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Prediction of Deployment Behavior of Large Thin Membrane Structure
Using Small Model Based on a Scale Law
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Prediction of on-orbit deployment behavior is necessary to design large gossamer space structures. However, it is difficult to
conduct function tests of the full-scale structure system on the ground such as the deployment test because the structure is too
large to cancel the effect of the gravity and the aerodynamic drag. There have been proposed several prediction methods of the
deployment motion of the full-scale model by a small model that is available for ground test, which needs scale law of the
deployment motion. Therefore, several scale laws have been proposed, but their prediction performance is not sufficient. There are
two main reasons. One is that it is difficult to fabricate the small model which is completely similar to the full-scale model. The
other is that it is impossible to test the deployment on the ground under the same environment as the space, i.e. under vacuum
and micro-gravity environment. This paper proposes a prediction method of deployment behavior of large thin membrane structure
by ground test using small model based on a scale law. The proposed method is applied to the spin-deployment of solar sail and

is verified by numerical simulation and ground test.
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Fig.1 Examples of large gossamer space structures

(left: large solar power sail, right: Starshade system)
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Fig.2 Components of small model of IKAROS

Table 1 Scale law parameters of spin-deployment of

IKAROS

Item Parameter
Kinetic energy of membrane T;, 1
Strain energy of membrane Vi, ET? / pX 2
Spring back energy in fo}(z line VS{D;” g Eth)\T2 / pX4
Kinetic energy of cable 7. pede | phX
Strain energy of cable 1A E.AT? / phX 3
Kinetic energy of tip mass T,;p my | phX 2
Kinetic energy of satellite main body T,-t_,ﬂd Irigia | phX 4
Gravity potential V; -
Aerodynamic drag 6W;ir -
Damping of membrane V" ET~ [ phX 2
Damping of cable V¢* E. AT, | phX 3
Initial spin rate gbjot woT
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Rotational axis

: mass distribution
Fig.3 Mass distribution of undeployed membrane different
fold number Ny
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Table 2 Nominal value of the full-scale model and the small
models of IKAROS

Item Full-scale Small
model model
Characteristic parameters
Characteristic time T [s] 5.00 casel,2: 0.319
g-com: 0.088
Characteristic length X [m] 13.56 1.000
Satellite main body
Mass M,;g;q [ke] 291 1.30
Inertia I,4;4 [kg m?] 66.5 3.30x10°
Initial spin rate w, [rpm)] 5.147 casel,2: 80.74
g-com: 293.5
Diameter ¢, [mm] 1580 116.5
Tip mass
Mass per one tip mass m; 5.0x10" 4.6x10°
[kg]
Membrane
Young’s Modulus £ [GPa] 3.0 4.1
Density p [kg/m? 1420 1450
Thickness & [ um ] 7.50 12.5
Poisson’s ratio v [-] 0.3 0.3
Damping factor v [s] 7.80x107 | casel,2: 4.97x10¢

g-com: 18.1x10°
Fold number Ny [-] 18.5 7.5
Spring back factor in fold 0.40x 10 4.81x10*
line £7" [N/m]
Crease angle 0,7 [deg] 23.80 16.97
Equivalent total length of 593.28 casel: 0.90
fold line Ly [m] case2, g-com: 16.6

Center tether, Tip tether
Young’s modulus E, [GPa) 11 100
Density p. [kg/m?| 1813 casel,2: 1355
g-com: 1007

Cross-sectional area A, [m? 6.70x10° | casel,2: 1.12x10¢
g-com: 14.9x10°
Damping factor 7, [s] 1.00x10% | casel,2: 12.7x10°

g-com: 2.44x10°
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Fig.4 Effect of modification of normalized spin rate during
deployment (casel)
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Fig.5 Effect of modification of normalized spin rate during
deployment (case2)
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Fig.6 Comparison of flight data and FEM of small model

(casel)

5. Hh EEABREER
ARFECTIIARZIAOBEZEMH (¢ =1.8m, Fig.7(c))NTIT->7

INEFLOM FRERE 7 LEF LD FEM 2K NT7 T4 b

T—HIZBITHAE L L— FOLEEEITS.

(b) experiment model
Fig.7 Configuration of the ground experiment

(¢c) vacuum chamber
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Fig.8 Comparison of the spin rate of small model obtained by
ground test/FEM and that of full-scale model obtained by
FEM
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Fig.9 Comparison of the spin rate of small model obtained by
ground test/FEM and that of fight data of full-scale model
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