The Role of Advanced .

viar I I

i Andrew S. Keys, Ph.D.
- o NASA Marshall _§pé,ce Flight Center
. ~ 22 February 2017

Catalyst Connection Annual Manufacturing Reception
5 Pittsburg, PA



NASA Field Center Locations

s o & Glenn Research Center :

R v, R S e . il A RS .~ Aeronautics and Spacecraft '.
EAE o pet 5 ol B ‘ Technology

Cleveland, OH . "~

‘Goddard Space Flight Cénter
- Saence MlSSlons and Telescopes
bttt Greenbelt MD

. Ames-Research Center -
: Aerospace ‘and Small Spacecraft
: Moffett Field, CA

AL NASA Headquarters ,
Armstrong Flight o0 WaShmgt?n e
Research Center

Yia Atmosphenc Research and Testmg
_Edwards CA

~.Langley Research Center - .
: ~AV|at|on and Space Research

, ~ : : Hampton VA g
Jet Propulsmn Laboratory

.. Deep Space Robotic Rovers and Networks
' Pasadena CA

Kennedy Space Center
Space Vehlcle Launch and
‘ : : Landrng
. ' Marshall Space . Cape Canaveral, Fl-
. "Michoud " - - "Flight Center ' | ;
Assembly Facility - Space Transportation,::
Large Vehicle Manufacturing ~ Propulsion Systems,
.. New Orleans, LA + =~ Space Systems, and
i S S Science ‘
“Huntsville, AL’ 2

B i g Johnson Space Center — .

s Human. Space Flight Operatlons
. Houston, TX

Stennls Space Center
" Vehicle Englne Testlng
Bay St. Lours MS



-

Human Exploration
and Operations
Mission Dire,ct'




JUURNEY 10 M/'\RS

s INTERNATIONAL
T SPACE STATION
= Ak ) SPACE LAUNCH
NN SYSTEM (SLS)

SOLAR
ORION ELECTRIC | REDIRECT
PROPULSION | MISSION

COMMERCIAL
CARGO AND CREW

MISSIONS: 6-12 MONTHS MISSIONS: 1-12 MONTHS MISSIONS: 2-3 YEARS I

RETURN: HOURS RETURN: DAYS RETURN: MONTHS
; EARTH RELIANT; L PROVING GROUNDA LEARTH INDEPENDENT



EARTH RELIANT

NOW - MID-2020s
* International Space Station operation
“through 2024, -

» .Commercial development of low-
Earth orbit.

. Develobment of dee'p space
systems, life support and human
health



PROVING GROUND
2018 - 2030 |

» Regular crewed missions and
spacewalks in cislunar space.

.« Verify deep space habitation and
_ conduct a yearlong mission to
validate readiness for Mars.

~+ Demonstrate integrated humanand .+ 4
robotic operations by redirecting 8 Shen ©
and sampling an asteroid boulder.
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. Science missions pave the way to :

Mars.

| « Demonstrate entry, descent, and
) landing and in-situ resource use.

» Conduct robotic round-trip - t f’_: Ao hs
demonstration with sample return in F TR T I P e S ¥
the late 2020s.

«  Send humans to orbit Mars in the Tl e SRt
early 2030s. S R SR, RES S




 Evolution Plans for Space Launch System (sts)
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Space Technology focus investments in 7 thrust areas that are key to
future NASA missions and enhance national space capabilities.
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Manufacturing USA: Today
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Shaded states have major participants
in Manufacturing USA Institutes *
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http://processintensification.org/
http://processintensification.org/
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Ma“UfaCt uri ng 'Tec,h_nblogi.e's.: Bl

v NASA seeks to develop technologles that enable manufacturmg
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Metalllcs and Weldlng Technologles for Space
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M‘é.ta-l'l,ics and Welding Technol 'ogi:‘le.'s for Space

.
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M ARSHALL SPACE FLIGHT CENTER
| CoMPOSITES TECHNOLOGY CENTER

=5

Woven composite materials provide i
advanced thermal protection.
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Why addltlve manufacturlng'-’ AR

,' * Enables Mass Productlon and Customlzatlon

. Rapld I\/Ianufactunng Tool Iess Extreme Cycle
Time Reductions S e e

Traditional Part:

e We|ght removal mcreases m|55|on capabllltles | 19 aluminum parts welded §
SR T : e together

saves fuel costs

. Enables complex de5|gns ar _féq%;ni'tii‘Ze'd !

structures Ve

Q e il ._ - - e Additive
B UL R iy Manufacturing Part:
1 part
30 % weight reduction
Cost and lead time
reductions




 Additive Technologies for Space -

. CustomTooling =~ Custom" |
| ~.Instrumentation

Valve Housing
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1. Targets are placed on

P the hardware

2. Structured light (fringe)
pattern projected onto the
component that “shifts”

Scan Data




 Additive Technologies - An Aerospace Application -




I / [ S POWER DISTRIBUTION AND CONVERSH ON BOX (PDC)

In -Space Manufacturing 3D Printing in Zero-G Technology Demonstratlon Onboard the ISS



ISS Commander Butch Wilmore holding a Ratchet that was 3D Printed Onboard the ISS
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Completed Phase 1 Technology
Demonstration Goals

Test Articles

» Demonstrated critical operational
function of the printer

g > Completed test plan for 42 ground
5 control and flight specimens |

> ldentified influence factors that ompression

may explain differences between
data sets

Phase Il - TBD

» Better statistical sampling
« Demonstrate critical maintenance
functions of printer

Mechanical Property

Functional Tools

Crowfoot

R et

Container
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ISS Commander Butch Wilmore with a 3D Printed Sample Container Onboard the ISS
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I‘SS Commandér Butch Wilmore with a Sample Container that was 3D Printed Onboard the ISS



Student Designed Part Printed on ‘,I'SS_ 3
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- Manufacturing “InSitw”. -
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