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higher strength 7075 alloy.

HE presence of a few percent of voids in a solid ma-
rial is a well-known result of solidification and pow-
er metallurgy processing techniques. Investigations
"the (almost always) deleterious effects of these voids
ave proceeded on theoretical and experimental bases

d much work has naturally heen foc'ussed on finding
gans for ehmmatmg the porosity.' This paper is-con-
] ned with solids where a different extreme in por051ty
urposefully present. Aluminum base foams have
been known for sorme time? and are best characterized
:golid aluminum alloys containing greater than about
-volume pet voids. The aim of the various processing
chiniques is to obtain a uniform high porosity in a solid
ucture., By analogy with the related cellular forms of
gid polymeric materials,’ the major potential applica-
§ are in the stiffening of low ‘weight structures, e.g.
dwich panels, and in energy absorbing or cushmnmg

The purpose of the present work was to investigate

li¢ influence of several metallurgical parameters on
ithie energy-absorbing characteristics of Al base foams.
“parameters include alloy composition, heat treat-
it 'and foam density. Many of the polymeric foam

ms have been well characterized®® but there are
evious systematic studies of metallie foams. Theo-
cal models which have been employed for interpret-
e load deformation response of foams generally
11m1ted toa bucklmg.analysw of a specific geomet-
11 structure®™** and do not consider other deforma-
henomena or the reasons for the various shapes

e stress-strain curves for different foam mate-

" Several advantages.in-studying aluminum rather
iolymeric foams should alsc be noted. For exam-
.Changes’in the bulk material properties canbe
¢. by heat treatment without concomritant changes

le elastic modulus. In addition, the collapse mode can -
Etermmed dlrectly by . a metallograpmc techmque

* the purposes of the work reported here, it is
‘tant t_o recognize that _s_é;"._reral energy—_absorption
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The ¢ompressive flow behavior of Al, Al-’_7 pet Mg and 7075 Al alloy foams has been deter-
mined in structures whose void fraction varies from 0.80 to 0.95 of the total volume. In all
cases, a greater than linear inerease in flow strength with increase in density was exhib- |
ited, indicating that bending stresses within the foam structure are an important feature of
the collapse mode. The flow strength did not follow proportionately changes in bulk {low
gtrength in comparisons of either alloy or of heat-treatment conditions. Ancillary tensile
and metallographic observations show that this lack of correlation arises because the dif-
ferent foams collapse by different modes with localized fracture becoming dominant in the

The energy absorbing efficiency was found to be independent of foam density for all the ma-
- terials. However, the efficiency was found to be a strong function of the alloy and heat treat-
ment increasing from about 30 pet in Al, to 43 pet in Al-7 pet Mg and to 50 pet in the
solution heat treated and aged 7075 alloy. The increase in efficiency occurs because of

an increase in the propensity to fracture in the higher strength alloys which mtroduces

the potential for a propagating constant-stress collapse process.

parameters are wholly determined by the conventional
deformation response. First, the energy absorbed per
unit volume is simply the area under the stress-strain
curve. A second parameter of interest is the energv-
absorbing efficiency since one desires to transmit the
minimum possible force to. a body posséssing a given
kmetlc energy The efficiency, E, is defined by

f F.dl
0 -
E FiaxL : o [IJ

where the numerator is the actual energy absorhbed
after deformation over the collapse distance / 2ud the
denominator is the ‘‘ideal’”’ energy absorption, g
by the product of the maximum force appiied over thz
collapse distance I, Fp, .y, and the sample length L. Fur
all real materials or devices F,,, depends on the de-
gree of deformation so.the calculated efficiency depends
on the particular values of the stress and strain nsed
for calculation. As will be seen later, the efficiency
usually reaches a maximum at some intermediate
strain and this maximum efficiency is the important
parameter for design considerations. The essential
point for this report is that the shape of the stress-
strain curve wholly determines the eff1c1ency

» I'. EXPERIMENTAL PROCEDURES
" Foam samples* of Al, Al=T pet Mg, and T075 alley

-"*The materials were kindly supplied by the Ethyl Corp., Baton Rouze. La.

