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Reduction of the Actuator Oscillations using Adaptive Control in a Damped 
Beam Model under a Follower Force 

Omid Kavianipour, Abdol Majid Khoshnood, Seyed Hossein Sadati, Ali Asghar Jafari 

Abstract: Flexible behaviors in new aerospace structures can lead to a degradation of their control and 
guidance system and undesired performance. The objectives in the current work are to analyze the vibration 
resulting from the propulsion force on a Flexible Launch Vehicle (FLV) modeled as a follower force on a free-
free beam with proportional damping, study its effects on the oscillation of the actuators, and develop an 
approach to reduce these oscillations. To pursue these objectives, the stability of the beam model is first 
studied using the Ritz method. It was determined that the proportional damping consisting of those of internal 
(material) and external (viscous fluid) result in a change in the critical follower force. The rigid dynamics of a 
FLV in the pitch channel was then modeled and modified using the vibrational model of the device for the 
same channel. A new dynamic model and an adaptive control system for the FLV was then developed, 
allowing the aerospace structure to run on its maximum bearable propulsion force with the optimum effects on 
the oscillation of its actuators. Simulation results show that such a control model provides an effective way to 
reduce the undesirable oscillations of the actuators. 

Keywords: FLV; Beam Instability; Follower Force; Adaptive Algorithm; Filtered Recursive Least Square 
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[�&0� ��		
 �� ��'
 �06�V
 ���L ���� ��� �� ���� ]1-6[  .�� �!� �9���(� �� 
E���� $/��� ��:�
�	!�/�!> $/��� �?{�� / $�%/��� �6��	
 �F	"�, ��� 
C�� .Pourtakdoust and Assadian [7] �6�
 �? R:� Z! ��� 

�6'��? /� �� ���> C(� $/��� $�'(
 C?�� ��" ���
 ��� .E=��0
 
g'?�
 �? �!� ��
 �
 �� $�0? �� �F� ��"�# ���� �? ������� �� e/� 

���6� �/�(
 R� ��� C�� / �� �!� C6�� J&" $���!�+�� �:������ 
��%�A
 ��� C�� .i|� E=��0
 Z���=� g'?�
 �? �!� ��� ����% �? 

E=��0
 C
�� �� Z! ���
 �6��	
 ��7� $��� ��� C�� .��A� ���� 

��� C�� �
 �!�*"� $/��� $�'(
 [�'
 �!�*"� ���'� �9:6�? 
�
 �'�.  

�Sugiyama ����� ����? $��? �?��� i�	���7�.� Z! ����:�% /
 ��,� T���� �A�5 E���0��� $/� �? '���/��	
 ��W ��		
 [�&0� $/���

 ���'�� �o���[8]. Young� /�Juan� �? �V5 ��W ��� Z! u��+ ����?
 ������� G���� �? �� �L���� ��		
 [�&0� $/���[9].  

 $�9��6�0" �!��"�'% �?�A
 $�% T���� �� E���0��� ���	
 �	�
� ��
���� �'�/ �.'�	
 .�� ��	�
� �!� �� $�9�/� ���	
 �	�9? �� ����S 

�6��	
 $��? ���'%�
 �%�? ������� ��� C�� �
 �5�? �� �9�> R
�� C�6�0" 
Rynaski [10] � Jenkins /  [11] Roy / �! Maki /Vandergate 

[12] �
 ���? �
 R
�� $�9�/� �V5 / �V5��W �	�9? $��� �? $�	7
 
T��	�
 $��� $�%�
 T��0� ��"�! ���0��� C��. Bibel / Stalford �� 

$�9�/� ��N!� �'79? ��9? �6��	
 �� �/��  $�	? ��9? $��? ���	
 Z! 
Z�'
 q�V0�� �!z+ �� ��'
 ����? ���L ������ �9�> ��	U�% ����S �'5 

��7�5 �� *�� ��'
 ��'� ���L ����� [13] / [14] . �9��6�0" �!� �? �/-.
Choi / Bang �� /� �%/B+ �? $/� Z! Z�'
 e/�
 ���?� �? ��(6 
��'�� Z! �
 ���0��� / i|� /� �
 �	����'� �6��	
 C�0;/ Z�'
 

`'" �� �? �?'5 ����S �	!��� [15] / [16] .�9�> �� $�9��!�'N6� �&�7V� 
��9? �	�"�# / �? ������� �� $�%����" Z!��? ��� E���0��� �� �? �?'5 

�%�
 ����� .�� ����? $�N!� Ra e/� �!���	� �� ����" �&�7V� �� 
C7�� �? $�%*!'� $�/�/ G/�&
 �'��[17]�  .�� �A%/B+ �N!� Oh / 

Bang / Park e/� $�%����" �&�7V� �� �? $/� Z! ��'�� �A!�
�> �� 
Z! ���'%�
 �? ��'
 �!�
�> ���L ���� ��� [18].  ��% �%/B+ �!� �? �/-.

