Aluminium foam sandwich (AFS) -
ready for market introduction
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A novel production process for aluminium foam sandwich panels (AFS) is described.
As an example for a serial application of AFS a support for a mobile telescope arm on
a small lorry is presented and discussed.

1 Introduction

AFS are sheet-shaped structures comprising two layers of aluminium sheets and a core
of aluminium foam in between giving the structure a high degree of stiffness (Fig. 1). As
raw product for the manufacture of AFS pre-manufactured sandwich precursors are used
[1,2]. In contrast to the final AFS structure, the core layer of the raw product consists of
compacted aluminium powder having a density of almost 100%. Already in the raw
product, the core layer is metallically bound to the external sheets without using any
adhesive. This raw product has the appearance of conventional aluminium sheets and
allows almost the same methods of reshaping as ordinary sheet material. During the actual
foaming process, the raw product is heated up and the core is transformed into a liquid.
Simultaneously a gas releasing additive causes the core to expand resulting in a porous
core structure on cooling. By adequate control and modification of the process parameters,
the porosity of the core layer can be adjusted according to the specific demand of the
application.

Fig. 1. Section of AFS material.

2 AFS production at alm

Despite strong efforts in industry and research, so far the manufacturing methods
available for AFS did either not allow for series production of AFS or resulted in a poor
reproducibility of the material. Based on our long experience, a new method of
manufacturing was developed overcoming the problems existing so far. Fig. 2 gives a
short schematic description of the manufacturing process. The route consists of
compacting mixtures of aluminium alloy and blowing agent powders and to bond them to
face sheets in one step. After this the structure is mechanically processed to the desired
geometry and foamed.

Applied Light-weight Materials (alm) was founded in December 2002. Its head
quarters are located on the campus of Saarbriicken University, with a preliminary
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production site close to Osnabriick. The company has specialised on AFS technology.
Beside the actual manufacture of AFS material and structures based on AFS, alm has the
capability to supply its customers with full engineering support for all aspects of AFS
application including material selection, stress and strain analysis and 3D-CAD. The
company’s principle is to supply a complete technical solution — not just a product.
Currently a new production site is being set up in Saarbriicken allowing alm to further
extend its production capacity. In this way it has become possible to go into series
production with AFS now.
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Fig. 2. Production process for AFS as developed by alm GmbH

Giving the example of a product application, the support of a telescope arm mounted
on a lorry, we will demonstrate how aluminium foam sandwich parts can be optimally
manufactured and how the final product should be designed to make the most of the
advantages inherent in the material in order to create an economically competitive
product. In this example, we will compare a regular assembly group with an optimised
AFS assembly group with respect to their mechanical characteristics and the production
process.

3 AFS properties

During the last decade a number of companies and research facilities all over the world
have shown high interest in the development of AFS. To one part the interest shown was
and is due to the specific material properties expected, namely the

» low material density,

> high material stiffness,
» good impact resistance,
» high energy absorption.

Although those properties can also be found with other sandwich materials, AFS
shows advantages which can hardly be beaten by any sandwich structure commercially
available today. While most sandwich materials allow only limited variations in geometry
and shape, AFS can be reshaped in almost the same way as conventional metal sheets



applying the same tools and manufacture steps (Fig. 3). This fact opens a wide range of
potential applications for AFS.

Moreover, in contrast to most other sandwich materials for AFS the individual layers
are not bound together by any adhesive but have a metal bonding resulting from the
specific manufacturing process. This absence of adhesives makes AFS suitable for
manufacturing steps involving elevated temperatures including joining procedured such as
welding.

Fig. 3. 3-dimensional AFS-part [3]

4 AFS - advantages for industry

Today’s cars still show a strong functional separation of individual structures. As an
example, one can refer to the load carrying structure of cars on the one hand and their
external contour on the other. A considerable reduction in weight and also in production
costs appears to be possible if one succeeds in unifying various functions in a single
structure. This is where the strength of AFS is found. While reshaping of the material as
well as joining fits into conventional manufacture as known from metal sheets, AFS can
unify a number of functions which today are still fulfilled by different functional
components (Fig. 4).
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Fig. 4. Application areas of AFS.



This is one reason why a number of projects in the European car, shipping, train and
aeronautical industry have been initiated which examine potential applications of AFS.
However, the main draw-back in all of these studies appears to have been the availability
of the material. This problem we consider as being solved with the latest improvement of
manufacturing technology.

