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Fast optimization of additively manufactured metallic parts with 

a combination of adaptive feedforward control and numerical 

simulation (SMARTAM) 

Academic Partners:

R. Logé (EPFL), C. Leinenbach& K. Wasmer(Empa), S. Van Petegem(PSI), J. F. Löffler(ETHZ)

Industrial Partners:

PX Group, Heraeus Materials, Patek Philippe, Swatch Group

Potential other industrial partners:
Richemont-Varinor, Rolex SA
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Project overview - Motivation
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LaserPowder Bed Fusion(LPBF)is a layer by layer deposition additive
manufacturingtechnique

Singlesetsof processparametersare defined for a givenpart despite its
intricate geometry.

Dependencyof heat flux on geometricalfeatures results in variations in
melt pool geometry which may lead to the formation of undesirable
defects.

Variationsin the imposedlocal thermal history additionally can result in
undesirablemicrostructure.

Part specific and location specific process parameters can be derived 
from numerical simulationsand machine learning algorithms. 

REMEDY

Continuation of the PREAMPA (SFA) project
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Project work flow

Coreworkflow

Verification/ improvement

Training ςA priori
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Credits: Lucas Schlenger, Toni Ivas, Milad Hamidi
Macro-scalemodel
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Meso-scale model Credits: Lucas Schlenger, Toni Ivas

Design of Experiment (DOE):

Å T0; initial temperature

Å P; Laser power

Å v; Scanning velocity

Simulation in melt pool scale 
to obtain melt pool geometry
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Edge

Substrate

Center

Macro-scalesimulation - Calibration
Credits: Lucas Schlenger, Jamasp Jhabvala
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P=80 W
V=800 mm/s 
ɲIҐ моΦн

Meso-scale simulation - Calibration

P=100 W
V=800 mm/s 
ɲIҐ мсΦр

Width (µm)    Depth(µm)

Measured 69.1               36.3

Simulated 71.6               33.9

Width (µm)    Depth(µm)

Measured 79.3               46.5

Simulated 80.4               37.1

Width (µm)    Depth(µm)

MAD                  3.8                 7.8

Bias -0.02             -6.5

Comparisonstudyfor 10 different samples
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Optimizer with Physical models and Neural Networks

The trained Deep Neural network can solve two problems

1. The Forward problem τreplacing the steady state model: 

2.   The Inverse problem τ performing the desired optimization:

Processing 
parameters

(Same) Deep Neural NetworkOptimal Temperature 
distribution

Process-related 
variables

Deep Neural Network
Temperature distribution

Credits: Giulio Masinelli, Kilian Wasmer


