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Abstract Nanostructured metallic materials are synthesized by bottom-up processing which starts with pow-
ders for assembling bulk materials or top-down processing starting with a bulk solid. A representative bottom-up
and top-down paths for bulk nanostructured/ultrafine grained metallic materials are powder consolidation and
severe plastic deformation (SPD) methods, respectively. In this study, the bottom-up powder and top-down SPD
approaches were combined in order to achieve both full density and grain refinement without grain growth, which
were considered as a bottle neck of the bottom-up method using conventional powder metallurgy of compaction
and sintering. For the powder consolidation, equal channel angular pressing (ECAP), one of the most promising
method in SPD, was used. The ECAP processing associated with stress developments was investigated. ECAP for
powder consolidation were numerically analyzed using the finite element method (FEM) in conjunction with pres-

sure and shear stress.
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Fig. 1. ECAP for powder consolidation: (a) schematic plot and (b) experimental picture.
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Fig. 2. Deformed geometry and the surface gap predicted by finite element method.
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Fig. 3. The fracture of powder ECAP sample after multi-
passes.
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Fig. 4. Stroke time vs. stress (press and shear) during pow-
der ECAP at various places(Initial relative density: 70%).
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Fig. 5. Contour distribution calculated by the finite element method at final state: (a) effective stress, (b) relative density

and (c) effective strain.

Journal of Korean Powder Metallurgy Institute



2 ECAP 34 Al 43} #3tasslA 419

600 - | —o— Bottom Press
-~ Top Press
-~ Bottom Shear
500 | —— Top Shear

400 -

Stress (MPa)
w
(=)
o
1

2004

100

Time (sec)

(a) Stress history at various points under
the initial relative density of 50%.
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Fig. 6. The stroke time vs stress (press and shear) under
different initial relative density values during powder
ECAP.
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