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Thickness Effect on Wrinkle-Crease Interaction for Thin Membrane
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ABSTRACT

In this paper, the thickness effect on the wrinkle-crease interaction behavior of
corner-loaded creased square membranes was studied using geometrically nonlinear
post-buckling analysis. The membranes were modeled using shell elements, and the
meshes were seeded with semi-random geometrical imperfection to instigate the
buckling deformation. Results indicated that the wrinkle-crease interaction behavior
was significantly dependent on the membrane thickness. Both the global and local
wrinkles developed earlier as the thickness decreased. It was also found that the
wrinkling behavior depended on the initial deployment angle in which the local
wrinkle initiation occurred earlier, while the global wrinkle formation was delayed as
the angle increased.
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Fig. 1. Corner-loaded creased membrane
configuration
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Table 1. Number of elements used
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pm
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Table 2. Applied tensile loads

Thickness (um) =P (N AN
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Fig. 2. Example wrinkle mode shapes for
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Fig. 3. Distribution of minor in—plane stress

FEL LR = 30 ol o]m] wAFI YA
FHIZE LR = 40 ©o]27|74A] HgFEoR
Fe o] FoIAA FAT olAe WEH
GREoIA HPAT] dF AEzu e}
BAAS S77IE Adgs s Rl
2, ;FFE0l BAstd TdFE Aod o o
& AASE Aoz Btk Y WHHde =
71 ANl S4E HAA B3 dokle A=
o et Ang ¢ 2 A4S JHAA =Ha
neb A9FEL ¥ AdHe] dEikt. 2
U FAZE ashd HAA=e]l o A HAx
Aol gol® ol A HER AgFES Ad
A7le B= wEbd s "ld IR = 4
o W FAZE 25 pmQl Bfcls A PR
ARE AgFEEe] BAstA o FA7E 625 um
Ql AfolE 1618° F 37.33°21 WEFHA BT
A AgFEo] BASAEE & 5 AUk

Fig. 4= 3t&87l 4 W BBAS webA F

N & HABgAL IR = 4
AGgFEo] FAHASS & § Utk HI
gloMe FA kS 625 pmYd WE
ALFEo] FAHJoY FAI 125 pm
= Z7] ANZo] 16.18° AT FAHS
FAZ 25 pmd wWE FAHA &g I
Fig. 5914 F77} 2230 watr] FE9 3
2 gAY AGFEel 349 Ay due
o] dAEA FAHIL Jes HAY xS
W g ot gl HEH HdF
o] A zel7t WA 55 & 5 AUth
Fig. 4(c)olX 7] ™ Ze] 37.33° ©
7F 625 pmYd W HAFF] mae} o] €
2dEdt 34 Yevde A
& FEo] HByQlY YR
A= ZANA 2L =7
Bolty. o] e AL [R =35 &
FE°] B4==H Fig. 59 Hl
=

e
£
[l
i
i
N

(0 o2 2

ok o M on (8 & 41 X

Ir

32

[}

o]
z
&9 4 Rola Sl (BB o= Fig. B x =667 marl $4/1S wet =2
2 #z), B ATAN 1 S5 ol A HW y = 50-100 mm Aojo)A ALa 222
grge YHe WHANS FAd FWHOE Wes Hel o o] e FREE0 FA
AFe WL ULe o] BAY & Atk 1 HAUSS B 4 ATk o FEL AAATA 9
400 400 400
300 /pristine 300 - 300 - 16.18° T0=3733
EZ(\O T200 f E200 .
= 100 0=37.330 = 100 - s 100 pristme
0 : 0 0
-100 16.18° -100 | -100
200 ‘ 200 200
0 44.19 8838 132.37 176.76 0 4419 8838 132.57 176.76 0 44.19 8838 132.37 176.76
5 (mim) 5 () 5 ()
(@ =25 pm (b) t= 125 um (c) t=6.25 um

Fig. 4. Wrinkle shape along L1-line at LR = 4



438 & iF 5 %%, 2010. 5 ARl e WEHRINA FA B FEATY s} 425
3 A=Ae wEt SUHE 83489 FH dad < BB T = y= 0)A 3FZ7}ol w}
Qo] FAATe zojo] o] BT AoF I} 2 sEFHI HIH 2F3EAo)9 ﬂﬁl(w)

FHIE ASHoRE F7MA71H 2 HAA HA 35 Holx Q. Ye FEETAo| M o UE
T AYFEe wdy A3 Fig. 4(c)elAY YRl = HelAzo] glemg 09 %k%, g

ol S FHEE Ao = AyZHET,
FE WA NS SN AeEd
HeE FHste] A& 24 = Aok Fig. 6

2100 K= 0 4 300
— =200 x=6.67mm | 200
§ =300 - (right axis) - 100
N o400 - = 0

=500 - = -100

-600 - -200

0 50 100 150 200 250
¥ (mm)
Fig. 5. Minor in—-plane principal stress and

wrinkle shape distribution near the
crease line at LR = 3.5

1 0.9

3 AFe BERle] Aede JIAAF ZHold
dFste @ 7}7ﬂt}‘ aPA Y 3HEH Y
S 7t ot Y BB JAIFFo] HAs=
A A £z FEatARE el wrg <l
& HAHo 7 W3lstr} XMQE—— A R
2o ol28 WMz A5de AFS Btk
Fig. 72 9] 3t5Hlol tig Het&S ey
Ak 2FA FEHIEES A= AFAA F
| e Aoz AHoHed I3 #He =
WA e} AAFE PG 23t A
A3tAl "o Fig. 7() oA o Wrgele
Ztzt IR = 316 2
2504 A A= £Foln FHS =
Sghgrel w9 FA JERRt
Y Wugele LR = 26394
:LE]_TV_ LR

