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Abstract

For the development of future Gossamer space structures, it is crucial to investigate the deployment behavior
of large thin membranes under microgravity environment through both experimental and numerical approaches.
For this purpose, we propose a membrane deployment experiment in space using a 10cm-class small satellite, a
crude breadboard model of which was developed and manufactured as last year’s results of student hands-on
project in Tokai University. Along with this project, we investigate dynamical behaviors of large thin membranes
using nonlinear finite element method. The present paper describes recent results obtained in this investigation.
Focuses are on newly developed contact algorithm for large deformation problem of thin membranes. Numerical
results show that the developed algorithm is numerically more stable than other existing algorithms.

Keywords: Small Satellite, Membrane Dynamics, Finite element analysis

1. IFCHIZ

BIE MRORMERFEEED & L CHERE &
EET 5, Wb B Gossamer Space Structure O BF %
NEHRIIBWTHED SR TWS., HE LT, 100m
77 ADKBEERERFEEMIBWCREEAL, X ¥
EEHEEDELCHATS YV —F—8 AN, EmE N
AEHICEN A7 L — S TKREEAT RS 8
HEFERTDHA 7L — R T ABEREREZT LR
L. INLOFEEEMICB VT, 8L ETo KH
HMIEmERNERIN DN, FHEMICE T 5 Tk
HDOFAFT I AFEHMIBEOEREEELZELTE
D,ERMCHET CHSARME ERIEZITOLER S
2&EBZOND. K, BEOEBRE S A7 37 22
BT 28EMRITFERLREFDICEBELIIN TS
EWEERAT, BLE L TCOMBBRIEIC A T, HEA& B
DRABEEDDLERD H.

UEoREZREE X, AL TCE/PEANTHREICEK
PHEEOMELFERI vy a2 BEL, I vy a v
FERIZMT TLELE SN EBRETOMBELED T
W5,

B/ =R N SR

(1) 10em 7 7 AD/NRHANLHHENZAHB LU ¥

oa UER O BRF

2 TEBMETESRMEFHETREM

(2) ZMBEHEOIERT X A I 7 AEN % 7 4
T OB 2 — FORR

D2OVNEAMEOEME 2D, 205 6B EFE)IE,
FHNHEE 7o V=27 b LTOHEEBRSF-TED
FHEEERLELEA V=L THEELZED T
5. 20ERFATRICLANUATHERE IIM
RKEHBBIIBWTEBEIIRDIZND TEY, AZENICE
WTbHL+DARTHLEBELD. —F, E@QQEH
WA T XLOMBEE TEFICANLZEHRME T
HY, BENERIEEN TR Y., KB TIE, LT
QAT I EOEBRE L LT, BHEEmBEC
T35 T7TLIT) XLDOBBICOVWTHERS. BB,
WICBT HEEHE L TIIEERE, BE N —FYv =7
DEBFR-BIER-BRR - T FUNBRZOETNEFN
{Z2WT BBM (MsERIEET V) 2H% - ®WIEL,
BERFIIRREIT> TS,

2. MEIrET N - BHTRER

2-1 BEim o7 Ak

— % (Z Gossamer Structure \(“FIH &N HEEIF 1 m
F—LF—DEBETHY, HITHIMEAITE A CE 2.
Ehlo, ZOE)> BRI, ANERE ST -HE,
DREIZEFEZICV 70 (L) BERENS. *
CTABIRETIE, FRIZEAREFIEIESHTHEID

— 137 —



AR TS K% JBEATEE B IR S 101 7= FERE 1 oD [ 56

ETAALEAIT, SHIZY 7 A O RAECIED FERTT
MEZE L-EERAEHALE Y.

2°2 BERESD A ¥ — 4

HEFREXORMBICH Y, KT Tl —Mk1k o 3B
EESAF—LELTHALEL. TR0 ~f %
Fig.l I2R¥. WHEOEMRABEE LT &l hz
FHEELBAOBFBERTHY , ERORLELEL
DEEBHIZROONTWDE Z LBNEATE S,

1=2.48 [s]

t=2.58 [s]

Fig. 1 Membrane Deformations subjected to
Constant Body Forces
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Fig. 2 Relation between Hitting Node
and Target Element
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Fig. 3 Finite Element Model for Contact Benchmark
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Fig. 4 Comparison of Convergence Rate
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