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Determination of rheological parameters of the Cross model for semi-solid
Al7075 by using parallel plate compression and backward extrusion experiments
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Metallic alloys exhibit rheological behavior similar to non-Newtonian fluids in the semi-solid
Received 26 June 2016 temperature range. This behavior can be described using rheological models. In this study, the viscosity
Accepted 31 July 2016 of semi-solid 7075 aluminum alloy was measured by using the results of load-displacement signals
Available Online 11 September 2016 . . . R . .
obtained from two different experiments: parallel plate compression and backward extrusion. The

Ke : obtained data were used to determine the parameters of the Cross model in a wide range of shear rates.
ywords: . . . . .
7075 minum Alloy The effects of temperature (solid fraction) and shear rate were studied on the viscosity of the alloy. The
Compression Between Parallel Plate results showed that with increasing temperature and decreasing the solid fraction the resistance to flow
Backward Extrusion Test decreases, resulting in a reduced amount of applied forces. This reduction in applied forces results in
Crass Model reducing the viscosity. It was observed that the behavior of semi-solid alloy is shear thinning in which
Semi-Solid Forming . . L N A .
the viscosity decreases with increasing shear rate. Also, the calculated viscosity values of the four
parameters Cross model were in good agreement with the obtained experimental results in a wide range
of shear rates. The simulation results showed good agreement of the presented model for predicting the
rheological properties and flow behavior of the semi-solid alloy in a wide range of shear rates.
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Table 1 Chemical composition of Al 7075 (mass fraction, %)

Si Fe Mn Cr Cu Mg Zn Al

0.333 0405 0.139 0.229 151 225 527 a5l

° Thixotropic

°Backward Extrusion

™ Compression Between Parallel Plate

2 Equal Channel Angular Pressing (ECAP)
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Fig. 3 Microstructure of (a) raw material and (b) ECAPed semi-solid
alloy
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Table 3 Physical conditions of backward extrusion tests and
corresponding shear rates

y (1) Vr (mm/s) Rp(mm) Re(mm)

1127 9

419 8.5

191 100 3 10
94 7.5

789 9

293 8.5

133 70 3 10
66 7.5
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Fig. 5 Variations of force versus ram displacement at 0.5% solid fraction and punch diameters: a-15mm, b-16mm, ¢-17mm, d-18 mm
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