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Abstract 

    We studied an inflatable space structure in order to create an ultra-lightweight space structure. The inflatable 
tube is an important basic structural element of inflatable structures because it has excellent packaging efficiency. 
However, an inflatable tube may undergo buckling during use due to a drop in internal pressure.	
 Moreover, the 
change of eigen-frequency due to transformation of the membrane is not well understood. In this paper, we 
examine the effects of an axial crease on the eigen-frequency. First, we investigate the changes of bending 
stiffness by a bending experiment. Next, we construct an analytical model based on the bending stiffness. Finally, 
we compare the results of the eigenvalue analysis and vibration experiment of the inflatable tube. It is shown that 
the simple modeling method using bending stiffness is adequate for the eigenvalue analysis of an inflatable tube.  
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Table 2 Specifications of test articles (Type. A, B, C) 

 
	
 

	
 

 

Fig. 3 Cross-section of Inflatable tube 
	
 

	
 	
 

	
 	
 	
 

	
 	
 

 

	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
  
Fig. 4 Bending displacement of Inflatable tube 

 (Pressure: 4.0 kPa) 
 
	
 

	
 	
 	
 

	
 

Fig. 5 Linearization of bending displacement 
 (Pressure: 4.0 kPa) 
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Table 1 Material properties of polyimide film 

  

Fig.1	
 Inflatable tube 
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Fig. 2 Schematic of bending experiment 
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折り目の簡易的なモデル化によるインフレータブルチューブの固有値解析 
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Fig. 8 Analysis model of Inflatable tube 
 
	
 

	
 	
 

 
 

Table 5 Specifications of analysis model 

	
 

	
 

	
 

	
 

	
 

	
 	
 	
 

	
 	
 

	
 

	
 

	
 

Table 6 Material Properties of tube, tape and cap 
 

Fig. 9 Result of 1st order Eigen-mode 
analysis 
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Fig. 6 Linearization of bending displacement 

 (Pressure: 2.0 kPa) 

 
Fig. 7 Linearization of bending displacement 

 (Pressure: 1.0 kPa) 
 
	
 

	
 

	
 

 
Table	
 3 Gradient of load-displacement line 

 
	
 

	
 

	
 

 
 

 
	
 

	
 

	
 	
 	
 

	
 	
 

	
 	
 

	
 

	
 

	
 	
 

	
 

	
 

	
 

Table 4 Proportion of bending rigidity 

折り目の簡易的なモデル化によるインフレータブルチューブの固有値解析 
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Fig.11 Collapse of Inflatable tube 
 

Fig. 12 Result of vibration experiment 

Fig.10 Result of Eigenvalue analysis 
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