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- e tated: NASA SID 6L

NASA-STD-6030, titled “Additive Manufacturing Requirements for
Spaceflight Systems”, is NASA’s set of requirements for using additive
parts in a spaceflight application

* 6030 is not intended for prototyping, instead the focus is making
reliable parts for critical applications

* |f you are in the move fast and break things mode, this standard does not
align with that mentality

e 6030’s focus is on using additive manufacture (AM) intentionally
with communication and context. That is why the standard focuses
Foundational Process Controls and Part Production Controls.
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Additive Quality

Manufacturing General Req u i l'ements Management

* Foundational Process Controls: How you

(4.2)

e Define your process Foundational Process Control Requirements

* Characterize your process Role of the ._Pesomel Tining o oo @
* Definition of Matenal Process (%)
* Monitor your process Materials | [ e it homin
. . * Statistical Process Control Critena (4.11.6.4)
* Use the process for a design Property Suite | | - v popey puacsn

* Design Values 6.11)

* Part Production Controls: How you

* Will document additives benefits for your Part Production Control Requirements
application  Desin

Part Classification (4.3)

n

* Production Engineering Controls (4)

° Wi | | be ma ki ng you r pa rt =¥ * Staustical Process Controls (4.11.6.4,.6.9) (=

* Acceptance Testing / Statistical Process Control (4,4.11,6.4)
° W' I I I 'f *  Digital Thread (4.13)
Il quality your part + Part Production Plan ()

* Pre-Production Article Evaluation (7.5)

1 *  Additive Manuf; Readiness Review (8.1)
* Will ensure part success s ey, Aewdncay Bavib o

{  Service )

Note: Section mumbers in parentheticals are references to NASA-STD-6030
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The Materials

Property Suite

A Comprehensive Guide to an Additive Material




What is 2 Materials Prope

 NASA Standard 6030 has descriptive requirements for properties,
instead of prescriptive limits. This means that the existent state of the
material must be documented.

* A Material Property Suite contains the information on the state of the

material and cites the processes to produce
* Covers mechanical and physical properties, alongside microstructure

e Establishes the reference distribution that must be matched by later AM
coupons to be under this MPS

* This example MPS is a single document, but any system that
integrates the database of properties and microstructure information
to establish design values can work
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neefl’a Materials Prog

 Collects Necessary Information

* A properly constructed MPS collects the information that designers need to know on
the material

e Clearly references the processes that produce this material

e Advertise Capabilities

A MPS can be sent to projects or customers to describe the material and inform their
designers of properties

 Demonstrates Quality, Documentation, and Reliable Properties in one place

* Creates Trust Parity

* The testing required to be compiled in an MPS are equivalent to those expected from
a foundry for conventional part. This can address some of the skepticism around
additive part reliability
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/ create.exarple documents? -

e Standardize Expectations

* 6030 is intentionally flexible in its requirements but this can make it
difficult to parse what a document meeting those requirements would
look like

* Creating an example which meets these requirements gives a starting point

e Communicate with Additive Fabricators

 NASA-STD-6030, with 190 pages and 115 shall statements can be an

intimating standard. Seeing an example can help overcome the initial
hurdle

 Demonstrate reasonable tailoring and limitations

* Coordinate NASA Internal Efforts
* Provides an example for NASA personnel of what 6030 requires
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* Ease of Disseminating Information
A fictitious material is not subject to export control limitations

* Do not need to procure information from real studies or get permission to
replicate data

* Reduces misunderstandings

* Having a clearly unstable chemistry, unrealistic heat treatment parameters,
and unlikely property ranges makes it clear to readers joining at any point that
the material is not real

* If the document is used as a template the unusual numbers make spotting
non-updated figures easy

e Still has actual numbers to show expected formatting and data spread
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Ntid’dlm mta Nitidrodium Composition

m Titanium (Ti)

* Chemical and Physical properties are not
subject to later statistics, so reasonable
approximates could be chosen arbitrarily

* Tensile mechanical properties undergo more
statistical examination, so a dedicated effort

was made to produce realistic variation in | |
Lot Mature Ultimate Tensile Data
the data

® Aluminum (Al)

Gallium (Ga)

Misc. Elements

[ury
=
=

* A lot mature data set with 100 tensile coupons

[y
2
=]

was generated [ SR

* Prior to my involvement with this effort f . ....." .,:--,.,.' -‘..""- Xo- Yen’ o e
Zhaofeng C. Huang created a tool for simulating ¢ | e . .
AM data, which utilizes a range of “build g . .

parameter sets” and “build profiles” to generate
data spread we’d expect in additive properties 7 0 4 6 s 100
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Materials Property
Suite Buildino Blocks

