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

[21]) C�� ��"�# ���L ������� ��'
 . Z! E�', �? u��+ e/� �!� ��
�'� �
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 �? ���> ��/� ��� Z! $�%�'
 R:�
�
 ����  ����# �
 ���L ������� ��'
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3- ������ ! .�/#� C@[ 
:�* �-���: �d  
 / ���# �
 _��I��� T���� x�+ ����
 R!�7� Y?�� ���?� �I? �!� ��
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 uo��� �6��	
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 �!�% ���	
 ����? �&�� �?

 ���'� �
 �9����� ��% �� �
 ����5 Z!�(� Y?�	
 *� �? ��'� �

 ����? �
 �!��� R�. ���'� �
 ��5�� Z!�(� Y7	
 Z! ����? ��z#���
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 ���# .���'%�
 Z! �� �� �6��
 �!�  ��'� �
 �?'5 �? Z���=� �?
�'�� T���.  
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 $��? ��� {�I�� �6��	
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q�V0�� �
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 ��'# �? T���� T�%�'5 ������ �
 �!��� R�. $�  �A�5 e�0��� ��%��#
T�!��� $��#'�� T���� Z!�(� �� [���� �!� �? / �		:� ��%�A
 �� . $��?
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�" �	
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 $�%����" �� ��'� �
 �!���	� m'� [���? ���
 ��!�+ ��z#  / �z#

����" �? q'V0
 �%/B+ �!� �� ��,� ��'� �
 �'�� ������� Z!��? $�%
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 �� �%����" �!� ��5 m'� Z! �
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�� �%�'5 ������� $�� ����"  /� �� ����? �!� �� /� �!� �� / �'? .
 ���? �&�� H��I
 $�% ���6� ���? $�	9+ �? ��'� �? m';'
 �!� ��	U�%

 *�� �%�N��. �	��
���? �
 T�F	� R?�L.  
  

3-3- 5�� ��@#� ��2R"�	 ��$	�� G���6: 0!�  
 ����
 �� �@(	
 �'S �? �!z+ q�V0�� �%�'%�
 Z! T���� Z�
�	!�

���? �
 [�, ��W /  [�, ���"� R
�� x�+ . C!���
 �!���	� ���.�
 �? ��	
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 �%��:%�� �� �:! E�7��(
 T�� �%�
 $��? �T���	� �
 �� [�, ��


���? �
 �!���	� �� [�, ��
 qz� . �? ��/� �� $��# ��9? �? ��
 �!�
��!z+ �
 E�', ��� ����" �!���	� G�� . �? �!���	� e/� $��� ����+ �?

 ��
 ���
 ����" �� ���0��� $�%��
���+ �9	� �!���	� T���� [�,
���? �
 �A�5 E���0��� i��
�" ���� �!� �� �
 �'�� �%�'5 �!���	��

(Roshanian [22].  E���0��� i��
�" �!���	� �? T�!�'N6� �!� YL�/ ��
�!��� R�. $*
�
 ����" T�F	� $��? ���'� �
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