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Intro

Metal foams are highly porous materials

Foam density

@ Relative density : — _ . =[0.05 - 0.5]
Constitutive material density

@ Architecture : closed, open, mixed ...

Closed cells foam mixed Open cell foams

@ Cell size ranges from 50 um to several cm



Intro

US Patent No. Cellular Materials: Norskhydro
2,434,775, New Concepts Duralcan
B. Sosnick, Provide Unique Alporas
1948 Possibilities, The Iron
Age, Article Feb, 1962. USA
Alloy Salt preform Norvege
mixing infiltration Angleterre
1950 1960 1970 1980 1990 2000 2010

US Patent No. US Patent These foams
3,087,807, No. 3,300,296, . exciting !!
Benjamin C Alen  Paul W Hardy ' '
etal, 1963 Glenn W Peisker,

1967.

Powder metallurgy Liquid metal
+ foaming agent  + foaming agent Paris, Lyon
Grenoble

Source : http://www.msm.cam.ac.uk/mmc/people/old/dave/dave.html



Closed cells foam




Elaboration

ALPORAS (Japon) : foaming agent in liquid metal

PARTICLE DECOMPOSITION
IN LigUiD

a) Viscosity
madification
Calcium

Aluminum allay
+ 1-2% Calzium

b) Foaming r,
agent
addition . Foaming
. ) agant
Thickenad aluminurn alloy TiHg)
+1-2% TiH, (70 — 820 C)
e
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foaming | _Foaming
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d) Cooling of

Foamsad aluminurm

Material : Aluminium - Calcium
Relative density : 0.1 - 0.5
Closed cells large ingot
sandwich

Good reproducibility

Source : metal foam a design guide : M. Ashby et al



Elaboration

HYDRO - CYMAT (Norvege, Canada) : gaz injection in liquid metal

MELT GAS iINJECTION

Material : metal matrix composites
Relative density : 0.1 -0.4

Closed cells

3D shape possible

sandwich

Medium reproducibility

Malt
drainage ™

Crucible
Stirring paddle\"

& gasinjector T

Haating N

www.cymat.com

Source : metal foam a design guide : M. Ashby et al



Elaboration
HYDRO - CYMAT (Norvege, Canada)
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Hanssen, A.G., Structural Crashworthiness of Aluminum WWW. cymat.com ?ellora., VA, KltaUSS. R.,and Van Poo!en, L. .
Meeting Interior Head Impact Requirements: A Basic

Foam-Based Components, Ph.D. Thesis, o ) . i
. ; . . Scientific Approach”, SAE Technical Paper Series:
Norwegian University of Science and Technology, June 2000. .
Progress in Safety Test Methodology (SP-1596), 2001.



Elaboration

IFAM — ALulLight (Allemagne, Autriche) : powder metallurgy + foaming agent

PARTICLE
DECOMPOSITION
IN SEMLSOLID

al Selkct
Ingredients

Foaming agent

Matal alloy
powdar

wdiird mix

bearings

Rotating
impaller —

b} Consolidation & Extrusion

Extrusion die
Rarmn -
-l A T
L Danse bar
of plate

Preconsolidatad billst —
¢) Shaped moki

Shaped container
_ Bxtruded alloy bar or plate
‘__cf"’ {containing foaming agent)

dl Foaming E] 1) q
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Material : aluminium alloys
Relative density : 0.15-0.5
Closed cells in plate form
Shaping possible

Good reproducibility

www.metal-foam.de

Source : metal foam a esign guide : M. Ashby et al



Elaboration

IFAM — ALuLight (Allemagne, Autriche)

www.metal-foam.de




US Patent No. Cellular Materials: Norskhydro “New”

2,434,775, New Concepts Duralcan Elaboration

B. Sosnick, Provide Unique Alporas technique

1948 Possibilities, The Iron Architecture
Age, Article Feb, 1962. USA \ Control

Alloy Salt preform Norvege Reproducibility

mixing infiltration Angleterre

1950 1960 1970 1980 1990 2000 2010

US Patent No. US Patent These foams
3,087,807, No. 3,300,296, . are exciting !!
Benjamin C Alen  Paul W Hardy '
etal, 1963 Glenn W Peisker,

1967.

