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Deformation mechanism of
multi-pass equal channel angular extrusion for round-workpieces
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Abstract: Multi-pass equal channel angular extrusion (ECAE) processes for round workpieces were investigated by using numerical
simulations and experimental studies. The single-pass ECAE is a non-uniform shear deformation process in the cross-section of the
workpiece. The different processing routes for equal round channel angular pressing process were conducted by using node mapping
method in multi-pass pressing. The effective strain distributions of different processing routes are obviously different. The grains in
the workpiece are refined obviously after multi-pass extrusion. The microstructures of the processed workpieces are different from
the equiaxed grains of the annealing initial workpiece. And the microstructure evolution of the workpiece can be changed via
different processing routes. The route with turning angle of 90° can get a distribution of high angle grain boundaries in the workpiece.
In addition, the experimental results are in agreement with the finite element analysis results. The microstructure evolutions of grain
refinement mechanisms for different multi-pass ECAE processing routes accord with the accumulated effective strain rules in the
workpiece.
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Fig.1 Schematic diagram of ECAE die for round-workpiece
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Table 1 Parameters for simulation of round-section channel

extrusion process

. Temperature/ Ram speed/  Time Friction
Material , N
C (mm's ') increment/s factor
Pure 0.5 0.1 0.2
Al1(99.99%)
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Fig.5 Effective strain distribution in workpiece of different coordinate planes
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Fig.6 Particle tracking result of effective strain in workpieces for processed workpieces

during ECAE at @=90°, »=7.5 mm
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Fig.11 TEM images and SAED patterns for pure aluminum after ECAE process: (a) TEM micrographs through first pass; (b) TEM

image through four passes for route A; (c) TEM image through four passes for route B; (d) TEM image through four passes for route C
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