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Structural Integrity Assessment of Helicopter Composite Rotor Blade
by Analyzing Bird-strike Resistance
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Abstract Bird-strike is one of the most important design factors for safety in the aviation industry.
Bird-strikes have been the cause of significant damage to aircraft and rotorcraft structures and the loss
of life. This study used DYTRAN software to simulate the transient response of an Euler-Lagrangian
composite helicopter blade that has been impacted by a bird. The Arbitrary Lagrangian Eulerian (ALE)
method and a suitable equation of state were applied to model the bird. ALE was applied to the
bird-strike analysis due to the large difference between the properties of the blade and bird. The debris
of the bird was assumed to be a fluid and applied as Euler elements after the collision. Through the
analysis of bird impacts, the leading-edge of the rotor blade (50.8 mm) was used to identify a positive
margin of 1.18 based on the TSAI-FILL criteria. The results are assessed to be sufficiently reliable and
may be evaluated to replace tests with various analysis conditions. The structural stability of the rotor
blade could be assessed by applying various load conditions and different modeling methods in the

future.
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Fig. 1. US Airway Emergency Landing in Hudson River
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Fig. 2. Bird-strike progressive process [11]
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Fig. 3. Arbitrary Lagrangian Eulerian(ALE) Method[10]
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Fig. 4. Bird-strike Analysis and Test Procedure
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Table 1. Bird-strike condition

Object Condition
Type Multi spar composite blade
Blade Radius R = 7.9(m)
RPM 0 = 272(rpm)
Speed v = 225(m/s)
Weight w = 0.9979%g (2.2 lbs)
Diameter D = 3.5(in)
Bird Height t = 177.8mm(7 in)
Density o = 930(kg/m3)
Bulk modulus Ebule = 2.2%10°
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Table 2. Analysis results in various conditions

Length Velocity | TSAI-FILL
Loadcase /Diarfleter (m/s)Y F/1 MS
1 25.4mm 127.5 0.2505 2.99
2 50.8mm 127.5 0.1126 7.87
3 25.4mm 197.2 0.3617 1.76
4 50.8mm 197.2 0.2002 3.99
5 25.4mm 255 0.3726 1.68
6 50.8mm 255 0.4583 1.18
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Fig. 12. Impact Load Estimate of Composite Blade
and Bird
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