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Opinion
High-voltage powder consolidation forms a complex compact material through the 

combined action of external mechanical pressure and high-voltage pulsed current on a 
powder blank. The process of high-voltage powder consolidation is largely determined by the 
localization of energy release in interparticle contacts during the electric pulse action on the 
powder blank. The compaction process is decisively influenced by both the shape and size 
of the powder particles and the properties of the powder material, such as heat resistance 
and the temperature dependence of the yield strength. Theoretical analysis, computer 
modeling, and experimental studies of the high-voltage consolidation process have identified 
the conditions for the formation of various compaction modes for cylindrical powder blanks. 
Wave compaction modes along the axis of a cylindrical compact under mechanical pressure 
from punches [1] have been established and studied for materials whose yield strength 
decreases with increasing temperature. Radial compaction modes for cylindrical powder 
compacts under the influence of magnetic pressure generated by a high-voltage current pulse 
have also been established. Radial compaction due to magnetic pressure dominates over 
axial compaction caused by the mechanical pressure of the punches for two different modes. 
First, when the amplitude of the magnetic pressure on the compact exceeds the mechanical 
pressure from the punches; second, when the mechanical pressure is unable to deform the 
spherical granules of the heat-resistant material during consolidation. The structure of 
the materials of samples consolidated under wave compaction modes differs from that of 
materials consolidated under magnetic pressure.

The wave compaction mode in a cylindrical powder compaction is formed by the movement 
of the punches along the axis of the compaction. The process of compaction of the powder 
material under constant pressure from the punches occurs due to the collapse of interparticle 
pores at the front of the compaction wave, which is created in the powder compaction during 
the movement of the punch. The velocity of the compaction wave front is related to the speed 
of the punch and depends on the pressure P exerted by the punches on the compaction and 
the resistance to plastic deformation of the powder material being compacted during high-
voltage consolidation [2]. The dynamics of the collapse of interparticle pores at the front of 
the compaction wave is determined by the dimensionless parameters β and R [2]:

( )T
P

σ
β = , m

aR Pρ
η

=

http://dx.doi.org/10.31031/RMES.2026.12.000787
https://crimsonpublishers.com/rmes/


1323

Res Med Eng Sci       Copyright © EG Grigoriev

RMES.000787. 12(3).2026

where: σ(T) is the yield strength of the powder material, a is the 
initial pore radius, η is the dynamic viscosity of the powder material, 
ρm is the density of the powder material, T is the temperature of the 
powder material.

In [2], the range of values of the parameters β and R in which 
pore collapse occurs in cumulative modes was established. Figures 
1&2 show examples of the microstructures of powder materials 
obtained in cumulative high-voltage consolidation modes. The 
presence of spherical pores of different sizes in compact materials 
consolidated in cumulative modes is shown in Figure 1 (hard alloy 
VK20) and Figure 2 (hafnium carbide HfC).

Figure 1: Sample of hard alloy VK20, cumulative mode 
(×1000).

Figure 2: Hafnium carbide sample, cumulative mode.

Figure 3: Microstructure of P6M5, mode 1.

Another type of microstructure of a compact material is 
formed during radial compaction under the action of magnetic 
pressure created by a high-voltage current pulse flowing through 
a consolidated cylindrical sample, which contains heat-resistant 
granules of P6M5 powder steel and is shown in Figures 3-5.

Figure 4: Microstructure of P6M5, mode 3.

Figure 5: Microstructure of P6M5, mode 4.

The mechanical pressure from the punches on the powder 
compacted R6M5 steel granules was constant at 350MPa for all 
modes. The high-voltage current pulse amplitude was: 226kA/cm2 
for mode 1, 276kA/cm2 for mode 3, and 296kA/cm2 for mode 4.

A detailed analysis of the microstructure of samples of high-
speed steel P6M5, consolidated under various modes of high-
voltage consolidation of heat-resistant granules of powder steel 
P6M5, as well as an analysis of the microstructure of materials 
consolidated under wave modes, may be presented in the full text 
of the paper.

It should be noted that the main difference between the radial 
compaction modes due to magnetic pressure created by a high-
voltage current pulse is the short-term effect of pressure on the 
entire volume of the consolidated sample compared to the wave 
compaction mode.
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