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What is bode plot diagram?

A Bode plotis a graphical method used to
analyze the frequency response of a linear,

time-invariant system.

* Bode plots are particularly useful in control
system design and stability analysis.

It consists of two plots:

— Magnitude Plot
— Phase Plot
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* A Bode plot is a (semilog) plot of the transfer
function magnitude and phase angle as a function of

Decade frequency
* The gain magnitude is many times expressed in

terms of decibels (dB)
dB =20 log,, A
Octave where A is the amplitude or gain

— a decadeis defined as any 10-to-1 frequency
range

. — an octaveis any 2-to-1 frequency range
Decibel 20 dB/decade = 6 dB/octave



JMagnitude Plot shows:

The magnitude (or gain) of the system's frequency response on a
logarithmic scale.

The x-axis represents the frequency, typically in logarithmic scale,
The y-axis represents the gain, often in decibels (dB).

JIThe magnitude plot helps:

— in understanding how the gain of the system varies with frequency.
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Phase Plot

_JPhase Plot shows:

— The phase shift of the system's frequency response.
— The x-axis again represents the frequency on a logarithmic scale, and

— The y-axis represents the phase shift in degrees.

JThe phase plot provides:

— insight into how the phase of the output signal is shifted relative to
the input signal at different frequencies.
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where:

« Tisthe time constant of the system.

Exa m [‘I e = 5isthe complex frequency variable.

MATLAB Code For this example, let's assume T = 1 second.

% Frequency range

omega = logspace(-1, 2, 500); l
tau=1; H.::g:] =
% Magnitude and Phase s+ 1

magnitude = 20 * log10(1 ./ sqrt((tau * omega).A2 + 1));
phase = -atan(tau * omega) * (180 / pi);

% Plotting
% Magnitude plot |

% Phase plot
subplot(2, 1, 1);

_ _ subplot(2, 1, 2);
semilogx(omega, magnitude);
_ _ _ semilogx(omega, phase);
title('Bode Plot of First-Order Low-Pass Filter');

ylabel('Magnitude (dB)");

xlabel('Frequency (rad/s)");

_ ylabel('Phase (degrees)');
grid on;

grid on;
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Boole Plot Methools
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H(s)G(s) = s(s+1)(s+5)(s + 10)

Dr. Darin Shafek Salim-Control System



N O t e If the constant 'k'is positive, then what would
be its contribution on the phase plot?

BODE PLOT

Gain Factor K.

= The gain factor multiplies the overall gain
by a constant value for all frequencies.

= It has no effect on phase.

M[dB]
M =20log|G(jw)

= ZOIOQ(K) [dB] o[°]
$=0

0

M : magnitude, ¢ : phase.
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N O t e If 2 Zerois located at origin, how does it get
represented on the magnitude plot?

BODE PLOT

Derivative Factor jo — zero at the origin.

= Magnitude is a straight line with a slope of 20
dB/decade becoming zero at =1 [rad/s].

= Phase is constant at 90° at all frequencies.

M[dB] |decade
———

M=20log|G(jw)
=20log(w)
¢ =90°
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N t If a Zeroiss?, how does it get represented on the
O .
magnitude plot?
= BODE PLOT

Double zero at the origin.

= Simply double the slope of the magnitude
and the phase, i.e., 40 dB/decade

becoming zero at =1 [rad/s] and 180°

4+ M[dB] |decade

0.1 1 10|

M=20log|G(jw)|
= 40|09((|)) 40 dB/decade slope

= o
¢ =180 7




If 2 pole is located at origin, how does it get //
N O t C represented on the magnitude plot? _"l

BODE PLOT

Integral Factor 1/jo — pole at the origin.

= Magnitude is a straight line with a slope of -20
dB/decade becoming zero at o=1 [rad/s].

= Phase is constant at -90° at all frequencies.

M =20log|G(jw)

= 20Iog(%)= -20logw

¢ =-90°
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If a poleis 1/s%, how does it get represented on the
magnitude plot?

BODE PLOT

Double pole at the origin.

