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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 1 Material properties of polyimide film

Thickness[ ¢ m] 50
Young's modulus[GPa] 34
Density[kg/m"’] 1420

Polyimide
adhesive
tape

Styrol cap

.

Polyimide film

Fig.1 Inflatable tube
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Fig. 2 Schematic of bending experiment
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Table 2 Specifications of test articles (Type. A, B, C)

Type A Type B Type.C
Length[m] 900 900 900
cap mass|g] 59 59 6.1
total mass[g] 298 297 298
diameter[m] 0.1 0.1 0.1
crease 0 4 6
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Fig. 3 Cross-section of Inflatable tube
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Fig. 4 Bending displacement of Inflatable tube
(Pressure: 4.0 kPa)
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Fig. 5 Linearization of bending displacement
(Pressure: 4.0 kPa)
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Fig. 7 Linearization of bending displacement
(Pressure: 1.0 kPa)
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Table 3 Gradient of load-displacement line
Pressure[kPa] Type A  TypeB  Type.C

4 0.2814 0.2893 0.304

2 0.2765 02918 0.3065

1 0.2628 0.2937 0.308
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Table 4 Proportion of bending rigidity

Pressure[kPal  Type.B Type.C
4 1.028 1.08
2 1.055 1.108
1 1.118 1172

4. Y BEEEZEBELEBZETIVIC K D8

4.1 BITOME

FEAT CIT A8 A FEIRMEAT L 2S —MD NASTRANZ JHW 5.
MD NASTRANIE, Z 4L & CTJA < 4L T & 72 MSC NASTRAN
ZRkALTRY, MEFHERCB N TRESE, B, R
RFENT & PLAMED B W iENT Y 7 N Tdh 5. MD NASTRAN
TIIEELBEEEZETERNTX S, EEICA 7L —
BT IF 2 — 7 OEAGE T I MSC NASTRAN Z {5 Tl L
7= [ A EAEAT OWFIE RN T, ERRE 0N IThNI
TW% P . KHFFETIE, MD NASTRAN PN oD [ fiF i JE f5
TEAfRAT > /L 23 —S0L600 % W 5. SOL600 13 K E K08
fik A B LI TN A RE CTd 5. A i 13 A 3

—EREBATGA, BBRERER T EBHD.
ZTOBI, ERERLT TRJIEREOHEME L EET D

VNS, 20 X5 7 BEO NI SOL600 (X3 8 T
D, oL, RN CTIXEMEEICES BT
S TUNRUY,

AE O TIX, 10 BEEEMIZET Vb3, il
FEBRNSEZHITHIEZ S Sl SicE T LT
% . MSC NASTRAN Z HWi=fek DA% Tix, #1v Ho
RWA T L= TINF 2— T DI O BN IThT
Wa. ZhiEdry BEEMICET VL LGS, BT
Vo BT LR &, 10 B 25 L7 AT IS M
TN AAEMETLLERDH Y, ffifrax b3
RKEL o T LEIEDEEDND. TORD, KR
RCIETF 2a—TOMEHEEICK T DY IV REERT
% & D BN T HIE RTEE 72 T AARIZ K D RAT 24T
H. BIWMICBTIMWMITFERICELY, A7 L —%7T
T2 —T O T O R ST T & . g
T ENiCckvEREND. £, PRI 71—



B -

BTN TF a— T\ A N & T2 B O Wi ok o 28 ATV —FTNTF 22— OWEIcE T ED ¥ v
RSN TE Y, hiFmbiroBEHEEIZES T TR, BT EVERENELRWVWE HIZ, 506Pa &
Wr i IR O BRI/ NTH D E WO RERNE LR T FFICRERMICHE L. £/, ZoHETRMEL
W5 Y. %0, BIEEEICE O CHIE 2 KRE— X b OOEENLRDIZIEE L. Table 6 12, F =
M L L2z, A a0 SEBR T I Bl 1 SE R o R E AR —7, T—7, BEINTNOY—T = A AW
BT TR 2R > TWbh 72, Z 2 THrm Y&R¥. Z 2T, ISOMesh LI FRICA v v =2 &
2WE—AL N TIFELRNWE Lﬁ_zﬁu, VR BiEdsE7 Y Vﬁﬁ?ﬁf&;@ Paver & )£ fEIK
ETWZHKLCY U IV REOHEDENNT D EMETES. EERNOIECIUNLEA vy a2 ilElEdT 5T ) 7
DD, ITET MBI DT 2—T7 0¥ FRE FETHD.

AL S EMEHT 21T o 2. FRIT LR M N &2 0 2 72 1%
DR 21T 5. WEN b TWnWA Z & 2R L,

Lanczos 17 & % 8 A B AT 247 5 . Table 6 Material Properties of tube, tape and cap

TUBE TAPE CAP
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Fig. 8 Analysis model of Inflatable tube
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Fig. 9 Result of 1* order Eigen-mode
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Fig.10 Result of Eigenvalue analysis
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Table 7 Specifications of test articles (Type. D, E, F)

Type.D TypeE Type.F

Length(m] 0.9 0.9 0.9
Cap mass[g] 8.0 8.0 8.0
Total mass([g] 31.8 32.3 31.8
Diameter[m] 0.1 0.1 0.1

Crease 0 4 6

Fig.11 Collapse of Inflatable tube
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Fig. 12 Result of vibration experiment
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