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The objective of the experiment is supplying information, which will allow accurate
and reliable determination of the friction coefficient and rheological parameters for
two phase materials. The flow of these materials depends strongly on friction
conditions, which are very sensitive to the temperature and slip velocity between the
tool and the die. The conventional methods of determination of friction coefficient are
often not reliable enough. Such tests as ring compression are often difficult to
perform, particularly for the thixoforming processes.

The present work is focused on searching for the tool design in combined process
of direct and indirect extrusion (determination of parameters: two rams’ angles — a, 8
and two gaps between the ram and the die — g1, g> as shown in Figure 1), which will
constrain free spread of the material and which also will involve flow of the material
sensitive to friction conditions and to material’s rheology.

Figure 1: Schematic illustration of tools and the sample before (left) and after deformation (right)
OPTIMIZATION PROBLEM
The objective function of sensitivity to friction was defined as:
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Finite difference approximation of the derivative in equation (1) is used:
oH (a) - Hoo ~Hoos
ou 0.15
where: Ho 2, Ho.0s — values of the ratio H calculated for the friction coefficients 0.2 and
0.05, respectively.
FORGE 2 code was used for simulation of the investigated process. The rigid-
viscoplastic flow rule was applied with the flow stress given by:
0, =3K{1+are") 3)
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where:
The second part of analysis aimed at determination of sensitivity of ratio H and
extrusion load F to the rheological parameters with the objective function defined
as:
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Finite difference approximation of the derivative in equation (4) is used:
oHa) _Hx-H, 0dFla) _Fx—Fj 5)
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where: Hss, Has, Fas, Fa5 — values of the ration H and extrusion load F calculated for

the rheological parameter K 35 and 45, respectively.

RESULTS
The following process parameters were assumed in optimization of function (1) and

(4): material aluminium, constant die velocity 1 mm/s and Coulomb friction law. The
search was constrainedto 0 < a<30°,0< <30° 2<g; <30 mm, 2 <gy <30 mm.
Hooke-Jeeves method was used in searching for maximum of function (1) and (4).

Sensitivity to friction
The following results were obtained: a = 0° (at the boundary), 5=0.64°, g1 = 27.66
mm, g> = 2 mm (at the boundary). Figure 2 shows the shape of the cost function (1)

for two parameters constant, a= 30° and g;= 27.66°.
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Figure 2: Shape of the cost function (1) for constant values of ¢ = 0° and g,= 27.66mm.

Sensitivity to rheology

The following results were obtained: a = 7.5°, f=0° (at the boundary), g = 15 mm,
g2 = 2 mm (at the boundary). Figure 3 shows the plot of the cost function (4) for two
parameters constant, 8 = 0° and g>= 2 mm. It is seen in this figure that the cost
function is not smooth in the surrounding of the maximum. Schematic view of
optimum dies for two investigated cost functions is shown in Figure 4. It is seen In
this figure, that maximum sensitivity to friction and to rheological parameters is

obtained for different shapes of dies.
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Figure 3: Shape of the cost function (4) for constant values of a = 0° and g,= 2mm.

I

+
|
|
|
|
|
|
|
|
|

L

a) | b) N
Figure 4: View of the tool, which gives the largest sensitivity of flow to the friction coefficient (a) and
the rheological parameter K (b).
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