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Mars. The CheMin XRD instrument 
is still proving valuable information to 
better understand Mars. As such, it is 
expected that future landers will also be 
equipped with XRD instruments.

GOING TO THE RED PLANET.
Dr. Roberta Flemming is leading a group 
of researchers from Western University’s 
Department of Earth Sciences and 
the Centre for Planetary Science and 
Exploration, Brock University, and the 
University of Guelph, to create an even 
more advanced XRD instrument for future 
landers. “The Curiosity Rover on Mars 
crushes rocks into a powder, destroying 
critical information about the relationship 
between the minerals in the rock. Minerals 
tell us the story of the planet’s geological 
history,” says Flemming.  
Flemming recognized the need for a 
better instrument and was recently 
funded by the Canadian Space Agency 
(CSA) to work on the development 
of a miniaturized in situ XRD (ISXRD) 
instrument. For the duration of the 
18-month study, Flemming and her 
team from Western will be working with 

Martian-analogue rocks, minerals, and 
meteorites to test candidate miniaturized 
x-ray components and geometries made 
at PROTO.
The ISXRD instrument aims to eliminate 
the need for grinding and sifting, as 
these additional processes can cause 
the investigated sample to sometimes 
not be representative of the rock from 
which it actually came, which can affect 
the integrity of the results. This new XRD 
instrument also aims to have less motor 
movement and incorporate more effective 
detector technology to improve upon the 
current Martian XRD capabilities.

3D PRINTING 
& RESIDUAL STRESS

3D printing is revolutionizing how we 
create products. For a few hundred 
dollars, we can now buy printers that 
can print plastic 3D models, which 
can help us conceptualize ideas and 
in some cases, these models can 

even be used as working devices. 
More advanced printers available for 
as low as $10,000 can be used to 
print carbon fiber and form very solid 
and reliable parts. Many small parts 
that used to be machined are now 

X-ray diffraction is helping to advance the use of 3D printed metal 
parts by ensuring they have the same fatigue resistance as their 
traditionally machined counterparts.
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reliably made using these carbon fiber 
printers. Small items such as brackets, 
couplers, small mechanical gears, and 
covers can be made quickly and cost 
effectively. Parts can be printed in a 
few hours and files can be sent directly 
to the printer from a 3D drawing, 
reducing the amount of work required 
for the design.
Additionally, 3D printing gives a 
designer more freedom by permitting 
much more complicated designs 
to be manufactured than would be 
traditionally allowed. The constraints 
of figuring out how to construct a part 
using the equipment in a machine 
shop are removed. 
For the price of a CNC machine 
(approx. $100,000), it is even possible 
to get a printer capable of printing 
metal parts. Metal 3D printing is a very 
exciting method for the manufacturing 
industry, as it can replace complicated 
processes such as casting or 
machining. It also has the potential to 
be used to create replacement parts 
on demand. When considering using 

a metal 3D-printed replacement part, 
it is important to understand that 
while the part may be dimensionally 
the same as a machined part, the final 
chemistry, microstructure, and the 
internal stress (residual stress) may be 
completely different. 
Residual stress affects fatigue life. 
So, careful control of it is necessary 

to ensure that a part does not fail 
prematurely during use.  In particular, 
compressive stress is generally 
beneficial to a part and helps keep 
cracks closed, slow down crack 

propagation, and delay failure.  X-ray 
diffraction is a common method used to 
measure the residual stresses present 
in the part after fabrication; dedicated 
residual stress diffractometers are 
used for this purpose. The part is 
placed in the diffractometer, and the 
angle of the diffraction peak can be 
used to determine if the material is 
under strain. As the strain changes in 
the material, the diffraction peak will 
shift up or down in angle depending 
on whether the part has compressive 
or tensile stress present.  The scan 
typically takes a few minutes. The 
strain can then be converted to 
a stress, which is then evaluated 
to determine whether additional 
processing, such as heat treatment or 
shot peening, is required to modify the 
residual stresses. 
In recent work, PROTO has found 

that 3D-printed parts can often have 
very different residual stress than their 
traditionally machined counterparts. 
As a result, XRD is proving to be a 
valuable tool to ensure that 3D-printed 
parts are as safe and reliable as 
machined parts and can act as 
suitable replacements. 

Residual Stress vs. Depth for 3D-Printed Parts 
Made From DIfferent Metals