Putting the pieces together, and what pieces you need




* Baseline Documentation
 Title Page, Scope, Limitations, Material Designation, Relevant
Specifications, References
* Processing References
* Feedstock Composition, Registered Qualified Material Processes
(QMP) and Sub-QMPs, Heat Treatment
* Properties

e Chemical and Physical: Build Chemistry, Microstructure, Thermal
Properties

* Mechanical Properties: Tensile, Young’s Modulus, Elongation, Fracture
Toughness, Elevated Temperature Tensile, Fatigue

e Statistical Process Control
* Define Reference Distribution, Define Control Limits, Control Charts
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Fecial Considerations

.1. Fabrication Considerations: Heat Treatment

At elevated temperatures the alpha phase of this mefal can omidize and embrittle, reducing
fractare toughness sigpificantly. Heat treatment atmospheres should be kept below 130 ppm
Crzygen to produce material in keeping with thiz MPS

Discussion: Fabrication Considerations- While the QMP cited in Section 1.4 has
detailed fabrication instruetion, this fabrication consideration subsection provides a
space to cover any additional concerns when working with the material, [fthe

Just because an example document meets e e e

requirements does not mean it is useful for people | |
. R 2. Physical and Chemical Properties . o
looking to create their own MPS. Extra care was B e e e i i i

1.1.Chemical Properties
211 [Tahle] Printed Composzition

taken in the following areas to improve utility. S

2120 [Fizure] Az Built
1122 |Figure] HiPed

* Context- Blue Boxes contain discussion on why particular
choices were made in the document, as well as the lad o W
methodology for less transparent sections iy & ’;?
L

* Clarity- Whenever the document differs from the expected v N
information in a MPS it is noted and explained in e At P
commentary boxes W oe TR g

Fizure 2. 12 3 Solution Treated and Agzed Microstructure (¢)

* Conciseness- The formatting was kept slim and extraneous e s B4, A5 A B B T8 B TS

are of a Inconel Alloy 718, provided by Colton Katsarelis of Marshall Space Flight

commentary to a minimum Center

While the above micrographs are not of the fictional alloy discussed in this document,
they are captured during a similar sequence of post processing. Microstructure will
vary wildly depending on the material, so a similar procession should not be assumed.
While discussions of the requirements for the microstructure are held in the QMP,
annotations may be helpful in cases where there are features of the microstructure
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.A .
Document ID: XYZ

Laser Powder Bed Fusion Nitidrodinm Material Property Suite (MP3) For
Class A Applications

 This Document is formatted as a NASA Revision C

Prepared by

i n t e r n a | Iy C re a te d IVI P S Scott Bantoro, Andrew Glendening; WASA Goddard Space Flight Center, Greenbelt, MDD 20771

Timothy W. Simpzon; NASA Langley Fesearch Center, Hampton, VA, 23651-2199

* Primarily as this allows the “in universe” Zusofens C Frang; Aswospace Corporsion, Bl Segund, CA 0024

Peviewed by:

d ocumen t p re p arers to b e t h e same as t h e Samuel M. Cardner, Will Tilson; MASA Marshall Space Flight Canter, Humssville, AL 35804

Effective w2023

e X a m p | e W r i t e rS Paper copies of thiz document may not be corent and shonld not be relied oo for official porposes. The

* Minimal edits could make this formatting
suitable for any company

1.1. Scope
This document will detail a Class A Material Property Suite (MPS) for Nitidroium produced
° : using laser powder bed fusion.
* All MPSs d be material produced t
S descripe material proaucead to a 12 Limiations o
This MPS is not applicable for thin-walled structures below 0.100” in wide in the build plane, or
thick-walled structures over 5.000” in the build plane. This MPS is limited to single laser powder

set quality class, which needs to be noted b fsion machin hat s et bad o leve th buldplane

1.3.Designations

Nitidrodium31, NITDRO-AI31, NITIAL31

L
in the document
GSFC D-1234567 Rev.C - TurboEncaltech Nitidrodium Feedstock Powder Specification for

Laser Powder Bed Fusion Additive Manufacturing
GSFC D-1234568 Rev. C “Heat Treatment for Nitidrodium Additively Manufactured QCI Parts™.

o Any geometric Iimitations for the pa rtS the Si.l:dcr‘](3;.-12%!4569REV,C“AdditiveManufactuangCenterQua]jﬁedMaterialProcessRecord
MPS is intended to cover also must noted
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* A MPS is a description of the use state of the material, thus
information on the process for producing it is focused on in
Qualified Material Processes

 All that is required is that QMPs (which have properties in family with the
reference distribution) be listed with document numbers

* Other process documents like heat treatment and feed stock composition
are treated similarly

* This example MPS document has extracted some information in
these reference documents to provide a more complete view of
the material, which can be very valuable if permitted
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(hérrical and Physical Properties.

