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Executive Summary

Work Package 3 (WP3) of project DILAPRO deals with monitoring and quality control
processes to improve and validate sensor data for creating a digital twin. Within this
framework, Deliverable D3.5 presents the ongoing development of a defect detection and
classification algorithm for DED-LB additive manufacturing.

Building on the technical solutions presented in Deliverable D3.1[ 1], five primary sensors
have beenidentified and integrated into the DED systems at CRM Group and Prima Additive.
The sensors and their roles in defect detection are:

e Coaxial pyrometer: On-line measurement of temperature at the center of melt pool.
Used for prediction of gas porosity, lack of fusion defects, and layer quality.

¢ Infrared thermal camera : Off-line measurement of the temperature evolution at the
surface of the build. Used for measuring thermal gradients to predict internal stress
development, warpage and thermal distortion, and cracking.

e 2D profilometer : On- and off-line measurement of the build geometry. Used for
monitoring and closed-loop correction of layer height and quality fluctuations; used
for off-line measurement of final build dimensions.

e Eddy current sensor : On-line measurement of internal defect development. Used
for direct measurement of gas porosity, lack of fusion defects, and internal cracks.

The following sensors are still being integrated into the machine:

e CLAMIR coaxial infrared camera : On-line measurement of melt pool size and
profile. Will be used for monitoring and closed-loop correction of internal defect
generation.

To create the feedback controls for the sensors, a machine learning model is being
developed that will identify key relationships between process parameters and defects. The
regression algorithms and performance of the models will be evaluated using the same
methodology as described in Deliverable D3.3[2].

To train the model, a dataset of 256 distinct Inconel 718 samples has been produced at
CRM by varying laser spot size, scan speed, laser power, and line overlap. Data from the
pyrometer, off-line infrared camera, and 2D profilometer will be used as inputs to the model.
The objective of the model is to predict the sigmoid-transformed relative density of the
Inconel 718 samples printed by DED. The best model will be selected based on criteria
established in Deliverable D3.3 [2] including predictive accuracy, performance
consistency, and lower bound of true performance.
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1. Introduction

The DILAPRO project will improve additive manufacturing of complex products by
creating a Digital Twin software. The software will be used for the digital certification of the
manufactured part. The ultimate goal is to monitor the build conditions and produce a
certified part without further necessary testing. The digital twin, created from the sensor
history, will serve as the certification of part quality and conformity. DILAFACT software
developed during the project will establish guidelines regarding the choice of technology,
process parameters and print trajectory. DILACERT software will support the digital
qualification of the part by monitoring the process parameters and the use of direct defect
detection.

Six pilot lines are identified for the project, including three laser powder bed fusion
(LPBF) machines, two direct energy deposition (DED) machines and one laser texturing
machine.

The first step of work package 3, “WP3. Monitoring and Quality Control”, was to identify
and install the appropriate sensors for each pilot line. The results of the search were
reportedin Deliverable D3.1[1]. The second step of WP3is to develop and validate a machine
learning (ML) model to guide closed-loop control algorithms that will improve the stability
and “first-time” reliability of the printing processes. The feedback from the sensors will be
used simultaneously to ensure part quality and to act as input to the digital certificate of
quality [3].

This Deliverable D3.5 “Report on defect detection and classification algorithm for DED-
LB" deals with the defect detection approach for DED-LB technologies only. D3.5 builds on
the work presented in Deliverable D3.4 [4], which focused on algorithm development for
Laser Powder Bed Fusion (L-PBF) using exploratory machine learning approaches. Due to
delays in reception and installation of the sensors, the printing of the training data set was
delayed by approximately three months. The samples have been printed and they are
currently being characterized to generate input for the ML model. Here, we present the
selected sensors for DED-LB only, their role in defect identification, the printing of a DED-
LB training dataset for the ML model, and its future development.
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2. Defect Detection Approach
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Figure 1. Setup of the on-line detectors in the build environment at CRM Group.
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2.1.1 Thermal camera

A FLIR SC7000 thermal camera is used to measure the temperature evolution at the
surface of the sample during the print. The camera can be independently positioned to
measure various surfaces during the print; for example, at 8 = 0 degrees to measure the
thermal cycling during printing of multiple layers or at & > 0 degrees to measure the
propagation of heat between adjacent line scans in the same layer. The camera takes off-
line measurements and will not be integrated into feedback control of the laser.

Specifications:

e 2 channel temperature measurement
e Temperature range:
o Channel1:180-660°C
o Channel 2: 540-1540°C
Mid-wave infrared spectral range : 3.0-5.0 ym
Resolution : 640x512 pixels
Frame rate: Programmable, up to ~45 Hz (GigE), 60 Hz (CXP)

Data: Temperature evolution vs. time for points on the sample.

Data Format: Raw datais converted to *.mat files with a matrix of pixel position(xp, yp) and
temperature for each point in time. The pixel position can be correlated with the real
position(x, y, z) on the printed piece by back-calculation.

Status: Installed, operational

Figure 2. (A) FLIR SC7000 thermal camera. (B) Thermal profile and temperature evolution
by layer of a ten-layer print, displayed as a temperature map and numerically.
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