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seig mefallic foams are known
inderesting combinations of different propertiss such as
jusi §HiRLss In conjunction with very low spec f welgit

ssion strenglhs combined with good
energy absorption characteristies. For this reason, the
interest in these materials is still increasing. The
development of metal fpams is mucnbed in review
articles and conference procesdings’™. A dedicated web-
page offers up-to-dale mia;mauon-. The present paper
will be resiricted o closed-cell aluminium foams which
have a good potential for market introduction, We shall
first review Hiffepent manufact turing routes and then

or high compre

discuss applications.
MANUFACTURING METHODS

There are two "“-ain { ‘aipqies for making aluminium
foums {Table-1). The direct foaming methods start from

a molten metal con 'i.n 1 um‘““ nly disnersad non
metallic particles inle which gﬂ. injected to creale
foam, A;acniau cely, titani hydride can be added t

gecomposes leading to the same

hods start from 2 solid
Dan aluminium maled

S 14,

usivial Impiem

Foam 7T

EA

containing unifermly dispersed blowing age
mostly titanium hydride. Upon melting this
ex;}gndb and forms 2 foam.

Direct Foaming of Melis by Gas Injection

Foaming aluminium or aluminium ailovs by gas
injection is already in the state o' commercial
¢xploitation’. Silicon carbide. aluminium cxide or
magnesium oxide particles are used to enhance foam
stability, thus making the alioy foamable. The volume
fraction of the reinforcing particles typically ranges from
10 to 20%, ihe mean particle size from Y tc 20 um. Gas
injection (usually air] is done through speciaily desigaed
retating impellers or vibrating nozzies. The resultant
foam actumulales en top of the liquid from where it can
be pulled off, e.g. with a conveyer belt, and is then
allewed to cooi arid solidify.

fEn

The foamed material is either used in the state it
comes oul of the cmtm; machine, ha am~ a closed outer
surface, or is cul into the reguired shape after 'fommng
which is cumbersome due to {he gariieles in ﬂ"{“
Sdvanlages of this feaming process include the large
velume of foam which ran be producec and the 10\4
densities which can be achisved. Cymat, Canada,
procuces its foam — called Smart Metal — in this way,
Quite
revoictionised by scis
Cempetence Cenire |

matrix

Py e
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Teble-1 : Stiategies for making

aluminium [nams {search for

anulacturers using itef. (8]

Direct foaming

,
melt aluminium alloy i
make alloy foaan i
ereate gas bubbles

eollect foam

sohdify foam

. i, i
indicect foaming prepare 0amabie precursor F
remelt precursor i
create foam

sotidify § bam

Manufacturers Cymat, Canada
Foamtech, Korea
ﬂ*l) LER. Ausiria
so-Wire, Japanol
Distribulor: Gleich;, (,Cr' 1any)

alm, Germany
hzlig'ni Auslria
sieich-IWE. Germany
am-un}\. Germany

Manuiactuiers

If ailoy fowms are required, powdercd metals have
to be added to the
"Ahkifgh_f" process}‘ '

by pre- comp"xcunﬁ powder m;\iures to billets,
hcﬂm,r Ehﬁse billels to the semi-solid state and
o
. thixocasting them lo shaped p.ecmsm_p&rts“’,

o

3 by adding blowing agent o an aluminium alloy melt
afier which the melt is seliditied, Ttiis caii be done
in a die-casting machine'! or in an ordinary crucible
i which case, Towever, the blowing agent powders
have to be pre-treated %0 prevent them from
premature decomposition® (“Formgrip”-process).

