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Applicability of empirical formula for flexible joint structural stress
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Abstract: An 8 cm pivot radius flexible joint with reinforcement hoop stress measuring sys-
tem was designed, and the reinforcement hoop stress due to different vessel pressures and vector
angles was tested. The results were compared with the empirical formula and finite element a-
nalysis. Moreover, the effect of pivot radius on the reinforcement hoop compressive stress was
investigated by finite element analysis. New formulas to compute the reinforcement hoop com-
pressive stress for the pivot radius within the 6 —10 cm were proposed. The effect of throat di-
ameter on the reinforcement hoop compressive stresses of flexible joint was also studied, and the
applicability of conversion empirical formula between cold-flow vessel pressure and hot fire motor
pressure was discussed. Results showed that a good agreement for the reinforcement hoop com-
pressive stress between test and finite element analysis was obtained. Empirical formulas for re-
inforcement hoop compressive stresses were not applicable. The flexible joint structural stresses
in vessel and the fire test of soild motor rocket were different. The reinforcement hoop compres-

sive stresses for the hot fire test of flexible nozzle can be converted by the joint test in vessel
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through empirical formula. The elastomer shear stresses were more serious for the joint test in

vessel than the fire test of solid motor rocket with flexible nozzle.
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empirical formula
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Table 1 = Empirical formulas for stresses of flexible joint
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Fig. 1

Sketch of flexible joint (unit;mm)
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Table 2 Structure parameters of flexible joint
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Fig. 2 Cold-flow test system for flexible joint"!*
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Fig. 3 Strain gauge arrangement of flexible

joint reinforcement
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Fig. 4 Finite element computational meshes of f{lexible joint
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Table 3 Material parameters of elastormer
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Fig. 5 Comparison of material parameters between

the MR model and test data
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Table 4 Hoop compressive stress in the middle

reinforcement due to pressure

p./ 0,/ MPa

MPa  #Koc  REBWIL  Anon' ™) g gl
1 11. 64 12. 04 46. 39 46. 39
2 22.90 23.43 92.77 92. 77
3 33.70 32.63 112. 15 112.15
4 44.06 44. 67 185. 55 185. 55
S 54.05 54.96 231.93 231.93
6 63.72 65. 25 278. 32 278. 32
7 73.13 74.23 324.71 324.71
8 82. 33 81.67 371.09 371.09
9 91. 35 88. 46 417. 48 417. 48
10 100. 21 96. 79 463. 87 463. 87
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Table 5 Hoop compressive stress in the middle

reinforcement due to vector angle

b/ 69/ MPa

MPa  HERIE WL Anont  #ig gl
1 44. 92 31. 28 20. 64 17. 07
2 90. 77 76.97 20. 64 35. 04
3 132. 20 111. 34 20. 64 52.55
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Table 6 Hoop compressive stress in the middle reinforcement of flexible joints with different pivot radius
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Fig. 6 Correction factor for empirical formula of the

reinforcement hoop compressive stress
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Table 8 Mechanical properties parameters of

insulation material of nozzle
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Fig. 7 Finite element computational meshes of

flexible nozzle
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Fig. 8 Reinforcement hoop stress distribution
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Fig. 9 Shear stress distribution of elastomer
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