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Large Deformation Analysis of Inflatable Structures with Wrinkling Effect
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ABSTRACT The large deformation of inflatable membrane structure is numerically and experimentally

considered in this paper. The numerical algorithm of wrinkling based on Miller-Hedgepeth membrane theory is

developed using user material(UMAT) subroutine written by FORTRAN. Wrinkled area and deformed shapes

of inflatable membrane structures are investigated by using ABAQUS with UMAT subroutine of wrinkling

algorithm,
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71¥. 2 Numerical algorithm of wrinkling
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Table 1. Material and geometric data

Modulus (F) 2103 MPa
Poission’s ratio (v) 0.34
Coefficient of B
) 15.5
Expansion (u/’C)
Thickness (m) 38%x107°
Length (m) 0.95
Diameter (m) 0.19

(a) Numerical model

(b) Experimental model

“1¥. 3 Inflatable cylindrical beam structure
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71¥. 4 Load-displacement curves
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1%, 5 Deformed shape and wrinkled area at
point C (O: wrinkled state)
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Z19. 6 Numerical model of stratospheric
airship envelop

RAe FAFoz AUy 1. 6& A4FH 18
Ao7)de X3 Rdg HAFa Qo o)A
L=50m, D=125m °]i ZA&E Table 18 Tedlar ¥
F& A&t 2208709 whad M3D4E o] &3
mdgsddct. 71d WiRel 7tsfAl= Jish, P=130Pag&
7t em, A ngMdol dFE Fgalr] 8
Ae 15 20Km 43 &3¢ 7] Wiel 9 25
—60°C zgla A ARFL e HAHe o3
100°C7t dcta A&, 29, 72 8§ £348 1
e 2% 9% vy 7)de &8 BEE e
F3 9o =3 29, 82 W P4 ¢ HIE I
I FE 49¢ 94F 3 ok ad. 74 & F 1Ko
njgMel oy FEEY shed A FHe M FEol
gAsE AL ¢ 5 don, 2= oo 9§ ¥WH
H HA4e 8% F At v PM 71Ee) FF 499
HHLe FRE BAS HYS KUY £ Jeoy =
g Hyg PJA4e FREe Iy EAHE A4
: & EAE n2E F2E Y
v aga 7 g gle) Mg ojord o Fad A
g & 5 vk

B oApeMEs F& d4 dunalEE FORTRANS
o] &35} user material(UMAT) subroutines 7123}l

‘Von-Mises Stress

1.63E+07
— 147E+07
1.HE+0T
1.15E+07

= 9.50E+06
B 8.31E+06
1 6.72E+06
= 5.13E+06

3.55E+06

1 BBE+06

1% . 7 Stress distribution



(b) Back view
Z1¥. 8 Deformed shape with wrinkled area
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