.

by processing a liguid aluminium spray and
llo\f\mg i(,‘ deposiiion in the presencc,‘of a blowing
agent. )

nal cases a foamable precursor is oblained which
cali be foamed by {re-Jmelting. Foam: making based on
onc of the indirect foaming methods (first iy ilic list) is
now in Lhe stage of & small-scale commercial exploitation
by tne companizs Schunk (Giefen, Germany), Applied
light-weidht materials, alm {Sdarbriicken; Germany)
Innovativer Werkstolfeinsatz {Straisund, Germany) and
the Austrian company Alulighf (Ranshofen)®,

APPLICATIONS
General Concepts

Melal foains have properties whicli niake them
suitable for automotive mdushv which has been
extremely interested in them sincé theyrwere first

developed. “&tcnh_l ‘-mpiicatidns aiso exist in ship
building. aerespace industry and civil engineering’.
The prinvipal functionalities chn be'distinguished as

mix accordingly ["FoanvirAl” or

fallows:

.

¢  Lightideight f*ansrm tion ;. Aluminiom foams can
be used 1o optm,be tlie weight-specific. bending
stiffness of e agmeemg components. The, bending
stifness of flat foam panels is approximately
inversely related 1o foam densify. Light-weight
Lonstruchon exploits tlie quasi-elastic und
reversible part of thc load-deformation curve,

@  Energy Absarpas : Owing to their high porosity
aluminium foams can hbso;b a large quartit}f of
mechanical energy when they are delormead, while
stresses aiC limited 10 tlle compression strengti of
the riiaierial. Foams can therclore acl as impact
energy absorbers which limit accelerations in crash
situations. This mode exploits the horizontal reghme
oi irreversible deformation in tlie load-deformation
diagram. As nh,tc., foams can have muci higher
collapse strengths than polymer-based teams—upto
20 MPa- chy caii find applications in areas not
accessible (o foams up-to-date

%  Accustic aiid Therma! Confrol: Aluminum foans can
damp vibrations and abserb sound under certain
conditions. Moreover, their thermal conductivity is
low while they cali withstand elevated temperatures
These preperties are not outstanding — polymer
foams, e.g., can be much better sound absorbers —
but they could be useful in combination with other
features of the foam. This application makes use of
the internal configuration of @ foam, nime
labyrinth of struts and the asspgialee

Syoids. T

Am Lidl foam is more likely tg'h
jusbone, bt two or even more prapertics ar
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imply that a light-
absorbs energy

True mudi-functionality would. e.g..
weight construction reduces nodse and ¢
in lhe case of a crash,

In most cases a bare foam is net the optimum
solution for a given enginecring problem. Stif f“re%q
0;’:'_:1;;15;1110}1 cafls for sandwich panels mth denise fac

shects rather than for simple foam ,JantIs and foam Cc&Il; o
art vy efficiently if filled into dense me(allic sections or
hailow cast parte which are reinforced by the foam filling.. -

i discuss [our
compasites and corresponding

We shall
aluminiam foam
appiications.

Light- wexght Construction with Alumxmum Foam
Sandwich- (AFS} Panels

The AFS technology developed in 1994 by
Fraunhofer-IFAM in Bremen and Karmasn GmbH, a
German cat builder, is one e}mmpiﬂ of the use of [bams
in conjunction with dense material’®: Sandwich panels
consisting of a foamed metal core and two wetal face
sheets can be oblained by roll-cladding conventional
aluminium sheets to a sheet of [oamable precursor
maferial manufactured from powders. The resulting
conpaszu, cart be shaped in an oplional step, e.g. by
deep drawing. The [inal heal frealment. in which only
the foamable core expands and the face sheets remain

dense, ther ads 0 sand m:l s’truch;rcs '-"‘hmblluy to

cuns%rucu{mdi

differénit “concepts of -+

principies. AFS could re‘"iaw
parts in a car and lead (o
1gh_t_ redt.ctw% At the same time they

also.reduc the nur*a 1 of pu {s in the car frame. <
1educe costs vhilc |

ancls
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dwich part; can be jor neﬂ w*in clions
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signs of damage. There is now a small-scale produciion
of parts for the manufacturer of ihe lifling system,
Teupen GmbH Gronau (Germany). AFS is suceessful in
this case because it allows one io increase tiie lifting
height of the system while keeping the weight below a
certain ihreshold defined by legisiation.

