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Abstract : Based on Timoshenko and Gere buckling theories and classic Euler beam buckling theory, two different
theoretical models are established to analyze the stability of deployment status for the multi-layer equal tape-spring hinge.
Twelve different single-layer and double-layer equal tape-spring hinges are tested. The relative errors of the folded peak
moment between theoretical results and experimental results are no more than 7. 73% , the average relative errors are no
more than 4.93% ,and the standard deviation is no more than 4.97% , which demonstrates the accuracy of the nonlinear
mechanical model for the multi-layer equal tape-spring hinge. Parametric study shows that the greater section radius,
central angle, thickness or layer number is, the greater the folded peak moment is. However, longitudinal length has a
negative correlation with the folded peak moment.
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Table 1 Comparsion between experimental and theoretical fold peak moment of equal single-layer hyperelastic hinges
PIRSERR L)) /N P& W {E JI 45/ Nmm
2 RE /%
1 st 2 nd YE HSH SCIE
ES17814 -75 14.5 15.2 14.85 1348.3 1262.25 -6.82
ES17814 -85 29.1 30.2 29.65 2351.3 2520.25 6.70
ES17814 -95 44.5 44.7 44.6 3781.2 3791 0.26
ES20514 -75 24.3 25.2 24.75 2002. 1 2103.75 4.83
ES20514 -85 43.1 44.5 43.8 3457 3723 7.14
ES20514 -95 61.3 60.9 61.1 5490.3 5193.5 -5.71
ES17816 -75 17.4 17.5 17.45 1540.9 1483.25 -3.89
ES17816 -85 32.1 33.7 32.9 2687.2 2796.5 3.91
ES17816 -95 55.3 54.8 55.05 4321.4 4679.25 7.65
ES20516 -75 28.5 27.4 27.95 2288.2 2375.75 3.69
ES20516 -85 50.7 49.4 50.05 3950.8 4254.25 7.13
ES20516 -95 76.7 73.4 75.05 6274.6 6379.25 1.64
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Table 2 Comparsion between experimental and theoretical fold peak moment of equal double-layer hyperelastic hinges

PRk SRSy /N

P& (14 /Nmm

) RE /%
1 st 2 nd Y(E LS SEGAE
ED17814 =75 34.1 33.4 33.75 2696. 6 2868.75 6.01
ED17814 -85 59.5 57.2 58.35 4702.6 4959.75 5.18
ED17814 -95 90.1 89.8 89.95 7562.4 7645.75 1.09
ED20514 -75 51.3 52.1 51.7 4004.2 4394.5 8.88
ED20514 -85 87.5 86.7 87.1 6914 7403.5 6.61
ED20514 -95 123.5 125.5 124.5 10980. 6 10582.5 -3.76
ED17816 -75 38.7 37.5 38.1 3081.8 3238.5 4.84
ED17816 -85 68.9 67.7 68.3 5374.4 5805.5 7.43
ED17816 -95 109.1 108.7 108.9 8642.8 9256.5 6.63
ED20516 -75 57.3 59.4 58.35 4576.4 4959.75 7.73
ED20516 -85 101.5 98.3 99.9 7901.6 8491.5 6.95
ED20516 -95 148.4 151.7 150. 05 12549.2 12754.25 1.61
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