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Abstract 

In this study, a linearized model of pneumatic cylinder position control system including transmission line 
is proposed. The transmission line using compressible fluid has a nonlinear transfer characteristics because 
that the frequency response of it is changed by the flowing state of the fluid. But, when the pressure difference 
between both sides of transmission line is low, the effect of resonance characteristics of it under high 
frequency range can be neglected because of the friction force and low pass characteristics of the position 
control system. Therefore, the transmission line can be modeled by second order transfer function and the 
natural frequency, damping ratio and gain are changed by the diameter and length of it. The effectiveness of 
the proposed model is proved by comparison of simulation results using proposed model with experimental 
results and simulation results using conventional model. 
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2. �� ��� �	 

  Fig. 1 = �� � ��� �#� gn�%. 
���� �0 25[mm����`5���������x��
I�  ���(MY H25-500H, SMC Co.)� �	�
f%. ¡ ¢� ��� R£¤¥¦(Novotechnik 
Co, TLH500)� Z��a ���f%. ��= �
�§+(Sensys Co., PS HK001 0KCAG)� ��� ¨
�~* ©��a ���f%. � ��� ª« 
�¬ \@^� 18.2[mm2]x �� ? � ��
(FESTO Co., MPYE-5-1/4-010B)� �	�f%. 
 

 
®Control Valve, ¯°Pressure Sensor, ±Cylinder, 
²Potentiometer, ³Transmission Line 

Fig. 1 Schematic diagram of position control apparatus 
 

 
Fig. 2 Schematic diagram of cylinder driving system 
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Fig. 3 Proposed model of a position control system 

considering transmission line 
 

 
Fig. 4 Conventional model of a position control system 

considering transmission line 
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4. �� �� � �� 

4.1 ��� �� 
,� �� �� osE�" Table 1 � ���
�.  
,�� b�� ��71� Fig. 3� ��� M� 
��7 Kp[V/m]" b����. M� ��7� �
t6 � (6)�� ��� 9: ;< =�� �1" 
�� AB1 )*� Hcyl(s)" ���  ��!� 
��M) 0.3 � ��� �*���. ,�� b�
� ��7 �t� Table 2� ����. 
  4.2 �� �	 
� 
� (6)� ��� �� �� =�� CD �� 
�� �� Tl' �� ��� �� �� �� Tv� 
d6 �� ��1 �� ��) `) ? � ,-. 
��� CD� uv�� ��U1 ��g < ZU
T1 Fig. 4 � ��� ,-. �� CD ��U1
�� �*g < Z�. Fig. 4 � Table 2 �� d " 
0.004[m], L � 1[m]1 �*� $%�G, CD� 
6[ms]�� uv�7 ���T1 � (2)� (6)� b
��  Tl' Tv" ���X �� 3[ms])  � � 
< Z�. w�G, 	
�� �) uv�7 ��
�� ��� Tl+ Tcyl+Tv �� ����X Fig. 5 � 
Fig. 4 " ���  ��� �� 	
�� � �
� �� �� Tcyl" 15[ms]1 �*g < Z�.  
Table 2 � ��� ��� �1" b��� ��
!� p�  ¡7� ¢�� ���  £�� �� 
��� Table 3� ����. 
 
Table 1 Physical parameters of the driving apparatus 
A  4.90625¤10-4 P0 420,000 
B 50.3 R 287 
d 0.0065, 0.005, 0.004 Se Max. 18.2 
kq 5.06¤10-3 Ta 293 
L 0.5, 1.0, 2.0, 10.0 x0 0.25 
M 0.5 � 1.4 

 
Table 2 Controller gains used in the experiments 

d L Kp 
0.5 18.24 
1.0 20.41 

 
0.0065 

2.0 24.76 
0.5 16.89 
1.0 17.71 
2.0 19.36 

 
0.004 

 10.0 32.52 
0.005 10.0 41.78 

 
Fig. 5 Pressure response in the cylinder chamber 

 
Fig. 6 Position response of cylinder piston 

   
Table 3 Estimated delay times of position control 

systems 
d L Tv Tl Tcyl TC 

0.5 0.003 0.0015 0.015 0.0195 
1.0 0.003 0.003 0.015 0.021 

 
0.0065 

2.0 0.003 0.006 0.015 0.024 
0.5 0.003 0.0015 0.015 0.0195 
1.0 0.003 0.003 0.015 0.021 
2.0 0.003 0.006 0.015 0.024 

