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Abstract. Bird strikes can potentially damage the engine and body, disrupting
flight safety. One of the helicopter components susceptible to bird strike is the
engine cowling. This study aims to analyze the effect of sandwich structure core
material variation on the impact response of the AW139 helicopter's engine
cowling. The finite element method was used to analyze the strength of the engine
cowling structure due to bird strike because it can effectively evaluate several
structural designs. The bird model was modeled through Smooth Particle
Hydrodynamics (SPH). This study uses sandwich composite material with foam,
body-centered cubic (BCC) lattice, and foam-lattice hybrid cores. The lattice
material was found to undergo buckling and plastic deformation at the impact
area to absorb greater energy. The hybrid foam-lattice core material is stiffer,
which reduces energy absorption and deformation. When the outer plate is
thicker, the structure has better resistance to composite damage. Thinner outer
plates provide better energy transfer to the core, leading to increased impact
energy absorption, but can potentially cause premature breakage of the composite
material.

Keywords: Bird strike, Engine cowling, SPH, Lattice structure, Sandwich
Composite, AW139 Helicopter.

1 Introduction

Bird strike is a phenomenon of collisions between birds and vehicles, such as aircraft,
which can potentially damage the engine and body, disrupting flight safety. One of the
helicopter components that has the potential to be hit by a bird strike is the engine
cowling. Certification Specification (CS) 29.631 states the rotorcraft must be designed
to assure capability of continued safe flight and landing after impact with a 1 kg bird,
when the velocity of the rotorcraft (relative to the bird along the flight path of the
rotorcraft) is equal to Vne or Vi (whichever is the lesser) at altitudes up to 2438 m (8
000 ft) [1].

Laminate composites are unable to achieve the desired properties and are often
obtained through the combination of materials or sandwich structure [2]. In the impact
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phenomenon, the composite sandwich core has large compressive deformation and
good energy absorption. The lattice structures provide high energy absorption and
porosity [3]. Therefore, lattice materials have promising potential when used in aircraft
structures [4].

Much research has been done on the resistance of sandwich and lattice structures.
Yan et al. [5] studied the effect of foam on strength under compression loading. It was
found that foam-filled plates have better strength and energy absorption capacity. Feng
et al. [6] analyzed the hourglass and pyramid lattice structures. It was found that the
hourglass lattice structure has better resistance than the pyramid lattice.

The resistance of sandwich structures with lattice core due to bird strikes is of great
interest. Therefore, in this study, the numerical analysis of bird strike on the engine
cowling of AgustaWestland AW139 helicopter using laminate composite material,
sandwich composite with a foam core, sandwich composite with body-centered cubic
(BCC) lattice core, and sandwich composite with hybrid foam-lattice core are
conducted. In addition, the influence of sandwich structure configuration on the impact
response is studied. The displacement and energy absorption of the curved plate, as
well as composite damage, were also compared.

2 Methodology

2.1 Model Description

The AW139 helicopter engine cowling is modeled as a curved plate (see Fig. 1). The
geometry of the plate was obtained from Giannaros et al. [7], where the length, width,
thickness, and radius of the plate are shown in Fig. 2.
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Fig. 1. Bird strike on AW139 helicopter scenario.
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Fig. 2. Panel construction of AW139 helicopter: (a) laminate composite, sandwich with core, (b)
foam, (c) lattice, (d) foam-lattice hybrid.

The lattice type used in this study is BCC, which has high strength and large stress
distribution. The number of lattices in the sandwich structure is 475. Strut cross-
sectional diameter (d), height (H), tilt angle (), separation angle (8), and length (L) of

lattice shown in Fig. 3.
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Fig. 3. Geometric and dimension of body-centered cubic unit cell lattice.
2.2 Numerical Modeling

Bird Material Modeling. The hemispherical-ended cylinder geometry used on the bird
model (see Fig. 4(a)). The bird has a mass of 1 kg. The material properties of the bird
are shown in Table 1. The method to model the behavior of bird material is smooth

particle hydrodynamics (see Fig. 4(b)).
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Fig. 4. Bird model: (a) geometry, (b) SPH

Table 1. Mechanical properties of bird material.

Density (kg/m®  Shear modulus (MPa)  Yield stress (MPa)
935 10 0.1

Bird Model Validation. Bird model validation was carried out by impact testing on a
steel plate, which was compared with Wilbeck's experiment [8]. The plate has
dimensions of 1000 x 1000 mm? with a thickness of 50 mm retained on its sides. The
plate has 1540 shell elements (see Fig. 5). Mesh size of the bird model is 4 mm. The
numerical simulation result shows good enough agreement with Wilbeck's experiment
(see Fig. 6). Therefore, the bird model is valid to use in bird simulation on AW139's
engine cowling.

Fig. 5. Mesh of the plate
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Fig. 6. Comparison of impact pressure between experimental testing and simulation
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The material of composite plate is carbon fiber-epoxy resin with material properties
as shown in Table 2. The thickness of the outer and inner plates of the composite
sandwich structure is 5.76 mm, so the total thickness is 25.76 mm. The masses of the
composite without core, foam core, lattice core, and foam-lattice hybrid core are 2.07

kg, 0.27 kg, 0.36 kg, 0.63 kg, respectively.