[
0

2 j{]; o Rt
i n\m

)
o
Hl
e
N
ali
A=)
U
12
N
nm]
Fl

0.5 - pristine 06 |
0 l—/ _ 03 |
§.u.5 § 0.0
= | 3.03 |

1.5 16.18¢° ,_,,,,_.\{—-F -0.6

P e 6 =3733° 02

25 E L 12

1 2 3 4 1
LR
(a) t=25 pum

Fig. 6. Variation of 1 at the center versus load ratio

L d
3
(8]

s

& pristine = € =16.18 s g :37'330\!\
15 f .
;i % : prlstme\ %l.:
3 ! = o 3 3.
© L /6 7 ?2180 /\ Cos | 3733 © !
U FRage / : ] o5
— — o=
0 . : 0 E 0
1 2 3 4 1 2 3 4 1 2 3 4
LR LR LR
(a) =25 pm (b) t=125 um () t=6.25 um

Fig. 7. Variation of 8v¢/a(LR) versus load ratio



426 oA

900 *‘

. original
\%’ 400 imperfection ~
N 100 -

reversed
imperfection

N

600 '

0.00 88.38 176.76 265.14
5 ()

35352

Fig. 8. Wrinkle orientation of creased thin
membrane(t = 6.25 um, 6,= 16.18°,

LR = 4)

AR g HE A= WG A9
T8 BIRe] AT FAV 4FSE F=
Ao 2 et Fig. 82 FA7F 625 pmelil
Z7] 7 zte] 16.18°%1 B9 LR = 4°1A4 F-&¥
o] BXE Holi Stk 27 elA dwE upel 2
of FE& HHA vaATe] FAA 7]8EA
A3E 7hste] BAAIA Hed 59 29
=] FES AN AT WFES D9
B E vk § s A S st

Qe
a9 Wegge] Wy Pyl

AAR S T 3
AAA% 222 AL FE Bee A9
WA BEES BT ol ge AGFE PP
o B9 He FA7F 625 pmd W ek
. olutt FAE WRAANAE 75sty 2
o) W] BAglel A AT HGTE
° =

r X
Mo
on

o

i

M
=2

ro X
- rl? rir
o M
ok L
32
E >
o8
o
fr =
O
2 o
N [o
ot K
o o

g
o
oZ
oft
[o
fu

o

3

129 TAe)4 Aske 2

Mol st F ASeE Ay FaE §
I EE L E R BRI R BE
ge sEuelN FEo

2 o 4 A9tk 39 we

ol ot xR
fo 10 o2 X fo to K R [T o

1

s

N
&
&
J
H
4o
N
al(l
rlo
e 1o

o
=
o
ol
o
38
o
kv
2,

S~
i 1 2

£>_\:Lm
o
fu

o
()

ol ﬂlE
S
o

=

=

fr

A
L
Jo

>

=
o

2 23

o
il (o}
g
32
32
&
o
i
i)
o
=
(z
o)
-0,

AT ANSEH Agol weh 2 Wl
A 2se Qg

1) Miura, K. "Method
Deployment of Large Membranes in Space',
International ~ Astronautical ~— Federation, — Paper
IAF-80-A31, Tokyo, Japan, 1980.

2) Horner, G. G. and Elliot, M. D., "A
Fabrication and Development Approach for a
Miura-Ori Solar Sail Model", Proc. 43rd SDM
Conference AIAA-2002-1702, Denver, CO, April
22-25, 2002.

3) Papa, A. and  Pellegrino, S,
“Systematically Creased Thin-Film Membrane
Structures", J Spacecrafis and Rockets, Vol. 45,
pp. 10-18, 2008.

4) Hossain, N.M.A,, Woo, K. and Jenkins,
CH.,, "Nonlinear =~ Material Response of
Systematically Creased Membranes", Proc of
47th SDM Conference AIAA-2006-1801, 1-4 May
2006, Newport, RL

5 #7434, "H3A=e] A= WEAHRIY FF
As A7, FFFFP7I, A 36 A Al 9
%, 2008, pp. 851-858.

6) Tessler, A. Sleight, D. and Wang, ].T,
"Effective Modeling and Nonlinear Shell
Analysis of Thin Membranes Exhibiting
Structural Wrinkling", J. Spacecrafis and Rockets,
Vol. 42, pp. 287-298, 2005.

7) Mukulas, M. M. and Adler, A. '"Rapid
Structural Assessment Approach for Square
Solar Sails Including Edge Support Cords",
Proc. 44th SDM Conf, AIAA 2003-1447, Norfolk,
VA, April 7-10, 2003.

of Packaging and



