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10.1.3. Vibration Isolation 
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6)��� 6 Bode Diagram ?�+
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10.2.4. Bode Diagram ?�+
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[J�2�� sinusoidal transfer function 
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ω
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ω ω
ζ
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=
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=
 
− + 

 
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2

2
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ω ω

ω ζ
ωω

   
= − − +   

  
 

>Y	�
/� 
n

ω ω�  ( ) 2
20log 20log 1 0 dBG jω ≈ − =  

>Y	�
/� 
n

ω ω�  ( )
2

2 2

2 2
20log -20log -20log -40log  dB

nn n

G j
ω ω ω

ω
ωω ω

 
= = = 

 
 

[J�2�>)2�P	�
	T.�����	�,/�
RS� -40 dB/decade ������P	
RS� 0 dB ��� 
n

ω ω=  

 ( ) 1

22

22

2
1

tan

11 2

n

nnn

G j

j

ω
ζ
ω

ω
ωω ω

ζ
ωωω

−= = −
 

−− + 
 

 

>Y	�
/� 
n

ω ω�  ( ) 1 0
tan 0

1
G jω −≈ − = °  

>Y	�
/� 
n

ω ω=  ( ) 1 2
tan 90

0
G j

ζ
ω −= − = °  

>Y	�
/� 
n

ω ω�  ( ) 1

2

2

0
tan 180

n

G jω
ω
ω

−≈ − = − °
−

 

�
	TO�	)���
T>O�2
����/�)/�>�2�>)20)M)/2
̂R-P�0R��L 
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6)��� 7 Bode Diagram ?�+
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�g��P	�����	�N�����M�/���	�N��*

�,	-�
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������
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�I�� 
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2
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�?���	�N����L�P	
RS� resonance frequency 21 2
r n

ω ω ζ= −  [J�2.����P	
RS�.Y	���.
�2
�I�� 0 0.707ζ≤ ≤   
)/2�/L�NM	 damping ratio 0.707ζ >  .�0�P��.�)>̂2>�) (peak) ���
	T magnitude O�2 Bode diagram  O���M>/2
�-�P	

>��	
O�2 resonance frequency ��M	?�/� damped natural frequency [J�2���P	
RS� 21
r n

ω ω ζ= −  [J�2OM�>/2
�-��L
,P�?��M.Y	2P	?�-P�?P	
�	�	>/�>��/� 

�P	>̂2>�)���
	T magnitude, 
r

M  >	�	
N�	0)M.	� 

 ( )
2

1

2 1
r r

M G jω
ζ ζ

= =
−

 

'&��89	+  .2�	) Bode diagram O�2
�������� transfer function -P�0R��L 
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s
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+
=
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	-M�2./)
̂R>��	
��M�?^P��
̂R���>	�	
N
O�?� Bode diagram 0)M
�?)/2-P�0R��L 

 ( )
2

7.5 1
3

1 1
2 2 2

s

G s
s s s

s

 + 
 =
  + + +  

  

 

[J�2R
����)M�?-/�R
����-P	2] 0)M��P 7.5, 1

s
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3

s
+ , 1

1
2

s + 
 
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2

1

1
2 2

s s 
+ + 

 

 

[J�2-/�R
���� 1
3

s
+  �� corner frequency ��� 3ω =  

-/�R
���� 1

1
2

s
+

 �� corner frequency ��� 2ω =  

-/�R
���� 
2

1

1
2 2

s s 
+ + 

 

 �� corner frequency ��� 2ω =  

10.3. �	
5��' Bode Diagram JO�8P)
��
� Matlab 



	>	�	
N�,M�Y	>/�2 
bode(sys,w) 

[J�2�Y	>/�2��L.�1��- Bode diagram O�2
�������>)2+)?-/��R
 sys ��,P�2��	�N������Y	��)+)?-/��R
 w  

	>	�	
N
�Y	��),P�2��	�N��[J�2��P2,P�2��	��P	2���
	T log ��M
�P	�/�0)M+)?�,M�Y	>/�2 

W = logspace(d1,d2,n) 

[J�2.���P2�
	T.	� d1 NJ2 d2 
RS� n ,P�2 
 

-/��?P	2
,P� ��-/��?P	2���&P	��	�� transfer function 
RS� 

 ( ) ( )
( )( )2

10 3

2 2

s
G s

s s s s

+
=

+ + +
 



	>	�	
N
O�?��Y	>/�2�� Matlab 
1I����M1��- Bode diagram O�2 transfer function )/2��P	�0)M)/2-P�0R��L 
w = logspace(-1,1,100); 
A=tf([10],[1 2 0]); 
B=tf([1 3],[1 1 2]); 

sys=A*B; 
bode(sys,w); 