Table 2.1.1. Typical Printed Composition
Element Measured wt.%

* The post-printed composition was T —— -
based on the feedstock composition s e e e
with some loss of lighter elements and o T
minor random variation, as expected T e

in a laser powder bed print

* Most physical properties were values in
the expected range for this composition

* The microstructure images were
actual micrographs but are stripped of
context to function as examples of the -
fictious material WL rh g

S
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MechanicalsPropet

* A majority of the Mechanical Properties Data
is the tensile data generated to demonstrate :

-

Tag
T9p

[

[=

367.66 6= 0.21 loc= 10.66

statistical process control. With some simple
statistics you can get plots and table values for
each property.

e Ultimate Tensile Strength, Yield Strength and 2]
Elongation are all necessary metrics to track

e Reduction of Area was also analyzed in this MPS,

primarily as a diagnostic metric N —

* The distributions were described as generalized
gamma distributions as they are flexible and fit
closely for each property

80 85 90 95 100
Ultimate Tensile Strength (UTS) [ksi]

17

105



Additional:Meehanical Prope

* The remaining mechanical properties did
not undergo as extensive statistical
analysis, so were generated with a less
extensive process

* Unplotted properties like the Young’s Modulus
and Ultimate Shear were assigned reasonable

values in a similar manner to the chemical and
physical properties

* The Fatigue plot was more detailed than
required make an easier to follow plot

e 6030 only requires 10 data points for a class A
QMP the additional data points are to help
compute the data envelope
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* Statistical Process Control (SPC) functions Consistent Builds

by taking setting statistical control limits
which later witness coupons can be 11213 »
evaluated against to make sure the

process remains in family

* To get these limits a portion of the builds
are designated as the Process Control
Reference Distribution (PCRD)

* |In this case the first 3 builds were selected
which contain a total of 32 coupons, from

two powder lots The PCRD is used to establish limits for
following builds

19




X G atidtical Prosess Contral: Uilizing a PORD

 Before limits are derived from the Process Control T
Reference Distribution you need to calculate the “ pdate
, : L Frequency
set’s basic statistics

 Mean, Covariance (COV), Standard Deviation, T90, and 1-10 5
T99 were calculated for all 4 tracked tensile properties. 11-50 10
Though only the Mean and Standard deviation were
used to define control limits. 51-100 20

* The PCRD is intended to be expanded as more data 101-500 50
is found to be in family 501-1000 100

* To explain the process of expanding the PCRD section
4.4 of the MPS justifies the expansion but that
reasoning wouldn’t normally be in an MPS

1000 250

20




~aAl FYOcess Lontrol: Lontrol Unan

UTS (ksi) X-Bar Chart

* This example document follows the ASTM

E2587 SPC procedure, warning limits and .~~~ " T

control limits can be established ........... —— . S S Soeen
e Each property has two control charts, the v b e N S [ e

X chart tracks the mean of the property =~ e

per build and the S chart which tracks the

standard deviation per build s s o

* The Upper and Lower Control Limits are the
line past which there is immediately assumed
to be process shift

* The Warning and One Sigma Limits only
demonstrate shift if there is clustering past
them

nate Tensile Strength (KSI)
~
o

Itir

Build Number
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* As the control charts are intended to
capture process drift, they track
properties on a build-by-build basis
and not per coupon

* This example uses Western rules as
defined in ASTM E2587, which has
seven different conditions for detecting
process shift.

e Use of these particular rules or standard
is not required, just some usage of SPC
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Final T

We have a functional MPS, where do we go now?
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~ “One l SCUTES L s Docuyent”

* This document has formatting based the design of some JPL internal
documentation, which also featured small sections for each property,
with tables and figures held to the end. This formatting is not
standard or even preferred within NASA.

* The ordering, naming, and distribution of sections does not need to
match what this document has. The information is what is required,
not any particular way of displaying it.

* As discussed earlier even formatting an MPS as a single document will not be
the right fit for every application

* Even the properties covered in this example MPS are not universal.
For materials intended for different applications, or produced in
different processes, it may be necessary to track coefficient of
thermal expansion, the change in properties along an alloy gradient,
or thermal properties in greater detail.

24
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* To demonstrate more of the range of formats that a Materials
Property Suite can take, alternately formatted versions are planned

* There were sections of this MPS that would normally be expected of
a Class A build but weren’t filled out with fake data in this example
such as thermally elevated mechanical properties and fracture
toughness. Additional data should be generated for these area to
provide a more complete example.

* The process of creating this MPS, and the discussions arising from it
have highlighted points where NASA STD-6030 need additional
clarity. Revisions are upcoming for this document, so these points
should be kept in mind.
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* A Materials Property Suite is a NASA-
STD-6030 required document that
describes the state of an additive
material

* Using a fictitious alloy like Nitidrodium
allows for a controlled, clear, sharable
example

* Establishing the allowable distribution

for a given material is a primary role of
the MPS

* An MPS does not need to follow a set
format, but having an example gives an
entry point for unfamiliar users

\ MATERIALS /
1\-\ENGINEERING/}
75, N cooE b




. : B g P o . . ‘. = - . .'_.‘ : : .“
’ - ' . . . . ’ oy 3 7
. - $ oL . L b i .
, " - . e . » . ! o ‘ s
: . : , e G : "' .

Thank you for your attention!

Scott Santoro
Phone: 301 286-5953
Email: Scott.v.Santoro@NASA.gov




