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Abstract: Micro impact extrusion is investi-
gated at Chemnitz University of Technology
as a potential procedure for large area machi-
ning of micro cavities within the scope of the
SFB/Transregio 39 PT-PIESA of the German
Research Foundation [1, 2, 3]. Applying im-
pact extrusion micro forming is done by mate-
rial flow opposite to the effective direction of
the force into the structure of the tool. There-
fore no structured lower die plates are necessa-
ry, but high forming forces are required. Figure
1 shows a scheme of the tool system developed
at Chemnitz UT. In this tool system modular
micro stamps can be implemented, which con-
sist of several single stamp elements.

In this study COMSOL Multiphysics is
used to analyze the stress in such modular tool
stamps. The results help to redesign the stamp
after first experimental investigations.

Figure 1: Scheme of the tool system for micro
impact extrusion
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1 Introduction

On account of the progressive technical deve-
lopment primarily in the area of microsystem
and precision technologies, metallic smallest
parts, whose structural dimensions constitute
a few millimeters down to some micrometers,
are needed in high numbers of pieces. The de-
velopment of suitable forming technologies is
necessary for a competitive production of such
miniaturized metallic components. Beside pro-
cedures for the production of smallest parts
techniques which allow a defined microstruc-
turing on big surfaces are requested increasin-
gly.

Therefore the Collaborative Research Cen-
tre SFB/TR 39 of the German Research
Foundation ”Großserienfähige Produktions-
technologien für leichtmetall- und faserver-
bundbasierte Komponenten mit integrierten
Piezosensoren und -aktoren“ (High-Volume
Production-Compatible Production Technolo-
gies for Lightmetal and Fiber Composite-
Based Components with Integrated Piezo Sen-
sors and Actuators) works among other to-
pics on the investigation of technologies for
large area microstructuring of aluminium al-
loy thin sheets. Figure 2 shows a scheme of a
piezo-fiber metal module exemplary. To manu-
facture this module cavities should be embos-
sed on a metallic carrier material where piezo-
elements can be inserted and joined.

Figure 2: Scheme of a metal-based piezo module

The known laws for macro scale forming
technology are the basis for the development
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of new technologies in micromachining. In ad-
dition different works on forming technologies
for components with a size of some millimeters
show that the know-how of conventional for-
ming procedures cannot be transferred easily
from the macro into the micro scale. In parti-
cular frictional effects have, with respect to the
rising relation of surface to volume, a major in-
fluence on the forming process [4, 5, 6]. Not at
least down-scaling effects of different process
parameters like material, tool and machine are
content of scientific investigations [7].

Starting from this point investigations we-
re performed at Chemnitz UT for material
flow and the development of a suitable tool
for micro impact extrusion of aluminium alloy
sheets. Firstly the application shown in figure
2 was defined as model geometry consisting of
micro cavities arranged on a surface with a di-
mension of 10 x 0,3 x 0,3 mm3. The pitch bet-
ween neighbouring cavities is 0,5 mm with a
resulting web width of 0,2 mm.

With regard to potential applications in
automotive industry two typical aluminium al-
loys (AlMg4.5Mn0.4 and ALSi1,2Mg0,4) were
chosen as carrier material. The plate thickness
was defined with approximately 1 mm.

2 Impact extrusion for plane
microstructuring

Main focus of the topical work are investigati-
ons on the conventional impact extrusion tech-
nology, especially for the assembly of precision
cavities in thin plates of aluminium. In impact
extrusion the plastic deformation of the work
piece material is achieved by high pressure on
blanks within special tool systems. The high
pressure forces the material to flow in the form
determined by the geometry of the tool stamp.

In case of reverse impact extrusion material
flows oppositely to the stamp movement into
the canals of the stamp and forms the cavities.
Therefore an increase of the metal thickness
(d0 <de) in the area of the deformation has to
be expected as result of the material flow in
opposite direction to the forming force.

The material flow is illustrated in figure 3.
It’s obvious that the most intensive deformati-
on of the material occurs in the area between
the marked lines ABC and DEF. It decreases
in direction of the sheet ground. If the metal
thickness below the formed canals remains big
enough these areas are not deformed.

In addition the material below the surface
of the stamp is transformed only slightly be-
cause of the friction between die and work pie-
ce which impedes a lateral material flow. Fur-
thermore, if the material has started to flow in-
to the gap, nearly no more forming takes place
and the material is only pushed upwards.

Figure 3: Sketch of the material flow with the
reverse extrusion moulding of

canal-web-structures

The design of an impact extrusion process
leads to high demands on die systems, material
and hardness of stamps especially for the crea-
tion of suitable material flow [8]. Basis for the
development of the forming die and the pro-
cess design are the mentioned reference struc-
ture, the legitimacies known in macro scale
laws and the relevant material parameters of
the selected aluminium alloys. The latter were
determined for both aluminium alloys with a
conventional tension and compression test.

