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Scaling Law of Deployment Behavior for Spin Deployment Membrane
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In recent years, there are a lot of research on large membrane space structure. It is essential to estimate the deployment behavior of these structures before
launch. However, it is difficult to use full-size membrane in the experiment because the deployment motion of large membrane is strongly affected by gravity
and air drag. So, some scale model is often employed in the experiment to confirm the deployment behavior. But the scale model does not always have the same
behavior as the full-size model. Therefore, it is necessary to design the scale model based on the appropriate scaling law to simulate the deployment motion of
the full-size model. In this paper, a scaling law for spin deployment membrane is proposed and verified numerically.
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Figure 2 Deployment sequence
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Table 1 Scale parameter (Rotation motion)

Motion Contents Parameter
. B, AR, T°6"
Rotation | Center rigid body mass Mlig
motion =
Angular velocity woT

Table 2 Scale Parameter (Translation motion)

Motion Contents parameters
. hx
Inertial force term pTz
Gravity force term -phX?g
EhX <
Membrane force term 117 C
Translation T
motion Aerodynamics force term ~Pair Tz
Spring back force at crease enzh
term X
. RZm,
Tip mass term XT?
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Figure 3 Numerical analysis model
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Table 3 Model parameter (Difference of membrane size)

Parameter Modell | Modek2 | Model3 | IKAROS
Membrane size | 0.3msq | 0.8msq | Smsq | 13.6msq
Crease number 5 5 5 18.5

Membrane

1 1 1 .

Thickness Opum Opum Opm 7.5um

Tip mass weight 0.1g 0.5g 9g 500g

Spin rate 76rpm 47rpm 18rpm 2rpm

Centerrigid | 01k | 0.07ke | 2.8ke | 307ke
body mass
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Figure 4 Analysis result (Difference of membrane size)
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Table 4 Model parameter (Difference of crease number)

Parameter Model4 | Modek5 | Model6
Membrane size 0.8m 0.8msq. | 0.8msq.
Crease number 5 7 9

Membrane thickness 40 um 25um 10um
1
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Figure 5 Analysis result ( Difference of crease number )
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Table 5 Model parameter (Difference of gravity)

Parameter 1G 0G
Membrane size 0.8m sq. 0.8m sq.
Crease number 3 3
Gravity force 1G 0G
Spin rate 2rpm(torque free) | 2rpm(torque free)
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Figure 6 Analysis result2 (Difference of gravity)
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