[J�2.�0)M&��	
�Y	2	�
RS��
	T��
̂R��� 8 
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6)��� 8 Bode Diagram SK�+TJO7	�P)
��
� Matlab ?�+
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s
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+
=
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10.4. �	
5�7	
U	
*(�8
V	5?�+
���JO�8 Bode Diagram 

1�.	
=	
������������Rn) (closed-loop) )/2�>)2��
̂R��� 9  

	>	�	
N��
�
	���
>N�?
V	1O�2
���
���������Rn) +)?�	
��
�
	��� Bode diagram O�2 open-loop transfer function G(s) )/2-P�0R��L 

( )R s
( )G s

( )C s

 

6)��� 9 Block Diagram ?�+
���������)YJ (closed loop) 

�P���I��

	.�-M�2
̂M./���	���	?O�2'/1��-P�0R��L 

• Gain margin �I��P	��O�2 magnitude ( )G jω  �����	�N��
�I����
T>
�P	�/� -180° 

• Phase margin �I��P	
T>
���.	� -180° �����	�N�������O�	)
RS� 0 dB 

̂R��� 10 �>)2V	1��	���	?O�2 gain margin ��� phase margin +)?.�
�g��P	�/L2 gain margin ��� phase margin 
.���
�
I��2��	?-
2�/� ��P	��I� NM	
RS�����g.�
RS�����/L2�^P ���NM	
RS����g.�
RS����/L2�^P 

��/��	
����,M���	
1�.	
=	
>N�?
V	1�I� 
���Rn) (closed loop) .���
>N�?
V	1�g-P�
�I��
���
Rn) (open 
loop) �/L�.�-M�2���P	 gain margin ��� phase margin ���P	
RS���� 
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6)��� 10 ��	���	8?�+ gain margin ��� phase margin 

10.5. �	
������
���������JO�8 Bode Diagram 

1�.	
=	
������������Rn)��
̂R��� 11 [J�2

	-M�2�	
������ controller [J�2�� transfer function 
RS� G
c
(s) 

( )R s
( )G s

( )C s
( )c

G s

 

6)��� 11 Block Diagram ?�+
������������)YJ 



	>	�	
N���.��,M Bode diagram ���	
������
���������0)M 
�I��2.	� Bode diagram >	�	
N�>)2
��=>��/-�-P	2] O�2
���0)M)/2-P�0R��L 

1. 

	>	�	
N���.��,M asymptote �����	�N��-�Y	
RS�-/���� type O�2
������ static error constant ,
p v

K K  ��� 

a
K  +)?���

	.�)^��	�,/�

���-M��
I������	�N��-�Y	�P	���P	
RS�
�P	0�
P 
�I��2.	�>Y	�
/� transfer function 
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1 1 1
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[J�2�� type N  )/2�/L�.	�-/�R
���� 1/ N
s  �Y	��M>Y	�
/� type 0, 1 ��� 2 .�����	�,/�

���-M�
RS� 0, -20 ��� -

40 dB/decade -	��Y	)/� 
2. ��=>��/-� transient response 
,�2��	�N�� 
,P� phase margin, gain margin, bandwidth >	�	
N�P	�0)M2P	?

+)?�,M Bode Diagram 
3. 

	>	�	
N���������+�
�
��
�
1I����M0)M�P	 gain margin ��� phase margin -	�-M�2�	
0)M+)?�,M Bode 

diagram 
�I��2.	�

	>	�	
N��2
�g�0)M,/)�P	

	-M�2�	

T>
1���OJL��
I��)�2
�P	0�
P  

	.��,M lead, lag, 
�
I� lead-lag compensator >Y	�
/��	
������0)M 

• Lead compensator [J�2��
̂R>��	

RS� 

 
c

s a
G K

s b

+
=

+
 +)?��� a b<  

 Lead compensator ���/�K=�
RS� high-pass filter )/2�>)2��
̂R��� 12(a) [J�2��R
�+?,�����	

1���
>N�?
V	1
�,M�/�
��� �Y	��M
����� bandwidth 
1����	�OJL� [J�2�Y	��M
���-��>��20)M
�)

g�OJL� �?P	20
�g)�
����������=>��/-�
O�2 high-pass filter .��Y	��M
���N^�
����.	� noise ��	�N��>̂20)M 
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• Lag compensator [J�2��
̂R>��	

RS� 
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 Lag compensator ���/�K=�
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(a) Bode diagram ?�+ lead compensator   (b) Bode diagram ?�+ lag compensator 


6)��� 12 Bode diagram ?�+ lead-lag compensator 

 


