
m i i i  iiietailic !oariis a r e  k n u w ~ i  to Iiave niaiiy 
i i - , t c r ~ : i n ~  ~oii1hii13tioiis oi differcct properii?j sccii a s  
jli<,i.  ,t,,L ,.iiii.2kss q .  j',,~. in c:oii] iiiiciion .wit!l vci-y lmv slxCfic ,wi,g;,: 
or iiigii coiiiprcssion sirciigllis coiiiliincil wiiii c ~ a d  
eiicrqv , . absorptioii cliarac!rristic.s. Far tliis reasoi:, I ~ C  

iritercst in  tliese m a i e r i ä k  i s  still  increasi i ig .  'Th? 
iiei.i.iopnic:i~ of inetiii foaiiis i s  deccribed in rei;ic;: 
artiiles alid co~fci-eiicc ijrucydirlgs'".  A didicated w i b -  
page o i l m  up-to-date iiiforniation". The preseiit pa;)cr 
will be iesiricied ro closed-cel! aliiiiiiiiium foacis ivtiiih 
liavr a goud pote:i:ial for inarkc! iiitrüducIiori. Wc s h d i  
f i r s t  i,riesv ~ y , ? . .  e n  ~ ~ i i f c u r i i ~  rouies aiid thcii 

h 

discuss appi ir~!ions.  

contaiiiin< iiniforinly dispersed S i o i r i q  2gci;t paiiicies. 
iiio,st!y tiiai~iuiii  hydride. Upon nidiin:! iiiis ; r i c u r i o r  
cxpai;ds and forins a Soani. 

Eirect Foaming o i  Me:!s by Gas Injeciiüz 

Foaining aluininium or aluniiniuiii ailays i:! gas 
in jec t ion  i s  a l r e a d y  in  t h e  s t a t e  oi' ioi i i i i ie i i ia i  
exploiiaiioii'. Silicon carbide.  aIuiiiicitii:i rxid: e r  
~iiagiicsi!ii»~o:~i~lc particlcs a i e  useO io ci!ii.:::ce ic;im 
si:ibiiity, i l ius making thc alloy foaiiiable. Tlic i-nlii~iie 
f rx r ion  of tlie r e i n @ r c i n ~  particles iypically r.ikCs fruiri 
10 to 20°i0: ihe meaii pariicle size koiil Y tc 20 p:i. Gas 
injectioii [usualiy air! is iloiie tnrougli sprcidil!; des ige t l  
roiütiiig iiiipellers or vihrating nozzies. T!x r m l t a n !  
foam acLiun!ülates 011 iop of tlie liquid froii! v:hcre ii can 
ix pulled off, e.g. Wtl: a conveyor bel!, and is iller! 
ailowcd to cooi arid solidify. 



3 hv addii:: i~lowing ageiii to ;I!; aluiiiiniiiin ailoy iiidt 

alicr ii.iiidi ihc iiicli i s  sc!ii!i:i:d. Ttiis caii he done  
iii a dic.castini; :iiiiihir~e" or in an  o r d i n a q  ~ru[ibl i '  
iii miiich casc-. i :oi i rpr ,  ille 1)lowing q,eiit powders 
ha i i :  !C :!L p r e - t r e i t c d  Lo prevc:!t rlieiii fi-oiii 
r)reiiia:iirc decoiiiposiii!,:il? !"ior!irgr~~?"~pinccssj, 

lii ail c m x  a foaiiial~le precirrsor is ol~iained w'nich 
caii b:: foi!licd 11y [re-]iiirI!iii?. F ~ a i i i  111~11tinp bascd on 
onc oi  :Ire iiiciircci ioair i i~g i!i~I1!ods ifirst in ilic Iist] is 
iiam in the s t a p  of a siiia!l-xai: c o ~ i ! ~ i ~ e r ~ i a l  expbitation 
ijy tne companirs Scliiiiik (Giepen, ~ e r i n a n ~ l .  Applied 
Iiglit-wcigiit maicrin1s. aliri (Saai-brückeri, Gerniaiiy! 
li?:iovativer \Vcrksiol'kii:satz (Straisiini,  Cernany]  and 
ihs  Austrian coiiipaiiy Aliiiigt~t (kmsIiofenjG, 

Generai C o n c e p k  

$ l,igiit-&piil Yo!~strucrioii : Alunii:!iiiiii ici;iiiis . . car: 
be uscd to o p t i n i s e  tlie iicight-speciiid.~bending 

i ! stiffness of engineering c o i i i p ~ e n t s .  Thel i t r iJ i i ig  
. . 

s i i i fness  of flat foam panz ls  is approxii)aiely 
in ie i se ly  rclated t o  foain dens i iy .  Li'ghi-i~wiglii 
c o n ~ s t r u c t i o n  c s p i o i i s  tl ie q i i ä s i - d a s t i c  und 
rev&bie part of the load-deforiiiatioii cuive. 

