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Large Number of AM Systems and Process Variables

» Powder/Feedstock Model-Assisted Rapid
Qualification (MARQ)

o Chemistry, Size, Shape

» Part Geometry/Size
_ Advanced Data Analytics
» Build Layout
o Location, Orientation, Quantity Materials (A, B, C, D,....
. Process Parameters (a, b, c, d,,,,,) Data H Ub
> MaCh Ine SyStemS Machine Systems (1,2, 3, 4,,,,,) Common Data Dictionary/Data Exchange Format

Geometry(1, 2, 3, 4,,,,,)

o Recoater, Gas Flow, Temperature, etc.
» AM Process Parameters
» Post-processing

Data Set A Data Set B Data Set C Data Set D

Small, disparate

M_A, PP_b, M_B, PP_c, M_C, PP_c, M_C, PP_a,
datasets MS 3, G | MS 4, G i MS_ 2, G_i MS_2, G_i
Site 1 Site 2 Site 3 Site 2
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Effects of Geometry, Size and Time
> Three sets of LB-PBF 17-4 PH SS parts (dog- B
bone, small block, large block)
» All parts machined to similar geometry and
polished to minimize surface effects Rinepall
» CA-H1025 heat treatment was used to og sone -
. . arge Bloc
homogenize the microstructure
. . LB-PBF CA-H1025 17-4 PH 55 Machined LB-PBF CA-H1025 17-4 PH S5
» No effect on tensile behavior was observed, 1400 ¢ B
. . ‘T r A et Dog-Bone
however, effect of geometry on fatigue behavior & 10 3 L~ smaiiBlock
. . . . - . r L Large Block
was noticeable, especially in the high cycle i £ '
fatigue regime I R T
CENTEROf g ™ : :
LAy Tl B Fow| o bl
I TTIUIND AUURNY g e e ) T+ -
o b o L - = T =
R Shrestha, N Shamsaei, M Seifi, N Phan, "An investigation into specimen property to part performance 0 0.02 0.04 0.0¢ " oo o000
relationships for laser beam powder bed fusion additive manufacturing." Additive Manufacturing 29, Engineering Strain, € (mm/mm) Strain Amplitude, &, (mm/mm)

100807, 2019.
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Effects of Geometry, Size and Time

30 Total~26 % Total~12 AEIM) CENTER of
r:::rrigu?n "‘“1'22 ;:]m Ave_rage ~10pum ‘ E XC E L L E N C E
» N Maximum~21pm - u I l, Research to Standards
= : AUBURN
’ 6-10 11-20 21-307 31-407 ’ 6-10 ’;(LI 2130 0 B
Defect Size (um) Defect Size (um) e
Dog-Bone Small Block
N ot » Highest amount of porosity was observed in dog-bone
. specimen, followed by small block specimen
3 » The maximum defect size was smallest in large blocks
o and largest in dog-bone parts
o L ] ° 0 . cr
S DD S » Only considered the area within ~100 ym from surface
Large Block

R Shrestha, N Shamsaei, M Seifi, N Phan, "An investigation into specimen property to part performance
relationships for laser beam powder bed fusion additive manufacturing." Additive Manufacturing 29, 100807, 2019.
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Effects of Geometry, Size and Time

UL o AT

ps: "l

‘r}lﬁ” i

Dog-Bone

Total ~ 99
Max~ 29 ym
Density ~99.96%

Small Block

Total ~ 26
Max ~21pum
Density ~99.98%

R Shrestha, N Shamsaei, M Seifi, N Phan, "An investigation into specimen property to part performance
relationships for laser beam powder bed fusion additive manufacturing." Additive Manufacturing 29, 100807, 2019.
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Large Block
Total ~ 8
Max ~17 um
Density ~ 99.99%
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Effects of Geometry, Size and Time

» Some effect of part geometry was noticed in the
size of the melt pool

» Longer melt pools were observed in large block
specimens, while the shortest melt pools were
noticed in dog-bone specimens

» Differences in melt pool size suggest cooling rate
IS highest in dog-bone specimens and lowest in
large block specimens

» Values of dp/tL & do/tL > 1 explain the absence
of lack of fusion defects

National Aeronautics and Space Administration. (2017).
Specification for control and qualification of laser powder bed
fusion metallurgical processes. MSFC-SPEC-3717.