Powder metallurgy Liquid metal
+ foaming agent  + foaming agent

Source : http://www.msm.cam.ac.uk/mmc/people/old/dave/dave.html



Open cell foams



Elaboration

EPFL / Constellium : like salt preform infiltration

Preform Production
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R. Goodall and A. Mortensen, "Microcellular Aluminium? - Child's Play!",
Advanced Engineering Materials, vol. 9 (11), pp. 951-954 (2007).

Fast dissolution
Various preform morphology

Material : aluminium alloys
Relative density: 0.1 - 0.4
Open cell foams

Various architecture

Very good reproducibility



Metal

1 = Pratarm wilhin e mowkd 2 - Metal pouring
3 - Solidification 4 - Foamed pan,

pof after removal of preform

o

1 = Predarm wathin the mould Z = Metal pouring

4 - Part with foam,

3 - Sofidification got after removal of preform

J. Dairon, Y. Gaillard, J.-C. Tissier, D. Balloy, G. Degallaix, « Parts containing open-celled
metal foam manufactured by the foundry route: Processes, performances and
applications », Advanced Engineering Materials 13, (2011).

Material : cast alloys
Relative density : 0.1 -0.4
Open cell foams
Architecture control

Very good reproducibility






PLANSEE (Austria)
Sphere with powder

.::.':. — . ..f"}bmder — -::.':. ‘

Polystyren sphere

Thermal treatment ".

? % % compaction

= = o3

Sintering + pyrolysis

Hollow sphere

stackings

Materail : stainless steel
Relative density : 0.05-0.3
Architecture control

Very good reproducibility




Elaboration

PLANSEE (Autriche)
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e Mechanical properties



Properties

Mechanical or physical properties follow scaling laws

[roberts 2001]
* * \ N 0.20
P p —e— RA&G Yaoronoi closed-cells
— A —— R&G Voronoi 20% faces deleted
P —o— R&G Varonai 40% faces deleted
©- RA&G Varonai »70% faces deleted
S p S 0.15 - ’
h
=~ 0.10
L

P* : property of the foam

P, : constitutive material property

p* : density of the foam

P, : density of the consitutive material

0.05 -

0.00

0 0.1 0.2 0.3 0.4
Foam relative density

But differences between simulatin/experiments

> 70 % faces deleted

Numerical microstructures / model
is not representative of real foam # Tomography + simulation (E.Maire, S. Forest)

Ps is generally not well known ‘ Metallurgy (very few studies ...)



Properties

Tensile behaviour of an ERG foam [Zhang et al AEM 2013]

Noir:
pore

/

/
Rouge:
Inter métalligue

as casse

Microstructural information is needed at the struts level



e “Material by Design”



Material by Design

Architecture control : large number of degree of freedom
m=) « Material By Design »

Closed cells : mechanical
Open cells : acoustic

Sphere size ?
Thickness ?
Density ?
Contact size ?

Numerical generation
of structures

\ 4

Optimal theoretical
structures
¥

Elaboration
of structures

\ 4

Physical and Mechanical
characterisatoin

Programme ASTRA CNRS /ONERA (2006-2010)



Material by Design

Numerical compaction
(DEM)

== Artz
0.8 {— DEM

¢ 3D image analysis ,

mean normalised contact area alR
[ |
[mx]

0.8 0.7 0.8 0.9
(1 - open porosity)

Is it representative
of real hollow sphere YES
packing ?




Material by Design
Lois de contact avec Eléments fim

FEM

Module d’Young = f(a/R, t/R)

Limite d’élasticité = f(a/R, t/R)

DEM




Material by Design
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Densité relative

1) Itis better to increase contact between sphere than

increase thickness
2) Possible gain on the real structure (PLANSEE)



Module d'élasticité relati

Material by Design

Mécanique (FEM+DEM) Acoustique (GEODICT)
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3) Weight gain of 20% possible if acoustic is taken into

account
[Fallet et al scripta mat 2012]



Conclusion

Lack of microstructural information in modelling or
numerical simulation

New foam processes allow architecture control (but
which structure for a set of requirementsi ?)

.. i}

% .

(energy, building, bio ...)

Material by desigh coupled with
multi resolution tomography
may help




To know more about cellular solids and metal foam ....

Cellular solids

Metal

Fo

ams

Canitlie

Handbook of
Cellul

ar Metals

Andreas Ochsner
Christian Augustin (Eds.)

Multifunctional
Metallic Hollow

Sphere Structures
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