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Development of Composite Tape-Springs for Deployable Structures

Yeong-Bae Kim*, Geunsung Jung***, Do-won Kim*, Han-Sol Choi*, Jae Hyuk Lim*"

ABSTRACT: In this paper, development of tape-springs made of composite materials was conducted for the
deployment structures along with design, analysis, fabrication, and numerical and experimental investigation of
mechanical behavior of the tape-springs. To this end, the tape-springs were manufactured according to three stacking
patterns, and numerical and experimental investigation were conducted to determine whether or not they were
damaged during bending with various selected composite materials. Finally, optimal stacking patterns that do not
cause damage were selected during bending. With this information, the four-point bending test was conducted to
obtain the moment-rotation curves. From results, it was confirmed that the nonlinear hysteresis phenomenon of the
tape-springs was properly realized according to folding and unfolding. Therefore, it was confirmed that the composite
material tape spring was properly developed.
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Table 1. Material properties of composite materials

Material properties 13007} CU250| WSN
5228A | [21] |03KP[22]
Reinforcement type UD UD WOV?H
fabric
Density [kg/m’] 1600 | 1984 | 2000
Longitudinal Young’s modulus [GPa] 80.08 | 135 72.7
Transverse Young’s modulus [GPa] 6.67 8.6 66.8
Poisson’s ratio 0.34 0.3 0.3
In-plane shear modulus [GPa] 2.93 4.1 3.72
Inter-laminar shear modulus [GPa] 2.5 2.0 2.5
Longitudinal tensile strength [MPa] 1063 | 2916 850
Longitudinal compressive strength [MPa] | 663 | 1127 953
Transverse tensile strength [MPa] 53.8 55 750
Transverse compressive strength [MPa] 212 180 887
Shear strength [MPa] 127 113 69.2
Ply thickness [mm] 0.08 0.23 0.222
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Table 2. Finite element model of folding analysis

Length, L [mm] 600
Radius of curvature, R [mm] 130
Subtended angle, 6 45°
Element type S4R
Number of nodes 670
Number of elements 600

Ref. point 1

Ref. point 2

R=130mm

Fig. 3. Geometry of folding analysis model

Table 3. Folding analysis case

Case No. Material | Stacking sequence | Thickness [mm]
Case-1 [0],
Case-2 [45/-45/-45/45], 0.92
Case-3 [30/-30/-30/30], )
_— UD
Case-4 [60/-60/-60/60],
Case-5 [30/0/-30],
EEEp— 0.69
Case-6 [60/0/-60],
Case-7 [0],
— 1 W
Case-8 oven [45/0/45), 0.666
| fabric
Case-9 [45],
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Ref. point 1
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L.
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Ref. point 2
Boundary : 6x

Fix : &x, 8y, Oy, 6z ¢

Fig. 4. Boundary condition of folding analysis

(a) Positive folding

(b) Reverse folding

Fig. 5. Deformed configuration of folding analysis

Moment-rotation curve of folding analysis
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Fig. 6. Moment-rotation curve of tape spring hinges

Table 4. Failure index of reverse folding analysis

Failure index
?\?;e Mz)t(:;sm Tsai-Hill Tsai-Wu F:;leucrlf
Criteria Criteria Criteria

Case-1 2.11 4.53 2.04 Failure
Case-2 0.80 0.79 0.43 Safe
Case-3 1.18 1.57 0.79 Failure
Case-4 1.03 1.18 0.55 Failure
Case-5 0.89 0.81 0.67 Safe
Case-6 0.83 0.74 0.61 Safe
Case-7 0.53 0.47 0.39 Safe
Case-8 0.46 0.33 0.23 Safe
Case-9 0.45 0.30 0.22 Safe
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£ } r Table 5. Manufacturing error (Woven fabric)
s Radius of
1 AAUS O o ibtended | Thickness
! Case curvature
o angle [mm]
[mm]
Design 130.0 45.0° 0.666
e ———— 5 Case.7 Measurement 132.2 44.7° 0.69
Cutti i i i ase-
(@) Cutting Error 1.7% 0.7% 3.6%
Measurement 132.2 43.8° 0.71
Case-8
Error 3.8% 2.7% 6.6%
Measurement 136.4 43.4° 0.71
Case-9
Error 4.9% 3.6% 6.6%

At Bxjel ofs) Fig. 8be} 2ol F=wo
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(¢) Molding in the oven with vacuum bagging
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(d) Failure during folding test (Case-1)

Fig. 8. Composite tape springs (UD)

(a) Case-7 (b) Case-8 (¢) Case-9

Fig. 9. Composite tape springs (Woven fabric) Fig.10. 4-Point bending tester
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(b) Positive bending

Fig. 11. 4-point bending test results

Table 6. Specimens of 4-point bending test

Material STS Woven fabric
Stacking sequence N.A (45],
Young’s modulus [GPa] 200 72.7
Thickness [mm] 0.2 0.222
Radius of curvature [mm] 17.7 33.9
Subtended angle 89.0° 95.03°
Width [mm)] 25 50

215t7] Y8l ASTM D62729] -0 93] Fig. 109] MTS
Apel Bt A7 7| AMgSte] Fig 113} o] 4% 29 A9
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ol A MAYZLR Aol ¥ STS glo| A3z 5t 7|
9] L& F7|1E ZH= WSN 03KP[45],9] H3ta & go]s &
=Yg AglAT) 22l RENA BT g nuEe) #
A WEtH= 4 ()2 Zo] &2 ZE WA Foll A STS
Ho|Z AZ 3} SA3 I RWEE 2H= EI3 & g
e St Ewufﬁ STsy_ur A4
Z7}A F T}
47 :}5”_%1 Alg 2 e oﬂ‘ﬂo}fﬁﬁgi snap-through &=

Fajrkx) slEa 91 S gste] wul=-sld %
- ()
o7]4 pe ZEUAE, ME FERAE, B SAAS, I

50] A7 Table 7 2 Fig. 129} 70|

o1
A EXN7L nulE 3A THLS Ueh ot ok
Fol A5 80| F/E u) 712717 Yoz ﬂo}u}

Table 7. Results of 4-point bending test

Material STS Woven fabric
Peak Moment(N-m) 0.252/-0.110 0.231/-0.137
Hysteresis Area(J) 0.0165 0.0149
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Fig. 12. Comparison of the moment-rotation relationship
between STS and Woven fabric tape spring hinges
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