were supplied in the form of bricks approximatéi? 12

“in. % 6in. X 5 in, (0.3 mX'0:15 mx 0.13 m) with nominal

densities in the range 8 fo 35 Ibs/ft* (200 to 500 kg 'm™
" Tn addition to the normatl alloying additions and im-
purities, thesé materials contained approximatzsiv 1 pet
Zr as a-residue from the foaming agent. Because of the
foaming and casting technique, the blocks almaost irvar-
iably exhibited density gradients. The avers
was determined on each specimen machined
briek prior to mechanical testing. Comnreqﬂon ‘L’f‘SL':
were performed on an Instron at strain rates of up to
107t 5™ Samples were teqted prlmarl‘y in the as re-
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' . R A LeWPd or “a.s cast” bonchtmn .T‘xe Al= ’7\pct M
Table 1, Sol i i : gand
sble 1, Solution and Aging Heat Treatmants .- 7075 alloys were also tested after solution treating

and aging heat treatments, as shown in Table L

. Treatment -
Sorton BT PP . The foam samnles were examlned by Qonventlonal
Age _ LhSOtF (82°C) twrht mlicrObCOp}T ‘In order to preserve the foam’ Sd‘up
] 8 1/200°F (55°C) ure during the pohshmg operations, a self-curing pl:
073 Solution H/T. 1 B/9DCF (482°C) tic mixture ( scAraldite’”) was first injected into the i
Age 24 1)120°F (45°C) foam.. Typical low-magnification mierographs are
- shown in Fig. 1. The cell sizes determmed from -such

Fig. 1—(a) Structure of alu-
minum alloy foams; (a) atumi:
num foam, density ratio p
0.12; (b) 7075 atloy foam,

[T SReT AR AR SR RPPE PSR/ PP MRV SRR EINE e :
e ) ( - B _ density ratio £ 0.11; (¢) Al-T
: b ! pet Mg alloy foam, density
] ratiop 0.12. °
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Fig. 1—Continued

Table [l. Celi Size Distributions

Foam Density Ratio Mean Cell Size In. (inm)
Al 0.056 0.081 (2.06)
0.145 0.048 (1.22
Al—7 pct Mg 0.069 0.101 {2.56)
0.184 0.042 (1.06)
7075 0.057 0.075 (1.91)
0.187 0.235 (5.98)

micrographs are given for various alloys and nominal
densities in Table II. Higher magnification examination
revealed no important structural differences as all al~
loys showed some small internal porosity and inclu-
sions.

II. RESULTS

In this section, compression results for each alloy
will be considered first and then ancillary results con-
cerning collapse mode determinations, bulk properties
and tensile resulis on some foams will be presented.

A) Compression

‘1) As-cast foams. Typical compression curves for
an Al foam and an Al-7 pct Mg foam are shown in Fig.

2. The Al foam deformed smoothly throughout the en-

tire flow range, i.e., up to ~75 pct strain. In contrast
the flow stress curve for Al-7 pct Mg shows marked
serrations, particularly at the-onset of plastic flow
when pronounced upper and lower yigld points were
often observed. Serrated flow was particularly marked
in the case of the 7075 alloy: When serrated flow was
observed, flow stresses were determined by extrapo-
latmg ﬂlrough the initial yield transient a best average

: METALLURGICAL TRANSACTIONS A

Al FOAM
(.062)

Al-7%Mg FOAM /
059

STRESS
50 PSI
.5MPa

1% 9%

STRAIN

Fig. 2 Flow stress curves for as-cast Al and Al-7 pet iy
foam :

line based upon the peak loads. This technique has
been found to give consistent results for the determi-
nation of flow stresses in the case of the formation
of martensite during the plastic deformation of au-
stenite.'® Measurements were made alse of the '
and lower yield points in order to obtain the ran
stresses over which plastic deformation would cdrur
Figs. 3, 4 and 5 show the flow stress, L.Y.P. and
U.Y.P. as a function of density for the Al, Al-7 pct ’\Ig
and 7075 foams. Over the comparable ranges of den
ties the flow stress for the Al foam was always muc!
less than that for the two alloy foams. In addition, lke
results for the Al-7 pet'Mg and 7075 foams showed
much more scatter than did those for the Al foam
whichever parameter, flow siress, L.Y.P. or U.Y.D. -
was used as a criterion for the onset of plastic deior-
mation and there was a much greater diff
tween the parameters in the case of the 7077
than for the Al-7 pct Mg foam. Both of these eif

_are a consequence of the serrations observed in the
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Fig. 3—~The variationof flow stress with density for Al foam.
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4 -—The variation of flow stress, U.Y.P, and L.Y.P. with
ity for as-cast Al-7 pet Mg foam.

flew stress curves for.the alloys.

