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In traditional directed energy deposition (DED) processes, post-processing involving laser cutting or wire
electrical discharge machining is necessary for removing printed parts from the substrate, which is time
consuming and labor intensive. In this letter, a support interface method for DED is proposed for direct
part removal without additional machining operations. A strut array is first printed as a sacrificial layer,
upon which the actual part is then deposited. This letter demonstrates the method feasibility with a cus-
tomized DED setup. It is expected that the proposed strategy will be beneficial in various DED processes
to enhance process efficiency and automation.

© 2019 Society of Manufacturing Engineers (SME). Published by Elsevier Ltd. All rights reserved.

1. Introduction

Additive manufacturing (AM), also known as 3D printing,
enables the incremental fabrication of complex objects that cannot
be achieved easily by conventional processes [1,2]. For metal-
based AM techniques, research on directed energy deposition
(DED) or direct metal deposition (DMD) is becoming increasingly
popular [3] due to its many unique advantages, especially the
capabilities to print gradient metal alloys [4] and to repair dam-
aged parts [5]. The DED process eliminates the need of a powder
bed in selective laser sintering/melting (SLS/SLM) by directly
spraying metallic powders to the local melting pool created by
an energy beam [6]. The melted particles then solidify to a solid
part when the melting pool moves away. The energy beam usually
follows preprogrammed trajectories in a layer-by-layer manner to
print a designed 3D part.

After the part is printed in a DED process, it is, however, firmly
attached to the substrate, which requires a following step for part
removal by laser cutting or wire electrical discharge machining
(wire EDM) [7], as shown in Fig. 1(a). This additional step not only
increases the cost and labor, but also slows down the overall pro-
cess efficiency due to the lengthy part removal procedure. To speed
up the process and to avoid the additional cutting step, a support
interface method is proposed in this letter for direct part removal
in DED. Support interfaces (brims) have already been used in fused
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deposition modeling (FDM) for improving printing quality and part
removal [8]. This method, however, has not been investigated in
DED yet. This letter aims to demonstrate the feasibility of using a
support interface in DED for easy part removal. The proposed strat-
egy first prints an interfacial layer of strut array on the substrate
before actual printing of the designed parts. The strut array serves
as support structures for the part as well as a sacrificial layer that
could be directly snapped for part removal. The detailed methodol-
ogy and experimental verification and analysis are discussed as
follows.

2. Methods

The support interface method is summarized in Fig. 1(b), where
a strut array is designed as the support layer for the actual part as
well as a sacrificial layer since it reduces the contact area between
the substrate and part. Each strut is printed using continuous
directed energy deposition with only the Z-direction motion [9].
After the strut array is printed, the actual part is then printed on
top of the interface as a normal DED process.

In principle, the additional interfacial layer could achieve the
goal of easy part removal without additional cutting processes.
There are, however, several design considerations to be discussed.
Firstly, the cross-section area of each strut should be as small as
possible to reduce the contact area and interfacial strength. The
achievable size is related to the powder nozzle diameter, laser
beam energy, scan speed, powder feed rate, etc. The strut is prefer-
ably to have a circular cross-section area to achieve the minimal
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Fig. 1. (a) Conventional process of removing printed parts; (b) schematic of proposed support interface method and (c) illustration of printable distance.

bending strength. Based on the specifications of our in-house built
machine, the optimized results reached a minimal diameter of
1.2 mm for each strut.

Secondly, the spacing of strut patterns determines the connect-
ing strength between the interface and part, which is also limited
by the maximal printable distance between two struts. Due to
the layer-by-layer printing in DED, the printing of first layer is dif-
ficult considering the unsupported areas between two struts. We
have previously shown that if the distance between two struts is
small enough, an overhanging structure can be successfully printed
[10]. As can be seen from Fig. 1(c), the newly melted powders will
be merged into the previous printed section if the cantilever struc-
ture can hold its own weight, which is characterized by the maxi-
mal printable distance. This distance can be experimentally tested
and integrated into the support strut design process. In our exper-
iment, the distance between two struts was set to 1.6 mm, while
the strut height was set at 2 mm to strike a balance between the
material usage and connecting strength.

In addition, the substrate does not need to be unmounted and
remounted for each print since the printed parts can be removed
from the substrate directly. The substrate then can be re-used for
the next part, as a new support interface will be redeposited on
the substrate, which can potentially facilitate the automation of
future DED processes.

