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FIl ow curve determ nation of mcro strip with aid
of the plane strain conpression test

Rei ner Kopp, Koos van Putten
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The determination of flow curves by plane strain conpression
testing becones difficult when geonetrical specinen dinensions,
especially thickness, becone small. Therefore, a multi-Ilayered
pl ane strain conpression test is introduced. Experinents show
that plane strain conpression testing of nulti-layered specinen
is an accurate nmethod to obtain flow curves, so that it can be
used for flow curve determnation of small and very thin mcro
strip.

1 | nt roducti on

Moder ni sati on of existing technology and products as well as the
di scovery of new technology and products have resulted in the
devel opnent of nore conpact parts and products. In turn

advancenents have taken place in the technology needed for
m ni aturisation. The products and associ ated know edge have been
applied broadly and in many fields. This has led to an increased
demand for standardi sed parts, nodular parts and seni-finished
products. An often used and broadly applied sem-finished
product is for exanple small and very thin strip. This type of
strip is nostly produced by flat rolling of a thin round wire in
multiple rolling steps. Small and very thin strip can be defined
as mcro strip if its thickness is in the sub-mllinetre range
and its width is inthe lower mllinetre range.

Watch nmaking is a classic exanple of a practical area that has
used diverse mniaturised parts, including micro strip, for a
long tine. Another, nore nodern exanple of the application of
mcro strip are the electrodes in nerve cuffs for peripheral
nerve stinmulation. A cuff electrode is an inplantable electrode
for the stimulation of nerves to artificially replace the
natural human control and directly stinulate nerves or nuscles
[1]. Mniaturised strip material can also be found in other
medi cal equi pment, as for exanple in catheters [1,2] but also in
measuring equi pnent, electronic conponents, sensors and mcro
el ectroni c nechani cal systens (MEMS).
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Mcro fornming processes are characterised by sonme scaling
effects. Under influence of these size effects, the down scal ed
process does not behave proportionally to the reference process
due to changes in naterial properties and process paraneters. In
case of leaving the macroscopic domain, it is concluded that,
due to the size effects, rules for simlarity in netal formng
processes [3-6] are not valid anynore.

Wthin the priority programme “SPP-1138" of the Deutsche
For schungsgenei nschaft (DFG “Mdelling of scaling effects on
manuf act uri ng processes” the production process of mcro strip
is investigated by neans of a finite elenment sinmulation [7] and
is validated by experinments in order to deternine size effect in
the rolling process and study the validity of this continuum
approach in the mcroscopic domain. This article presents the
determnation of flow curves of the strip material, for the
above nentioned finite elenent sinulation, with aid of plane
strain conpression testing.

2 Pl ane strain conpression test

Pl ane strain conpression (psc) testing, put to practical use by
Ford [8], is used to deternmine the flow curve of a material,
represented in a true strain true yield stress curve, by the
conpression of rectangular specinmen between two accurately
aligned platen. The specinmen is conpressed across its width by
the narrow platen that are wder than the strip (Fig. 1).
Assuming ideal plane strain, i.e. no lateral spread, the
deformation of the specinmen occurs in the direction of the
pl aten notion and in the length direction of the platen.
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Fig. 1: Principle of the psc-test. An instantaneous rectangul ar
specinen (left) is conpressed between two platen and
deforns due to the platen normal force (right).

The deformation is (desirable) symretric. After psc-testing, the
speci nen characteristically has a deformed region between the
tools with (alnost) non-deforned regions outside this plastic
region. Due to friction, the deformation in the centre is
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acconpani ed by lateral spread, that disturbs the state of plane
strain and should be taken into account [9, 10].

I nvestigations on the effects of friction, lubrication, specinen
size, spreading and strain rate led to the developnent of a
spread correction factor to calculate the actual breadth of the
speci nen and introduced a correction factor to calculate the
actual flow stress during conpression [11]. A conprehensive
review of all these aspects as well as practical instructions
and tips are given in [12].

Determning the flow stress of a small, mniaturised specinen
with the aid of the psc-test beconmes very difficult if one
sticks to specified ratios between specinen- and platen
dinensions. Mre or less the sanme problem is found in the
uni axi al conpression test. But if one is not able to produce a
massive specinmen, e.g. of sheet material, it is possible to
carry out a nulti-layer axisymretric conpression test [13]. In
order to determine flow curves for mniaturised parts the
axi symetric conpression test can be nminiaturised [14]. From
this, it is concluded that producing a nminiaturised multi-Iayer
psc-test should be possible. Wen the initial thickness of the
strip beconmes thin it is possible to put nmultiple test specinen
on top of each other and conpress them

3 Experinmental setup

For the psc-test, a universal Instron 1195 testing machine with
100 kN press rating is used. Because of the small, mniaturised,
speci nen di nensions, the accuracy of the platen alignment is of
maj or inportance [15]. To guarantee a good platen alignnent
during conpression, the platen are installed in a tw pillar
punch guide (Fig. 2), that for itself is installed in the
testi ng machi ne.

Fig. 2: Cross sectional principle sketch of a two pillar punch
guide with attached platen in width (left) and length
(right) direction.
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The two pillar punch guide consists of two pillars (5), a | ower
ram (2) in which the pillars are fixed; and an upper ram (1)
which noves along the pillars. The platen (3 and 4) are
exchangeabl e attached to the rans. The conpression velocity is
constant and is adjusted to two millinetres per mnute for all
experinments.