The resulis in Figs. 3, 4 and 5 illuminate a discrep-
. ancy hetween the mechanical response of the foams

~ and the bulk alloys. Over the comparable range of den-
~ sities, the Al-7 pct Mg foam is stronger than the 7075
foam; the bulk 7075 alloy however is considerably
stronger than the bulk Al-7 pct Mg alloy, the yield
stregses being approximately 50,000 psi (344 MPa)

and 30,000. psi (206 MPa) respectively. This discrep~
ancy between trends in the mechanical properties of

e foams and the bulk alloys is greatest at the lowest
densities.

" 2) Effect of Heat Treatment. The yield stress of

e 7075 alloy can be markedly affected by heat.treat-
and such alterations in the characteristics of the
bulk alloy offer a useful tool-for examining changes in
the properties of the foam Fink and Smith®® have dem-
sirated that Al-Mg alloys are susceptible to aging
tment, although the strength increases are small
and are accompanied by marked embrittling effects.
Results from the present study are shown in Table TII
far bulk material properties. Samples.of both alloy
foams were tested in either-the solution heat treated
orisolution heat treated and aged-conditions.. Although
flowstress of the solution treated and aged Al-7
Mg alloy in the bulk form was dependent upon the
' ireatment .employed, the changes produced were
I; Table Hi. In the case of the foam, ng differ-
es were observed in the propertles generated by

V() 'UM' GA JU‘JE 2975

“"Table 111, Mechanical Properties of Alloys

20.1'pet Flow. Stress.........

CAlloy - Condition psi (MPa)
Al Cast 7600 (52.2).
Al—7 pct Mg Cast 33,300 (229)

Solution Treated i 29,700 (204)
S/T, aged 1 h/180°F (83°C) 28,900 (199)
S/T, aged 8 h/200°F (93°C) 30,900(212)
7075 ) Cast 49,640 (342)
Solution treated 40,000 (275)
S/T, aged 73,000 (502)
7075 FOAM AS CAST
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Fig. 5—The variation of flow stress, U.Y.P. and L.Y.P. with
density for as-cast 7075 alloy foam.

the two aging treatments, perhaps due to the scatter
in the results. Hence in this work the two aging treat-
ments are not distinguished. Fig. 6 shows the flow
stress curves in the three conditions of interest for
7075 foam. In the solution treated samples, the mag-
nitudes of the initial yield drop and of the load oscil-
lations during serrated flow were substantially re-
duced as compared to ‘‘as cast’’ gsamples. An aging
treatment, after solution heat treating, restored the -
initial load drop, but the subsequent plastic flow, al-
though serrated, occurred at a more constant level
over a wider range of deformation.

The yield stress parameters of the foams as a func-
tion of density are presented in Figs. 7 and 8 for the
Al-7 pct Mg and 7075 alloys respectively. Other than
to reduce the scatter in the results there was little
apparent effect of heat treatment upen the magnitude
of any of these parameters in the case of the Al-7 pet
Mg foam. The major effect of heat treatment in this
case was to make the flow stress curves much
smoother. The U.Y.P, and L.Y.P. of the 7075 alloy
foam are raised by solution heat treatment and aging
heat treatments, Figs. 5 and 8. However, the effect is
not as large as the changes in bulk properties pro-
duced by similar heat treatments, Table III,

B) Collapse Mechanism

In addition to the quantitative results in the preced-
ing section, other observations were made during the
compression tests., For all alloys in all conditions,
the initial collapge occurred without significant change
in the lateral dimensions so the volume of the sample
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Fig. 6—The effect of heat treatment on the stress-strain
curves for 7075 alloy foam.
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Fig. 7—The variation of flow stress, U.Y.P. and L.Y. P, with
- density for heat treated Al-7 pct Mg foam. The dash line is
: the flow stress /density curve for as-cast material (Fig. 4)..

ecreased by a factor of appr-oximatély 2 with 50 pet
eformation.* At higher strains, the Al foam samples

*This is consistent with THé reduction of Poisson’s ratio found in porous solids

ormed from compacted powders.!”

-Showed some lateral expansion whereas the alloy sam-
ples tended to crumble, indicating that in.these sam-

As cast Al-T pet Mg foam samples, whose height was
reater than about twice the lateral dimensions, were
ound to fail by ’large—scale shear across the section

luring compression. After sclution treatment and ag-

ng compression. Both of these observations correlate
Wwith the deformation response:ncted previously in that
arge serrations were associated with the tendency to-~
Wards unstable local fracture.

