
Aerospace components (brackets, nozzles for jet engines) - Rolls Royce
Efficient energy storage systems (heat exchanges, cold plates for Electric Vehicles)

Industry Applications:

Sensor Integration into Industrial Metal 3D
Printing & In-house Powder Spreader Equipment

Introduction 
Powder Bed Fusion (PBF) is an advanced Additive Manufacturing (AM) technology. 
The advanced development has enabled wide uptake of commercial applications
of for the production of high-value products that are not technically feasible with
traditionally manufacturing processes.

EOS M 290 

Feasibility Study - Investigate the practicality of sensor integration into the baseplate
of the metal 3D powder-based machines for process monitoring

Working Principle - Building a part layer by layer

Apply a layer of powder
Selectively melting the powder using a laser light
Lower platform by the respective thickness of the layer
Applying a new powder layer
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 Approach for Incorporating Sensors Print Design Approach
 Geometries that have a high tendency to delaminate & crack
are those that will have significant warpage (from large cross-
sectional areas) and with thin support structures.

Aftermath of the print (AlSi10Mg powder on steel base plate at a height of 0.48mm) 



The difference in materials caused the first few layers to have a low
adherence to the base plate and to delaminate early. This was
exacerbated by the curvature and surface roughness of the modified
steel plate, where the surface has an inverted bowl shape, being
taller in the center by 50µm compared to the corners. This gave rise
to a greater chance of delamination in the early stages of printing. 
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 Project 2: M5Stack FIRE IoT Development 

 Project 3: Webcam Streaming in EOS M 290 Chamber

 Project 4: Spectrometer Integration and Development

 Current Projects

The  M5 stack FIRE device is a modular, stackable, scalable, and portable device powered by an ESP-32 core.
        Open source, low cost, full function, and easy for developers to handle new product development. 

The steps will cover the connection of the M5 stack to an EOS M 290 3D printer. It performs functions from collecting data 
via                                           time series database and developing code for the M5 stack using C++ on the Platform.io IDE.

Several considerations considered:

          Spatial

          Safety

          Network

          Hardware

          Software

          Preservation of printer chassis

Supply Chain Control Tower – 3D Printing for Slow Movers (McKinsey & Company)
ARTC 2023 Bi-Annual Technical Meeting (BTM) - Presentations & demonstrations for Core Research Project (CRP) 

Further mechanical integration of sensors on EOS M 290 for machine learning via data acquisition (NI-DAQ)
       Advanced Condition Monitoring and Spreadability Assessment of Powder Bed Device

       (Optical Emission Spectroscopy, Vibration Sensor, Acoustic Emission Sensor, Thermal Imaging Camera)
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Objective: To monitor and view the signal tower status of the EOS M 290 remotely with a M5Stack FIRE IoT device

Connect IoT device to EOS M 290 machine 
Collect data via 
IoT Development By Using C++ on VS Code (Platform.io IDE) 
Upload to M5 Stack FIRE
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The M5 stack is an industrial internet of things (IIoT) device that can collect data from a 3D printer, such as
temperature, humidity, or in the scenario, the machine status, and send it to a remote location for analysis. 

Purpose: To provide in-process monitoring during the scanning as well as sweeping of the recoater blade initiates the purpose of the Webcam Stream.          
Current solutions involves the documentation of the process before and after the scanning of the powder bed.

Objective: To implement a real-time video streaming system to monitor the laser powder bed fusion process in an industrial setting. 

This project supports an upcoming grant program on powder reuse. It will evaluate how the elemental
composition of the powder can be determined by the optical spectrum from its plasma emission when the
powder is excited by a laser. Plasma emission is governed by the set of discrete energy levels present in a
chemical system and varies from material to material, and also ought to be influenced by slight changes in
the chemical properties of the feedstock powder. This work involves design aspects to extract spectroscopic
spectra in-situ from live prints. Subsequently, the optical spectrum will be compared with other traditional
ex-situ spectroscopic techniques, such as EDS, XRF or ICP-OES, to determine if spectroscopy-based in-situ
monitoring would be useful for quality assurance in metal AM processes.
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