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(a) Experimental equipment

(b) Loaded corner stiffened by Kapton tape

(c) Fixed comer

Fig. 1: Experimental equipment and membrane setting
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Fig. 2: Wrinkled membrane on experimental equipment

1.96N

NGy
N/

Fig. 3: Membrane model

Table 1: Memblane property
Young’s modulus £  [MPa] 2959.6
Poisson’s ratio v 0.34
Dimension [mm] | 400 x 400
Thickness ¢ [um] 12.5
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Set initial displacement
Ov-vy, i=0

)

Evaluate tangent stiffness matrix
and residual vector

k=5 “R-f-p("U)
Y

U
Evaluate increments
AU-K; “R

— v
E—L—l—‘ Update displacement vector
Y- Pu+av

A (B

Fig. 4: Wrinkle analysis flow, f = p(U)
3. BROWPBHIZH LT, MOREIRLZDIZ.

4, WEADEEDORIK LT, Tuiddb—EO0T4L%
RELTX 5.

=0y

IO DOREIE, U o VBSOS 7Rt TR FRIE
BRIGHEDBRNR R E AT T2 DICH L T3,
FREZHAET D) 7 VD REEREO—FETH D,
U o 7 NREARITHIOREA~BATT D RLERBLETHD.
LsL, SEOERETTLVTIE, #WICLoTELREY v
TN, BT E L BIBRERESEMLIED LD R
BOHG R PORRERRBIIE T Vb D LEEX, RO
1RBE % BB 512 &7 > TiX, Newton-Raphson %% 1 A4
5. Fi, EATOIGRME% F _EXE 57 DI Line-Search 15
EEATD. EREME~ R Y 7 REFHETABIICKH AT
ERINDT 4 L7 ¥ —OEBREICHREREEZ ZET5
LT, AT v ST LICESLRERRAME N 2 2k
EHE LY, AT ORI » REMEHR LTS, ZOff
W7 a—% Fig 4 1277

32 @BHETIL

138 0.4mx0.4m, FEE 12.5um DEFEDOTESEIZHN
BV VR ERD B1-9IZ, Fig. 5(a) (TR L 51z,
RH 8241, FEHRE 8000 THEENEIEITS. F£72, 1E30mm
DT — T THE L EIHEET MM T D7D, BITET
TR, Fig 5(b) 2 d X 94, 7—7 CHish L7-fEN%
IR L7k (B i id\ A %) &9 5.
ERSENCBNT, PROLEHFHENT 40 x 40 D¥—72
EAFRESRE L, FEAZAN? S BFEHIL 40 x 30 DI
WEZEFHAWD. £, HRZA» > Th, WOHESREN
DENZNE I IZHENREEEZ TND.

BEREML, FHERSEMEICADLET, ERBEO T C
PREEEL, BYOKFEERB,D)ANT %, KL

HESEEGERREEShEaERENT ALd
GaanENEsEERnakskbunay ]
EREmSSEEdmaEERdnuaER:

T
IRREaRERcGRRERREL

i 2%‘?55%:::222:5: HH

¥BEERuENGARGSLELEERESY

BN SRS G 5 A
TR E NN N A RGBS EBRR ]
AN GO D O LR A

2

Ssesnue:

EEESSEREAACRARNGEEERG D
R

FESuEERESSSEESNEGEEERoRenEaEEDETESNEELEY
GBS E TN 00 8 L]
BuEn 1
R RESE o tRsemcEEnmEEiaNhaaxmoEmEY
T T e P e

E5BEDRDLEEESNAEEEEEEEERARLALEEUNE D RN

T

(a) FEM mesh

Force

(b) Experimental condition at corner
Fig. 5: FEM model
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Fig. 9: Wrinkle distributions along vartical line segment
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Fig. 10: Wrinkle distributions along horizontal line segment
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Comparison between Experiment and FEM Analysis of Square Membrane Wrinkling
under Tension Load Applied at Corners

Nozomu KOGISO *V
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SYNOPSIS

This research adresses wrinkle distribution of the square membrane structure by tension loads applied at corners. The mea-
surement system is built as the spuare membrane set in upright position and the wrinkle distribution is measured by using laser
displacement sensor that is set at a horizontal-vertical stage composed of linear actuators. On the other hand, numerical solution
is evaluated through geometrically nonlinear finite element analysis using MITC(Mixed Interpolation of Tensile Components)
shell elements. In comparison of numerical results with wrinkle measurement results, the significant factors that give rise to

difference between analysis and experiment is discussed to develop an accurate wrinkling analysis model.
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