Metallographic study of compressed foams has

TALLURGICAL TRANSACTIONS A

‘the use of the foams but more importantly

les local fracture was occurring during compression.

ing the alloys tended to crumble into small pieces dur- _

7075 FOAM
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Fig, 8—~The variation of flow stress, U.Y.P, »
density for heat treated 7075 alloy foam. Tiu
flow stress/density curve for as-cast materia

shown the structural collapse modes more
Macrophotographs of Al and 7075 alloy ica
mens, after deformation to various strains i
10 to 70 pct are shown in Figs. 9 and 10 respec
These materials represented the extremes of bieh
observed. In the Al foam, structural collapse sceour
mostly by buckling of the cell walls throuy
tire deformation range and the bucklin
uniformly distributed over thie whole sa
the lowest strains, Fig. 9. In contrast the
collapsed by fracture of the cell walls, ara no D
modes were discerned. Total failure
complete compaction, occurred locm
the surrounding regions as the compre
in a manner analogous to Luders band prepag
Even after 70 pct deformation there were still ceil rs
gions in the 7075 alloy which appeared in e in the
inal undeformed state, Fig. 10.

Further evidence of the difference in v
ior for the various alloys is given in Fig. 11
sile results are plotted for the Al and AI-7 ;
foams. The samples now all fail by localized
and except for the very low density Al foams
stress in tension is less than that in com
a given density of foan.

These results indicate certain practical i'in.

present purpose provide’ 1mportant evidenrce ’;
interpretation of the differences in the coilay
Before considering this aspect.of the aeforn'
sponse of the foams the implications of thess
in terms of energy absorption will be considers

C) Energy Absorption

The energy necessary to deform specime:
25 pet, 50 pet or 75 pet-was calculated frs
under the load-deflection curve for alloys in
heat treatment conditions and densities and the res
are shown for the three alloys in Figs. 12 thru 14
Since these results are directly related to CAARE R
flow stress, the results show trends simil:u" to
in Figs. 3 thru 8. Again, the results do rat »
with bulk flow stress (compare A1-T 1
with heat-treated 7075 alloy-Table [l and ¥
and 14), :

As noted in the beginning of the article, the @t
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peak eff1c1ency a.nd t]us is shown-in Fxg 16 as a func-
_tion of relative density. The results exh1b1t consider- -
able scatter but two important findings emerge. The
‘ g WOl > first is that the relative density has no discernable ef-
vatn (thus the denommator in Eq [1] increases more fect on efficiency in any of the alloys. Secondly, there
“than thé numerator), The peaks dre clearly is an increase in efficiency in the foam composition

proader for the Al foam than for the alloy foams sequence Al, Al-7 pet Mg and 7075 alloy. These quan-
erting the more gradual change in work hardening titative results follow the qualitative trend towards

0.2 in. Smm.

Fig. 9—The structure of Al foam samples after compressions of 10 pet, 40 pet and 70 pet.
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-flatter stresg-strain ¢urves through the same serles -
“of materlals Thus; we reémphagize that the enérgy-., . .
" ahsorbing effICIGHCY is'a function of only the shape of-

e stress-strain curve.

e DGO USSION

A) Collapse Models

Several models have been sugcrested te explam the
‘flow strength of polymer foams.®™** All treat the con-

| an ]
Smm.

Fig. 10—~The structure of 7075 foam samples after

METALLURGICAL TRANSACTIONS A

: __jd'ct that the flow strnnqth depends on i

‘els:First; the flow stress for the- alumn.urﬂ

_sirainec buckling in the cell walls of edges and

predicted from the models is at least an order o
nitude higher than the experimental results. Second

‘the models do not eas ily account for- ‘rhe dmerenr'e m

e g e

i gt iy

1T0%

compressions of 19 pet, 40 pet and 70 pet,
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ENERGY ABSORPTION CAPACITY IN. LBS. WT. 7IN3

n'as & fu action of density is shown as a dashed line.

