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Abstract 

In this study, position and force simultaneous trajectory tracking control system with pneumatic cylinder 
driving apparatus is proposed. The pneumatic cylinder driving apparatus that consists of two pneumatic 
cylinders constrained in series and two proportional flow control valves offers a considerable advantage as to 
non-interaction of the actuators because of the low stiffness of the pneumatic cylinders. The controller applied 
to the driving system is composed of a non-interaction controller to compensate for interaction of two 
cylinders and a disturbance observer to reduce the effect of model discrepancy of the driving system in the 
low frequency range that cannot be suppressed by the non-interaction controller. The experimental results 
with the proposed control system show that the interacting effects of two cylinders are eliminated remarkably 
and the proposed control system tracks the given position and force trajectories accurately. 

1. ��� 

��� ���� �	
 �� �� ��� �
��� � �� �� � ���� ����  !
"#$ "% ���& ��� '(
 )* �+, 
-�. 	��/ 012 34 5*6 7� 89& 
:;
 <= >?& @$ A	52 71(1,2). �B

 34, CD�� E$F GH& ��� ��� 
�� �� "	�� IJK� ��� ��� �
� �. L, ./� M	 NO, PQ�2 
� RS ��, T U V 7� )*�� WXY
#$Z �� �� 2 �+[� \�JH 
1.   
��� ��� �� �� 1] �� ^4� 
���� _�� >#`$ I� a", bc�d 
ef��. 	��/ 0/g _�� >1� h% 
� i� ij� >1� h, �k�`$ =V� 
le&�m� �n& ���� o le&�m$p

m qrs t�, u�� vw&� � _� ��
� xy�d >	U h#$ z:s1. ��� l
e&�m� �	�� I�{ |, �n& )*
 
}� ~�$� 
 �� ��� ���� �	�� 
V� ^�� I�{ |, �n& )*
 }�, 2
� 3� ��, �	
 }� �� 71(3,4). �B�, 

 �� ��� ���� �	
 }�&K� I� 
)*� �<#$ �b I� �� ��& D��� 
�\�� | )*� n>�� 89& �� S� 
���& !�� I�{ |, )*�� h% .+
�/g I�{ | a", �n& )*�� h% 
��`$ b�P �� a", �n& e"�/ �
��1. 2� 3� ��, �	
 }�&K� �
/ )* ��, �<#$ )*�� WX��� 8
9& )*X� �b� �.. 	��/ 02, �

 �/ ��, �"� 5�� Rb�� h�  
/ 0� 89& | )*n� ¡�� ¢d £¤�
2 71.  
¥ ¦9&K� ��� ��� § �� �¨$ 
}~
 �� ���2 I�{ | a", �n& 
)*�� )*�� WX
1. )>
 �� W� 

* 
��, ����� �	
�� 
E-mail : jangjs@pknu.ac.kr 
TEL : (051)620-1583  FAX : (051)620-1574 

대한기계학회 2003년도 추계학술대회 논문집

 1614



 

�i, ©�� I�� ª$« ��� § �� �
¨$ }~�� ����2, | � I� a", )
*�� I
 x¬ )* ®� o ���& }~
��1. )*�� o ���� F� ^b4#$p
m x�s RS[ ¯°, �<#$ ���i� �
"3  ( ij, ±)�� I�� WX
 � i
j )*�{ �@P NO� ¯°² ��� T �
� I
 ³´ µ¶�� ·	Y#$Z )* �+, 
� n¸� �¹$ 5* 71. )*X� �+% 
1'
 Sº� ���& !
 |� I� a" e
" �», ¼�� ½¾��2, �� S� �� a
"& !�� I� � | a"� e" ��. ��
�� 0.5[%]��3 '(
 ~�. -*¿1.  
 

