] VICTORIA UNIVERSITY OF

yosd WELLINGTON
N

TE HERENGA WAKA

XMUT315 Control Systems Engineering

Demo 5: Bode Plots Analysis

Exercise 1 (Simulating Bode Plots)

Write a program in MATLAB to obtain a Bode plot for the transfer function:

a. The first system:
15

s(s+3)(0.7s + 5)

G(s) =

Solution

The MATLAB program for simulating the bode plots of the given system is given below:
MATLAB code:

% demoS5la.m

% Bode plot generation

clf

num=15;

den=conv ([l O0],conv ([l 3],[0.7 5]1));

bode (num, den)

Computer response of the Bode plot simulation is shown in the figure below.
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Bode Diagram
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b. The second system:
753 + 1552 + 7s + 80
G(s) =

s*+8s3+ 1252+ 70s+ 110

Solution
The MATLAB program for simulating the Bode plots of the given system is given below:

MATLAB code:

% demo5lb.m

% Simulate Bode plot
clf

num=[0 7 15 7 807];

den=[1 8 12 70 110];

bode (num, den)

Computer response of the Bode plot is shown in the figure given below.



XMUT315-Demo 5: Bode Plots Analysis

Bode Diagram
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Exercise 2 (Gain and Phase Margin in Bode Plots)

Write a program in MATLAB for the unity feedback system with the following transfer function:

K

)= e+ 12)

In this system, the value of gain K can be input. Display the Bode plots of the system for an input
value of K. Determine and plot the gain and phase margin for an input value of K.

Solution
The MATLAB program for calculating the gain and phase margins of the given system is given below.

MATLAB code:

o)

% demo52a.m

% Simulate Bode plot and calculate gain and phase margins of the system
% Enter G{(s)

numg=1;

deng=poly ([0 -3 —-12]);

‘G(S) ’
G=tf (numg, dengq)
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w=0.01:0.1:100;

% Enter K

K=input (‘Type gain, K = ’);
bode (K*G, w)

pause

[M, P]=bode (K*G, w) ;

% Calculate gain margin

for i=1:1:1ength(P);
if P(1)<=-180;

fprintf (*\nGain K = %g’,K)

fprintf (', Frequency (180 deg) = %g’,w(i))
fprintf (', Magnitude = %g’,M(1))

fprintf (', Magnitude (dB) = %g’,20*1loglO(M(1)))
fprintf (', Phase = %g’,P(i))

Gm=20*1ogl0 (1/M (1)) ;

fprintf (', Gain margin(dB) = %g’,Gm)
break
end
end

[

% Calculate phase margin

for i=l:1:1length(M);
if M(1i)<=1;
fprintf

(
fprintf (', Frequency g’ ,w(i))
fprintf (', Magnitude
(', Magnitude(dB) = %g’,20*1logl0O(M(1)))
(O !

‘, Phase = %g’,P(i))

‘\nGain K = %g’,K
(0

fprintf

fprintf

Pm=180+P (i) ;

fprintf (', Phase margin(dB) = %g’,Pm)

break

end
end

Type gain, K =40 and the computer response:



ans =

'Gia)!

23 + 15 =*2 + 36 =

Continuous-time transfer function.
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Gain K = 40, Frequency (150 deg) = §.01, Magnitude = 0.0735Z77, Nagnitude (dB) = -ZZ.6356, Phase = -180.076, Gain wargin(dB) = Z&.6356
Gain K = 40, Frequency(0 dBE) = 1.11, Magnitude=0.93451, Nagnitude(dB) = -0.555534, Phase = -115.559, Phase margin(dB) = 64.4107
The Bode plot is shown in the figure given below.
Bode Diagram
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The alternative MATLAB program for calculating the gain and phase margins of the given system is

shown below:

MATLAB code:

% demo52b.m

o)

clear
clf

% Alternative program using MATLAB margin function



% Bode plot and find points
$Enter G(s)
numg=1;

deng=poly ([0 -3 -12]);

‘G(S) l4
G=tf (numg, dengq)

w=0.01:0.1:100;

% Enter K
K=input (‘Type gain, K = ');

bode (K*G, w)
[Gm, Pm, Wcp, Wcg]=margin (K*G)

‘Gm (dB) /
20*10gl0 (Gm)
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The outcome of the alternative MATLAB program using alternative approach is shown below:

ans =

133!