One of the most important aspects of a successful AFS application is an optimum
exploitation of the material characteristics. Fig. 5 groups the characteristics of AFS in
various categories, namely "unique, better, equal or poor" in comparison to existing
engineering solutions. Surprisingly, the characteristic feature “weight reduction only
achieves an "equal or poor". The reason for this is that AFS was not developed for
extreme light-weight construction but for optimised processing characteristics and
economy.

When looking for an AFS application, one should first check, whether a conventional
solution like a sheet metal shell structure/construction, a frame structure/construction or a
common honeycomb structure does not already lead to a satisfactory result. In such a case
one would only chose AFS for considerable advantages concerning processing or costs.
As shown in Fig. 5, the application of AFS makes sense if two ,,unique* characteristics
can be combined.

The current cost situation with AFS suggests an application only with combinations of
at least two “unique” characteristics in order to replace conventional solutions and to
guarantee a considerable technical and economical advantage for the user.
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Fig. 5. Advantages by using AFS



5 AFS - state of the art

As first real series application of AFS, the support of a telescope working platform, has
emerged from many design studies. The goal at the beginning of the project was to
develop a working platform mounted on a small lorry with a total weight less than 3.5
tons in order to comply with the new and more restrictive weight limits of European
driving licences. At the same time a working range of 25 m was required. At first, these
requirements appeared to be not feasible by conventional technologies. After a careful
design analysis in co-operation with the end user at the beginning of 2003 an AFS
prototype could be built and intensively tested. The series production giving the end user
an important advantage over his competitors on the market. Due to the application of
AFS, his working platform is the only one on the market having a range of 25 meters and
fulfilling the 3.5 tons weight limit.

Fig. 6. Support of a working platform made of AFS.

Three development steps had to be taken:

First, a virtual prototype was developed using suitable software (Fig. 7). We
developed a conventional structure without AFS in parallel in order to be able to compare
weight and processing expenditure directly. The support structure made of AFS proved
not only to have weight but also processing advantages. The steel variant had a weight
disadvantage of 95 kg, compared to the AFS structure.
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Fig. 7. CAD model of the support structure

The second step was the calculation of the support of the telecope arm. Best results
were obtained with an idealized sandwich structure with solid elements for the kernel and
shell elements for the surface layers. The kernel should consist of at least two solid
elements. The results of these calculations are given in Fig. 8. Areas with high stress are
represented in light colour. The testing loads were 65 kNm at the lower part and a side
impact at the top pivot of 1.4 tons. The calculation showed that the deformation of the
AFS structure was 15% less than that of the steel structure. The alternatively calculated
aluminium frame structure did not withstand the stress at all. This comparison proves the
potential of AFS when correctly applied.

The third step was the construction and test of the telescope arm support support (see
Fig’s 9 and 10). The maximum permitted operational loads were exceeded by 150% - in
the construction as well as in the calculation - and were applied in the statistic and
dynamic tests.

Important advantages showed up in the processing of AFS, e.g., a complex welded
structure could be established without having to take into account the usual problems with
welding distortion. Fixtures were needed only to a minimal extent, since the aluminium
foam core has only a low heat conductivity and serves as a kind of fixture itself, avoiding
a distortion of the parts.
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Fig. 9. Manufacturing of telescope arm support.
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In the tests, the stress was measured with elastic measuring strips at significant points
of the assembly and compared to the calculations. The difference to the calculated results
was max. 5 MPa. The load collective for the fatigue limit test was taken with 150 % of the
maximum operational load. The load frequency of 40000 load changes was exceeded by
250 % and even then the AFS structure didn’t show any cracking.

~E L

Fig. 10. Fatigue test on telescope arm support.
6 Conclusions

The given example of the telescope arm support shows that an application-driven
material development which is optimally adjusted to the construction inevitably leads to
success. This was the first series production of an AFS part. This is especially remarkable
because the material costs are by far higher than those for a steel structure. Easier
processing and better mechanical properties were decisive in this case. It also became
evident that simple replacement of components by AFS is not feasible: the complete
construction has to be redesigned. A new material does not only have to have better
characteristics than standard materials such as steel or aluminium but also has to fit into
the manufacturing process in a better way to make success on the market possible.

References

[1] J. Banhart, Prog. Mater. Sci. 46, 559-632 (2001)
[2] W. Seeliger, MetFoam 1999 and 2001 proceedings
[3] Courtesy by Karmann GmbH, Osnabriick (Germany)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <FEFF006d006500740066006f0061006d00200032003000300033>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


