1s)

G(s)
solution
Corner frequencies The corner frequencies are 2 and 10.

Magnitude Plot

Ser.  Factor Corner Asymptotic log-magnitude

No. ‘ frequency Characteristic
l None Straight line of constant slope (=20
5 db/dec) passing through at o = |
e Ll 0, =2 Straight line of constant slope (-20
(1+0.55) db/dec) originating from w, = 2
il ; 0, =10 Straight line of constant slope (=20
! ec) originating from @, =
(401l db/dec) originating from ©, = 10
10 None Straight line of constant slope of 0
db/dec starting from 20 log 10 = 20
db point

Magnitude plots for individual factors are shown by dotted lines. Resultant
line is shown by a firm line (Fig. 8.1).

Phase Plot ¢ =-90°~tan™" 0.50 —tan™' 0.lo

Ser. No. o )
1 0 -90°
2 0.1 -93.43°
3 1 .j09 30
4 -146.31°
5 5 184762
6 10 137
7 15 B




8.4 Problems and Solutions of Control Systems

Magnitude and phase plots are shown in Fig. 8.1. From the plots
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Fig. 8.1

Ans.

4.2 rad/sec

I. Gain crossover frequency

Ans.

4.5 rad/sec.

2. Phase crossover frequency



Bode Plots 8.5

Problem 8.2 Sketch the Bode plot for the transfer function

Determine the systemn gain K for the gain cross-over frequency to be

7
)= A
(1+0.2s)(1+0.025)
5 rad/sec.
Solution
Let, - K=llthen
o
)= §
(1+02s)(1+0.025)

Corner frequencies The corner frequencies are 5 and 50 rad/sec.

Magnftude Plot

Asymptotic log-magnitude
Characteristic

Ser.  Factor Corner
No. frequency
1 52 None
bk
2. 1+02%) @ =35
T 50
b0l ol

Straight line of constant
slope 40 db/dec passing

. through @ =1

Straight line of constant
slope —20 db/dec originating
fromw =5

Straight line of constant

slope —20 db/dec originating
from o = 50 '

The magritude piot is shown in Fig. 8.2. If the gain cross-over frequency is
required to be 5 rad/sec, then the magnitude plot must cross the 0 db line at
5 rad/sec. For this, the plot has to be brought down by 28 db. Hence

20 log K=-128

K=0.04

Ans.
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Problem 8.4 Draw the Bode plot for a system having

100

G(s) H(s) =——————. Find
@ H0) s(s+D(s+2)
(a) Gain Margin
(b) Phase margin
(¢) Gain cross over frequency
(cl)' Phase cross over frequency (Pune University)
Solution
)
G(s) H(s) SO b
s(s+ D1 +0.55)
Magnitude Plot
Ser.  Factor Corner Asymptotic log-magnitude
No. frequency Characteristic
rad/sec
i1 50 None = Straight line of slope 0
db/déc starting from point
| 20 log 50 = 34 db
e None Straight line of slope 20
2 db/dec passing through
| @ il
3 sy | Straight line of slope-20
db/dec originating from
| o=l
2 ‘Straight line of slope-20
(1+0.55) & i ‘

db/dec originating from
o=2




—90° —tan™! ® — tan~! 0.50

(I):

Phase Plot

o rad/sec

Ser. No. 5

~90°.

~98.6°
-107°

0.1

0.2

~-130.6°
-161.6°
=755
17958
—183.2°
-198.4°
=338

0.5

1.3
1.4
1.5

4.45

10

Magnitude and Phase plots as shown in Fig, 8.4
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. Gain Crossover frequency : 4.45 rad/sec
2. Phase Crossover frequency ¢ 1.40 rad/sec
3. Gain Margin =97 dh

4. Phase Margin RS

Problem 8.4 The Open-loop transfer function of a certain unity feedback
system is

G(s) = AT
S(5+2)(s +#10)
Construct Bode plots and determine.
(a) Limiting value of K for system to be stible
(b) Value of K for gain margin to be 10 db
(¢) Value of K for phase margin to be 50° (Pune University)

Solution Gls)= 0.025K

$(1+0.55)(1+0.05s)
v G
Let = 0.025 K = 1, then G(s) = :

s(1+0.55)(1+ 0.055)
Magnitude Plot

Ser.  Fuctor Corner Asympiotic log-magnitude
No. Jfrequency rad/sec : Characteristic

1 I None Straight line of 0 db/dec passing
5 through o = |
W 2 Straight line of ~20 db/dec origi-
(I+0.55) nating from @ = 2
! 20 Straight line of ~20 db/dec origi-
(1 +0.055) ; " nating from o = 4

hase Plot & =~ 90° ~ tan~! 0.5 = tan~! 0.05 o

Ser: No. W radfsec ¢
l 0 =008
240 i —1192
3 2 —-14]°
4 25 —148.5°
5 3 ) ¢ =558
6 4 -165°
7 4.5 ~168.7¢
8 5 ~=172°
9 6 ; =178.38
6.5 -181°

[ —
—

10 —195°




Bode plots are shown in Fig. 8.5
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19.95

K,

(a) From the curves, the gain margin is 26 db’
20 log K| = 26

or



or 025 R =119.05 ,
or K =798 Ans.