Table 2. Material properties of carbon-epoxy IM7/8552 [9].

Property Value
E1(GPa) 165
E2 (GPa) 9

E3 (GPa) 9

V12 0.0185
V13 0.0185
V23 0.5
G12 (GPa) 5.6
G13 (GPa) 5.6
G23 (GPa) 2.8

This research predicts fiber tension, fiber compression, matrix tension, and matrix
compression damage using the Hashin failure criterion [10]. The equation of failure

criterion is written as follows:

Fiber tension, (o4, = 0):
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Matrix tension, (o5, > 0):
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Mesh Convergence of Curved Plate. Composite laminate plate verification is
conducted using the convergence of mesh. The meshing size was varied from 8 mm to
3 mm. As shown in Fig. 7, the mesh size is converged at 4 mm. A mesh size of 4 mm
is equivalent to a number of 15876 elements.
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Fig. 7. Mesh convergence study result of composite curved plate.

Polyurethane Foam Material Model. The polyurethane (PU) foam is modelled using
solid elements and its material properties are shown in Table 3. The mesh size for the
foam model is 4 mm to avoid the hourglass phenomenon during impact. A comparison
of simulation and experimental results is shown in Fig. 8. The model used shows the fit
with the experimental result.

Table 3. Mechanical properties of PU foam material [11].

Density (kg/m®)  Young's modulus (MPa)  Poisson's ratio
60 7.17 0.3
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Fig. 8. PU foam material stress-strain curve [11].

Lattice Material Model. The BCC lattice is made from AISI material 304 stainless
steel and simulated with an elastic-plastic material model. The material properties of
304 stainless steel are shown in Table 4. The stress-strain curve of 304 stainless steel is
shown in Fig. 9. Each unit uses 32 beam elements with an element size of 3.5 mm.

The thickness of the outer and inner plates is maintained at 5.76 mm. The panel
configuration of the sandwich structure's effect on the resistance of the panel was
studied by using different thicknesses for the outer and inner plates. Tables 5 and 6
show the configuration of panel and panel lay-ups, respectively.

Table 4. Mechanical properties of 304 stainless steel material [12].

Density (kg/m®)  Young's modulus (GPa)  Poisson's ratio Yield stress (MPa)
7900 193 0.3 550
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Fig. 9. The 304 stainless steel stress-strain curve [12].



Table 5. Thickness distribution of the outer and inner plate.

Panel configurations  Outer plate Inner plate
P1 2.88 mm 2.88 mm
P2 1.44 mm 4.32 mm
P3 4.32 mm 1.44 mm

Table 6. Ply angles of the outer and inner plate.

Panel configurations  Quter plate Inner plate
(45/0/-45/90/90/-

P1 (45/0/-45/90/90/-45/0/45)s 45/0/45);

P2 (45/0/-45/90)¢ (45/0/-45/90/90/-

45/0/45/45/0/-45/90)s

(45/0/-45/90/90/-

P3 45/0/45/45/0/-45/90); (45/0/-45/90)s

Finite Element Model of Sandwich Structures. The velocity used in this simulation
is 86 m/s, which is considered based on CS 29.631. Boundary conditions are applied at
the edge of the cowling segment, as shown in Fig. 10. The boundary conditions used
are of the fixed type that restrain translational and rotational motion about the X, Y,
and Z axes.

Fig. 10. Velocity and boundary condition of bird strike simulation.



3. Results and Discussion

3.1 Core Material Variation

Fig. 11 shows the deformation of panels with variations in core material has a similar
trend. The lowest deformation occurs in the foam-lattice hybrid material of 25.49 mm,
which describe the best resistance compared to the other two cores. The largest
displacement occurred in the panel with a foam core of 31.22 mm.
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Fig. 11. Deformation of sandwich panel with core material variation.

Fig. 12 shows the displacement history of the outer and inner plates for different core
materials. Displacements of the outer and inner plates for the foam core material are
the largest compared to the other two materials because the stiffness of the foam
material is the lowest.
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Fig. 12. Displacement of the outer and inner plates for different core materials: (a) foam, (b)
lattice, and (c) foam-lattice hybrid.
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The maximum displacement in the sandwich structure with the foam core material
is 20.44 mm. The decrease in inner plate displacement from foam to lattice material is
6.4%, while the decrease in inner plate displacement from lattice to foam-lattice hybrid
material is 4.1%.

The energy absorbed by the sandwich structure for different core materials is shown
in Fig. 13. The sandwich structure with lattice core material has the highest energy
absorption, as it absorbs energy through buckling and plastic deformation mechanisms.




11

The maximum energy absorption of the sandwich structure with foam, lattice, and
foam-lattice hybrid cores are 1.05; 1.02; and 0.95 kJ, respectively. The foam-lattice
hybrid material has the highest stiffness, making the panel stiffer than the other core

materials.
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Fig. 13. Energy absorption of sandwich structure for different core materials.

