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Schematic of the split Hopkinson pressure bar setup. Credit: University of
Illinois Dept. of Aerospace Engineering

Aerospace manufacturers, industries, and government agencies like the
design freedom and convenience afforded from additive
manufacturing—a process similar to 3-D printing. But do these parts
have the same properties, especially strength, as those made using the
more conventional subtractive method—turned on a lathe from a solid
stock? A recent study at the University of Illinois at Urbana-Champaign
conducted stress tests to find out.

Additively manufactured cylinders were obtained made from
Ti-6AL-4V, a titanium alloy which is about 90 percent titanium, six
percent aluminum, and four percent vanadium—Ti64 for short.

Layers of the titanium alloy in the form of a powder are locally melted
by a high-power laser and built up layer-by-layer into a shape guided by
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a Computer-Aided Design algorithm. Each layer bonded in place by the
laser beam is just 30 microns thick. By comparison, a human hair is
about 100 microns. As layers are added, they keep being melted by the
laser and are bonded to the ones below.

In the experiment, the cylinder is sandwiched between two steel bars that
are long, strong, and relatively thick. Another bar, called a striker bar, is
propelled using compressed air so that it hits the first bar. It transmits a
stress pulse that then passes through the bar and into the sample, and the
recorded signals graph a stress-strain curve for the Ti64 material,
according to John Lambros, professor in the Department of Aerospace
Engineering and director of the Advanced Materials Testing and
Evaluation Laboratory at U of I.

Because of the additive method, there is a directionality to the
microstructure of the cylinders, like a seam between each of the layers,
creating a sort of grain structure to the material.

"Our original belief was that the layering would have a huge impact on
the strength properties of the material," Lambros said. "The structure is
very different from traditionally forged material. The grains are more
elongated and are bigger, reaching hundreds of microns. In the forged
material, the grains are much smaller and more rounded. But the additive
Ti64 didn't break the way we thought it would. That was, for me, the
most surprising thing.

"We found that they sometimes broke on the micro-structural seams.
These are planes that offer the least resistance. But we learned that the
layer interface itself is pretty strong. The additive Ti64 actually breaks
more or less how a regular material would break. What this means is that
even under these extreme circumstances and loadings, it's quite good.
Current metal additive manufacturing techniques produce much better
parts than they did as recently as five years ago. Comparatively to earlier
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generations of builds, these newer additively manufactured metals are
fantastic," Lambros said.

Lambros said the level of stress these materials were subjected to is not a
level of compression it would be designed for, not for normal
applications. They also tested conventional titanium using stock of
regular forged titanium and did the same experiments.

"The level of compressions we used in this experiment were similar to
impact events, like those seen in a crash or explosion," he said. "But for
many applications, designers would want to have that information to
fully understand the limits of the material.

"So far, what we have seen is that additively manufactured parts are
good and reliable and consistent. And certainly as good, if not in some
cases better, than regular material. The microstructure is very
different—the grains for example. They look very different. There's a
lot of residual stress because these additively manufactured materials
underwent a very violent past to get to this point—a torturous history
similar to welding as lasers heat the layers as they are applied. They
leave some stresses in there that would affect things. But again,
apparently not that much in the end."

Lambros said when parts are being certified for flight, they are
examined from the beginning of their life—meaning, starting from how
the original material was made, down to the design of the part and how
it's used in the aircraft. A lot has to happen before a part obtains FAA
approval.

"Although initially there were all sorts of problems with these AM
materials," he said, "now it's to the point that the product is actually quite
good. It's comparable to what you would get through your typically
forged or machined material and in some instances, it's perhaps even
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better, bringing additively manufactured parts one step closer to
certification."

The study, "Loading Orientation Effects on the Strength Anisotropy of
Additively-Manufactured Ti-6Al-4V Alloys under Dynamic
Compression" was written by R.F. Waymel, Huck Beng Chew, and John
Lambros. It is published in a special issue of Experimental Mechanics on 
additive manufacturing.

  More information: R. F. Waymel et al. Loading Orientation Effects
on the Strength Anisotropy of Additively-Manufactured Ti-6Al-4V
Alloys under Dynamic Compression, Experimental Mechanics (2019). 
DOI: 10.1007/s11340-019-00506-2

Provided by University of Illinois at Urbana-Champaign

Citation: Additively manufactured titanium alloy parts (2019, October 7) retrieved 24 April 2024
from https://techxplore.com/news/2019-10-additively-titanium-alloy.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://techxplore.com/tags/additive+manufacturing/
http://dx.doi.org/10.1007/s11340-019-00506-2
https://techxplore.com/news/2019-10-additively-titanium-alloy.html
http://www.tcpdf.org