Foam-Filled Tubes and Sections

Another example for atuminiuzm foam applications
are crash absorbers. As insurance companies are
enforeing safety guidelines that protect the passengers
in the event of a collision and also minimise damage
doneto the car and the ensuing repair costs. automakers
have been using the idea of a crash box to nieet these
standards. Such crasli boses are placed betwern the
impacr beam and the front rail of the car. They deforni
to absorb all the energy of a 15 km/h crash. protecting
more expensive froni-end components in addition to the
car frame. One choicefor tlie crash box is an empty tube
thai plastically collapses and in doingso absorbs energy.
The failure mode of rhe tube is to create plastic folds
along tlie length oi the tube at regular intervals. By
inserting an aluminium foani core made by direct
foaming of a melt inte ihe centre of tlie tube-energy
absorption could be increased. Tlic outer tiibe still folds
along its length but tlie number of folds increases: as a
resitlt, tlie energy absorbed by the filled tube is greater
than the empty tabe. Energy is also absorbed by the
foam core and the total energy absorbed by rhe foam-
filled tube is greater than the sum of the individual
energies of the tube and the foam. Figure 2a shows a
-d tibe. Studies done by FIAT and the

Norwegian University of Science and. Te¢
that, along with the improved axial energy
there |s also great mnpmvement of ene

for technological innovarion are sa .ty isgu_e_
must have an underride protection which
pedestrians hit by the Irani to be dragged und
vehicle. This and other considerati>n sets certall
rules which have to be obeyed. At the same iitng,
crash protecton for collisions with heavier Obj

are also sold to other tram manufacturers a
operatoers for refurbishment.
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Aluminium Foams as Ceres for Castings

Yrt another application makes use of the beneficial
properties of Al foani inside a dense aluminium sheil
botli during manulacture and in use after. One starts
I[rom a shaped pari of aluminium Metcomb or Alulight
foam f{indirect or direct foaming). The parts have dense
outer skins and can therefore be used as cores in low-
pressure die-casting during which composites consisting
o a cast outer surface and a light-weight inner core are
Sormed * 7 *¥, Such composites have advantageous service
properties such as higher stiffness and improved
damping compared to the empty koilow parts while their
weights are only marginally higher. LKR {Austria} and
the German car maker BMW have jointly designed an
engine mounting bracket based on siich composites (see

Courtesy : LKR

Fig. 3: Prototype of 2 BMW engine mounting bracket manufactured
by LKW Ranshofen. From left; empty casting. composite part
consisting of foam core und cast shell, section through
composite parl. -

Fig. 3). The produced parts show no noticeable infiliration
of the directly foamed Metcomb core itself by the melt
during casting. it can beloaded with the high weighr of a
car engineand absorbs mechanical vibrations by internal
dissipation inio thermal energy. Stiffness is enhanced
and. as fracture toughness of such composites is high.
these parts also increase safety in crash situations.

Another example for such applications is given in
Fig. 4. Here, an Alporas® aluminium foani core was
processed to a composite part in which the foam is
completely embedded in a dense skin. Sand casting was
used for manufacture. The skin is inade from a
AlZn108i8Mg alloy. whereas the foam core consists of
the typical AlCa1:5Til.5 aloy used by Shiko Wirt Co.
for foaming. The part is designed such that vibration
frequencies upto 370 Hz are damped by internal friction
arid/or interfacial friction betwsen core and skin. 700
nidchines have been equipped with this composite parr
upto now. Neise dampiiig levels upto €0% in the
frequency range mentioned have been achieved. Costs
for tlie part are only marginally higher than costs for
the traditional beam cast with a sand core. Therefore,
the future looks bright for ihis type of application.

RESUME

Aiiumbtr of new metal foaming technologies have
been drveloped in the past decade which riow offer a
widr range o different {orms ol this exciting material.

Fig. 4 : Transverse beam of a machine. Two insets'shew cross sections in differen irection of the beam.
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