2. ��� ��	 
� �� 
� 

�»À��À��,ÀFig. 1 &À�ÁÂ1ÃÀ���À
���ÀÄ�ÀÅ%À�vÀ40ÆÇÈÉÀ$«À�vÀ12ÆÇÈ,À
ÊbÀË�À300ÆmmÈ3Àª$«À���ÌCA1B40-300,À
SMCÌÍÎÎ�À�	��1ÃÀD���ÀI��ÀRSÀ
ÏÐÑkmÌLTM300S,ÀGEFRANÌÍÎÎÀÒ�À���À
Å¶�À$«&À}~��À½t��2ÉÀ���&KÀ

£¤��À|%À$«ÓÌMNT-100L, CASÌÍÎÎÀÔ�À
'À����À$«ÀA�&ÀÕ~��À½t��1ÃÀ

|À)*	À®ÌMPYE-5-1/4LF-010B, FESTOÌÍÎÎÀ
Ö�À�!Àx×À:�"À18.2Æmm2È3ÀØ ^�À�ÙÀ
)*À®�ÀA	��2ÉÀI�À)*	À®ÌMP 
YE-5-1/8HF-010B, FESTOÌÍÎÎÀÚ%À�!Àx×À:
�"À9.3Æmm2È3ÀØ ^�À�ÙÀ)*À®�ÀA	�
�1ÃÀoÀÛK&KÀ½tsÀÜ(À�À)*À®$�À

t�ÀÜ(�ÀA/D·D/A ÝÞ�ÌPCL-812PG,ÀGJ+À
12bit, AdvantechÌÍÎÎ�À�	��ÀPC $Àßàt�
��1Ã 

3. �� ��� ��� 

 
 
 
 
 
 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

3.1 �� ��� 

��� ���� �	
 �� �� �á��
Fig. 2& �ÁÂ1. ��� �p� �� Ý[� 1
â 4#$ �ãU V 71. :, ä\ µ$� :;

 	¬ åæ$ çè�2, ��� �p�  º Ý
[� :é Ý[$ .b
1. 

 



 ∆+∆

∆−=∆
∆

1111
1

1
aaa

a

a RTG
t
XAP

V
k

t
P  (1) 

 



 ∆−∆

∆−=∆
∆

2222
2

2
aaa

a

a RTG
t
XAP

V
k

t
P  (2) 

 



 ∆+∆

∆−=∆
∆

1111
1

1
bbb

b

b RTG
t
XAP

V
k

t
P  (3) 





 ∆−∆

∆−=∆
∆

2222
2

2
bbb

b

b RTG
t
XAP

V
k

t
P  (4) 

� (1)�(4)�� k � ���� 	
��. � ��
� �� ��� � � ���� ���� �� 
� (5)� (6)�� �� �. 





∆
∆−∆

∆−∆+∆−∆−∆=∆
∆

t
XF

t
XBPAPAPAPA

t
XM cbbaa sgn221122112

2  (5) 

22112211 bbaa PAPAPAPAF ∆−∆+∆−∆=∆  (6) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Schematic diagram of the pneumatic cylinder driving system 
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Fig. 1 Schematic diagram of the experimental 

apparatus 
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 Fig. 3 Block diagram of a unity feedback control 
system 
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Fig. 4 Block diagram of the control system with 
disturbance observer 
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   (a) step width of Fr : 500[N], Xr : 0.05[m] 

   (b) step width of Fr : -500[N], Xr : -0.05[m] 
 

Fig. 6 Trajectory tracking control results in case 
of a step trajectory tracking with 
proportional controller 

    (a) step width of Fr : 500[N], Xr : 0.05[m] 

    (b) step width of Fr : -500[N], Xr : -0.05[m] 
 

Fig. 7 Trajectory tracking control results in case of 
a step trajectory tracking with the proposed 
controller 
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       (a) Fr : sinusoidal input, Xr : step input 

      (b) Fr : step input, Xr : sinusoidal input 
 

Fig. 8 Trajectory tracking control results in case of 
a step trajectory and a sinusoidal trajectory 
tracking 

     (a) frequency of Fr : 0.5[Hz], Xr : 0.5[Hz] 

     (b) frequency of Fr : 0.5[Hz], Xr : 1[Hz] 
 

Fig. 9 Trajectory tracking control results in case of 
sinusoidal trajectory tracking 
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