To mould the cavities entirely very high
forces are necessary. For a single cavity appro-
ximately 3700 N are needed [1]. Referred to the
dimensions of the cavities a pressure of appro-
ximate 1200 N/mm2 results. Based on these
calculations and the defined specifications the
die stamp was designed.

3 Simulation and design of the
modular forming stamp

The die system shown in figure 1 is incorpo-
rated in a die set. Sheet-specimens can be fi-
xed by a blank holder on a substrate support.
Warping of the test body is prevented by the
clamping during the forming process.

On the guide plate of the die set the mo-
dular forming stamp is mounted. The stamp
structure can be configured modular and can
be adjusted for the respective experiment by
an arrangement of form elements. The single
elements are centered by a distance piece and



braced by means of a wedge system. So several
stamp parameters for example hardness, sur-
face structure, surface roughness or coatings
for one ore more form elements can be varied
by exchanging the elements without making a
complete new stamp. Not at least all die ele-
ments can be disassembled after the experi-
ments for an analysis of wear behavior.

For first experimental investigations on mi-
cro impact extrusion the reference structure
of the stamp was realized by lined up har-
dened steel panels made of 1.2379 with diffe-
rent lengths (17,0 mm & 16,7 mm) and widths
(0,3 mm & 0,2 mm). Because of the known
strong adhesion of aluminium in cold for-
ming processes [9], the segments are coated
with titanium nitride to decrease the friction
and hence resulting reweldings. The negative
trench-web-structure is generated by an alter-
nating arrangement of long and short steel ele-
ments.

The experimental investigations were per-
formed with a stamp which consists of three
long and five short elements. The stamp is
shown in figure 4. A total forming force of 9 kN
was applied.

Figure 4: Photo of the modular stamp with 3
long and 5 short sheets

The result of the impact extrusion experi-
ments is shown in figure 5. It’s obvious that a
material flow in lateral direction to the force
takes places and that the flanks of the cavities
are not vertically formed. In addition seconda-
ry mouldings can be found on top of the inner
webs. Deductive the results were not accepta-
ble.

Figure 5: Result of impact extrusion with 3 long
and 5 short sheets

To get a closer look on the reasons especial-
ly for the slant flanks and the secondary moul-
dings COMSOL Multiphysics was used to si-
mulate the stress in the applied stamp. A main
result of the simulation is shown in figure 6.

In the model all subdomains were defined
as the used 1.2379 by help of the COMSOL
Material Library. On the upper boundaries
the total force of 9 kN was used to define
the distributed load. Referred to the dimen-
sions of the cavities a pressure of approximate
1000 N/mm2 results. The three boundaries on
the bottom of the three long sheets are fixed,
while all other boundaries are free.

Figure 6: Simulation of the modular stamp with
3 long and 5 short sheets

It can be derived from the simulation, that
the von Mises stress in the long sheets is higher
than the maximal compressive stress of 1.2379
which is 3000 N/mm2 [10]. So an elastic and
plastic deformation of the stamp elements can
be verified as the reason for the slant flanks
and the secondary mouldings.



To reduce the stress in the elements two
modifications for the stamp were tested using
COMSOL Multiphysics. Firstly a reduction of
the free length of the sheets from 800 µm to
300 µm was investigated. Secondly clamping
jaws on both sides of the stamp were imple-
mented. The clamping jaws were defined to be
200 µm longer than the structuring elements.

The clamping jaws have two main functi-
ons. First function is an improvement of the
clamping of the stamp elements. In addition
the lateral material flow should be reduced
because the jaws are sinked into the materi-
al prior to the stamp. The main result of the
simulation of the redesigned stamp is shown in
figure 7.

The definitions of subdomains and bounda-
ries are similar to the first model. To improve
the material flow in the stamp the pressure
referred to the dimensions of the cavities was
increased to 1500 N/mm2. That means a total
forming force of 90 kN. It can be found, that
the von Mises stress in the sheets is, despite
the increased pressure, reduced to a value of
about 2000 N/mm2.

Figure 7: Simulation of the modular stamp with
clamping jaws, 10 long and 9 short sheets

After the simulation the redesigned stamp
was realized. A photo of the stamp is shown
in figure 8. All in all the new stamp has ful-
filled the expected improvements. The results
which were achived using the redesigned mo-
dular stamp with clamping jaws, 10 long and 9
short sheets are presented in the next section.

