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based on an in-depth exploration of the energy absorption mechanism of aluminum foam sandwich structures against
bird impact. This innovative design employs an asymmetric panel configuration: a highly ductile 2024-T3 aluminum a
lloy upper face sheet, a high-strength 7075-T6 aluminum alloy lower face sheet, and an aluminum foam core layer in
between. It replaces the traditional aluminum alloy stiffened panel, aiming to significantly reduce structural weight wh
ile ensuring excellent bird strike resistance. First, the effectiveness of the bird body constitutive model and its contact
algorithm was verified by comparing the high-speed bird body impact test on aluminum alloy flat plates with the si
mulated strain data. Based on previous experimental data, combined with parameter inversion and simulation cases, th
e simulation data of homogeneous and gradient aluminum foams are in good agreement with the test results, which
verifies the accuracy and applicability of the aluminum foam material constitutive model.Furthermore, using the profes
sional Pam-crash software, transient impact dynamics simulations of bird strikes were cond‘u.c d on both the stiffened

panel structure and the aluminum foam sandwich structure end frame. Combined with tl nd deformation ¢
onditions of each component and energy absorption data, a comparative analysis was gma differences in their
impact response characteristics and energy absorption mechanisms.The study show; e stiffened panel mainly abs
orbs the energy of bird body impact through its plastic deformation, while the % foam sandwich structure ab

sorbs energy synergistically through the compressive collapse failure of thegqcor

layen\ and the large plastic deformati
on mechanism of the upper face sheet. The optimized aluminum foam sai stpacture is significantly superior to
the traditional stiffened panel structure in terms of energy absorptiony Eglcienc bsequently, a full-coverage optimizat
ion design scheme for the baffle was completed based on the enew c!/g.'wn characteristics of the aluminum foam
sandwich structure.According to the full-coverage bird imw ati

h baffle design achieves a structural weight reduction of

/{esults, the proposed aluminum foam sandwic
% while maintaining the same bird strike resist
ance performance as the in-service structure.This researcly p eliable technical references and innovative ideas f
or the lightweight bird strike-resistant design of civilNairésaft/nose bulkhead.
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Table 1 Material parameters for two aluminum alloys

S E(GPa) JWFAKE a(MPa)  b(MPa) n D(s™h p Efail
2024-T3 72 0.31 280 400 0.2 1 66.67  0.18
7075-T6 71 0.35 480 400 0.28 1 1000 0.12
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Fig.4 Comparison diagram of the bird-striking plate process test and simulation process
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Fig.6 Finite element model of homogeneous foam compression simulation
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Fig.9 Comparison of gradient foam test and simulation results
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Fig.16 The energy absorption curve of three types of baffle structures and their components
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Table 3 Parameter optimization table of sandwich aluminum foam
5 BEEZ% (mm) Sandwich & (kg) e A o ERTHER (kg/m2)
1-25-3 19.82 e 12.60
1.5-25-0.5 Eiyi
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3 0.5-20-0.5 7

4 1-20-1.5 7

5 1-20-2 i

6 1-20-2.5 i
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12 1-15-3 18.49 o 7/ 14.16
13 1.5-15-1 i 2
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15 2-15-0.5 12.16 A 7.83
16 1.5-10-1 i

17 1.5-10-1.5 12.31 \§>‘ 9.43
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Fig.18 Bird strikes cover the full impact point
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