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Additive Manufacturing Standards Structure

General AV ok e | vesonmance | foumsrotn. | General Top-Level
Standards - AM Standards
Design Guides T Artifacts
General concepts
Common requirements
Generally applicable

Feedstock Materials Finished Parts

Material Category-Specific i All Finished Parts
Metal Powders | Ceramic Powders Powder Bed Fusion Mechanical Test Methods Category AM

) pr—— Jirar ar MDE/NDT Post-Processing
Photopolymer 1, ymer Powders Binder letting ‘ Irﬂ}:ﬂ,’i,‘ﬁrg‘r Methods ¢ Standards
; Specific to material
3 Polymer . Material " IR PEL
Rods Filaments Extrusion Sheet Lamination category or process

Chemical Test - ko
Vat Photopolymerization Methods - category

Nylon Powder W Mylon ABS § Aluminum Alloy Speclallzed AM
etc

Directed Energy

Deposition with i E Mickel-Based A Standards
ABS Filament

Titanium Alloy

Specific to material,
process, or application
Application-Material-Specific
Aerospace Medical Aerospace Aerospace
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Existing Standards with Minimum Mechanical Properties for AM Parts

Committee
ASTM F42

Committee

SAE AMS-AM

Test Standard Number

F3001

F3055

F3036

Test Standard Number
AMS 49994

Standard Specification for
Additive Manufacturing
Titanium-& Aluminum-4
Vanadium with Powder Bed
Fusion

Standard Specification for
Additive Manufacturing
Titanium-6 Aluminum-4
WVanadium ELI (Extra Low
Interstitial) with Powder Bed
Fusion

Standard Specification for
Additive Manufacturing
Nickel Alloy {UNS NO7718)
with Powder Bed Fusion
Standard Specification for
Additive Manufacturing
Nickel Alloy {UNS NO6625)
with Powder Bed Fusion

Directed enargy Titanium
alloy laser deposited
products

AT TiCAILBET AR ARSI HIE
O L R/ EE

KXTFTi6Al4(extra low interstitial)i&@
EM R ARSI AR ISR IS

REfEE

KXTHRESE(UNS NO7718)iEidH
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Existing Specifications Including Chemical Composition Requirements for AM Parts

ASTM F42 F2924 Standard Specification for

Additive Manufacturing Test Standard Number

Titanium-6 Aluminum-4 ASTM F42 F3056 Standard Specification for

Va r'_ad"‘"“ with Powder Bed Additive Manufacturing Nickel

Fusion Alloy (UNS NO6625) with
F3001 Standard Specification for Powder Bed Fusion

Additive Manufacturing Standard Specification for
Titanium-6 Aluminum-4 Additive Manufacturing
Vanadium ELI (Extra Low Stainless Steel Alloy (L.Ii\IS
Interstitial) with Powder Bed 531603) with Powder Bed
Fusion Fusion

Standard Specification for
Additive Manufacturing Nickel
Alloy (UNS NO7718) with
Powder Bed Fusion
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Specifications in Development Including Chemical Composition Requirements for AM Parts

ASTM F42 WEK51329 Standard Specification for
Additive Manufacturing
Cobalt-28 Chromium-6
Molybdenum Alloy (UNS
R30075) with Powder Bed
Fusion

WEK53423 Standard Specification for

Additive Manufacturing
Aluminum AlSi-10Mg with
Powder Bed Fusion

SAE AMS-AM AMSTO00 WIP Additive Manufacture of
Aerospace parts from Ni-base
Superalloy 625 via the Laser
Powder Bed Process

AWS D20 AWS Specification for Fabrication
020.1/D20.1M:201X of Metal Components

KT EIMmRARBAHATIECO-
28Chromium-6ZE4HIFRE

KT B MARRBUEAHIEAIS-
10MgZEHAINE

AT BT ARSI ATISRES
BE625MEFHRINE

T RBEHHNSEIE
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The following test standards are published for use with additively manufactured materials:

Committee

Test Standard Number

Title

ASTM F42

ISO/ASTIM 52900

Standard Terminology for
Additive Manufacturing —
General Principles —
Terminclogy

ASTM F42

F2924

Standard Specification for
Additive Manufacturing
Titanium-6 Aluminum-4
Vanadium with Powder Bed
Fusion

ASTM F42

F3055-14a

Standard Specification for
Additive Manufacturing Nickel
Alloy (UNS NO7718) with

Powder Bed Fusion )

