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Similarity Rule of Deployment Behavior for Spin Deployment Membrane
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In recent years, there are lots of research for membrane space structure with lightweight and high storability. However, the ground experiments of membrane
structure have several problems. It is difficult to simulate the microgravity environment and highly vacuum environment simultaneously on the ground. So, there
are often done deployment experiment of a small scale model on the ground./! However, there is a problem that small scale models and large scale models don’t
always perform the same deployment behavior as each other. If similarity rule between large scale models and small scale models at deployment will be
established, we can predict deployment of the large-scale model at the micro-gravity experiment. This paper proposes the similarity rule between large scale

models and small scale models at deployment.
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Fig. 1 Next solar power sail (left)ll , 1KAROS(right)®
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Fig. 2 membrane crease model
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Table 1 Similarity parameters

Before division After division
by inertial term by inertial term
3
inertial force term ﬂ
T2
TZ
gravity force term —phX’g _9
X
membrane force EnX ¢ _T'E &
term 1-° pX2(1—1/2)
aerodynamics B X_4 ~ PaX :
force term Pam T° oh
spring back force L EnT?
at crease term En* = L
X pX
R m
tip mass term Bmy L T
T phX*
spin rate wT wT
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Table 2 Properties of membrane

membrane PET film
young's modulus 4GPa
density 1.38x10%kg/m?3
thickness of membrane 4.5, 11.5um
number of crease 5
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Fig. 5 Micro-gravity experiment system
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Table 3 Experimental properties

Modell Model2 Model3 ‘ Model4 Model5 | Model6
size of membrane 766mm 300mm 511mm 200mm
thickness of membrane 11.5u 4.5 11.5um 4.5
folding width 42mm 15mm 32mm 10mm
tip mass weight 6g 2g 2g 0.8¢
gravity force 1G 1G 1G 4G (0.01G) | 1G
air pressure 4Pa 4Pa 400Pa 4kPa 1kPa
spinning rate 78rpm 200rpm 117rpm 300rpm
spring back term 107 107 161 161
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Fig. 6 Deployment area rate
( membranes have the same similarity parameters. )
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Fig. 7 Deployment area rate
( membranes have the same similarity parameters except
gravity term.)
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Fig. 8 Deployment area rate
( membranes have the same similarity parameters except
gravity and aerodynamics term. )
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