Figure 8: Photo of the modular stamp with
clamping jaws, 10 long and 9 short sheets

4 Impact extrusion as a potential
micro manufacturing procedure

After the successful design of the tool stamp
several experimental investigation on micro
impact extrusion were performed. By help of
forming 10 neighbouring cavities the suitabili-
ty of the technology for a large area forming of
microstructures had to be verified. Furthermo-
re a lot of process parameters for the procedure
and the mould design should be found out.

The experimental studies for impact ex-
trusion were carried out in sheets of the alu-
minium magnesium alloy AlMg4.5Mn0.4 with
thicknesses in a range of 0,8 to 1,5 mm. The
process forces were determined experimental-
ly as function of the metal thickness. There-
for the force was varied in a range from 10 to
90 kN with a step width of 10 kN.

In addition investigations for the reprodu-
cibility of the forming results were performed
with the maximum forming force of 90 kN. Fi-
ve attempts were carried out on every metal
thickness.

Figure 9 shows as one main result the for-
med micro cavities in aluminium sheets with
a thickness of 0,8 mm. The maximum force of
90 kN was applied.



Figure 9: Micro cavities in aluminium sheet with a thickness of 0,8 mm

The SEM images show a steady spreading
of the structure over the whole treatment area.
In comparison to the experiments with the
first stamp construction (figure 5) secondary
mouldings can not be found on the top of the
inner webs. The flanks of the webs are cha-
racterized by a high degree of steepness and
directness. Looking at the edges of the webs,
a slight feathering can be found. Furthermore
it can be seen that the top side of the webs
has a surface curvature and the surface struc-
ture of the rolled and structured basic material
is obvious. Consequently no contact between
tool and work piece and therefore no entire
forming out has taken place in this area. This
shows that the forming force determined by
the known rules of the macro forming techno-
logy is not dimensioned high enough. A possi-
ble reason for the raised need of force is friction
between tool flank and work piece material.

Figure 10: Cavity depth as a function of the
position of the cavity and the thickness (d) of the

sheet with the same stamping force

To analyze the precision of the technolo-
gy the geometry-describing parameters depth
and width of the cavities as well as those of the
webs were determined. The depths are charted

in figure 10 as function of the thickness of the
sheet and the position of the cavity. The cavi-
ties are numbered serially from the left to the
right side. The results show that the attainable
structural depths are dependent on the thick-
ness of the sheets. The depths are varying in
a range from 0,195 to 0,270 mm.

It appears that the cavity is deeper, the
more thinly the basic material is. Furthermore
it can be detected that nearly same deepnes-
ses can be achieved with the thinnest sheet
over the whole structured area. In comparison
a dependence on the position of the cavity is
recognizable moreover with the thicker work
pieces. It is recognizable that with the 1,0 mm
sheet the median cavities are clearly deeper
than outer ones. So it seems that material flow
in the internal region is better than in the ou-
ter caused by the internal stress condition.

In comparison outer cavities are stronger
coined with the 1,5 mm plate. This points out
to the fact that the material in the center area
is pushed in direction of the work piece ground
on account of the internal tension relations.

From the measured geometrical dimensions
a relation could be derived for the form filling
and other characteristic parameters. In spite of
the limited press capacity form fillings up to
90% with the sheets of a thickness of 0,8 mm
and 1,0 mm as well as 72% with the sheets of
a thickness of 1.5 mm were achieved. For an
assessment of material flow the relevant cha-
racteristics parameters for the procedure flow
ration and stamp ration were determined.

Figure 11 illustrates the distribution of the-
se rations for the several sheet thicknesses. For
comparison the original sheet thickness is mar-
ked red. Significant is the increasing thickness
of both thinner sheets. However, no change
of the sheet thickness is detectable with the
1,5 mm sheet plate after the shaping.



Figure 11: Graphic exposition of the stamp ratio
and flow ratio as a function of the sheet thickness

Deductive the internal tension relations in
the thinner sheet plates are so advantageous
that the material is forced to flow contrary
to the active direction of the force into the
flow gap of the stamp. The relation between
flow ratio and stamping ratio is about 50% re-
ferring to the generated structural depth. Be-
cause of the relation between flow gap and
width of the stamp segment which is 2:3 it
results that more material is edged out below
the stamp than flows into the flow gap. Out
of this follows, that a particular material part
is pushed crosswise or in the direction of the
blank’s ground.

5 Conclusion

In this study COMSOL Multiphysics was used
to redesign a modular tool stamp for micro
impact extrusion. The results applying this
stamp indicate the potential of impact extrusi-
on for plane forming of micro cavities. The in-
vestigations show that by means of impact ex-
trusion a large area and reproduceable structu-
ral forming with a high degree of precision can
be achieved. In future COMSOL Multiphysics
should be used at Chemnitz UT, in addition
to the stamp design, to simulate the forming
process for micro impact extrusion and other
micro forming procedures.
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