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Experimental investigation of miniature flexible joint

thrust vector characteristics
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Abstract; Two miniature flexible joints which have the same structure but different
elastomer materials (natural rubber and silicone rubber, respectively) were designed. Axial
deflection variation due to vessel pressure was tested. Spring torque at various temperatures
(—50~70%C) and vessel pressures were also studied. In addition, the reinforcement hoop
compressive stress at the inner radius was measured to examine the applicability of existing
empirical formulas for miniature flexible joints. Results show that the axial compressive
stiffness increases slightly nonlinearly with the vessel pressure, while the spring rate keeps
almost constant over the vector angle range from 0°to 6°. Spring rates of different flexible
joints experience different variations as the vessel pressure increases. The temperature
shows a pronounced effect on the spring rate. For the natural rubber elastomer flexible
joint, the spring rate increases significantly at low temperatures. However in the silicone

rubber elastomer case, the spring rate remains stable throughout the temperature range
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from —50°C to 70 °C. The stress empirical formula which would cause give much higher

stress due to pressure is not applicable to the miniature flexible joint.

Key words: flexible joint; thrust vector; elastomer; reinforcement; spring torque
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Fig. 1 Bench-test flexible joint
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Table 1 Elastomer material mechanical properties
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MPa MPa MPa
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Table 2 Reinforcement hoop compressive stress at the inner radius due to vessel pressure

a,)C/MPa

p/MPa Joint-NR Joint-SR
p./MPa (1)

ANSYS ANSYS

1 1.37 2.88 9. 20 12. 04 11. 64 63.55
2 2.74 18. 11 18.13 23.43 22.90 127.10
3 4.11 29.22 25. 80 32.63 33.70 190. 65
4 5.48 35.19 35.51 44, 67 44, 06 254. 20
5 6. 85 41.16 44.16 54.96 54.05 317.75
6 8.22 48.77 50.71 65. 25 63.72 381. 30
7 9.59 74.23 73.13 444, 85
8 10. 96 81.67 82.33 508. 40
9 12.33 88. 46 91. 35 571.95

10 13.70 96.79 100. 21 635. 50
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