ASTM F42

F2971

Standard Practice for

Reporting Data for Test
Specimens Prepared by
Additive Manufacturing

ASTM F42

F3122

Standard Guide for Evaluating
Mechanical Properties of
Metal Materials Made via
Additive Manufacturing
Processes

ASTM F42

F3184

Standard Specification for
Additive Manufacturing
Stainless Steel Alloy (UNS
531603) with Powder Bed
Fusion

ASTM F42

F3056-14e1

Standard Specification for
Additive Manufacturing Nickel
Alloy (UNS N06625) with
Powder Bed Fusion

ASTM F42

F3187-16

Standard Guide for Directed
Energy Deposition of Metals

Committee

Test Standard Number

Title

ASTM F42

ISO/ASTM 52921

Standard Terminology for
Additive Manufacturing-
Coordinate Systems and Test
Methodologies




The following test standards and specifications are in development for use with additively manufactured

materials:
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Committes

Test Standard Mumber

Title

ASTM F42

WES1282

Additive Manufacturing,
General Principles,
Requirements for Purchased
AM Parts

Committes

Test Standard Number

Title

SAE AMS-AM

AMST000

Additive Manufacture of
Aerospace parts from Ni-base
Superalloy 625 via the Laser
Powder Bed Process

SAE AMS-AM

AMST001

Mi Base 625 Super Alloy
Powder for use in Laser
Powder Bed Add Mfg
Machines

SAE AMS-AM

AMST002

rocess Requirements for
Production of Powder
Feedstock for use in Laser
Powder Bed Additive
Manufacturing of Aerospace
parts

ASTM F42

WEK51329

’ New Specification for
Additive Manufacturing
Cobalt-28 Chromium-6
Mohybdenum Alloy (LUNS
R30075) with Powder Bed
Fusionl

ASTM F42

WES3423

Additive Manufacturing
AlSi10Mg with Powder Bed
Fusion

ASTM F42

WES3ETE

Additive Manufacturing -
Material Extrusion Based
Additive Manufacturing of
Plastic Materials - Part 1:
Feedstock materials

SAE AMS-AM

AMST003

Laser Powder Bed Fusion
Process

ASTM F42

Wik49229

Mew Guide for Orientation
and Location Dependence
Mechanical Properties for
Metal Additive
Manufacturing

ASTM F42

WE53879

Additive Manufacturing -
Material Extrusion Based
Additive Manufacturing of
Plastic Materials - Part 2:
Process-equipment

ASTM F42

WES5297

Additive Manufacturing —
General Principles — Standard
Test Artefacts for Additive
Manufacturing

ASTM Fa2

WES38E0

Additive Manufacturing -
Material Extrusion Based
Additive Manufacturing of
Plastic Materials: Final Part
Specification

ASTM Fa2

Standard Practice/ Guide for
Intentionally Seeding Flaws in
Additively Manufactured
(AM) Parts

AWS D20

Standard for Fabrication of
Metal Components using
Additive Manufacturing
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Applicable standards and specifications include:

ASTM ES389, Analysis of Titanium by XRF

ASTM E2371, Analysis of Titanium by Direct Current Plasma and Inductively Coupled Plasma AES
ASTM E15941, Determination of Carbon by Combustion

ASTM E1447, Determination of Hydrogen in Titanium by Inert Gas Fusion Thermal
Conductivity/infrared Detection

ASTM E1409, Determination of Oxygen and Nitrogen in Titanium by Inert Gas Fusion

Test methods used to analyse the chemical composition of aluminum include the following:

ASTM E34, Test Methods for Chemical Analysis of Aluminum and Aluminum-Base Alloys

ASTM EL1251, Test Method for Analysis of Aluminum and Aluminum Alloys by Spark Atomic
Emission Spectrometry

CEN EN 14242, Aluminum and Aluminum Alloys - Chemical Analysis - Inductively Coupled Plasma
Optical Emission Spectral Analysis

BEMAK %ﬁﬁﬁ’]ze%i(Aﬁ
TicAI4VELENUTI6L, XFhEeaE
SAEUEEHNZAZZ, B
BT, HTFES=E
B, aItkin, {BJLFEEN—F
HEE, FRLABE 2, A
RITHNEEZ—. ‘*WA@
SCPR_EFEFR IR

RS2 Grade 543, iFlIIi‘;_{EﬂEjB,a
Grade 234, FEBE™EH
RS ENEK,
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Existing Standards for Testing Mechanical Properties which can be Applied to AM Parts

