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ABSTRACT

In this study, non-linear bird strike analyses on a turbofan engine blade with high rotating speed
have been performed using the Smooth Particle Hydrodynamics (SPH) bird model. For the bird shape
and density, an automatic calculation technique based on the semi-empirical data was established and
applied, and the bird strike test model was analyzed in order to perform preliminary verification of
the present nonlinear bird strike analysis approach. For a designed engine blade, various engine
operation conditions required by MIL-E-5007D have been successfully considered and analyzed

numerically, and structural integrities for each requirement are evaluated.
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Table 1. ltems of MIL-E-5007D bird ingestion.
Item Engine operations Bird Ingestion
Maximum engine rated speed Bird weighing
@ (Take-off flight speed) 2~4 ounces
(Max. of 16 at
) Ma)qmum continuous speed  |a time)
(Cruise flight speed)
Bird weighing
© Associated.engine speed 2 Ib (one at a
(Descent flight speed) time)
Maximum engine rated speed |Bird weighing
Bt Fracture @D | Most critical flight speed) |4 Ib
Fig. 1 Cases of bird strike for engine.
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Table 2. Ti-6AL-4V material properties. 3. of&ZEst X A=
Density (kg/m’) 4,420 31 ZEZE 4 79 A=
Strain Rate Correction First-Order B AJgAE /M4 AEE 22R2E 4 »
Initial Yield Stress (MPa) 1,098 a8 7|We ARy 8 kst mdE wAp
Hardening Constant (MPa) 1,092 Hao| O3k QgL Hrsigoy, | #A
Hardening Exponent 0.93 A dE Ayat AASYETH B =EAA Y75
Strain Rate Constant 0.014 MY S PAS H 83 o].,.rg A thoksh
Thermal Softening Exponent 11
Melting Temperature (C) 1604.9
Reference Strain Rate (1/sec) 1.0
Gruneisen Coefficient 1.23
Velocity Curve Intercept,
o (mfr'l P P 5.13x10°
First Slope Coefficient, S1 1.028 %ﬁgg;‘:‘: i
Slope Coefficient, S2 (sec/mm) 0.0 R (Cylmder SEE
Shear Modulus (GPa) 420 Radius = 0.0468 m i
Length = 187.2. mm
Speciﬁco Heat Constant Pressure 5.810° azr;::tz :-Dgig Ié%;;mf
(mJ/kgC)

Table 3. Bird material parameters and equation of state
(EOS) coefficients [8].

Material Density (kg/m?) 942.8
Gruneisen Coefficient 0.0
Velocity Curve Intercept,

o (mé'l P P 1.48x10°
First Slope Coefficient, S1 1.92
Slope Coefficient, 52 (sec/mm) 0.0
Shear Modulus (GPa) 2.0

SPH Bird Model

Particle Diameter = 4 mm
Total Particles = 16,757
Impact Speed = 84.2 m/s

All plate Edges:
Fixed B.C.

Fig. 2 Finite element model of Q235 steel plate and
SPH bird model.
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Fig. 4 Finite element model of aluminum plate
with bird strike.
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Fig. 5 Comparison of maximum displacement for
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Fig. 6 Finite element model of the engine blade and
SPH bird model.
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Fig. 7 Bird strike analysis results of the engine blade
(Case A.
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