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Numerical Simulation of Bullet Impact for Fuel Cell of Rotorcraft
using Smoothed Particle Hydrodynamics
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Abstract Military rotorcraft should be designed taking into account the condition of the fuel cell bullet impact. The
internal fluid pressure, stress of metal fitting and fuel cell, bullet kinetic energy can be included as the design factor
for the fuel cell. The best way to obtain the important design data is to conduct the verification test with actual
product. But, the verification test requires huge cost and long-term effort. Moreover, there is high risk to fail because
of the sever test condition. Thus, the numerical simulation is required to reduce the risk of trial-and-error together
with prediction of the design data. In the present study, the bullet impact simulation based on SPH(smoothed particle
hydrodynamics) is conducted with the commercial package, LS-DYNA. As the result of the numerical simulation, the
internal pressure of fuel cell is calculated as 350 ~360MPa and the equivalent stress caused by hydro-ram effect is
predicted as 260~350MPa on metal fittings.
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[Fig. 2] Numerical Analysis Model

Fixed
[Fig. 3] Boundary Condition imposed on the Bottom

Metal Fitting
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[Fig. 4] Finite Analysis Model for Structure
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[Fig. 5] SPH Model for internal Fluid

[Table 1] Material Input Data of Each Part

B Fluid
~ density : 998kg/m’
B Fuel cell skin
- material model : Elastic
~ density : 980kg/m’
- young's modulus :
- poisson ratio @ 045
- erosion : failure strain 28%
failure strength 145MPa
M Metal fitting
- material model
: Piecewise linear plast1c1ty
- demlty 2.867kg/m’
- young's modulus :
- poisson ratio : 0.33
- yield strength : 400MPa
B Bullet
- material model * Rigid
- density : 17,000 kg/m’
- young's modulus : 370GPa
~ poisson ratio - 0.17

510MPa

Material
Data

72.4GPa
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[Table 2] Contact condition in LS-DYNA

Contact Applied Part
Single Surface | * Fuel cell
Node :Fuel ceﬂ ) > Fluu;l partlde
to Surface Metal fitting <> Fluid particle
* Bullet <> Fluid particle
Surface
to Surface Fuel cell < Bullet
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[Fig. 61 Behavior of Bullet and Internal Fluid under the
Straight Impact Condition
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[Fig. 7] Maximum Equivalent Stress(unit: MPa)

[Fig. 8] Penetration Configuration of Exit
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[Fig. 9] Pressure Evaluation of Internal Fluid
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[Fig. 10] Maximum Pressure Value of Internal Fluid
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[Fig. 11] Variation of Kinetic Energy during penetration
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[Fig. 12] Behavior of Bullet and Internal Fluid under
the Slope Direction Impact Condition
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[Fig. 13] Pressure Evaluation of Internal Fluid

3.000e+02

28508402
27006402
25508402

2.400e+02
22506402
21006402
19506402
1800402
1.650e+02
15006402
1.350e+02
1.200e+02_|
1.050e+02_|
9.000e+01 _|
7.500e401

6.000e+01

4.500e401

3.000e+01

1500401

0.000e+00_k

Max. 342MPa @0.0048sec

[Fig. 14] Maximum Equivalent Stress(unit: MPa)
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[Fig. 15] Variation of Kinetic Energy during penetration
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