= Simply double the slope of the magnitude
and the phase, i.e., -40 dB/decade becoming

zero at o=1 [rad/s] and -180° phase.
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Example 1: Bode plot Diagram

Draw the Bode plot of
(s +2)(s+6)
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step 1:

Step 1. Rewrite H (s) G (s) and replace s by jw

o (jw + 2) (jw + 6)
H(jw) 6 (w) = = 1 Gw + 5) Gw + 10)

H (jw) G (jw) = 2x6 (i%$+1) (¥ +1)

1x5x10 1w(;’i‘+1)(1’§+1)(;f6+1)
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Step 2. Draw table as below

Factor | Tine | (Corner/Break) BB
| 7| treweney
(jw)! I pole I - -20 x 1

N

(% +1) | zero | +20
(% +1) I zero I +20

(§+1) | pole | -20
Ug+1) | pole
(j#& +1) | pole 10 -20

(=3

p—
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(Corner/Break)

Factor Type Slope
frequency
Step 3 and 4: > -
@ (jw) pole - —~20 x 1 (Starting slope)

(j% +1) | zero 2 +20

(g +1) | zero 6 +20

¥ +1) pole 1 -20

(¥ +1) | pole 5 ~20

(5 +1) | pole 10 ~20

Step 3. Starting frequency

Wst —

Least value of corner frequency 1

10

Step 4. Starting magnitude

— = 0.1
10

= 20log (K) + 20 X (ko — k1) log (wst)
=201log(0.24) — 20 x 1 x log (0.1) = 7.6 dB
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Factor Type | (Corner/Break) Slope
sten 5: | |ty
(jw)* pole | - —20 x 1 (Starting slope)
(j% +1) | zero 2 420
(j+1) | zero 6 +20
(j¢+1) | pole 1 -20
G+D) |poe | 5 | ~20
g5 +1) | pole |

Step 5. Phase angle

p= =90+ tan! (§) +tan~" (§) —tan~" () - tan~" (§) ~tan"" ()

v

w (rad/sec 0.1 0.5 5 6 10 50
@ (deg) | —93.6 | —106 | —116 | —123 -132 | —135 | —145 | —171
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The Bode pole diagram Drawing

w (rad/sec 0.1 0.5 "1 2 5 6 10 50

p(deg) [ -936 [ -106] -116 [ 123 [ -132 [ -135 [ -145 [ —171

-40 dB/decade

-40 dB/decade

Magnitude (dB)

Phase (deg)
g

Dr. Darin Shafek Salim-Control System



MATLADE (The Bode pole diagram
Drawing)

Hand drawing (Asymptotic Bode Diagram)

MATLAB (Bode Diagram)
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Stability

J For a system to be stable, both the gain margin and the phase margin must be
positive.

J For a system to be Marginally stable, the gain margin or the phase margin must be
Zero.

J For a system to be unstable, the gain margin or the phase margin must be negative.
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Example

If the gain margin is 10 dB and the phase margin is 30 degrees, then the system is

stable.

If the gain margin is -5 dB or the phase margin is -10 degrees, then the systemiis

unstable.

If the gain margin is 0 dB or the phase margin is 0 degrees, then the systemiis

margqinally stable
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Ruestiond

o If the unity feedback system is given by the open loop transfer function

of magnitude plot?

a. 20 dB/decade
b. 40 dB/decade
c. 60 dB/decade
d. Unpredictable
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Solution:
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RUestlon

e The system is said to be marginally stable, if gain margin is

a. 0
b. 1

C. +00

d. None of the above
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Solution:
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RUEStLon=

If the phase angle at gain crossover frequency is estimated to be -
105°, what will be the value of phase margin of the system?

a. 25°
b. 45°
c. 60°
d. 75°
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Solutions
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RUEStLonA4

« At which frequency does the magnitude of the system becomes
zero dB?

a. Resonant frequency

b. Cut-off frequency

c. Gain crossover frequency
d. Phase crossover frequency
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Solutions
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RUestlons

o If a pole is located at origin, how does it get represented on the
magnitude plot?

a.-10log (w) dB
b. -20 log (w)
c. -40 log (w) dB
d. -60 log (w) dB
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Solution:
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RUEStLONG

* The frequency at which the phase of the system acquires
is known as 'Phase crossover frequency'.

a. 90°
b. -90°
c. 180°
d. -180°
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Solutions
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Ruestion

 In an octave frequency band, the ratio of f2 / f1 is equivalent to

a. 2
b. 4
C. 8
d. 10

Dr. Darin Shafek Salim-Control System



39

Solutions

Dr. Darin Shafek Salim-Control System



40

RUESELONE

« Which unit is adopted for magnitude measurement in Bode
plots?

a. Degree

b. Decimal
c. Decibel

d. Deviation
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Solutions

Dr. Darin Shafek Salim-Control System



42

uestion?

« According to the principle of log-scales, if the ratio between
two points is same, then the two points get equally.

a. United
b. Separated

c. Multiplexed
d. Mixed
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Solutions
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RuUestlon1o

 If the constant 'k'is positive, then what would be its
contribution on the phase plot?

a. 0°

b. 45°
c. 90°
d. 180°
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Solutions
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