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Welcome and Course Objectives

ÅNASA's Approach to Additive Manufacturing Certification: Methodologies 
for Qualification of Additively Manufactured Aerospace Hardware

ÅThis course is intended to provide guidance and practical methodologies on 
how to establish a qualified process and deliver certifiable hardware per 
the requirements in MSFC-STD-3716 and MSFC-SPEC-3717

ÅCourse Objectives
ÅReinforce a basic understanding of AM processes
ÅBecome familiar with MSFC-STD-3716 and MSFC-SPEC-3717 requirements for 

metallic spaceflight hardware
ÅAppreciate integrated path to Qualification and Certification
ÅUnderstand products necessary to get you to Qualification and Certification



Course Description

Additive Manufacturing (AM) is a disruptive technology that has the potential to 
revolutionize hardware production and traditional supply chains. For NASA, 
companies producing human rated liquid rocket engines have been an early 
adopter of AM. In response the NASA Marshall Space Flight Center has produced 
MSFC-STD-отмс ά{ǘŀƴŘŀǊŘ CƻǊ !ŘŘƛǘƛǾŜƭȅ aŀƴǳŦŀŎǘǳǊŜŘ {ǇŀŎŜŦƭƛƎƘǘ IŀǊŘǿŀǊŜ ōȅ 
[ŀǎŜǊ tƻǿŘŜǊ .ŜŘ Cǳǎƛƻƴ ƻŦ aŜǘŀƭǎέ ŀƴŘ a{C/-SPEC-отмт ά{ǇŜŎƛŦƛŎŀǘƛƻƴ CƻǊ 
/ƻƴǘǊƻƭ ŀƴŘ vǳŀƭƛŦƛŎŀǘƛƻƴ ƻŦ [ŀǎŜǊ tƻǿŘŜǊ .ŜŘ Cǳǎƛƻƴ aŜǘŀƭƭǳǊƎƛŎŀƭ tǊƻŎŜǎǎŜǎέΦ 
These two documents convey the policy and procedures necessary for Marshall to 
certify components produced using powder bed fusion. The framework established 
by these documents has been widely accepted by NASA and is being reworked to 
become NASA Agency level standards which will be written to cover a wider range 
of AM materials and technologies for all NASA programs.  This course will provide 
guidance and practical methodologies on how to establish a qualified process and 
deliver certifiable hardware per the requirements in MSFC-STD-3716 and MSFC-
SPEC-3717. Where available, examples will be used to demonstrate how a 
participant could respond to the given requirements.



Overview of NASA
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NASA is not homogeneous
Å Technical and risk cultures 

vary by facility and mission as 
shaped by its history

ÅHuman-rated spaceflight
ÅJSC, KSC, MSFC
ÅSpace Science
ÅGSFC, JPL
ÅAeronautics
ÅLaRC, GRC, ARC



Supporting the Mission
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Additive Manufacturing (at MSFC)

ÅExtensive experience in Additive Manufacturing (AM) technologies, and have been involved in 
about 30 different AM systems in the past 26 years.

ÅOver $11.5M capital investments in metallic powder bed systems in the past 5 years, and have 
committed significant engineering manpower resources

ÅNASA AM Objectives
ÅDecrease production lead time & costs

ÅDevelop Flight Certification Standards

ÅProcess development and characterization

ÅShare knowledge and data in pursuit of smart 
vendor base 

ÅDesign optimized components & test at 
relevant conditions

ÅAppropriate Application

Å High complexity & difficult to manufacture

Å Low production rate

Å Long lead time & high cost



Additive Manufacturing at NASA
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For-Space: In-Space:



Aerospace Examples

RS25 Prime Contractor, Aerojet 
Rocketdyne, technician exhibits the RS-
25 pogo accumulator (top and middle), 
which was subsequently hot-fire tested 
(bottom)
Å Over 100 Weld Eliminated
Å Nearly 35% Cost Reduction

https://www.nasa.gov/exploration/systems/sls/nasa-tests-
3-d-printed-rocket-part-to-reduce-future-sls-engine-costs

NASA MSFC rocket injectorsmade byAM 
resulting in a 70% reduction in cost.

Å Using traditional manufacturing methods:1 Year, 
163 parts

Å With AM, 4 months.only 2 parts 

https://www.nasa.gov/press/2014/august/sparks-fly-as-nasa-
pushes-the-limits-of-3-d-printing-technology/
https://arc.aiaa.org/doi/abs/10.2514/6.2018-4625

28-element Inconel®625 fuel injector built using 
an laser powder bed fusion (L-PBF) process

NASA MSFC has also built channel-
cooled combustion chambers using L-
PBF, but that use bi-metallic additive 
and hybrid techniques.

Å The materials used vary from 
Inconel® 625 and 718, Monel® K-
500, GRCop-84, and C18150 metal 
alloys.

Å Designs tested ranged from 200 to 
1,400 psiain a variety of propellants 
and mixture ratios, producing 1,000 
to 35,000 lbf thrust.

https://arc.aiaa.org/doi/abs/10.2514/6.2018-4625

https://www.nasa.gov/exploration/systems/sls/nasa-tests-3-d-printed-rocket-part-to-reduce-future-sls-engine-costs
https://www.nasa.gov/press/2014/august/sparks-fly-as-nasa-pushes-the-limits-of-3-d-printing-technology/
https://arc.aiaa.org/doi/abs/10.2514/6.2018-4625