'mce'the elastlc moduh do not dlffer sxg'mflcantly

.'Th1rd the. models predict higher flow stresses for

tensxon than: for compression in contrast to our results,

present result is thought to arise from the neglect of
the several different mechanisms of collapse for the
foams. Since the foams can.cs Hapse by a variety of

mechanisms, the one whith occurs in a given foam is

-'the easiest one-in “that case. We consider two simple
“{hypctietical) collapse mechanisms as an example. In

both of these, the detailed structure and constraints
are neglected and the foam structure is modelled by
a cube array as shown in Fig. 17.
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Fig, 12—The variation of the energy absorption capacity of Al-
7 pct Mg foam in various heat treatment conditions with change
in density.
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Fig. 13—The variation of the energy absorption capacity of
Al-7-pet Mg foam in various heat treatment conditions with
change in density.
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Fig. 14 —The variation of the energy absorption capacity of
7075 alloy foam in various heat treatment conditions with
change in density,

COMPRESSIVE STRAIN

Fig. 15—The energy absorption efficiency of Al, Al ~7 pet Mg

and 7075 alloy foam as a function of the compression strain.

i) The simplest mechanism of collapse .occurs when
each cell wall undergoes uniform compression. In this
case, the force to collapse one wall is

F=o0-1 : | [2]

where o 1s the bulk compresswe flow strength, ¢ ihe
wall thickness and. ! tha wall Ylougée<Ene collapse
stress of the foam, of; is given by the product of F
and the number of cell wallg per unit area, N, ; for

- the cube array, N,, is simply given by

N, =1/ . 2]

. METALLURGICAL TRANSACTICNS A

o a.nd thus '

“the bulk ailoy. This simple mechanism p:

- bending of preformed hinges at cell edges {Fig.

[
2z

w 60 \ I. Treat =,

Y e 7075{30 rea se&Agad =095
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of =ol/l =o¢p -
where © is the density of the foam relativ

the strength of the foam is linearly proportional & oo
density, which is not in agreement with the present re-
sults (Figs. 3 thru 8}.

ii) For the case where collapse ocecurs due I

TN,
the load to bend a single hinge is™
ot 1 -
Frn=2 =% 7
where L is the lever arm (I/2 for simple case in Fig,
17). The flow stress is now the product of 7 [
number of hinges per unit area, Ny, where ,‘."
portional to 1/1%. For compatible collapse, at
hinges are needed for each cell wall. If & = 3/, thr
flow stress of the foam is given by
Or = 2 f_ = 20 2 . . T
if o= a lz = @ . 17

Although the predictions from this model are in fair
agreement with the results for the Al foam, the over-
simplifications employed for both the structure anc
collapse mode render this agreement merely now
However, the hinge collapse mode predict
than linear dependence on relative density found in ]
of our results.

More reasonable deformation collapse modsls
involve combinations of the ahove two cases
to define properly the collapse process in ihe
three dimensional structures. Howe\ er, none
would be sufficient to treat the results for the Al-7
Mg and 7075 alloy foams because all such combin

80— 1 T
7075
60 — o a )
- o o a 2
- a o e @ & :
b 40— & sol. Treated ;
€ [ oSol Treated & Aged 7
- .05 0.10 0I5 T
> | T i
s 59 R . o 1
W <><>§ °& °° i
© 40 7o o -
™ ° _ :
|18 6 i
W 30 b ° s, s
X “ |
3 .
i
G- A AL .
© Al /Mg ;
0 1 i j
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Fig. 16—Peak efficiency »s relative densiz_v for the Al Ab.7
pet Mg and 7075 alloy foams,
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FOAM CRUSH MODEL

Tear

Fig, 17 —Model simple-cube foam structure.

nwredict that the flow stress of a foam is proportional to
the bulk flow strength. Qur results clearly demonstrate
the opposite, 7.e., that foam flow stresses are not pro- -
nal to bulk flow strengths. In addition, the eol-

ie observations reveal that in the alloy foams,
c1 i3 not the only collapse mode since frac-

ture becomes iniportant (Al-7 pet Mg) and then domi-
nani (7075 alloy) at higher bulk flow strengths. Thus,
collapse mechanisms involving local fracture must be
treatved. When this is done, the foam flow strength be-
proportional to the fracture stress and strain

2 of dur strength), Quantitative comparisons
erimental results with such models are not
fensible due to the difficulty in-reliably measuring the
ure paraineters in truly comparable as-cast R
uctures. However, the basic qualitative trends in
fuzm flow sirength are consistent with the reasonable
expactation of reduced fracture resistance in the higher
strength alloys. It should therefore, be recognized that
mechanical properties of a foamed material will not
have a unique relationship to specific bulk properties
but instead that the relationship will depend on the op-
crative collapse mechanism. Thus, the material prop-
eriies have a two-fold effect on the properties of a
foaw. First, the properties (along with structure) de-
mine the collapse mode. Secondly, for a given col-
mode the bulk niaterial properties enter directly
n with structure) to determine the collapse loads.
A schematic representation of these effects are shown
in Fig. 18,

