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Finalized System of Operations

® Printing

® Mixing

Randcastle vertical
extruder

® Pelletizing

Industrial Shredder

® Extruding

SDSU LEADER Lab
Extruder

Flash Forge

® Testing:

Compression Testing (ASTM D695/D6641)
Tensile Testing (ASTM D638)
Flexural Testing (ASTM D790)

Fatigue (Axial/Flexural) Testing (ASTM
D7791/D774)

Izod Impact Testing (ASTM D256)




Risks in Manufacturing




Spooling

® Material Breaking on Regular Spool
with small inner diameter

® Solution: replace with larger
spool (Stratasys spool)

® Material on Spool Breaking while
Fed to 3D Printer

® Solution: suspend spool

above 3D printer to make
path from spool to extruder
more straight vs tight bend
radius from back of machine
over the top and back down
to the extruder




Printing

® Rough, irregular filament
® Effects: nozzle plugged up and irregular flow rate

® Solution: adjust spooling setup to keep filament in better
condition

® Poor Build Plate Adhesion
® Effects: part cannot print if the first layer does not adhere
properly
® Solution: clean build plate, ABS/Acetone mixture

Poor Final Print Quality

® Effects: parts had poor perimeter finish leading to compromised
parts

® Solution: adjust coding in slicer software to call for slower travel
speeds and set proper nozzle dimension




Destructive
Testing and
Results




Commercial ABS

ABS

ABS & 10% BF
ABS & 25% BF
ABS & 40% BF

Mechanical Properties

Tensile Strength
(MPa)

32-42
33.41%7.38
45.92 + 2.06
48.07 £ 6.53
4419 £ 2.7

Young's
Modulus
(GPa)

1.92-1.95

2.00 £ 0.36
3.66 +0.24
4.77 £ 1.48
4.41 % 0.70

Yield Strength [Max Elongation

13-65
32.07 £ 7.84
40.36 +1.90
44.03 £ 6.06
41.16 + 2.63

10

9.97 £ 0.90
2.82 £ 0.15
1.48 £ 0.46

1.50 + 0.30

Flexural
Strength
(MPa)

60 -73
56.94 + 1.24
67.30 +1.69
66.95+3.79
60.69 + 2.56
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60%wt. Proof of Concept

® We wanted to achieve a material
with basalt comprising the majority
of the material

® |ssues:

® Tension in the extrusion line pulls
material apart

® Bending radius
® Results:

® With appropriate dimensions, 60%wt.
can be printed!







Non-Destructive Testing







ABS & 40% BF Lasar+color h Laser inbansity Haight

ABS & 40+% BF via laser microscope







3
~

£

E
=]
=]
=
o




500.00 um/di

25wt_X100




X-Ray Testing

X-Ray results in January using ball mill (10%wt.) Left to right: 0% BF, 25% BF, 4,0% BF



\ GEANT4 Simulation



*Simulation was coded and compiled by Dr. Robert McTaggart. Special thanks to him and his efforts for running the simulation.

Simulation Set-Up

Design™ Chemical Breakdown

Approximately 100,000 gamma rays “fired” at shield in ® Typical Composition of a Basalt sample:
one-dimensional beam with varied distance °© Si0.@ -so%ut.
Dosimeter * ALO, @ ~14%wt.
® Calcium Fluoride, CaF, ® MgO @ ~12%wt.
Shield composition * (a0 @ ~10%wt.

* 5% ABS ® TiO,@ ~o0.5-2%wt.

° 2506 BF ® FeO @ ~12%wt.

¢ ABS Composition
®  (GgHg)-(C,He)-(C;H,N)

Shield dimensions

® o.5xi0x10CmM

Sources

Basalt: L. Harnois and R. Stevenson, “Major and trace elements geochemistry of basalts and
trachyphonolites from Huahine Island, Society archipelago (French Polynesia),” Bull. Soc. Geol, pp. 179
186, 2006

ABS: Acrylonitrile Butadiene Styrene: Detailed Information About ABS and its Features,” Density of

Plastics Material: Technical Properties Table. [Online]. Available:
https://omnexus.specialchem.com/selection-guide/acrylonitrile-butadiene-styrene-abs-plastic
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Energy Deposited vs. Distance for Gamma Ray Beam
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Fiber Analysis Updates




® Thorough Analysis
® Repetition of experiment
® Originally began with 25%wt
® 12mm sample had 10.27%
® 3mm sample had 22.48%
® Originally began with 40%wt
® 3mm sample had 35.75%

Post-Separation
of 12mm fibers from
ABS/Acetone solution

Actual Percent Weight of Filaments

Post-Separation
of 3mm fibers from
ABS/Acetone solution



System Updates and Current Work



New Fan Cooler

Guides filament with proper
airflow

Allows complete hardening of
filament before entering
puller

Contains variable speed fans
to set air flow at desired rate.