,. . .  
r E i i ~ r g g  ~ b s o r ~ t i o ~ i  : Oviiiig 10 their liigii porosity 

aiuiniriiiirii foaiiis can ab iorb  a large qu;iriLilj; !J[ 

iiieciianical energy ii.Iicii :!:C!; a re  deforri;i::l, ,v:!:ile 
stresses a i c  1i::iiicd to tlie co~iilixsriiji! s i i i i igth 01' 
i!ie riiaieria!. Foanis can tliercinre act as ir.ipn!t 
ecci-gy absorbers iiiiich limit acc:icrnlioiis in ciasii 
siri!ntions. Ttiis niode :xpioi:s ilic liorizonial i e g i x  

G 
oi i i i e ~ ~ e r s i b ! ~  deforination in tlie Ioad-tlc:0:;:iation 
diagrairi. As meta! foaiiis can have riiucii iiigher 
coilapse strci;gttis ihan polyiiicr-hsed ioaiiis-upto 
20 MPa- tiicy caii find appiica:ioiis in ai-c:is iioi 
nccessib!e lo hai i is  up-to-date. . ,. 

r Acousilc aiid Tliernin! Conti-oi: A!unili?i!rn foziiis c.m 
darnp i-ibratiom ai?d absorb sounti under ccitaiii 
coriditioris. hforcover. their therciai co!:durtivity is 
low w!:ilc iliej, caii wiilista:~:! elwated ieinpi;ratiirrs. 
These properlies are  not outstandiiig - poiyiiiri 
foa:ns, e .g . , can  lie iiiucli bettcr souiid absorbirj. -. 
iiiit ihcy could I)? iiscfiil ii i  coixbinatioii witii iitiicr 
icatui-es o l  tke h i i .  Tiiis applicaiiori iiiclies m e  oi  





signs of dainage. These is now a small-scale produciion 
of p a r k  for the  manufactiirer of i h e  lifting System, 
Teupen GmbH Groiiau (Gerniany). AFS is successiul in 
this case because it  allows one io increase tiie lifting 
height oi the systein while keeping the weight below a 
certain ihreshold defined by legislation. 

there is also great in 

Foam-Filled Tubes and Sections 

Another example for aluminiiim foam applications 
a re  c rash  absorbers .  As i n s u r a n e r  companies  a r e  
tnf0King safety guidelines that proteci the passengers 
in the ei-ent of a cullisioii and also minimise daniage 
done to tiie car and the ensuing repair costs. automakers 
nave been using the idea of a crash box to nieet these 
s tandards.  Such crasli boses are placed betwern the 
impacr beam and the front rail of the car. They deforni 
to absorb all the energy ol a 15 km/h  crash. pratecting 
iuore expensive !ro:it-end coinponents in addition to the 
ra r  frame. One choice for tlie crash box i s  an  einpty tnbr  
thai piastically collapses and in doing s o  absorbs energy. 
The failiire mode of rhe tube is to create plastic Solds 
along tlie length o i  the tiibe a i  regular iiitervals. By 
insertiiig a n  a lumin ium foani core inade by direct  
ioaming of a meli i11to ihe centre of tlie tuhe-enrrg- 
absorptiou could be iiicreased. Tlic outer tiibe still folds 
d a r 3  its length but tlie nuiiibcr of folds increases: as a 
result. tlie enerfy a b s o r h ~ d  h!~ ilie filled tube is greater 
tliaii thi. empty tnhe. Energy is also absorbed by the 
foam core and the total energy absorbed by rhe foani- 
filleti tube is greater than the suni of the individual 

Meta1 Foams as Reinforcement of 

Crash absorbers a rc  also requi 
vehicles. One example a re  r a i l c a r ~ ' ~ .  
for technological innovarion are s a  
m u s t  have a n  under r ide  protectio 
pedestrians hit  by the  Irani to b 
vehicle. This and other considerati 
rules which have to be obeyed. At the 
crash ~ r o t e c t o n  for collisions with hea 

eiiergies of the tube and the foam. Fieure 2a shows a 
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Aluminium Foams as Gores for Castings 

Yrt another application makes use o i  the beneficial 
properties of Al foani inside a dense aluminiuin shell 
botli during manulacture and in use aiter. One starts 
lrom a shaped pari of aluminium Metcomb or Aliilight 
foam [indireci or direci foaming). The p a r k  have dense 
outer skins and can therefore be used as cores in low- 
pressure die-casting during which composites consistiiig 
of a cast outer surface and a light-iveilht inner core are 
Sormed l 7  '! Such composites have advantageous semice 
properties s u c h  a s  higher  s t i ffness and  improved 
damping compared to the empty hollow parts while their 
weights are only marginally higher. LKR (Austria) and 
the German car maker BMW have jointly designed a n  
engine mountinc bracket h m 3 d  on siich composites (see 

Fig. 3: Prototype of a BMW engine mounting hrackct manufäc.tured 
by LKW Ranshofm. From ieft; empty casting. compositc part 
consisting of foam rorr und casl sheil. section thrhrough 

Fig. 3). The produced parts show no  noticeable infiltration 
OS the directly foamed Metcomb core itself by the melt 
during casting. it can be loaded with the high weighr OS a 
car engine and ahsorbs mechanical vibrations by internal 
dissipation inio thermal energy. StiSSness 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, a n  Alporas" aluminium foani core was 
processed to  a composite par t  in which the  foam is 
completely embedded in a dense skin. Sand casting was 
u sed  for m a n u f a c t u r e .  The  s k i n  i s  inade from a 
AlZnlOSißMg alloy. whereas the foam core consists OS 
the typical AlCal.STil.5 alloy used by Shiko Wirt Co. 
for ioaming. The part is designed such  that vibration 
irequencies upto 370 Hz are damped by internal friction 
and/or interfacial friction betwsen core and skin. 700 
machines have been equipped W h  this coinposite parr 
up to  noiv. Noise dampiiig leveis up to  60% in ihe  
frequency range mentioned have been achieved. Costs 
for tlie part are  only marginally higher than costs for 
the traditional beam cast with a sand corc. Thereiore. 
the fiitiire loolts bright Tor ihis type oi application. 

RESUME 

A iiumbtr OS iiew meta1 foaiiiing tecliiiologics har r  
beeil drveloped in the pasr decade whicli riow offrr a 
widr raiqe of dif imii t  fnriiis ol thic cxciiii:: iii,i:rrinl. 
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