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Studying the Behavior of A356/SiC, Composite Foam under Low-Velocity Impact
Loading

H. Farahat™”, S.Y. Ahmadi Brooghani?
! Department of Mechanical Engineering, Birjand Branch, Islamic Azad University, Birjand, Iran.
2 Department of Mechanical Engineering, University of Birjand, Birjand, Iran.

Abstract

Metallic foams are used widely in the automotive and aerospace industries due to high strength to weight
ratio and high energy absorption capacity. Knowledge of the mechanical behavior of these materials,
especially under dynamic loadings, is thus necessary. In this paper, the impact response of A356 aluminum
foams reinforced by SiC particles was studied. Predicted numerically results, which are obtained from the
simulation of impact behavior at the foam material, were compared and validated with the experimental
measurements. For determination of the material parameters in Deshpande-Fleck constitutive model, the
uniaxial compression test data have been used. The FEM results showed that the changes in load with time
are in a good agreement with the impact experiment. The numerical model can predict accurately the plateau
load, the impact time, the energy absorbed by foam and the failure mode of the material. The energy balance
diagram and convergence test confirm the simulation. Considering that the simulation of porous and
composite material behavior is faced with numerous challenges, this work presents effective ways to solve
them. Regarding the lack of numerical and experimental results on the impact behavior of A356/SiC, foam,
the obtained results can be used to develop advanced composite materials.

Keywords: A356/SiC, Composite Foam; Deshpande-Fleck Material Model; Impact Simulation; Energy
Absorption
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® Fracture Energy
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1 Crushable Foam Material Model
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! Densification Strain (Equivalent Strain at Compaction)
2 Plastic Strain Rate

® Hardening Modulus

# Jaumann Stress Rate

® Continued Plastic Flow

® Consistency Relation

" Yield Stress Rate

8 Equivalent Plastic Strain Rate

® Volumetric Plastic Strain Rate
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! Upper Limit of the Compressive Strain
2 Standard Deviation
3 Coefficient of Variation
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* Curve Fitting
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! True Stress Versus True Strain
2 Engineering (Nominal) Stress Versus Engineering Strain Data
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2 Explicit Dynamic Analysis
% Convergence Test
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! Uniaxial Compression Test
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® Nonphysical Spurious/Hourglass Modes
" Hourglass Control

8 Hourglass Energy

° Add Erosion

0 Eroding Surface to Surface Contact

™ Single Surface Contact

12 Soft Constraint Based Contact

13 Contact Stiffness

4 Excessive Penetration
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! Part Inertia Option

2 Single Integration Point Elements
® Reduced Integration Elements

* Full Integration Elements

® Negative Volumes
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° Diagonally Opposite Nodes
0 Hourglass Base Vectors (Hourglass Shape Vectors)
1 Shape Functions
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! Material Constants

2 Numerical Stability

® The Interacting Nodal Masses

* Global Time Step Size

% Scale Factor

* Produce No Sterss (Zero Energy Modes)

" Hourglass-Resisting Forces (Internal Forces)

® Takes away from Physical Energy of the System
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® Maximum Principal Strain Erosion Criterion
* Failure Mode

®Plug

® Hydrostatic Deformation

" Deviatoric Deformation
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! Quasi-static Indentation
2 \/olumetric Strain Failure Criterion



b S b ($M 30 3l S AB56/SICy (o2 jgu0lS pgd sy sz | VP

Gl Ol ol astine S cpl j0 a5 jeblen 0gd
SaoaSle (L lass il ade Ve Tl S 4 (sl
IS8 s 650 glod & B (65,5 Ceul ot Sgae
S i o553 55, (Sl 00l sole Lix a5 el
5 S o 4 S0l (5] S imizon
S ol (V0 S gillae) Bl asys (VA L sSTos
Jol> 555l cons 5l pshate s e lis |y (gileans
5 el ¢ gl (A slash sl faeme s
ol (33 1+ 7) Toad Jlacl 4255 (555 42 (o053
@ yo by pole Gedod ) adlhas 950 K00 Hlaie
26 el ol Sy Sl e o il o33
ooty b ‘)L'.é“n]'» lawgi oo (SR (503 @Lu Q]
Dgdb o dmlio W Sialejl I sael Cawsas oy
@) ooy 5l o ez a0 9y Jloges NP IS
A356/SICpy  ou59m0l5 pgd sl |y (Go0e 5 Kol
Slyass g00e g 2Bislos] mls VY S amo o oLis
a3 oo oli 1) e ki o p (000 59 UL
353 Gos Jolro ¢pgd diged lawgy ond Lul> S 05
Soges VA USE 0 izen tl (00 ,0) S
Gro plo) cw popg lang 0ad Qi (65l ks
Ll 00 s0ls ULM...:
b 4y eeil (pdile (it 5 (gl S
S rSIl sl S 4 ol (g3lseme 0978 5 ol
o S psd 9y oad plnil slajtalesl i 5 g
sloosls ool s ools by HEaing Lwg [YY]
syl o s VP US55 olaj > 308 00
5 ohb S i a8) cal sad 35 Seeliss
2 esbsine 4po pajl oSws (55; Judy) e cead
ols b (el ot by Jwais 4 g <85 b [YY] x>
Cawddy ULA) o> UL&-‘A} ﬂDL&c OIS s po £y 9 9y

! peak Value of Internal Energy
2 Internal Energy

% sliding Interface Energy

* Energy Ratio

® Kinetic Energy

® Total Energy
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