To nmeasure the thickness of the specinen (6), the distance
between the two platen is optically registered, the applied
force is neasured by a | oad cell

4  Specinen preparation

The specinen are cut out of conmercial A 99,5 sheet. Massive
and multi-layered specinens, all with a breadth of 28 mm I|ength
of 18 mm and final thickness of 4 nm are nmade out of sheet of
1, 2 and 4 mm The nulti-layered specinmen are divided in two
groups, glued and unglued nulti-Ilayered specinens. At first, the
experiments were carried out with un-annealed specinen. After
that, the specinen were annealed in order to elinnate the
i nfluences of the cold formed mcrostructure and its influences
on form ng behaviour. For lubrication the specinmen were w apped
with Teflon tape.

5 Massive specinens

In Fig. 3, the flow curves obtained by the plane strain
conpressi on of un-annealed and variously anneal ed specinen are
shown.
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Fig. 3: Flow stress of nmmssive speci nen havi ng under gone
vari ous heat treatnents.
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It is obvious that the specinen that isn't annealed (cold rolled
state) has the highest flow stress and besides the (relatively)
high flow stresses there are two recogni sable areas: first there
is a part of the curve where the flow stress increases wth
increasing strain and in the second part of the curve the flow
stress remains nearly constant with increasing strain.

By annealing the specimen they becone softer. Specimen which are
annealed for 20 mnutes at 320 °C clearly show a decrease of
flow stress, although netallographic mcrographs show that
crystals in the core of the specinmen are not affected by the
anneal i ng process. Increasing the tine to 40 nminutes at the sane
temperature of 320 °C worked out well, but did not give the
desired conpl ete honobgeni sation. This is reached by annealing at
340 °C for 2 hours. Athough the mcrostructural difference
there is only a slight difference in the flow curves of the
speci nens of 20m n.-320°C and 2h.-340°C. This may be expl ai ned
by the fact that the material in the core only deforns at high
strains.
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Fig. 4: Force-displacenent diagram of massive speci nen.

To validate the obtained flow curves, the plane strain
conpression test is sinmulated with the aid of the finite el enent
method and afterwards the calculated forces are conpared wth
forces neasured during the tests. The process is a plane strain
problem and therefore nodelled two dinensionally. Eastic
material properties are defined by the Young's nodulus of
70000 Nmf and a Poisson's ratio of 0.34, the mass density is
2700 kg/n?, the <coefficient of friction is 0.01 [16]. The
plastic material properties are defined by the obtained flow
curves fromthe plane strain conpression tests.
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In general, forces calculated in the sinmulation show quite good
agreenent with those neasured (Fig. 4). The calculated force
curves lay for their nmajor part in, or close to, the area of 5%
of the neasured curve. Al of the calculated curves show a
better agreenent at higher strains. This confirns the generally
known fact that plane strain conpression testing obtains nore
accurate flow stresses at higher strains than at |ower strains.

6 Mul ti-1layered speci nen.

In order to conpress nulti-layered specinen glued and ungl ued
multi-layered specinen are tested. During testing it is observed
that unglued specinmen bend open at the rigid regions outside
defornmed region. This results in totally different flow curves
for glued and ungl ued specinens (Fig. 5).
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Fig. 5. Flow curves of un-annealed nulti-Ilayered specinen.

In both, the 2 layered and 4 |ayered specinens, the obtained
flow stress for the specinen that are not glued are ruch hi gher
than the glued |ayered specinmen. The bending that occurs in the
specinen that are not glued effects the psc-test in a negative
way, the unglued specinmen give incorrect results.

The fl ow curves of the un-anneal ed gl ued specinens (Fig. 5 show
big differences between the two and four |ayered specinmen, this
probably because of their mcro structural differences. Specinen
of two and four layers, that are glued and anneal ed (2h.-320°C),
have only small differences in their flow curves (Fig. 6). The
flow curves of the two different kinds of anneal ed specinen are
very near to each other (Fig. 6). The small differences can
(partly) be explained by the fact that the annealing process is
not yet optim sed.
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Fig. 6: Flow curves of anneal ed, glued multi-Ilayered specinens.

7 Concl usi on and outl ook

From the experinments it can be concluded that it is possible to
obtain accurate flow curves, stress strain curves, froma nulti-
| ayered psc-test. In case of concurrent mcrostructure of the
material from which the specinen are conposed, flow stresses
obtai ned from psc-conpression of specinen with various |ayers
will be the sane. On the other hand in case of differences in
the mcrostructure, different flow curves are derived. Fromthat
it can be concluded that neasuring size effects while
m ni aturising the speci nen shoul d be possi bl e.

In the near future there are two facets for further devel opnent

of psc-testing of m ni aturi sed specinens. Firstly, t he
determned flow curves wll be wused in finite elenent
simulations of the flat rolling process of small strips. The
calculated forces and strip dinensions will be conpared wth
experinments. Secondly, by decreasing specinmen sizes with aid of
simlarity, it wll be tried to deternmne size effects. The
effects on the rolling process of these size effects will be

i nvesti gat ed.
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