Effects of the Sintering Process on Additively MISSOURI

Manufactured Copper Projectiles

Avery Lyons?, Phillip Mulligan’
INTERNATIONAL '"Mechanical Engineering Department, Missouri University of Science and Technology
BALLISTICS SOCIET

3D printed 12-gauge slugs with Virtual Foundry’s copper filament to examine if the sintering process 1s necessary
- for slug survivability. The test indicated the sintering process is not necessary for the slug to survive firing from a

o ’ o
Too Long; Didn’t Read: 12-gauge shotgun. The tests also highlighted the sensitivity of the sintering process to oxidation of the copper slugs
and detriments these sensitivities have on slug survivability.

Currently, We Know...

» Copper filled polylactic acid (PLA)
can be used in Fused Filament
Fabrication (FFF) 3D printing

» Multi-step AM processes are time-
consuming, costly, and requires
specialized equipment
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» Sintering complex parts very difficult |l 4 ft | 4 ft |
due to volumetric shrinkage and R
potential warping

» 3D scanning can be utilized to
account for volumetric shrinkage

We Want to Know...

» Is the sintering process essential for

RESULTS
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PRINTING

* Filament composed of polymer binder
and 87.0-90.7% copper particles
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» Sintered slugs experienced significant * Starting Mass: 28.35¢g ‘ Recovered Mass: 27.22g (4% l033) HIGH-SPEED

* Muzzle Velocity: 1,963.78 ft/s * Penetration Velocity: 1,694.4 ft/s VIDEC!
* Distance Traveled in Recovery System: 11.96 ft

Copper Sintered Slug

mass lost (77%) due to high
porousness compared to lead and
green slugs (4% and 3%)

» Oxidation can occur during sintering
process

» Bypassing sintering process presents
opportunity for unique ballistic
geometries that could help in flight
stabilization and prototyping

SINTERING PROCESS

* Debinding process
removes PLA from
green 3D printed
part creating

Debris Trail -
Sintered

Slug Sintered

Slug

“brown” part ,  Starting Mass: 13.42¢ * Recovered Mass: 3.04g (77% loss) HIGH-SPEED
* B ts th t# : o T . : ) VIDEO!
NOW WE WANT TO... thrown rE>ar i, en pu & e Muzzle Velocity: 1969.56 ft/s Pgnetratlon Velochy. 1593.30 ft/s
L . rough sintering Simring Pacing oun ars  Distance Traveled in Recovery System : 6.3 ft
» Characterize sintering process to orocess to compact \}
minimize porousness and warping metal into fully Green Slug

within the material dense part i '

» Test low caliber small arm rounds to - Copper partices : | Green
determine effects on projectile when —— | Waddlng Slug
introduced to direct heat and »m-»-»m-» l I b
pressure oV la)te::;dlcng —— :itn:;;i:gc — ——

> Laser surface center rounds to o - Starting Mass: 12.82¢ Recovered Mass: 12.44¢ (3% loss) HIGH=SPEED
achieve required tolerances for * Muzzle Velocity: 2087.08 ft/s * Penetration Velocity: 1713.15 ft/s VIDEQ!
projectile « Distance Traveled in Recovery System : 8.3 ft
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