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Abstract: Generally, the flexible joint is prone to fatigue failure when it vectors at a large angle throughout
the circumference. In order to study the vectoring life and damage mechanism of flexible joint, a finite element
calculation method for predicting the fatigue life of flexible joint is proposed, based on the crack nucleation theo-
ry, and the fatigue life of flexible joint with vectoring of 4.5° under IMPa, 3MPa, 5MPa and 8MPa internal pres-
sure is predicted respectively. The results show that the fatigue failure of the flexible joint is most likely to occur
on the elastic parts connected with the front flange, and the number of vectoring times is the largest when the in-
ternal pressure is about 3MPa. The four—piece shear fatigue test was carried out to verify the simulation life pre-
diction results. The difference between the simulation results and the four—piece shear fatigue test results is less
than 15%, which indicates the correctness of the life prediction method.
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B: Angle of joint
B,: Inner angle of joint

B,: Outer angle of joint

@: Cone angle of joint

a: Radius of joint

¢ Thickness of reinforcement
Flastomer % Thickness of elastomer

W :“
After flange
Reinforcement

Fig. 1 Schematic diagram of flexible joint structure
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Fig.2 Flexible joint finite element model
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Table 1 Main parameters of FEM

Yeoh model Unit division
Material Elastic modulus/GPa Poisson s ratio
C,,/kPa C,,/kPa Cyy/Pa Unit type Number of units
Natural rubber - - 75 -2.82694 70.79452 C3D8H 30000
Steel 210 0.3 - - - C3D8R 7470
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Table 2  Shear stress along path (MPa)
Angel/(*) IMPa 3MPa SMPa 8MPa
T T3 T T3 T T3 T T3
20 0.61542 1.43351 0.60128 1.42125 0.59202 1.41092 0.58431 1.40323
40 0.36741 0.77165 0.35926 0.75249 0.35235 0.74096 0.34681 0.72351
60 0.63326 0.28924 0.62649 0.27162 0.62352 0.26325 0.62034 0.26231
80 0.24763 0.01329 0.25136 0.01275 0.24195 0.012131 0.24132 0.01196
100 0.53429 -0.01362 0.53047 -0.01391 0.52159 -0.01425 0.51935 -0.01464
120 0.33756 -0.26326 0.33872 -0.27285 0.33895 -0.28132 0.33956 -0.28249
140 0.37032 -0.81268 0.37995 -0.82393 0.38729 -0.83264 0.39147 -0.84258
160 0.31723 -1.51059 0.32459 -1.55321 0.33531 -1.56158 0.34692 -1.58592
180 0.04051 -1.90135 0.04254 -1.92059 0.04367 -1.94286 0.04231 -1.96236
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Table 4 Shear fatigue experimental results

Number Cycle Result

1 0~1000 No damage to the rubber

Rubber corner was damaged at the 1029th
2 1000~2000

cycle, and the crack continued to grow

after the 1029~2000th cycle

3 2000~3000 Rubber torn after the 2356th cycle
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Fig. 14 Rubber has been torn
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