The matrix damage in the outer plate for different core materials is shown in Fig. 14.
In all core materials, matrix damage occurs in the plate. Similar to the matrix damage
in the outer plate, the matrix and fiber damage in the inner plate is also concentrated in
the center of the impact location (see Fig. 15 and Fig. 16). Unlike the outer plate, matrix
and fiber damage in the inner plate does not occur because the core material mostly
absorbs the impact energy through deformation.
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Fig. 14. Matrix damage in the outer plate for different core materials.
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Fig. 15. Matrix damage in the inner plate for different core materials.
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Fig. 16. Matrix damage in the inner plate for different core materials.

3.2  Thickness Variation of Outer and Inner Plates

In this section, the analysis was carried out on the outer and inner plate thickness
variation. The effect of outer and inner plate thickness on panel response due to bird
strike is studied using an impact angle of 45° and lattice core material.

Fig. 17 shows the deformation of the panel with varying thicknesses of the outer and
inner plates. Overall, the deformation trend for panels with different plate thickness
tends to be the same. The maximum deformation occurs in the middle of the simulation,
at a time of 1.5 ms. The lowest deformation, 23.31 mm, occurs in the configuration of
P3, which means the thickness of the outer plate is greater. In the P3 configuration, the
stiffness of the outer plate increases. The highest deformation, 39.22 mm, occurs in the
configuration of P2, which means the thickness of the outer plate is thinner.

Fig.18 shows the displacement history of the outer and inner plates for the thickness
variation. The displacement of the inner plate is smaller than the outer plate due to the
cushioning effect of the core material. It is found that the difference in plate thickness
affects the deformation of the panel. The highest maximum displacement of the inner
plate occurred in panel configuration P2 (thinner outer plate) at 26.19 mm. The
difference in displacement of the panels in P3 and P2 configurations was 43.27%
(similar to P1 and P2).

The energy absorbed by the panel for different thickness configurations P1, P2, and
P3 is shown in Fig. 19. Configuration P2 has the greatest energy absorption, as the
thinner outer plate allows greater transfer of energy from the birds to the core material.
The lattice deformation indicates energy absorption through buckling and plastic
deformation mechanisms. The maximum energy absorption of the sandwich panels
with configurations P1, P2, and P3 are 1.02; 1.3; and 0.83 kJ, respectively.
Configuration P3 has the lowest energy absorption because the thicker outer plate
results in higher stiffness, so the energy transferred and absorbed by the lattice becomes
smaller. The internal energy shown in Fig. 19 is the energy due to elastic and plastic
deformation.

The matrix damage on the outer plate for different thickness configurations is shown
in Fig. 20. In all thickness configurations, matrix damage occurred on the plate. The
most extensive damage occurred in the P2 thickness configuration because the thinner
thickness of the outer plate makes the stiffness lower and insufficient to withstand the
impact load.
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Fig. 17. Deformation of sandwich panel with core material variation.

The matrix and fiber damage in the inner plate is also concentrated at the center of
the impact location (see Fig. 21 and Fig. 22). The damage spreads along the longitudinal
direction of the plate. Configuration P2 shows damage in the matrix and fibers of the
inner plate. The panel thickness configuration can affect the deformation and energy
absorption. When the outer plate is thicker, the structure has more resistance to damage
composites caused by bird strikes. The thinner outer plate provides better energy
transfer to the core material, leading to an increased absorption impact energy.
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Fig. 18. Displacement of the outer and inner plates for different thicknesses of outer and inner
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plates: (a) P1, (b) P2, and (c) P3.
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Fig. 19. Energy absorption of sandwich structure for different outer and inner plate thicknesses.

Fig. 20. Matrix damage in the outer plate for different thicknesses of the outer and innerplate.

ifferent thicknesses of the outer and inner plate.

Fig. 21. Matrix damage in the inner plate for d

Fig. 22. Matrix damage in the inner plate for different thicknesses of the outer and inner plate.
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4. Conclusion

Based on the analysis conducted on the parameters of deformation behavior, energy
absorption, and damage of the composite, it was found that the core material can affect
the deformation and energy absorption of the panel. The panel with foam core material
has the largest deformation compared to the other two core materials. This indicates the
foam material has the lowest impact resistance. The lattice material undergoes plastic
deformation and buckling at the impact area to absorb more energy so that the energy
transferred to the inner plate becomes smaller. The hybrid foam-lattice core material is
stiffer, which reduces energy absorption and deformation. In terms of composite
damage, all core materials have been unable to prevent damage to the outer plate due
to bird strikes.

Panel thickness configuration can significantly affect deformation and energy
absorption. When the outer plate is thicker, the panel has better resistance to composite
damage caused by bird strikes. Thinner outer plates provide better energy transfer to
the core material, leading to increased impact energy absorption. However, thinner
outer plates can potentially cause premature damage of the composite material. The
largest deformation and energy absorption occurred in the P2 configuration.

For further research, it is expected to be able to add simulation parameters, such as
bird speed and bird mass. In addition, modeling mesoscale damage to composites, such
as delamination, requires solid elements for the outer and inner plates.
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