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Bode Plot Method
Factor 1 : System Gain ‘K’
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Factor 2 : Poles or Zeros at the Origin (jo)* P
for 'P’ number of poles at the origin

G(s)H(s)

n

G(joH(jw)

i~ el~ %

1
s
|GioHGD | = & -+

|Gj)H(j|in dB

mLogmLP=2om5(ca~r=-zn % P Log

So this is a straight line of slope ~ 20 x P dB/ decade but again intersecting with 0 dB
line at o = 1.

Key Point: Therefore magnitude plot for “P’ poles at the origin gives a family of lines
passing through intersection of w = 1 and 0 dB line having slope [- 20 x P] dB/decade as

shown in figure (16-1)
+80 : slmarkand
+m n || | B 1At RRL HiEEh Y
Magnitud } sl f AR MEMIRuE e . i i
agnitude mon intersection -
in dB +40 point of w=1 -
. 3l ith 0 dB line !
| GjH(ed | in dB Sy Pyt
. +20 K Rt S, o e
20[08_? :.I:-::p::ln.-r.-u.--' 4' . 41
b For 1/s° i
20| . slope ~40 dB / dec |
P .
x5 For 1/s’ 3
-40} slope -60 dB / dec |
-+ it .,...Im.i.__..g.ug.___lul
T For 1/s'
8017 siope —80 dB / dec
i e A
80 |'-~:§1»§ﬂﬂ- -
w=01| | | ||| w=

Frequency in logarithmic scale

Fig. (16-1): Magnitude plot of poles at the origin
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for P number of zeros at the origin
G(s)H(s) = s®
G(jw)H(jw)
s |G(oH({e | = o
~. Magnitude in dB = 20 x P Log @
ie. Slope = + 20 x P dB/decade
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Key Point : Each zero at the origin increases the magnitude at a rate of + 20 dB/decade.

Magnitude in dB O
|G(uH(w | = o° +40
20 x P Log
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Figure (16-2): Magnitude plot of zeros at the origin
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Phase Angle Plot : Consider 1 pole at the origin

GEHE) = {  GiaH(a) =
. . 1 Qe o
£ GaHGo) = Z7 = g =50
For 2 poles at origin,
G(s)H(s) = 5—12-
OHGe = L. L
GialHG = &
£GloHGw = ¢tzr=|—% _— _180°
jo jo [90°+90°

Key Point: In general P number of poles at the origin contribute —90°x P angle to
overall phase angle plot. This contribution is constant irrespective of "o.

Similarly for a zero at the origin,

G(s)H(s) = s ie. G{oH(jo = jo
ZG({H(w = Z£0+ jo=+ tan! %=+90°

Key Point: In general "P’ number of zeros at the origin, the total angle contribution is
+90°x P, irrespective of value of ©.
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Key Point: In general "P’ number of zeros at the origin, the total angle contribution is
+90°x P, irrespective of value of ©.
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Fig. (16-3) phase angle plot
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Example:  Consider G(s)H(s) = = 5o G(o)H(jo) = :-g
Factor We Slope Effect on magnitude plot
K=10 - 0dB/ dec Shift up by 20 log 10 = 20 dB/dec
1/s - -20 dB / dec Slope =0— 20 =-20 dB/dec
® Contribution by K | By 1 pole at origin Resultant ¢
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Factor 3 : Simple Poles or Zeros (First Order Factors)
The factor is represented as (1+ Ts)* U e (1 +ja:s:-'I'):tl

Let us start with a simple pole

G(s) H(s) = (1+Ts)™1 = 1
(s) H(s) (1+Ts) 1+ Ts)
. o 1

G(jw) H(jw) = [iTie

|GGo) Hio)| = TJ%—?{JHM}E]_I
+(w

-1
20 Log [,!1 +(mT]2}
- 20 Log 1+w” T? dB

In dB magnitude

The approximation is,
i)  For low frequency range w<<% i.e. ©® T2 <<1 hence can be neglected.

Magnitude in dB = - 20 Log 1 = 0 dB.

So for low frequencies it is straight line of 0 dB only. Thus the contribution by
such factor can be completely neglected for low frequency range, as it is very small.
ii)  For high frequency range m>>% 1 << @*T?

Magnitude indB = -20 Log@ T dB
i.e. it is straight line of slope — 20 dB/ decade.

This frequency at which change of slope from 0 dB to - 20 dB/decade occurs is
called Corner Frequency, denoted by w,.

o. = 1/T
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For a simple zero, i.e. first order zero,

G(s)H(s)
| G(je)yH(jey |

]

Magnitude in dB

ie. GjwH(jw = (1 + jal)

J1 +(oT)?

1+w? T2 -dB

The magnitude plot for simple zero is a straight line of 0 dB upto w: = 1/T and then
straight line of slope + 20 dB/decade for all frequencies more than corner frequency.
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Phase Angle Plot : Consider a simple pole

SR 1+1Ts

GH() = 1ror - £ GioH(w = —
tan

While for a simple zero,

G(s)H(s) = 1+ Ts
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mmp Example 10.2: Sketch the Bode Plot for the system having

20
G(S)H(S) = m
K =20 . Its magnitude =20 Log 20 = + 26 dB
factor W slope Effect on magnitude plot
K=20 - 0 dB/dec Shift up by 20 log 20 = 26 dB
1 - -20 dB/dec Slope = 0 — 20 = -20 dB/dec
N
1 10 -20 dB/dec Slope =-20—20 =-40 dB/dec
1+0.1s

For the phase angle plot prepare the table of angles as below :

w in rad/sec ¢ due to 1 pole at | ¢ due to simple pole oy Resultant
origin =-tanl 010

0.1 - 90° - 0.57° - 90.57°
0.5 - 90° - 2.86° - 92.86°

1 - 90° -57° - 95.7°

2 - 90° - 11.3° - 101.3°
10 - 90° - 45° - 135°

50 - 90° - 78.79° - 168°

o due to simple pole = -tan™! wT = -tan"! 01w

Mag o A S (R il RS

indB Resultant i ”’:10:”c | | Y-Axis

il f__ZU dB / decade --| for simple pole] Eisfinanmn g 1 cﬁm=20 dB LRgE
‘1 20LogK=26dB |

+20 = T r

|| Effect {7 = A p - Resultant slope
. of K t I | —=—-40 dB / decade
-40 dB / decade,
~20 |- constructional line ILCdE.

—40 s = T

Phase | 1 pole at origin

angle 1/s, 20 dB / decade
-90&77 2 A P

Resultant phase

~120 angle plot
-135
~150° :
i : Pt Log o
w=0.1 m:1 w:10 m=1‘00
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