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ABSTRACT 

Melt pools formed in laser additive manufacturing (AM) are subject to large thermal gradients. Large 

thermal gradients result in the formation of thermoelectric currents due to the Seebeck effect. When in 

the presence of an external magnetic field, a Lorentz force is formed which drives fluid flow in the 

melt pool. This phenomenon, known as Thermoelectric Magnetohydrodynamics (TEMHD), can have 

a significant impact on the melt pool morphology and can alter the microstructural evolution of the 

solidification process. 

The ThermoElectric Solidification Algorithm (TESA) is an in-house, parallel multi-scale model that 

enabled the modelling of rapid high undercooled solidification in a magnetic field [1] and freckle 

formation in directional solidification [2]. TESA has since been adapted for the purposes of modelling 

AM, by capturing the interaction of thermoelectric currents in AM melt pools with a magnetic field on 

a macroscopic scale. Numerical results show that TEMHD can have a significant effect on the melt 

pool dynamics and morphology. The system is highly dependent on the orientation and strength of the 

applied magnetic field, with 

resulting control in the depth and 

width of melt pool, as well as 

potential deflections. By coupling 

transient macroscopic melt pool 

calculations to a microscopic 

Cellular Automata based grain 

growth model, predictions of the 

resulting microstructure for 

several deposited layers have 

been obtained. Figure 1. shows 

the melt pool morphology and 

corresponding microstructure for 

two magnetic field orientations 

±𝐵�̂�, which are orientated 

orthogonal to the scan and build 

directions. The results indicate 

that the magnetic field can have a 

transformative effect on the 

microstructure, potentially 

alleviating epitaxial growth, a 

common defect in AM processes. 
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Figure 1. Melt pool morphology and thermal distribution a) +𝐵�̂� 

and b) −𝐵�̂�. Cross-section microstructure c) +𝐵�̂� and d) −𝐵�̂�. 


