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The Military is becoming increasingly more dependent on using 3D 

printing for replacement parts in theater, at the point of need. It can take 
months to order and ship replacement parts to the battlefield. By 3D 
printing military replacement parts with less Original Equipment 
Manufacturer (OEM) material, and more indigenous material like sand, 
it reduces the use of material in stock, which increases overall Army 
readiness in the battlefield. 

The two different printing methods used during this research were 
Selective Laser Sintering (SLS) and Stereolithography (SLA). The 
material property tested was the modulus of elasticity or Young’s 
Modulus (E). Young’s Modulus is defined as the ratio of the applied 
stress to the material along the longitudinal axis of the specimen tested 
and the deformation or strain, measured on that same axis (Zou et al., 
2016). This means that a stiffer specimen would have a higher modulus 
of elasticity. The modulus of elasticity was calculated by using a three-
point bend test. 

By determining if the mixed material composites developed through 
extensive research have similar or improved properties to pure OEM 
material, the military could safely 3D print replacement parts with a 
sand composite and save time and money by shipping less virgin OEM 
material overseas. 

The 3D printers used in this research were the Sinsterstation 2500 
SLS printer and the Formlabs Form 2 SLA printer. The SLS printer 
used a Nylon 12 powder, and the SLA printer used a clear, 
photocurable resin. The composite printing material was 80% OEM 
and 20% sand by mass.

Tensile bars 4.5" in length, 0.75" in width, and 0.125" in height were 
produced (Figure 1). Each testing group was comprised of 30 tensile 
bars. Tested groups were a control SLS print using OEM material, an 
SLS print of the composite material, a control SLA print of OEM 
material, and an SLA print of the composite material, 120 bars in total. 
The tensile bars were tested on a Vernier Structure & Material Tester 
(VSMT), as shown in Figure 2, to determine their Young’s Modulus. 
Each sample bar was loaded into the VSMT and the Young’s Modulus 
for each sample was recorded. The Young’s Modulus for each specimen 
was determined though a linear fit of the horizontal section of the E vs. 
time graph in Logger Pro.

All data were recorded in megapascals. Two separate 2-sample t-tests 
were used to calculate mean difference and standard deviations for the
tensile strength of the tested variables.  

Results
Conclusions

The military is frequently challenged with shipping materials and 
parts overseas. 3D printing parts at the point of need can be much faster 
than conventional manufacturing and shipping from the US. As shown 
in Graphs 1 and 2, the 80% OEM material, 20% sand mixture has a 
higher Young’s Modulus than the strictly OEM material for the SLS 
and SLA printers. These promising results indicate the Military could 
potentially safely use this material composite for 3D printing 
replacement parts to help keep equipment operational and ready to 
carry out missions. However, the military should continue to perform 
additional testing on other mechanical aspects of the composite 
material to confirm if it is truly a viable replacement for OEM material.
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Figure 1 (below): Image of the 
tensile bar used to conduct the 
three-point bend tests. This tensile 
bar was created in the 3D 
modeling application, Solidworks.
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Figure 2 (right): Image of the 
VSMT loaded with a tensile bar, 
conducting a three-point bend test. 
As the displacement wheel is 
spun, the threaded tackle 
connector and the tackle lower at 
the same rate. The tensile bar 
flexes as the tackle pulls down the 
center.

Graph 1: A two sample t-
test showed that there 
was a significant 
difference in Young’s 
Modulus between the 
OEM SLS tensile bars 
(M = 1670.3 MPa, SD = 
406.4) and 80% Nylon 
12, 20% Sand mixture by 
weight tensile bars (M = 
3402.5, SD = 875.4), 
t(40) = 6.58, p ≈ 0.000. 
The mean difference in 
Young’s Modulus 
between the groups was 
1732.2 MPa with a 95% 
confidence interval from 
1199.8 Mpa to 2264.5 
MPa. The 80% Nylon 12 
powder, 20% sand 
mixture showed a higher 
elasticity.

Graph 2: A two-sample t-
test showed the mean 
difference in Young’s 
Modulus between the 
OEM material tensile 
bars of an SLA printer 
(M = 2857.9 MPa, SD = 
1007.8) and the 80% 
photocurable resin, 20% 
sand mixture by weight 
tensile bars (M = 3932.4 
MPa, SD = 974.6), t(48) 
= 3.76, p = 0.0002. The 
mean difference in scores 
between the groups was 
1074.5 MPa with a 95% 
confidence interval 
ranging from 497.2 Mpa
to 1655.2 MPa. The 80% 
resin, 20% sand mixture 
had a higher elasticity 
than the OEM printing 
material.
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