 $�% e/� �� �'5 ����? �� *�� ����:�% / �'	�'5 ��7L $�% C�6�0" ��
�� �? ���'%�
 Z! �� E���0��� �%�
 $��? Y��
 ��
 �? �	�7
 �����

 ��� ���
[19].  
 �? ��'� �/�? ��		
 ���	
 T���� ����S ���z# $�9��6�0" G��� ��
 �0� �6�&
 �!� �� �
 C�� ��� ����S �!���
 / ��		
 [�&0� $/���

���# ����? ��		
 ���	
 T���� $/� �? ���'
 �!� �� �%�'5.  
�? �'S ��
 �!� �6�&
 R
�� /� �I? ��,� �
 ���?:  

�I? �/� ��R
 R� E=��0
 Z���=� ���� �? �'F	
 ��"�! $/��� 
���� R?�L R�(� $��? ��
  �
 ���?.  

�� �I? G/� �� Z! ��
 �V5 $��? $���6�
 ����
 Pitch �� 
���'%�
 ��������? �
 �'� / $B������ ���	
 E����'� �N��. �? Z�
 

�!���	� i��
�" E���0��� ���? �
 �'� .�� ��!�+ �!� /� �I? $��? 
G���� ��7� $��� T���� �6��	
 �!�9� T%�? [�
�� �
 ��'�.  



28�%�
 E����'� �N��. �� Z! ��� �? �!���
 C(� �$/�� [�&0� ��		
  
�'+ ���!/�
 ��
� �.�'	�'5 ����6��7������ ���� ��� � 	$��0� �2,� ��.  
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2- ��,�$� �#����  
R:� )1 (��
 �;�" $��? Z! ���� �!��" �� ��A� �
 �%� .ZIXI�

� ZBXB / YX �? [���� ��N��� E�@�I
 ����	!� ��N��� E�@�I
 
���? / ��N��� E�@�I
 Z���=� �
 �	��? .��N��� E�@�I
 ���	!� 
C?�� �
 ���? / ��N��� E�@�I
 ���? / ��N��� E�@�I
 Z���=� 

R@�
 �? ��� �	��% .�)�#� G�� ��
 / *
�
 G�� ��
 C?�� ��" ��� 
C�� �6/ �!� R��(� �� �
 ��'� $��? Z! T���� �? G�� ��2�
 / �! $�96�
 

���U�+ �� ��:? ��? .��	U�% �� �!� �6�&
 �� $/��� ��/ �F	"�, ��� C��.  
 ��" ��� C�� �
 ��� �� �F� ��"�# ���� ��� �6'��? ���? / ��� �� 
C9� �6'S q�V0�� �!z+�� ���? .$/��� ���� �'�'
 J�'� Z! $/��� 
[�&0� ��		
 / $/��� �N��. J�'� Z! $/��� $�'�. ��
 ��� ��� .�� 
R:� )1(�R(
 IMU / R(
 $/��� ��N��. ��A� C�� ��� ����.  

  

  
 R:�1 : ��
 Z! �? ���> �� /� ��� Z! E�', �? �!��"�'% ���� Z! �� ����

�!���
 ����%  

  
2-1- b	�!� �c���  

�> ����� / ���� �'�/ �0�7S �!���
 ���0��� $�% T���� [�W� �� 
���# �
 T���� $^��� q-�� O.�? . O.�? $^��� q-�� �/� �!� ��
���# �
 ���> E���0��� �	
�� �%�
 . q-�� �!� $��7�� E���0��� ��

���# �
 ���7� ��/��? Z!�(��? . �7��	� E�', �? �!���
 ��6�&
 �!� ��
C�� ��� ��
 T���� $��? . ��
 �!���
 ����? $��?Kelvin-Voigt 

