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Vibration Control and Mechanical Sway Stabilization of Flexible Link System
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In this paper, we propose a mean of vibration control and mechanical sway stabilization of flexible link systems.
This system controls both the vibration generated in a link and the reaction moment generated by motion of an
object. Since the vibration is caused by the transition between strain energy and kinetic energy, the mean of vibration
control discussed in this paper aims to reduce the strain energy. The reaction moment is canceled by using a torque
canceling system (TCS) which is developed in the previous studies. The effect of this vibration control system is
shown by carrying out finite element analysis of a simple flexible link system, and a calculated result of the reaction
moment generated at the location of a TCS.
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Fig.1 Vibration phenomena of a beam
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[K]{∆ud} = {F}t+∆t − {R} (1)
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{ud}t+∆t = {ud}t + {∆ud} (2a)

{um}t+∆t = {um}t + {∆um} (2b)

{u}t+∆t = {um}t+∆t + {ud}t+∆t (2c)
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[M ]{ü}t+∆t = {F}t+∆t (3)
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{τn} = [Ln][Tn]{Pn} (4)



�{τn}YM��DB�'{4OP� ���� �
{Pn}Y���DB�'{4Ph��OQ4��� �[Tn]
Y���DB�g@A��M��DB�!}Q4�D!}
��@���[Ln]Y����@A����������
����@��k45nY���Q4����@A��
k45��TY��@��"�����4
�]3�
Ph��� �}�\�Y���,&�(3b!e�N
V5QN�����,&�-.�/��N01��^��
Ph���\��LMNPhmno�ij�����,&
�-.�/� ����Q4
�����N45

4.  :¡¢£¤?

Bw�¥¦��4�§b¨©ª «�[�Y����¬
V$s5

U =

n∑

i=1

{ǫ}T
i
{σ}ili (5)



�i,n,{ǫ}i,{σ}i,liYI�®��M�¯°��M���
i¯C�M��§b¨��� �±²���� �M��
k45
��(_�§b¨©ª «�³*Q4
�Y±
²��³*�´4
��(f$µ¶·4
��u]45


±²��Y�¸¹cº»A��¼��½¾_N¿�
±²�ÀÁQ4Â��¦uÃ�
��Äs5Bw�§b¨
©ª «�³*�´4�T��$Y�B�ÅÆ�!ÇQ4
�T��B�,&�!ÇQ4�T�-F3�45¿�3�
�TÈ���F�Bw�±²��³*·�QN��§
b¨©ª «�³*�UN�45ÉÊ@A�B�'V$�
ÅÆ�!ÇY@A��OP�¸¹4
�µ¶Q45,&
�!ÇY�@A��¼�qË�w�� 0��Ì�OP�Q
4
�µ¶Q45�ÍÎY�Ï�ÐÑ�s/j�q
r� 2U���[ÒT�ÓÔQ45

SchemeA:

@A��OPÕ�¸¹4
�ÅÆ!Ç�V�
§b¨©ª «�³*�´$Ï��ÐÑQ45

SchemeB:

@A��w��!e�´4
�Ì�OP���
§b¨©ª «�³*�´$Ï��ÐÑQ45


� 2 U��TYI�®�Öf/×Ø�Ùf$V45
SchemeAY@A��01�!ÇQ4Ú{µ¶·4/
j�Û	�Ü����Â·���ÝÈÏ�ÐÑ���
k45�]��Ï�ÐÑ�ÞßY³	�@A��01�
!e�\à4�Ü���µ¶�áâ�N4�Vf/ãäh
�k45å��SchemeBYÏ�ÐÑÞßYæV���Ý�
Ï�ÐÑYâ�	�ç¬G²�Ñè�ÛV5QN����
�Ý�ÉÊ@A�B�Ï��ÐÑQ4�Y SchemeA�é
Þ�CDêëìíî�ïðÏ��ÐÑQ4�Y SchemeB
�éÞk45�/�f$�SchemeA� SchemeB�ñ¬
Q4
��ÉÊ@A�B�ÀÁQ4Ï��Þß��ÐÑ
·4�-F3�45

5. òóôõö÷øùòóúû

ÓÔüT�(4ÉÊ@A�B�Ï�ÐÑ�éÞ&�ý
þ��TCS�B����ÿ�ÐÑQ4/j�LMNcº
»A�����s5�
cd �Y�� 2��Q(s�
�� 2OP�ÉÊ@A�B�Ì�OP���$�u]�
Q4�l���N@A�B�ç¬Q45�
cd ��
�»ºÜ�� 1��Q5M� 3, 4��� 2OP�ÉÊ@
A�B�
��Ph 3�Ý	� 2[s] π [rad]���´
401���01��$EF45�DBY���DB�
X,Y,Z�M��DB� x,y,z���� 3�Q(s���
Q45Ph 2�YÌ�OP��{$V4/j�ÉÊ@A�
B���Q4
�B����ÿQ45Ph 1�Y TCS
��_�{$k_�TCS
��ÿ�ÐÑQ45

1

2

3

4

5

:Node 1～6    :Node number

:Element ①～⑤ :Element number

① ②

③

④

⑤

6

Fig.2 Analytical model
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Fig.3 Outline of a link system
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Table1 Parameter of link members

Link No. 1 2 3 4 5
Material Stainless steel Aluminum Stainless steel

Length [m] 0.200 0.300 0.100
Section size x [m] 0.040 0.005 0.040
Section size y [m] 0.020 0.030 0.040
Added mass [kg] 0.48 0.48 0.00 2.00 0.00
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Fig.5 Displacement of link head
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Fig.7 Generated moment at TCS
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