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Experimental study on impact damage and residual strength of
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Abstract: To investigate the effects of different manufacturing processes and impact conditions on
the impact damage and residual strength of helicopter tail drive shafts, braided and filament-wound
composite tail drive shafts were fabricated, and impact and torsion tests under typical conditions were
conducted using a light gas gun device and a torsion testing machine. The results showed that, compared
with the bullet's incident angle, the bullet's offset had a more significant effect on the damage degree of the
tail drive shaft. From the perspective of manufacturing processes, the braided composite tail drive shaft

exhibited superior impact damage resistance compared with the filament-wound tail drive shaft. From the
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perspective of failure modes, under non-damaging and through-penetration impact conditions, the failure

mode of the composite tail drive shaft in torsion tests was characterized by instantaneous fracture, whereas

under edge-cutting impact conditions, the failure mode in torsion tests was characterized by progressive

fracture.

Keywords: helicopter tail drive shaft; composite material; impact test; torsion test;

impact-resistant design
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Fig. 1 Composite tail drive shaft test specimens and mesoscale structures
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Fig. 2 Impact test system diagram of tail drive shaft
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Fig.3 Schematic diagram of impacting condition parameters
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Fig.4 Schematic diagram of tail drive shaft damage modes
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Fig. 5 Bullet velocity attenuation before and after tail drive shaft

impact under typical conditions
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Fig. 6 Impact damage process of braided composite tail drive shaft under four typical conditions
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Fig. 7 Impact damage process of filament-wound composite tail drive shaft under four typical conditions
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Fig. 8 Impact damage morphology of braided composite tail drive shaft under four typical conditions
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Fig. 9 Impact damage morphology of filament-wound composite tail drive shaft under four typical conditions
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Fig. 10 Tail drive shaft torsion test device
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