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Direct energy deposition (DED) is an additive
manufacturing (AM) process where focused thermal
energy is used to fuse materials by melting as they
are being deposited as shown in Fig. 1. DED attracts
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much attention from aerospace and automobile rasernozzie
industries because of its applicability to complex
shape production with high efficiency. In terms of
laser AM technologies for metals, many researchers Laser Shield gas
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parts. For example, the strength of the components 2|
manufactured in DED is often analyzed in terms of _ y— Meltpool
density, and several researchers take experimental
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approaches to reduce the void inside them [1]. The
relation between the microstructure and its
mechanical characteristics is also investigated for
superalloys, such as Inconel 625 [2] and Ti-6Al-4V
[3]. Most of these studies indicate the necessity of laser power modification in metal AM process to
enhance the specific strength and obtain a proper metal structure.

Fig. 1 Schematic of direct energy
deposition (DED) process.

On the other hand, shape accuracy is also an important factor in the manufacturing industry in terms
of reliability. Although DED provides high production efficiency comparing powder bed fusion (PBF),
it is difficult to enhance shape accuracy in DED. A simulation can ensure shape accuracy by
predicting the produced shape from the production conditions; thus, an accurate time-domain
simulation is proposed for PBF [4]. However, in case of DED, the dynamic movement of metal
powder and large heat supply render process analysis difficult.

Considering the shape of deposited past strongly depends on the meltpool size in DED, the meltpool
temperature should be kept constant and overheating must be avoided. From this viewpoint, a laser
command optimization is proposed in this paper to maintain the meltpool temperature in DED based
on a thermal conductivity simulation. A laser power command is a pre-requisite for the proposed
method. Therefore, the deformation due to overheating can be avoided only with a feedforward



(

25 300

4)37.08 s 5 49.20s

[ —— [ —

» Tcm}]c?gl(l’lrc °C) 2500 Tcm}:cmmrc['(’] 2500
Fig. 2 Temperature distribution simulation  Fig. 3 Temperature distribution simulation
result for DED using a constant laser power. result for DED using laser power modified

with gradient descent.

Fig. 4 Deposited object produced on a single Fig. 5 Deposited object produced on a single
track under constant laser power of 2000W. track under the calculated laser command.
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control. The calculated laser power command is installed to the DED machine and investigated by
depositing a wall-shape part with Inconel625 and evaluating shape accuracy.

Applying a finite-difference method with a voxel model, heat distribution in DED can be
approximately predicted. The proposed method calculates the optimal laser power command to avoid
overheating in DED by introducing gradient descent to the meltpool temperature in the simulation.
The meltpool temperature gets higher in higher layers under constant laser power in the simulation
(Fig. 2), on the other hand, overheating is certainly avoided with the proposed laser power command
as shown in Fig. 3. By introducing the calculated laser command to wall-shape deposition, the
proposed method is evaluated from the viewpoint of shape accuracy. Although the width of wall gets
larger in higher layers due to overheating under constant laser power (Fig. 4), the deformation due to
overheating is suppressed under the calculated laser command with the proposed method as shown in
Fig. 5.

Not only single track deposition but also corner track and circular track are evaluated in this study,
and the experimental results clearly shows that the proposed method certainly improves shape
accuracy of deposited parts in all these tracks.
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