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Direct energy deposition (DED), one of 3D printing techniques applicable to metals, gathers much
attention from aerospace and automobile industries. The DED produce a deposit by forming a
meltpool on a baseplate by a high-power laser and supplying material powder to the meltpool.
Although the production efficiency of DED is comparably high, the form accuracy is difficult to
ensure particularly for heat-resist metal, because heat energy is stored in the top of deposit and
meltpool shape often gets so unstable that a deformation occurs on the deposit.

In order to avoid the overheating and enhance the shape accuracy in DED, | have been trying to
develop a time-domain simulator predicting the deposition result, which is also useful to optimize
the deposition conditions.

The developed time-domain simulator is produced based on particle method which is available to
analyze the thermal conductivity and the fluid-dynamics of molten material. By supplying heat
energy on the elements in the laser spot and adding the elements gradually to realize the
deposition process in the simulator, the temperature distribution is estimated for each time step.
Because the laser powder is variable in this simulation, a laser power optimization, keeping the
meltpool temperature, can be conducted with a gradient descent setting the meltpool temperature
to the objective value and the laser power to the valuable value. In this study, | successfully
showed that the proposed method certainly and drastically reduces the heat deformation and
enhances the shape accuracy through deposition experiments with the optimized laser power.
However, the fluid-dynamics analysis is still a challenge in this study because the similarity is not
sufficiently high between the simulator and the experiment. By adjusting the physical parameters
and continuing the calibration, | will try to enhance the analytical accuracy as a next step.

Based on these achieved results, | wrote one journal paper and made three presentations in
international conferences in this two years. Furthermore, two presentations also will be made in
international conferences.
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Development of a time—domain simulation for laser metal 3D printer based on a particle method
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Direct energy deposition (DED), one of 3D printing techniques applicable to metals, gathers much attention from aerospace and
automobile industries. The DED produce a deposit by forming a meltpool on a baseplate by a high—power laser and supplying material
powder to the meltpool. Although the production efficiency of DED is comparably high, the form accuracy is difficult to ensure
particularly for heat-resist metal, because heat energy is stored in the top of deposit and meltpool shape often gets so unstable that
a deformation occurs on the deposit.

In order to avoid the overheating and enhance the shape accuracy in DED, I have been trying to develop a time—domain simulator
predicting the deposition result, which is also useful to optimize the deposition conditions.

The developed time—domain simulator is produced based on particle method which is available to analyze the thermal conductivity and
the fluid—dynamics of molten material. By supplying heat energy on the elements in the laser spot and adding the elements gradually
to realize the deposition process in the simulator, the temperature distribution is estimated for each time step. Because the laser
powder is variable in this simulation, a laser power optimization, keeping the meltpool temperature, can be conducted with a gradient
descent setting the meltpool temperature to the objective value and the laser power to the valuable value. In this study, I successfully
showed that the proposed method certainly and drastically reduces the heat deformation and enhances the shape accuracy through
deposition experiments with the optimized laser power. However, the fluid—-dynamics analysis is still a challenge in this study because
the similarity is not sufficiently high between the simulator and the experiment. By adjusting the physical parameters and continuing
the calibration, I will try to enhance the analytical accuracy as a next step.

Based on these achieved results, I wrote one journal paper and made three presentations in international conferences in this two
years. Furthermore, two presentations also will be made in international conferences.
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