 
0.004 
 10.0 0.003 0.03 0.015 0.048 
0.005 10.0 0.003 0.03 0.015 0.048 

  4.3 � ��� ����� ���� �� 
  Fig. 7~14� Table 2� ��7" ��� ,� ¥
'� Fig. 3, 4� ��� ¦� h�" ��� �§
¨�© ¥'" MN� ¥'" ����. Fig. 7~14
�� ,h6 ,� ¥', ªh' «ª �h6 �� 
�2� ^_' 7a ^_� ��� �§¨�© ¥
'" ���G, 	
�� ¬7 �" 0.25[m], 
® 
¯� 0.1[m]1 �*�  ,� 0 �§¨�©
� <°���.  
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Fig. 7 Comparison of experimental result with 

simulation results(d : 0.0065[m], L : 0.5[m]) 
 

 
Fig. 8 Comparison of experimental result with 

simulation results(d : 0.004[m], L : 0.5[m]) 
 

 
Fig. 9 Comparison of experimental result with 

simulation results(d : 0.0065[m], L : 1.0[m]) 
 

 
Fig. 10 Comparison of experimental result with 

simulation results(d : 0.004[m], L : 1.0[m]) 

 
Fig. 11 Comparison of experimental result with 

simulation results(d : 0.0065[m], L : 2.0[m]) 
 

 
Fig. 12 Comparison of experimental result with 

simulation results(d : 0.004[m], L : 2.0[m]) 
 

 
Fig. 13 Comparison of experimental result with 

simulation results(d : 0.004[m], L : 10.0[m]) 
 

 
Fig. 14 Comparison of experimental result with 

simulation results(d : 0.005[m], L : 10.0[m]) 
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Table 4 Estimated parameters of transmission lines used 
in the simulation 

d L knl nlς  
0.5 1.0 0.7 
1.0 0.8 0.7 

 
0.0065 

2.0 0.7 0.7 
0.5 0.7 0.7 
1.0 0.7 0.7 
2.0 0.6 0.7 

 
0.004 
 10.0 0.25 1.7 
0.005 10.0 0.27 1.2 
 
  Fig. 7~14 " ±²�X /«� M� �t� b�
� � 7a ^_' �2� ^_� �� ¥') 
¡�;� � < Z�. 7a ^_� ��� $%�
� ,�' /«� �t� b�� � � ��� 
³2*´�� $%) ���G(Fig. 7, 11, 14) µ�, 
	
�� �� �� ��� ¡��¶ ���� $
%) Z&� � < Z�.(Fig. 13, 14) wm�, �2
� ^_� ��� $%�� 	
�� �� �� 
�� 0 · ¸¹1 º��� »/ n7) ¼ «
�G(Fig. 7, 9, 11, 13, 14), µ� 	
�� ¬7 �� 
|¡� ,� ¥'� ½b;� � < Z�.(Fig. 8, 
10, 12). �2� ^_' ,� ¥') *f�¶ «
�� F� �6 ^_¾ '*�� ,-.� ¿À 
L�' �� ��� ³�p" GÁ�� FÂ7 Ã
]U1 ��?�. 
  Table 4� Fig. 7~14�� b�� ^_ =�� �
2� ^_� �1 osE� �*" ����. 

5. � � 

  �1� CÄ Å7" ,-.1 ÅÆ�7 �� Ç
< AB��J ^_¾� ���� F7 Ã]� O
ÈÉ�� �#��� HI� �� �� AB1 )
*���. [ \]��� �1" Ê;� Å7C 
,-. � ��!� h� ^_� ½��7 ��
  �1� / L�� GÁ� � ��! ^_� 
�2���. [ \]�� �2� �1 ^_6 �
� �� AB� �1 |H CD� 9: L�� G
Á� ^_�G �1� ~�� Ë$� rs� uv
�� h� 9: ;<� ���T1 �1 ^_� 
Ê;� ��7" ���¶ �!g < Z�. [ \
]�� �2� ^_� ���6 ,� ¥'�� M
N" Ì�  ÍÎ��G, 7a ^_' MN�  
�2� ^_� ,� ¥'� ½b� ¥'" ��� 
f`���.  
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