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NTU Singapore scientists invent imaging method to assess quality
of 3D-printed metal parts

Scientists from Nanyang Technological University, Singapore (NTU Singapore),
have developed a fast and low-cost imaging method that can analyse the structure of
3D-printed metal parts and offer insights into the quality of the material.

Most 3D-printed metal alloys consist of a myriad of microscopic crystals, which differ
in shape, size, and atomic lattice orientation. By mapping out this information,
scientists and engineers can infer the alloy’s properties, such as strength and
toughness. This is similar to looking at wood grain, where wood is strongest when the
grain is continuous in the same direction.

This new made-in-NTU technology could benefit, for example, the aerospace sector,
where low-cost, rapid assessment of mission critical parts — turbine, fan blades and
other components — could be a gamechanger for the maintenance, repair and
overhaul industry.

Until now, analysing this ‘microstructure’in 3D printed metal alloys has been achieved
through laborious and time-consuming measurements using scanning electron
microscopes, which are priced from S$100,000 to S$2 million.

The method designed by Nanyang Assistant Professor Matteo Seita and his team,
provides the same quality of information in a matter of a minutes by using a system
consisting of an optical camera, a flashlight, and a notebook computer that runs a
proprietary machine-learning software developed by the team — with the hardware
costing about S$25,000.

The team’s new method first requires treating the metal surface with chemicals to
reveal the microstructure, then placing the sample facing the camera, and taking
multiple optical images as the flashlight illuminates the metal from different directions.

The software then analyses the patterns produced by light that is reflected off the
surface of different metal crystals and deduces their orientation. The entire process
takes about 15 minutes to complete.



The team’s findings were published in the peer-reviewed scientific journal npj
Computational Materials by the Nature Publishing Group last month.

“Using our inexpensive and fast-imaging method, we can easily tell good 3D-printed
metal parts from the faulty ones. Currently, it is impossible to tell the difference unless
we assess the material’'s microstructure in detail,” explains Asst Prof Seita, from
NTU’s School of Mechanical and Aerospace Engineering and School of
Materials Science and Engineering.

“No two 3D-printed metal parts are created equal, even though they may have been
produced using the same technique and have the same geometry. Conceptually, this
is akin to how two otherwise identical wooden artefacts may each possess a different
grain structure.”

New imaging method a boost for 3D printing certification and quality
assessment

Asst Prof Seita believes that their innovative imaging method has the potential to
simplify the certification and quality assessment of metal alloy parts produced by 3D
printing, also known as Additive Manufacturing.

One of the most commonly used techniques to 3D print metal parts uses a high-
powered laser to melt metal powders and fuse them together, layer by layer, until the
full product is printed.

However, the microstructure and thus the quality of the resulting printed metal
depends on several factors, including how fast or intense the laser is, how much time
is given for the metal to cool before the next layer is melted, and even the type and
brand of metal powders used.

This is why the same design printed by two different machines or production house
may result in parts of different quality.

Instead of using a complicated computer programme to measure the crystal
orientation from the optical signals acquired, the “smart software” developed by Asst
Prof Seita and his team uses a neutral network — mimicking how the human brain
forms association and processes thought. The team then used machine learning to
programme the software, by feeding it hundreds of optical images.

Eventually, their software learned how to predict the orientation of crystals in the metal
from the images, based on differences in how light scatters off the metal surface. It
was then tested to be able to create a complete ‘crystal orientation map’, which



provides comprehensive information about the crystal shape, size, and atomic lattice
orientation.

To commercialise their method, the team is now in discussion with NTUitive, NTU'’s
innovation and enterprise company, to explore the possibility of starting a spin-off
company or to license their patent to interested industry players.
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About Nanyang Technological University, Singapore

A research-intensive public university, Nanyang Technological University, Singapore
(NTU Singapore) has 33,000 undergraduate and postgraduate students in the
Engineering, Business, Science, Humanities, Arts, & Social Sciences, and Graduate
colleges. It also has a medical school, the Lee Kong Chian School of Medicine,
established jointly with Imperial College London.

NTU is also home to world-renowned autonomous institutes — the National Institute of
Education, S Rajaratham School of International Studies, Earth Observatory of
Singapore, and Singapore Centre for Environmental Life Sciences Engineering — and
various leading research centres such as the Nanyang Environment & Water
Research Institute (NEWRI) and Energy Research Institute @ NTU (ERI@N).

Ranked amongst the world’s top universities by QS, NTU has also been named the
world’s top young university for the last seven years. The University’s main campus is
frequently listed among the Top 15 most beautiful university campuses in the world
and it has 57 Green Mark-certified (equivalent to LEED-certified) building projects, of
which 95% are certified Green Mark Platinum. Apart from its main campus, NTU also
has a campus in Singapore’s healthcare district.


https://www.nature.com/articles/s41524-021-00688-1
https://www.nature.com/articles/s41524-021-00688-1
https://doi.org/10.1038/s41524-021-00688-1
mailto:lesterkok@ntu.edu.sg

Under the NTU Smart Campus vision, the University harnesses the power of digital
technology and tech-enabled solutions to support better learning and living
experiences, the discovery of new knowledge, and the sustainability of resources.

For more information, visit www.ntu.edu.sg
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