23 + 15 32 + 38 =

Continuous-time transfer function.



13 . 5000

653.5119

Wep

Wog

1.0453

ans =

' Gm {dE)

ans =

Z2.60a87
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The Bode plot of the alternative approach is shown in the figure given below.
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Exercise 3 (Peak Gain and Bandwidth of Bode Plot)

Write a program in MATLAB for the system shown below so that the value of K can be input (e.g.
entering the value of K = 40 later).

C(s)  K(s+5)
R(s) s(s2+3s+15)

Display the closed-loop gain and phase frequency response for unity feedback system with an open-
loop transfer function, KG (s).

Determine and display the peak gain, frequency of the peak gain, and bandwidth for the closed-loop
frequency response for the input value of K.

Solution

The MATLAB program for simulating the Bode plot and calculating the frequency response
parameters of the system is given below.

MATLAB code:

[

% demo53.m
% Simulate the Bode plots and frequency response parameters of the system
% Enter G(s)

numg=[1 5];
deng=[1 3 15 0];

‘G(S) ’
G=tf (numg, deng)

% Enter K
K=input (‘Type gain, K = ');

‘T(S) 14
T=feedback (K*G, 1)

bode (T)

title(‘'Closed-loop frequency response’)
[M, P,w]=bode (T) ;

[Mp i]=max (M) ;

Mp
MpdB=20*10gl0 (Mp)
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wWp=w (1)
for i=1:1:1length (M) ;
if M(1)<=0.707;
fprintf (‘Bandwidth = %$g’,w(i))
break

end
end

Type gain, K =40 in the command prompt and the computer response is shown below:

ans =

T3]

40 = + 200

=3 + 3 3*2 + 55 = + ZOO

Continuous-time transfer function.

Mp =

11.116Z

MpdE =

Z0.919:2

wp
7.5295

Bandwidth = 11.Z549

The Bode plot of the system is shown in the figure given below.
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Closed-loop frequency response
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Exercise 4 (Analysis of Gain and Phase Margins in Bode plots)

The open-loop transfer function of a unity-feedback control system is given:

K

G(S)=——F—=—
() s(s?+2s+5)
a. Determine the value of gain K such that the phase margin is 50°.

b. Find the gain margin for the gain K obtained in part (a).

Solution
a. The closed loop transfer function of the system is:

C(s)_ K
R(s) s3+2s2+5s+K

The MATLAB code for simulating the Bode plot with K = 1 is as follows:

MATLAB code:

o)

% demo54a.m

o)

% Simulate Bode plot for determining value of system gain

clf

10
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num=[1];
den=[1 2 5 1];

bode (num, den)

The Bode diagram is shown in the figure given below from MATLAB program.

Bode Diagram
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From the Bode plot on the figure given above, the required phase margin of 50° and occurs at
the frequency w = 1.5 rad/s. The gain of G (jw) at this frequency is then —12 dB. To compensate
for this gain, the gain K must then satisfy:

20logK =12dB
As a result, the gain of the system, K=4 for the required phase margin of the system = 50°.
The MATLAB code for simulating the Bode plot with K = 4 is as follows:
MATLAB code:
% demo54b.m

o)

% Simulate Bode plot for determining value of system gain
clf
num=[4];

den=[1 2 5 4];

11
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bode (num, den)

The result of the Bode plot simulation of the system with K = 4 given below shows that the
phase margin of the system = 50° and the gain margin is at O dB.
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