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Table 1 Relevant parameters of aluminum foam

k n
4,/mm?>  p /(kgm?) o /MPa E,/GPa [2;] [2;] k, 261 p, 6]

7854 2700 165 69 0.58 1.69 0.47 1.94
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Table 2 Design requirements under two types of boundaries

Boundary Acceleration

Free boundary @, =3400g xsin[2n(¢ +0.53) / 4.243], €[0,1.09] ms

Elastic boundary a,, =-3400g x (¢ -1),¢t €[0,1] ms
*3 BEHBEREZIHAASH
Table 3 Input parameters for inverse density gradient design
v (7)/(mes k /N~

Triangular ~ Sinusoidal Triangular ~ Sinusoidal

Aymm?  Mkg At/ms L,/m
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Fig.8 Relative density distribution after iteration under different boundary conditions: Simulated sinusoidal (a) and
triangular (c) acceleration waveforms under free boundary conditions; simulated sinusoidal (b) and triangular (d)
aeceleration waveforms under elastic boundary conditions.

* 4 WAREEHER BRI FHUER

Table 4 Equivalent model for inverse density gradient design of aluminum foam

kﬂ
Acceleration Boundary p(X) Z,/m m, kg )
/(kN-mm")
Free
ay =3400g x 0.2612¢™ +0.05753¢71%F 02146  0.038 /
boundary
sin[2m(¢+0.53)/4.243], Elastic
0.1233¢7"* +0.3235¢71 0.2247 0.0557 1.18
te [0,1 .O9]ms boundary
Free 2.466X° —1.621X°
o 0.2046 0.0014 /
boundary +0.4611.X +0.03995 (After optimization)
a,, =3400g x (l - 1),
Elastic 5.374+61.87X ~149.4X2)"
t€[0,1]ms ( ) 0.2446  0.017 3.92
boundary (After optimization)
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Inverse Design and Boundary Effects in Impact Waveform Control of Graded

Foam Metals

YIN Jiangnan'- %3, YANG Qiang*, GAO Jinling'?3, LIU Xiaochuau4 \l.AU Jiagui'-%3, LU
Tianjian'->3
(1. College of Aerospace Engineering, Nanjing University of Aeronqutics.and Astronautics, Nanjing
210016, Jiangsu, China;
2. MIIT Key Laboratory of Multifunctional Lightweight Mate¥ials<and Structures, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, Jiangsu, China,
3. National Key Laboratory of Aerospace Structural Mechanics and Control, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, Jiangsu, China,
4. National Key Laboratory of Strength and Structurallntegrity, China Institute of Aircraft Strength,
Xi’an 710068, Shaanxi, China)

Abstract: To achieve precise generation of high-impact waveforms for applications such as aviation safety
testing, this paper investigates the mechanism for controlling impact waveforms in graded foam metals under
different boundary conditions. Based‘on the laws of mass and momentum conservation, a theoretical model
for impact waveform generation/inygraded foam metals under free and elastic boundaries is established.
Furthermore, an inverse design method for density gradients is proposed, which integrates average relative
density constraints with the Gatuss—Newton iteration method, enabling the inverse solution from a target
acceleration waveform to the’corresponding material density distribution. Finite element results demonstrate
that this method effectively generates target waveforms, such as triangular and half-sine waves, under various
boundary conditionss The\study also reveals that: the free boundary is more suitable for simulating high-
amplitude, wide*pulse’ waveforms, while the elastic boundary can improve the feasibility of low-amplitude
waveforms theéough-stiffness regulation. Although the boundary condition does not affect the impact duration,
it significantly inflaénces the waveform shape. In addition, excessive impedance mismatch between adjacent
segments can lead to increased waveform fluctuations, thereby compromising waveform generation
accuracy. The proposed density gradient inverse design strategy demonstrates general applicability,
providing both a theoretical support and a practical design tool for the independent development of high-
impact testing technologies.
Keywords: waveform control; graded foam metal; density gradient design; boundary; high-impact amplitude
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