(b) For the gain margin to be 10 db, the graph has to be lifted up by
26— 10 =16 db ‘

b 20 log K, = 16
or K =63
QF 0.025 K=6.3 .
- or K =252 . Ans.

(c) For the phase margin to be 50°, the value of w at —180° + 50°
= —130° is 1.9 rad/sec. Gain Margin at 1.9 rad/sec is 5.5 db. Therefore, to
have phase margin of 50°, magnitude plot has to be lifted up by 5.5 db S0
that gain cross over frequency is 1.9 rad/sec-

& 20 log K, =5.5
or : K, =183
1.88
or 0.025 K = 1.88 or K=——="7535 Ans.

0.025






Bode Piots 8.37

20 db / dec ' .

=20 db / dec

Fig. 8.18

=20 (lox 2.5~ log 1)
=-20log 2.5 = - 7.95
Magnitude =-12 4 7.95 db = — 4.05 db
20log K =-4.05
or K =0.63

Since first line has a slope of - 20 db/dec and starts from a point - 4.05 db
al® = | rad/sec the factor contributing this is

K063
.5‘—.5'

Plot between o = 2.5 ang ® = 10 is having a slope of 0 db/dec. At
© =2.5 the slope has changed from - = 20 db/dec and this can only happen
due to a factor in the numerator and is

= (z_sg +‘1) = (1+0.45)

At o = 10, the slope has .changed from 0 db/dec to + 20 db/dec and is
due to a factor in the numerator and is

s
= (1_6+]J =(1+0.1s5)

At © = 25, the slope. has changed from + 20 db/dec to 0 db/dec and is
due to a factor in the denominator and is

hy
. -(*2-§+[)~([+0.4S)_

The open-loop transfer function is this

Gla)e 0.63(1+0.45)(1+ 0.1s) )
(1+0.045)



Problem 8.17 Determine the transfer function whose approximate plot is
shown in Fig. 3.19.

! -20db / dec
db
- 40 db / dec
40
i
|
i
| 40
el 4
2.8 10 log ) —=
Fig. 8.19 W e
Solution

Corner frequencies are 2.5 and 40 rad/sec
20 log K = 40 + 20 log 2.5 = 47.95
or ' K =250
At @ = 2.5 rad/sec slope changes from — 20 db/dec to — 40 db/dec due

to a factor —1__ At @ = 40 rad/sec slope changes from — 40 db/dec to
=
2.5

— 60 db/dec due to a factor

. Also, since initial slope. is — 20 db/

1+ ,:f_)
40
dec, it is due to factor. 1/s. Therefore open-loop transfer function is
G(s) = el i 250
s(l +_S_)(1+ i) s(1+0.45)(1 +0.0255)
2.5 40 :

Problem 8.18 Determine the open-loop transfer function of a system whose
approximate plot is shown in Fig. 8.20.

Solution

First line is having a slope of 12 db/oct (40 db/dec). Therefore, there is a
s* term in the numerator. At @ = 0.5 rad/sec slope changes to 6 db/oct (20 db/

dec) due to a term in the ‘denominator equal to [l + %)



Bode Plots 8.39

12db/oct 6db/oct -6db/oct

32db fmmm e m e e

l
|
i
|
i
I
|
i
5

W fm————————

0.5 1
_Fig. 8.20

log @ s

At o = | rad/sec slope becomes 0 db/dec due to a term in the denominator
equal to (1 + s).

At o = 5 rad/sec slope becomes ~ 6 db/oct (- 20 db/dec) due to a term

‘ iy
in the denominator equal to (l +g)

Ks®

(14 sJaea(1+2)

G(s) =

Calculation of ‘K’
Refer Fig-8.21
1 12 db / oct
o
32db LT
6 de
0 Sl
6db / oct
0.5 1 log @
Fig. 8.21

Difference betweeno = 0.5 and @ = | rad/sec is one octave i.e. AB = 6
db since the slope of line OB is 6 db/oct. OC is the extended line having a
slope of 12 db/oct.



AC=12db
BC=AC-AB
=12-6=6db
20log K = (32+6) db

or K=1794
The open loop transfer function is thus

i 79.45°
(1 +25)1+5)(1+ 0.25) Ang
Problem 8.19 From the asymptotic magnitude (in db) versus frequency (log

scale) plot of Fig. 8.22, find the associated transfer function. Assume no
right half plane poles or zeros present. (Pune University) |

G(s)

1
Solution 1

1
L. Slope of the first-line is — 20 db/dec indicating a term =

! } 0db / dec
db +20 db / dec

-20db / dec

-20db / dec

]
R
\I

i

|

|

|

I

;

(IS [
/d¢<=\=
o

8

-40,db / dec

*\
0 db
| R
1 2 4 24 36 X

o —=

Fig. 8.22

2. At =2 rad/sec slope changes to a 0 db/dec indicating a term ( 1+ g«)-

or (1 + 0.55) in the numerator. 7 ,
3. At © = 4 rad/sec slope changes to + 20 db/dec indicating a term

(1 +§) or (1 + 0.255) in the numerator.