�� ��'
 �6��0
 �� �
 ��"�# ���L �����)1 (C�� ��
> )Meirovitch 

[20].(  �6��0
)1 (�� C����7.:  
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 �C��� C?�� ��� �'S �� $�'(
 $/��� Y!�'� �:	!� �? ��'� �?
 / �'�� R� ����(� E�', �? ��'� ��� �� T
�� R������!� E=��0


���? �
 ���� ��'
 �7!�&� $�% e/� . C�� �!�% e/� �� �:! *�!� e/�
 ������� �? ����? �!� �� �
�'����% e/� ��(Hodges and Pierce 

[21]) C�� ��"�# ���L ������� ��'
 . Z! E�', �? u��+ e/� �!� ��
�'� �
 ��"�# �F� �� �!� E�', �? $��:  



�%�
 E����'� �N��. �� Z! ��� �? �!���
 C(� �$/�� [�&0� ��		
  
 ��'+ ���!/�
 ��
�.$��0� �2,� ��. ������� ���� ��� ��'	�'5 ����6��7  
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 E/���
 �9�> $�% i��
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3- ������ ! .�/#� C@[ 
:�* �-���: �d  
 / ���# �
 _��I��� T���� x�+ ����
 R!�7� Y?�� ���?� �I? �!� ��

���# �
 uo��� �6��	
 T���� ����S i|�.  
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�� �%�'5 ������� $�� ����"  /� �� ����? �!� �� /� �!� �� / �'? .
 ���? �&�� H��I
 $�% ���6� ���? $�	9+ �? ��'� �? m';'
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A New Approach to Bounded Real Lemma Representation for Linear 
Neutral Systems 

Ala Shariati, Hamid Reza Taghirad and Batool Labibi 

Abstract: This paper is concerned with bounded real criterion for linear neutral delay systems. Two 
new delay-dependent bounded real lemmas (BRLs) are obtained in this paper, in which, Lyapunov theory is 
used to derive the first delay-dependent representation for BRL. Using a descriptor model transformation of 
the system and a new Lyapunov-Krasovskii functional, a less conservative bounded real lemma is obtained 
compared to that of the first BRL. Then sufficient conditions for the system to possess an H∞-norm less 
than a prescribed level, is given in terms of a linear matrix inequality (LMI). The significant advantage of 
the derived bounded real lemmas is their efficiency in designing H∞ controller for the closed-loop neutral 
systems when delayed term coefficients depend on the controller parameters. Numerical examples are 
given which illustrate the effectiveness of our proposed BRLs. 
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Dead Time Compensators (DTCs)  ��� q/�0
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 G/�&
 $��?
C�� ��� �o��� ��5� $�96�� �� $��0�
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 �� �� C���� e/�

5�		
 �
 G/�&
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��� ��� ����S . ��[26]  $���� $�%�	!>�" ���	
 $��? $�!�� e/�
C�� ��� �o��� ��
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Observer-based Adaptive Fuzzy Control Scheme for a Class of MIMO 
Uncertain Nonlinear Systems 

Reza Shahnazi, Naser Pariz, Ali Vahidian Kamyad 

Abstract: An output feedback adaptive fuzzy model following controller is proposed for a class of MIMO 
nonlinear uncertain systems. The unknown nonlinear functions are approximated by fuzzy systems based on 
universal approximation theorem, where both the premise and the consequent parts of the fuzzy rules are tuned 
with adaptive schemes. Thus prior knowledge and the number of fuzzy rules for designing fuzzy systems are 
decreased effectively. In practical situations the states of the nonlinear systems are fully or partially not 
known, the proposed approach does not need the availability of the states and uses an observer to estimate the 
states. To cope with fuzzy approximation error and external disturbances an adaptive discontinuous structure is 
used to make the controller more robust, while due to adaptive mechanism attenuates chattering effectively. 
All the adaptive gains are derived via Lyapunov approach thus asymptotic stability of the closed-loop system 
is guaranteed. The approach is applied to stabilize the Chen’s chaotic system with uncertain dynamics and 
amid significant disturbances. Analysis of simulations reveals the effectiveness of the proposed method in 
terms of coping well with the uncertainties while maintaining asymptotic convergence. 

Keywords: Nonlinear control, Fuzzy approximator, Adaptive control, Uncertainty, External disturbances.  
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