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Effect of electric current magnitude on particles’ deformation during the

densification process of Micro-FAST
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Abstract: In this paper, a novel micro multi-physic fields coupling method (“Micro-FAST” for
short) is developed for the fabrication of micro gear with 316L stainless steel powders and pure
copper powders. The effect of electric current magnitude on the particle deformation in
sintering process of 316L stainless steel and pure copper systems was studied respectively. It
was shown that the calefactive period which plays a key role for densification of powder system.
A notable feature of the densification process is plastic deformation of particles which is due to
electroplastic effect. With the increasing of electric current, the deformation amount of particles
is bigger which result in the increase of axial reduction, and concequently improving the
densification of samples.
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Fig.1 Schematic of Gleeble-1500D apparatus and principles of Micro-FAST
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Tablel Processing parameters of the experiment

Holding Holding

Material/ Heating Sintering Pressure Time at Time at Number_ of
Rate Temperature A the heating
Sample (°s) 0 (MPa) 200°C the End cvele*
(min) (min) y
316L-1# 50 900 250 2 4 —
316L-2# 100 900 250 2 4 —
Cu-1# 50 600 100 0.5 — 3
Cu-2# 100 600 100 0.5 — 3

* A heating cycle is defined as a cycle during which the temperature rises to the maximum value and
then drops to about 400 °C
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Fig.2 Fabricated 316L and copper micro-gears
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Fig.3 The temperature and axial reduction of the micro gear as a function of time
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Fig.4 SEM micrographs of the formed micro 316L samples
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Fig.5 SEM micrographs of the formed micro copper samples
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Fig.6 The axial reduction of the micro sample as a function of time during heating process
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Table 2 Relative density of samples

Material-Sample Relative density %
316L-1# 91.50
316L-2# 95.80

Cu-1# 95.20
Cu-2# 96.30
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Fig.9 The theoretical principle of particles deformation under the action of the coupled multi-physical
fields
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