4. At o = 8 rad/sec slope changes to 0 db/dec indicating a term (1 +%J

or (1 + 0.1255) in the denominator.
5. Ata = 24 rad/sec slope changes to — 20 db/dec indicating a term

(1 +_2%J or (1 + 0.042s) in the denominator,
6. At 0 =36 radfsec slope changes to - 40 db/dec indicating a term

(l + fa) or (1 + 0.0285) in the denominator.

T K(1+0.55)(1+0.255)
Transfer function is thus <15 1255)(1 + 0.0425)(1 + 0.0285)
Calculation of ‘K’ !

20 log K =20 log 8
.or K=8

G(s)

e 8(1+0.55)(1+0.0255)
s(1+0.1255)(1 + 0.042.5‘)(1_ +0.0285)

Problem 8.20 Derive the transfer function of the system from the data given
on the Bode diagram shown in Fig. 8.23 below. (AMIE)

- 20 db / dec

- 40 db / dec

Fig. 8.23

Solution
Between o, and ® =4 rad/sec there is a decrease of 36 db

=36 = —40(log 4 ~ logo,)
or  ©, =0.5036 = 0.5 rad/ sec




Calculation of ‘K’ 20 log K = 36 + 20 log 0.5

or K=31.62

C‘alculatiuu of ‘0,’ 2= 40'('Iog w, ~ log 4)

or 0, = 8 rad/sec

Calculation of ‘0 21 + 12 = - 20 (log o, - log 8)
or 0, = 22.5 rad/sec

|
First line has a slope of - 20 db/dec indicating a term . and since it i§

: ; e G
not passing through @ = 1 rad/sec, the term is T or “T—-
At o, = 0.5 rad/sec slope changes to —40 db/dec indicating a term’

1 1

O ;
(H sj (1+2s)
0.5
At 0, = 8 rad/sec, slope changes to 20 db/dec indicating a ter .

( 1 +§;~) or (1+0.1255)

At wy = 22.5 rad/sec, slope changes to —40 db/dec indicating a term

I ]
(1 s )m (1+0.0445)
G

Combining all the terms, the open-loop transfer function is
31.62(1 +0.1255)
s(1+25)(140.044s)

Problem 8.21 Find the transfer function of the s
approximation is given in Fig, 8.24 below.

Gis) =

ystem whose asymptoti

Solution

First line has a slope of -20 db/dec and is not passing through

K
o = | rad/sec. Therefore, it indicates a term —s-

20log K= -9  or K=035

‘ S03s
S the term is —;—



20
At o
1

db

-20db / dec

=
o

log ®

—_————— e

+20db / dec

Fig. 8.24
At @ = | rad/sec, slope changes to 0 db/d
At @ =

ec'indicating a term (1 + 5).

20 rad/sec, slope changes to +20 db/dec indfcating a term

-—l-—- or (1+0.055).
s
(155)

= 40 radfsec, slope changes to 0 db/dec indicating a term

1

or At
( | +LJ (1+0.0255)
40/

i’f@l;lein 8.22 Obtain the ex
a system with unity feedback

8.25 below:

db

Combining all terms, we get G(s) = 035(1+ 5)(1+0055)

$(1+0.0255)

pression for open-ioop - transfer function for
whose log-magnitude plot is shown in Fig.

¢ anin e

-40 db / dec .

- 80db / dec



Solution

First line is having a slope of ~40 db/dec and since it is not passing through'
o = | rad/sec it indicates a term K/s?

Magnitude at @ = | rad/sec of initial part
=60 log 2 = 18.06
20 log K = 18.006 or K=8

At o = | rad/sec, the slope changes from —40 db/dec to —60 db/dc
indicating a term L/(1 + s5). '

At o = 5 rad/sec, the slope ch'moes from —60 db/dec to —40 db/dc,

indicating a term (1 +§) or (1+0.25).

o LR
At @ = 10 there is a term of the form 1+m_+ 3
because the slope changes from —40 db/dec to —80 db/dec and also a ptak 0l

4 db is shown
=10 rad/sec

=1
Value of {E+E§i+( )} ato =w,
w” m"
. 2
A
10 10 20

log magnitude "-2010g~]——4 or L—e MonG= 0’116
2¢ e

: s
the term is =(] +M_’9.S_.,._in

10 100
G = 8(1+0.25) :
s2(L+9)] 14006325+ >—
- 100
' 800(L+0.2s
or G(S) = ( )

52 (1+5)(s” +6.325+ 100) i
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