3. Experiments

An in-house built DED machine setup was used in this study as
shown in Fig. 2. The setup is mainly comprised of the powder fee-
der, laser system, control system, cooling system, and working
chamber. The laser source is a 500 W multi-mode continuous-
wave infrared laser with 1070 nm wavelength (YLR-500-MM-AC-
Y14, IPG Photonics). The cladding head, 6-DOF Stewart platform

(Physik Instrumente), and a CMOS camera are housed in the work-
ing chamber (Fig. 2(b)). During the process, powders are fed into
the molten pool through a ring nozzle (Fraunhofer ILT) from the
powder feeder (GPV PF2/2, GTV Thermal Spray). Nitrogen gas with
purity of 99.999% is used as both the powder carrier gas and nozzle
cooling gas with flow rates set at 3.0 L/min and 10 L/min, respec-
tively. The laser focal spot is around 300 pm, while the powder
stream focal diameter is 500 pm. 316L stainless steel powders
(20-50 pm, SANDVIK) are used as the building material.

The individual strut was printed by continuously moving the Z
axis, while keeping the X and Y axes stationary [9]. The optimized
process parameters were chosen using a laser power of 67.5 W, Z-
direction scan speed of 0.6 mm/s, and powder feed rate of 2.29 g/
min. The achieved minimal strut diameter was 1.2 mm. Fig. 3(b)
shows the design and dimensions of the support interface and a
rectangular test part. Six struts were used as the interface for this
part. The diameter of each strut was 1.2 mm with a height of
2 mm.

The process parameters for printing the rectangular part were
set using a laser power of 83.9 W, scan speed of 0.3 mmy/s, powder
feed rate of 1.41 g/min and layer thickness of 0.1 mm for the first
layer. For the rest of layers, the scan speed was changed to
2 mm/s while the other parameters were kept constant. Surface
morphology of the substrate after part removal was measured
using a high-resolution optical microscope (RH-2000, Hirox).

4. Results and discussion

Fig. 3(a) shows the printed part before being removed from the
substrate. The whole printed part along with the interface was
easily removed from the substrate by simple snapping. As can be
observed from Fig. 3(c), the bottom surface of struts forms a con-
vex shape and only connects to the substrate at the lowest region.
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Fig. 2. (a) Schematic of the DED equipment and (b) printer assembly in the working chamber.
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Fig. 3. (a) Printed part; (b) design and dimensions of the support interface and test part; (c) close view of the connection between the struts and substrate; and (d) schematic

of laser energy distribution.

When the platform moves only in the Z direction and the laser
focus is at the strut center, the Gaussian distribution of laser
energy makes the center temperature much higher than that at
the peripheral. Since the heat dissipation is much more significant
at the substrate, the strut-substrate connection will follow the
Gaussian energy distribution to have the partial connection con-
centrated at the strut center, as illustrated in Fig. 3(d). This also
contributes to the easy removal of struts.

Surface quality of the platform substrate after part removal is
measured using a microscope and shown in Fig. 4. The enlarged

view of surface morphology of the remaining strut base is illus-
trated in Fig. 4(b). Fig. 4(c) shows one of the micro-surface analysis
photos with the remainder height measured at 288.3 pm. The sub-
strate can be re-used for the fabrication of following parts by build-
ing the strut arrays at the same locations. To test the reusability of
the platform substrate, single strut was fabricated at the same
position where the previous strut was removed. The fabrication
and removal processes were repeated 20 times. The step heights
of the remaining strut base after the repeated processes were on
average 164.9 pm.
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Fig. 4. Photos of (a) the substrate surface after part removal, (b) the enlarged view of the remaining strut base and (c) micro-surface analysis.

5. Conclusions

In this letter, a support interface method is proposed for easy
part removal without laser cutting/wire-EDM in DED. A strut array
pattern is utilized as a sacrificial layer as well as a support interface
for the actual printed part. The design consideration and process
parameters have been discussed in this letter. A rectangular part
with the support interface has been fabricated as an example to
demonstrate the feasibility. The support interface could largely
reduce the contact area between the substrate and printed part,
thus minimizing the contact strength for part removal without
additional cutting operations. In addition, the proposed method
could potentially facilitate the automation of various DED pro-
cesses to include a part ejection system in the chamber to auto-
matically break and collect parts for continuous printing.
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