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Abstract: The pulsed magnetic field treatment technology has the advantages of indirect contact, low
energy consumption, green environmental protection, etc. , and has important application prospects in the
metal material strengthening. This study summarizes the research status of pulsed magnetic field treatment
technology in the strengthening mechanism, numerical simulation, and practical application of metal
materials, and puts forward the bottleneck of pulsed magnetic field treatment technology that needs to be
broken through. As a kind of high-field strength and periodic magnetic field, the pulsed magnetic field has
an obvious strengthening effect on the solid phase transformation and liquid phase transformation of metal
materials. The pulsed magnetic field can change the texture and magnetic domain of metal for the solid



538 H3W

ik e 2 73 5 A <5 TR A S DU 4 2 A L OO S 0

21

phase transformation. It can impel dislocations to spread and multiply, speed up the formation of the
second phase, and control the order of exudates. During the liquid phase transition, the pulsed magnetic
field can provide nucleation energy, break up coarse dendrites, restraint the growth of twisted dendrites,
uniform the solute distribution, and eventually enhance the properties of metal. Numerical simulation can
reproduce the changes in magnetic field, force, and internal structure in the process of pulsed magnetic field
treatment, which provides an important basis for exploring the mechanism of pulsed magnetic field
treatment. The strengthening effect of the pulsed magnetic field treatment mainly depends on the magnetic
field intensity, pulse duty cycle, and action time of the magnetic field, and one of the key parts of pulsed
magnetic field treatment is parameters optimization by numerical simulation. At present, the pulsed
magnetic field treatment technology has been applied to cutting tools, coating fabrication, and metal
casting. To widen the application of pulsed magnetic field treatment technology, special attention should be
paid to strengthening mechanisms, parameter optimization, and device miniaturization in further research of
pulsed magnetic field treatment.

Key words: pulsed magnetic field treatment; metal material; strengthening mechanism ; numerical simulation;

solid phase transformation;liquid phase transformation
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Table 1 Effect of pulsed magnetic field in the process of metal phase transition

Transition process Influencing factor Result

Solid phase transformation Crystal

Magnetic domain
Dislocation

Phase transformation
Precipitate

Liquid phase transformation =~ Number of nuclei

Crystal rotation, crystal preferred orientation change

Magnetic domain wall movement, magnetic moment rotation

Electromagnetic force promotes dislocation proliferation and diffusion

Increasing the critical temperature of phase transformation and accelerating phase precipitation
The precipitation order is changed, and the precipitates are sheared

It provides energy for nucleation and promotes nucleation. Crystal rain and dendrite fracture

increase the number of nuclei

Dendritic Columnar dendrite fracture, tip spheroidization, slow growth rate, and promote equiaxed
dendrite transformation
Solute The electromagnetic wave impacts and disperses the polymer-rich atom clusters, and the

electromagnetic force changes the solute atom migration trajectory
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