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Tension-Compression Fatigue Performance Testing and Fatigue Life

Prediction of P-Type Rubber Clamp
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Abstract:. The P-type rubber clamp is an important connector to connect pipelines, supports, and gearboxes in
the external piping system of an aircraft engine. The main failure form of the clamp is fatigue fracture under the
combined action of external vibration and high-pressure liquid pulsation inside the pipelines. The fatigue failure
of clamps greatly restricts the performance of piping systems. Thus it is of great significance to study the fatigue
performance of clamps. Firstly, tension-compression fatigue tests of the clamps are designed and conducted
and the corresponding fatigue lives under different loading displacements are obtained. Subsequent fracture

analysis shows that the fatigue failure of the clamp exhibits two different forms: The one is the fatigue fracture
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of metal band on the clamp extending from the outside to the inside and the other is the severe wear of rubber

washer on the clamp. Secondly, based on the loading process of the tests, the corresponding finite element

model is established and the predicted accuracy of the constructed model is further verified by comparing the

strain at the strain gauge location. Then, based on the fatigue test results of the stainless steel used in the clamp
band, the SWT (Smith-Watson-Topper) , FS(Fatemi-Socie) , and WB (Wang-Brown) critical plane fatigue

life models of the clamp are established for the fatigue fracture the clamp band. Finally, by combining with the

maximum stress and strain which are obtained from finite element analysis and the fatigue life results obtained

from the tension-compression fatigue test of the clamps, it is verified that the proposed life models are all within

the triple dispersion band and have good estimation accuracy for the fatigue life of the clamp.

Key words: P-type rubber clamp; tension-compression fatigue; fracture analysis; critical plane model;

fatigue life prediction
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Table 1 Material properties of P-type rubber clamp
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Fig.3 Testing system of tension-compression fatigue tests of P-type rubber clamps
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(Under displacement of 0.8 mm)
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Table 2 Results of tension-compression fatigue tests of P-type rubber clamps
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Fig.5 Photo of typical morphology of clamps after tests
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Table 3 Results of maximum tensile and compressive strain of strain gauge under different loading displacements

Wi/ S FNE AR NS
mm 15 BAA /pm SCE /pm AXFIR 2/ % 5 BAA/pm SCEGE /pm X R2E/ %
0.8 2 457.6 2459 0.06 —587.5 —589.55 0.35
0.7 2107.3 2035 3.55 —528.3 —536.7 1.59
0.6 1812.6 1779.8 1.84 —475.7 —489.19 2.84
0.5 1515.1 1537.7 1.47 —418.6 —405.2 3.20
0.4 1316.9 1279.7 2.91 —377.5 —357.1 5.40
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Table 4 Results of predicted fatigue life of tension-compression fatigue tests

I PR AR /mm A€, (Grr @) G,/ MPa N,
0.8 0.005 161 7 (161°,90°) 338.310 4 93 646
SWT 0.7 0.004 380 7 (161°,90°) 311.387 6 114 740
0.6 0.003 739 0 (161°,907) 286.519 2 140 270
WA P EBER A /mm Y s (Orses 1) 5,/ MPa N,
0.8 0.007 031 4 (103°,907) 233.649 0 85373
FS 0.7 0.005 927 6 (103°,907) 215.362 0 110 410
0.6 0.005 037 4 (1037, 90°) 198.448 0 141770
Wi R FEER AR /mm AY (Orses o) Ae, ¢,./MPa N,
0.8 0.007 031 4 (103°,90°) 0.002 550 3 53.2125 137 780
WB 0.7 0.005 927 6 (103°,90°) 0.002 196 5 50.0895 171 160
0.6 0.005 037 4 (103°,90%) 0.001 899 8 46.8425 211420
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