ASTM BO7

ASTM ED4

ASTM EOE

ASTM E28

ASTM B557

ASTM Be45

ASTM E384-16

ASTM E399-12e3

ASTM E466-15

1 E561-15a

ASTM EB/EBM-16a

ASTM ES-09

ASTM E10-15a

Test Methods for Tension
Testing Wrought and Cast
Aluminum- and Magnesium-
Alloy Products

Linear-Elastic Plane-Strain
Fracture Toughness Testing
of Aluminum Alloys

Fracture Toughness Tes
Aluminum Alloys

Standard Test Methods for
Microindentation Hardness
of Materials

Standard Test Method for
Linear-Elastic Plan

Fracture Toughnes

Metallic Materials

Constant Amplitude Axial
Fatigue Tests of Metallic
Materials

Standard Test Methods for
Tension Testing of Metallic
Materials

Standard Test Methods of
Compression Testing of
Wetallic Materials at Room
Temperature

Standard Test Method for
Brinell Hardness of Metallic
Materials

ASTM F3122-14

ASTM F3184

ASTM E18-16

Standard Test Methods for
Rockwell Hardness of
Metallic Materials
Standard Guide for
Evaluating Mechanical

Properties of Metal Materials

Made via Additive
Manufacturing P
Standard Specification for
Additive Manufacturing
Stainless Steel Alloy (UNS
531603) with Powder Bed
Fusion
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Trent XWB for the A350-1000

High flow fan system e Larger Core to increase flow

enabled with
inflected annulus

Increased
mechanical
capability for
97,000Ibs thrust

— High capabilility turbines
Tip clearance contro

Maintain nacelle
aerolines as 84k engine

Upgraded materials
Advanced coatings and cooling technology

Improved capability, without impact on specific fuel
consumption or on-wing life

[3 Rol Is—Royce

Rolis-Royce proprietary information

ElR3K&E: Rolls-Royce
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MR PRIS(L-PBF %882 AR DED

MR PRIS(L-PBF %882 ITAR- DED

MR PRIS(L-PBF B 1%8EE AR DED

S¢EHL T 2- VAT Photopolymerization, ¥7RFRIE1L-PBF

MZRPRIBIL-PBF, 1SRRI CIREE-SLS

S¢EWL T Z- VAT Photopolymerization, ¥7RFRIE{1L-PBF

JEEL T E- VAT Photopolymerization, ¥ysRARIGIL-PBF, 1R EGIRES-SLS
S¢E T E- VAT Photopolymerization

MEHFH T 2- Material extrusion

RO EIREE-SLS

SEEH T Z- VAT Photopolymerization, #35RFRISIL-PBF, IR MERSLeesE-sLS
LOMEERA

S¢EL T Z- VAT Photopolymerization, ¥y>RFREE{L-PBF

R MR EIREE-SLS

MEHFH T 2- Material extrusion, 4E43TED

MEHFH T 2- Material extrusion

BEiZReETAE- DED

RhEEFIIERST-binder jetting, MIZRIARIBIL-PBF, IR MR CeLE-SLS
FEL T Z- VAT Photopolymerization, #¥5RARIG{L-PBF
MRPRIBIL-PBF, EIZREEIFS- DED

MARRIBIC-PBF, BEIZREEITFH- DED

MARRIBIC-PBF, BEIZREEINTFH- DED

MARRIBIL-PBF

MARRIBI-PBF

FEML LT Z- VAT Photopolymerization, 3 RKFRIESIL-PBF, #4555 -binder
jetting
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BA Aspect MR IRIB{L-PBF

=P CMET S¢EH T E- VAT Photopolymerization

=W D-MEC S¢E T E- VAT Photopolymerization

=W Matsuura MR ARIBIL-PBF+E5HI

BHA Ricoh MR PRIE{L-PBF

=P Sodick MARRISL-PBF+ELH!

