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Abstract: Four connection bolts made of 30CrMnSiA high strength steel of the propeller on a pilotless aircraft broke prematurely
during a test fly. Multi-disciplinary analysis combining material failure analysis, surface integrity analysis, fracture strength
analysis, structural dynamic analysis, loading history analysis, bolts connection design analysis and thread processing analysis
methods were used to find the causes of the premature failure comprehensively. Results show that bolts No.1 to No.3 are broken
due to fatigue fracture, while bolt No.4 sufferes from over load failure. Causes of the failure are as follows. The pilotless aircraft
was ocean shipped without corrosion protection of the connection bolts, resulted in corrosion of the bolts. Exfoliation and stress
corrosion damage were formed on the surface of the thread due to higher moment of pretension in corrosion environment, which
notably reduced the fatigue performance of the bolts. During the test fly, engine rotor ran at a speed nearby the first nodal diameter
and the third resonance frequency of the propeller and led to resonance vibration of the propeller, which in turn resulted in fatigue
loading of the bolts. To avoid fatigue failure, the following measures are proposed. In storage and conveyance, the bolts should be
protected from corrosion attack. The engine running at frequencies around resonance frequency of the propeller should be
avoided. Using cold rolled bolts can be used to enhance fatigue performance of the bolts. The position of connection bolts can be
used adjusted to reduce service load. Instead of screw connection, bolt connection can be used to avoid deformation of the
aluminum internal thread. Decreasing moment of pretension of the bolts is to reduce fatigue mean stress level.
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Element Mn Cr Si C S P Ti Fe
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