Features a digital voltmeter
and ammeter.



Loss-In-Weight Feeder

ABS and basalt fibers will be loaded into separate funnels.

Two separate motors (one for ABS and the other for basalt
fibers) will spin a screw conveyor at the desired weight ratio
to allow consistent mixing.

Will also eliminate fibers nesting at bottom of funnel which
prevents proper mixing.

Will save time from no longer hand feeding the extruder and
eliminate human error by spilling any material when hand
feeding the extruder.




Economic Worth

® Costs $19,733 per kg to transport material to space

® Costs less to transport 1m3 of ABS with 25% basalt fiber than 1ms3 of
aluminum to space.
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NASA X-Hab: Development of Novel Feedstocks for In-Space Manufacturing

South Dakota State University: Jerome J. Lohr College of Engineering

Department of Mechanical Engineering
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Publication

® Currently beginning final testing for
journal article

® Publications being considered:

® Advances in PolymerTechnology

® Journal of Applied Polymer Science

® Journal of Composites Science

® Virtual and Physical Prototyping
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Development of Novel Feedstocks for In-Space
Manufacturing Applications with Basalt Fiber
Reinforced ABS (Acrylonitrile butadiene styrene)

Abstract:

The gap befween common 30 printing matenials
and aerospace grade metals is what this project
aims to namow. Curest sddtbne manufactunng
smatenals are inbsbesed by thes limined sweagths
and therefore thesr practical uses are limited
Though 3D primting bas made sindes in e
recent yvears, Sarther infegration will require
addvancement in ssaterial strength and capabality
South Dakota Szate Universsty”'s Lab for
Enginesnng of Addire Deagns: Edecabon and
Research (LEADER) m the ME Department bas
previoushy had the techsology to create and use
its oom thermopdastic filamest This senior
desipn prowp plans to use preor knowledpe
acgrured in thas departsent to develop a movel
fimedrinck that is comparable to NASA's
asyospace sundards. Through research and
development, sety of filament nilll be extraded
and printed 1o be tested for tensile ad specafic
strength. Trials with mixing carbom fiber,
metallic pooders, and ofer pohymer matnces
vl b the mamn compoments of expermentabion
Trader hng of additive Eactigmag
constraints and vanables in space will be
considered Seoughout this project
Advancements in thie ares of shady vl furthes
rtegrate addits e mmanufechomy o fuhue cpace
explorations

Kevwords:

Beaalt Fiber, AR5, 1D} Primiing, Addfiihe
Aol furing, Extrading. High Serenpth
Filzrwint

Introduction:

Addstive manufacturing bas been a
revalutsnary development for the 1%
cenfury; sinCe s moephion, additive
manufacnirmg, of 30 proutng, has albowed
all walks of life to be able to create 2 wids
wvaniety of objects with relative case anda
drastc peduction mn wasted maneril
Trasditiomal manufacturing requires
expemaive malds to be made, of to stan with
a large volume of material, and trim it down
1@ et the desired dimessicons. This
efficiency and ease of use for additive
manufacnuring msioes the process 3 very
attractive techmology for an establishenent
such as WASA 10 siegrate mio 15
operatiens. However, as with any
developmg teckmaology, additve
manufacturing is not withoot its faws. One
large weakness of additive manuafacturing
compared 10 madiional metheds, 15 e
strcharal mtegrity and strength of the
fneshed designs

3D printing 13 lemited 10 muaterials that can
be melted, shaped, and cooled within a
reasocable temperatare and pressure facge
The resulting materials that e comgpatible
with 3D printing are then Lmited o mosls
plastics. Whibs isngiie reseanch 15 bemg i
use additive manufacturing theorses with
metal and cerasmic materials, plastc sall
largety remains the most common hase

marasial Fos TP asiailan Tasaiciaal dois ks




Expected Deliverables

® 1 kg spool of material

® 25%BF ?? - Please let us know which version you want

® Full technical report
® Final draft of published manuscript

® Will send to Christopher Roberts for distribution at NASA before submitting to
publisher

® Brochure from Engineering Expo



Questions?




Final Acknowledgments and Appreciation

Thank you for giving us the opportunity to work
on this Xhab project. We have learned so much

through this process and are excited to compile
the work into a journal paper. We hope that

South Dakota State University can collaborate

with NASA again in the future in an effort to SOUTH DAKOTA
advance space exploration. STATE UNIVERSITY

i

All the best,

SDSU NASA X-HABTEAM
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