EEES Carima S¢E T E- VAT Photopolymerization

EESES InssTek EiEREE )R- DED

EE3ES Rokit MEEFH T S- Material extrusion

e Sentrol MIFRPRIBIL-PBF, #2556 -binder jetting

=E Arburg MR T 2- Material extrusion

VEIES Concept Laser MIRIARS{L-PBF

fEE] Envisiontec JEELIZ- VAT Photopolymerization, ##H%H T 2- Material extrusion,
LOMEERA

== EOS-ZEE] MARRISL-PBF, RIS EIFRLS-SLS (DMLS)

== Geman RepRap MEEFH T Z- Material extrusion

=E Apium(Indmatec) MR T Z- Material extrusion

EE Nanoscribe FEEUL T Z- VAT Photopolymerization

== OR Laser MARRIBIL-PBF

=E Rapid Shape F¢EML T Z- VAT Photopolymerization

=E Realizer ¥R RIB{t-PBF

EE DMGMORI-ESEFHRE MARRIA{L-PBF

=E SLM Solutions ¥ R RIA{-PBF

== Trumpf-1@|R FIRPRIIL-PBF, E1EREEITAR- DED

#=E Voxeljet FhEEFIEET-binder jetting, BB LIFELS-HSS
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EJEd 3D Systems F¢E I Z- VAT Photopolymerization, #4¥H5ET-Material Jetting, #3 ARSI
PBF, ¥hZ55IMEET-binder jetting
=E Carbon SEEL T Z- VAT Photopolymerization
ESES Desktop Metal MEHFH T 2- Material extrusion, $54&XIIEET-binder jetting
EE Exone FheE57E5T-binder jetting
=HF Fabrisonic JBJE- Sheet Lamination
ESES Fromlabs S¢E T E- VAT Photopolymerization
=E HP-EB2 & MJF-Z5tmatt
%H Markforged MEHFH T Z- Material extrusion
=SES| Optomec EiZAEEAR- DED, £#RHEET-Material Jetting
= RPMI ERZREEIR- DED
ESES Sciaky E#ZEeEIAA- DED
ESES Viridis 3D FheE5FIE5T-binder jetting
EH Voxel 8 BEEB5-DW
=E GE MR AREA{L-PBF
A%  Massivit MEHFH T 2- Material extrusion
LA&%)  Stratasys R T Z-Material extrusion, ¥4 ¥}HEEET-Material Jetting
A%  SolidScape F#HEEST-Material Jetting
Li&%) Nano Dimension FEIEEET-Material Jetting
=AF DWS SEEL T Z- VAT Photopolymerization
=AF] Sharebot MEHFHIZ- Material extrusion, J(E{4TZ- VAT Photopolymerization,
RARKE{L-PBF

BAAF Sisma MR FRIA-PBF, EIEREETFR- DED
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JEE{4 T Z- VAT Photopolymerization
BEiZREE 13- DED

SEEL T Z- VAT Photopolymerization, ¥)7kRIE{L-PBF
BEiZRES1F3- DED

MEHFH T 2- Material extrusion
MEHFH T 2- Material extrusion

MR PRIA{L-PBF

JEE{4 T Z- VAT Photopolymerization
SEEL T Z- VAT Photopolymerization
MR PRIE1L-PBF

JEE{4 T Z- VAT Photopolymerization
MR PRIE{L-PBF

MR PRIAE{L-PBF

FheEFIMERSY-binder jetting
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GEAE primary manufacturing sites Rolls-Royce: Business expansion
are located in the US. in South "m‘l-—-l‘IC‘J the Middle East,
Pratt & Whitney: _ and Asia through securing orders
craft engine manufacturing for development of an enhanced
ties are primarily located in the Trent XWB engine (with 97,000 Ibs
of thrust, for the enhanced Airbus

e - 1000).

. @ General Electric

- 2 . Pratt & Whitney
Pratt & Whitney

L 3
@ Rolls-Royce

E-::II?.-H-::.yc:e: The %‘% %

Com pany opene d Pratt & Whitney
' GE:

new plants in Pratt & Whitney engin re
Crosspointe, Virginia, ot Y 1 o JV of GE Aviation and Aviation Industry Corporation of
- . manufactured in parin ip with . , .
China to develop the new generation of commercial

US, where discs for

. companies in countr ncluding : - ~ : : _
engines are P g integrated avionics systems with an immediate priority on

Germany, Ja China, an - .

_,;ZT;, 1:,;},.;{;[:;?..1“ ET» a nd supporting development of China’s first narrow-body

partnership with Singapore Airlines passen.ggr JEt "COM‘B"'.:' QJ g]._ : . _

in engine overhaul and Increase its presence in China, with nearly 2,000 GE and

com F;GHP-FITP- repair facilities CFM56 engines now in service. An additional 1,000 GE
T : ' and CFM engines are on order.

-CFM EfREGERZ=E SRIESRHIE FAISnecmag BAIAE].
- IAEEfRREEERSEEMTURNS RS BRI E].
-Engine Alliance, EGEIIEERSHEAILHE.

>KVE Lucintel:global commercial aero turbofan engine market
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