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Undetachment Condition of a Tape-Spring Wrapped Around a Hub

B - LIRSS
Miyazaki-Yamazaki Laboratory
TIPS

Momoko Fukunaga

A tape-spring can be rolled-up easily, so that it can be stored into small volume. It exerts a self-extending force when stored
cylindrically and has high specific rigidity after it has extended straightly. Thus a tape-spring has excellent property as deployable
space structure, and in fact it is employed as a structural member of self-deployable structure. It is known, however, that the self-
extension of a tape-spring wrapped around a free-rotating hub fails if the angular velocity exceeds a certain value. The failure is
caused by the detachment of the tape-spring from the hub during the rotation of the hub. This paper derives the conditions of the
detachment theoretically, and compares it with the experimental results to verify the theory.
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Table 2 Material and geometrical properties
(@) Case-1 (small hub)

p  14.34g/m L 10m

r 25.13x107°m I,  1.299x107° kg-m®

K, 39.92m™ P 3.4759N

¢ 11.13x10%m M 65.923x10°N-m
(b) Case-2 (medium hub)

p  14.34g/m L  1.0m

r 29.13x107°m I,  1.862x10°kg-m?

K,  34.42m™ P 3.1257N

£ 10.17x10%m M 61.564x10°N-m

(c) Case-3 (large hub)

P 14.34g/m L 1.0m

r 33.13x107°m I, 2673x10°kg-m’
Ky, 30.26m™ P 28754N

0 1147x10%m M 58.689x10°N-m

Case-1(small hub) Case-2(medium hub) Case-3(large hub)

Fig.5 Hub
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Table 3 Disturbance torque

Case-1 Case-2 Case-3
No Ty [Nm] No Ty [Nm] No Ty [Nm]
1 6290%107 1 6027%X10° 1 7600X103
2 6160X10° 2 60.12X107 2 6589%107
3 63.62X10° 3 69.11x10° 3 7320%10°

Table 4 Experimental results
(@) Case-1(small hub)

Ttem #1 #2 #3
F, N] 0.7196  0.5940  0.7167
T, [X10°N-m] 44872 46.723  45.665
C, [N'msec] 0 2.416 0
0,, [rad] 3.052 3.172 3.523

W ad/se] 8126 8111 8463

(b) Case-2 (medium hub)

Ttem #1 #2 #3
E, N] 0.1338 02556  0.7427
T, [X10°N-m] 56.380  52.763 4753
C, [N'msec] 9.655 7.701 1.675
0,, [rad] 5.755 5.038 5.409

Wiy [rad/sec] 82.90 86.41 92.10

(c) Case-3 (large hub)

Ttem #1 #2 #3
£, N 10112 02110  0.7427
T, [X10°N-m] 42575 58914 56.25
C, [N'msec] 0 13520 8.213
0,, [rad] 5.125 5.223 5.277

wey [rad/sec] 66.54 62.63 65.11
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