-

B) Energy-absorbing Efficiency

The ditfferences in energy~absorbing efficiency noted
for ihe various alloys can also be rationalized on the
busis of the different collapse mechanisms which oper-~
ate, The key-to high energy absorbing efficiency is to
have large~sirain deformation processes occur at the
.ine load ievel in various parts of the structure.
Although the controlling event ideally will not vary
‘with position inh the foam, in practice the specimen-

0= VOLUME. 6A, JUNE 1975

" 'STRUCTURE AND PROPERTIES OF FOAMED METALS

GEQOMETRY~
CONFIGURATION I
‘I' : FOAM
COLLAPSE MECHANISM PROPERTIES

T F(X, X)
BULK MATERIAL |

PROPERTIES
Fig. 18—Interaction of structural and material parameters in
the establishment of the foam properties.

platen interface provides the weak link where the col-
lapse process can be initiated. ' At this interface the
cell walls receive their mutual support from one side
only, so that the structure in this region tends to be
intrinsically weaker than that in the interior. I the
bulk material is malleable, the cell walls will buckle,
and by analogy with the edge-wise col'Iapse of a plate,‘_B
will continue to support an increasing load until col-
lapse is initiated in another region in the specimen,
which may be in the interior. The Al foam thus col-
lapses by inhomogeneous deformation in randomly
dispersed local regions, with a trend for continuing
collapse to occur at an increasing stress. However,
if the collapse mode involves fracture, the collapse
zone generates a new free surface at which further
collapse can start. Hence in brittle foams, deforma-
tion of the specimen usually occurs by progressive
collapse from a free surface into the interior of the
specimen. Since subsequent deformation events are
closely similar, one expects a flat stress-strain
curve in this case. The analogy of the results in Fig.
10 to Luders band propagation (at almost constant
stress) is again useful.

The interaction of structural and materlal charac-
teristics which determines the foam properties, Fig.
18, is highlighted by the tensile results on these metal
foams, Fig. 11. The present results dppear to be in
direct contrast to the response of polymer foams, in
which the tensile flow stress apparently always ex-
ceeds the compressive flow stress.'®'® For flexible
polymer foams, this difference is very large, but is

. greatly diminished with an increase in rigidity of the

foam. However, these reported results have only con-
sidered one particular density in each case, and as

can be seen in Fig. 11, the observed flow stress dif-
ference between tension and compression depends upon
the density of the foam. In particular, as plastic defor-
mation, rather than fracture, tends to dominate the col-
lapse process in the foam structure, so the tensile
stress tends to increase relative to the compressive
flow strecs.

CONCLUDING REMARKS

The results presented here have some implications
io the potential application of foamed metals. The ten-
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sile results show that particularly for the higher
strength alloys the foams cannot be used in situations
where tensile stresses operate—e.g., bending. In com-
pression, we found the energy absorbing capacity to
increase more rapidly thanlinearly with density in~
creases so the specific energy absorption capacity
(ener-gy absorbed per unit weight) increases with den-
sity. Since the energy absorbing efficiency was inde-
pendent of density, the results indicaté that more ef-
fective designs are possible with the higher density
foams. A comparison of the behavior of the various
alloys studied also indicates that a compromise be-
tween the tensile properties and the energy absorbing
efficiency in compression must be made since the ma-
terial with the best tensile behavior (Al) has the least
efficiency in compression.

Perhaps more importantly, the present results pro-
vide a framework for suggestirng ways to-improve
these materials for energy-absorption applications.
The first requirement is to obtain foams with a more
regular cell structure (accomplished in polymer foams
by using a surfactant in the foaming process). Higher
uniformity will directly recult in an inerease in energy
absorption efficiency since this was correlated with
epeatable collapse forces throughout the structure.
Greater uniformity would also:lead: to an increase in
ﬂow stresses by eliminating the weakest points. Fur-
ther significant increase in flow strength and thus en-
érgy absorbing capacity should occur with improve-
ments in the fracture resistance of the as-cast mate-
rials, because in the strongest available foams, the
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‘colldpse mechanism largely consists of local §

..}Hcal in bending or long-column cormpression. anplica

12,

recit
rather than plastic deformation. Increased resistance
to fracture would also aid in making the {oams prarc-

tions, which are currently not feas1blc due to gre
fractures. ’
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