Case study

New FEM approach for Directed Energy
Deposition (DED) processes significantly reduces
computational time enabling industrial use
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The advantages of the process
include faster production times and
manufacturability of larger components
than other comparable Additive
Manufacturing (AM) processes.
However, the deformation after the DED
process is enormous due to the size of
the parts and the energy input during
the process. The result is that the final
shape of the DED parts does not match
with that of the design.
FEM simulation allows the prediction of the
final distortions and their compensation
to obtain an optimised DED component.
This saves costs, but computation time is
still a major obstacle for industrial use.

In this case study, pro-beam and Hexagon develop and
validate a new approach for DED processes to reduce
computation time.
The pro-beam additive GmbH operates in the field of
additive manufacturing and enables corresponding
processes for metal components.
It is a subsidiary of the pro-beam GmbH & Co. KGaA, a global
leader for the electron beam technology. pro-beam provides
services and systems for the welding, hardening and microdrilling with the electron beam technology a
 s well as coating
solutions. Customers from over 40 countries have been
trusting pro-beam solutions for over 45 years. The global
company is represented by five locations and more than
430 employees. The company headquarters is located in
Gilching, near Munich.
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Challenge

Fully transient FEM simulations lead to very long
computation times, which makes industrial use for DED
process simulation unattractive.

Solution

New Advanced Thermal Cycle (ATC) approach that
significantly reduces calculation time without
compromising accuracy.

The Project
Since Simufact Welding 2020, DED processes can be
modelled and simulated. The DED models use common
robot programming such as G-code, which allows the user
to easily import existing toolpaths instead of manually
defining weld paths.
pro-beam provided a test frame, see Figure 1a, to simulate
and validate the DED process with Simufact Welding.
Figure 1b shows the model setup in Simufact Welding after
the automatic G-Code import to generate the model for
the DED process.
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Benefits
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• Significant reduction in computing time
• Simple and quick creation of the DED processes
• Concurring results of temperature and
deformation history between real and
virtual measurements

Product used

• Simufact Welding: DED process simulation
• Hexagon Metrology Device: Absolute Arm 7-Axis
with Absolute Scanner AS1
• VGSTUDIO MAX: Virtual Inspection

4.24mm
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Figure 2: The simulation results before (left) and after (right) unclamping

After setting up the DED simulation model, the calculation
took 30 hours. The results of the DED simulation before
and after unclamping are shown in Figure 2.
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Figure 1a: pro-beam’s DED test frame
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Figure 3: Measurement results of scanned and simulated part

Figure 1b: The corresponding simulation model in Simufact Welding
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pro-beam’s test frame was scanned with Hexagon’s
metrology device – Absolute Arm 7-Axis with Absolute
Scanner AS1. Comparison and testing according to the
same measurement plan (GD&T) was performed with
VGSTUDIO MAX and showed good concurring between
the scanned and simulated part. The deviation of the
scanned and simulated measurements on the base plate
is 5%, see figure 3.

Challenge

Results

The major challenge of simulating DED processes is
the computation time. Through the application of the
new Advanced Thermal Cycle (ATC) solution scheme
simulation time could be significantly reduced without
compromising accuracy.

Figure 5 shows the comparison of the simulation results
between the fully transient (left) and the new ATC
approach (right), which are almost identical.
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Solution
The ATC approach includes specific weld paths that
are activated segment by segment at once to reduce
computation time. Figure 4 shows the approach differences
between the fully transient and the ATC approach.

Full transient approach
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New ATC approach

Figure 5: Displacement results with fully transient vs. ATC approach

The computation time could be reduced by 92.5% from
30 hours (full transient approach) to 2 hrs 15 mins (ATC
approach) with the new meta-transient approach, with
results showing a deviation of less than 5 %, which is
quite accurate.

Outlook
The new ATC approach enables the industrial use of DED
simulation while ensuring the accuracy of the results and
keeping the computational cost acceptable.

Figure 4: Approach differences between fully transient and ATC

pro-beam will use the simulation of DED processes with
Simufact Welding for future projects.

At the beginning of this project, the calculation effort to simulate DED
processes with Simufact Welding was too time-consuming. For us, the
accuracy of the simulation results as well as affordable calculation time are
mandatory. The newly developed Advanced Thermal Cycle (ATC) approach
looks very promising as it has high accuracy but shorter computation time.
We will test the new approach in future projects.”
Verena Uhl,
Head of Additive, pro-beam additive GmbH
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