R Shrestha, N Shamsaei, M Seifi, N Phan, "An investigation into specimen property to part performance
relationships for laser beam powder bed fusion additive manufacturing." Additive Manufacturing 29, 100807, 2019.

© ASTM International Do not copy of distribute without permission.

Melt pool depth ~ 156 um Melt pool depth ~ 162 um
d,/t,=3.9&d,/t =2.0 d/tt=4.1&d,/t =19
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t, = Layer Thickness
dy/t, & dy/t;
Melt pool characteristicsis

indicative of health of the Sl -
process Melt pool depth ~ 142 um

dy/t. = 3.6 & do/t, = 2.1
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»Similar defect distribution between different
geometries was achieved by adjusting the
process parameters

.. \ . ) 2000000 . 2:376:348
»As a result, similar fatigue lives were obtained _ B .
. . e Large Block =2 ! — . —Defau
for these three different geometries Viodified Dog-gone (0810) N ; o Detault LB
. . L. . . . . F——1, g 400000 | i @ Adjusted DB (-10%)
»Achieving similar thermal histories in different ! I i A Adjusted LB (+10%)
) i Default Small | : w -
geometries can result in comparable defect Lo Blodk 3 H A N A
) Y | :
content as well as part performance L 3
H | = 1 o I :
— Optimal parameters are based on the geometry ! P & s00000 | ¢ :
. . 1 I S —
being printed | ! ! T 2
I : : o =
l l 0.0030
1 1

Strain Amplitude, €, (mm/mm)

Modified Large Block (LB10%)
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Build Layout g
> Laser spot elongation (i.e., area, shape), powder packing state,
and gas flow can vary at different locations on the build plate Laser Spot Elongation

» The build plate density (i.e., total part area/build plate area) can GAS FLOW
. . . T
affect the defect population as a result of varying scan times and

spattering

ONKVIHLE H30MOd

5 mm

© ASTM International Do not copy of distribute without permission. 11/14/2023 9
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Build Layout

Machined LB-PBF CA-H1025 17-4 PH S5
Build Layout 00045

» Fatigue resistance of AM parts, even on the = aRigis
same build plate, was different as a result of Eﬂ-ﬂm go = o Left
powder flowability, packing density and the Fo003s |
resultant defect formation ;.%ﬂ_ﬂm EREEE G

» Tensile properties were insensitive to the location _*_E_u_mzj - oo S
of the parts on the build plate & o o0 oo E—

1.E+4 1.E+5 1.E+6 1. E+7 1.LE+8

POWder Reuse Reversals to Failure, 2N,

» Effects of powder re-use on tensile properties and fatigue Machined LB-PBF CA-H1025 17-4 PH S5
performance in as-built surface condition were negligible 2 % LI T

> Re-using the powder did not considerably affect low and % 00040 pm o P
mid cycle fatigue regimes of machined specimens due to Efnﬂms :
less sensitivity to process-induced defects :.EU_UOM : i -

» Fatigue performance of machined specimens was *:ci 0.0025 | — mpt
improved significantly in the high cycle fatigue regime due R e e B
to less presence of smaller particles and agglomerates 1B+ 1E+5 1E+6 1E+7 AUBURN

Reversals to Failure, 2N, UNIVERSITY

Shamsaei et. al., Additive Manufacturing, 36: 101398, 2020.

© ASTM International Do not copy of distribute without permission. 11/14/2023 10
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» Companies from across a broad range of industries need to develop extensive
material datasets to support implementation of Additive Manufacturing into the
design and production of innovative products.

Creating datasets is very expensive and can be prohibitive for
many companies

Difficult to impossible to directly transfer data and lessons learned
between companies and across machine platforms, creating duplicate
efforts within and across industry verticals

Lack of standardized approaches to data generation, pedigree and
management leads to significant waste

Dataset generated with Method 1 # Dataset generated with method 2 ?7?

© ASTM International Do not copy of distribute without permission. 11/14/2023
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»ASTM officially launched a Global Consortium for Materials Data and Standardization
(CMDS) in 2022, which in coordination with members and with input from regulatory
agencies, will accelerate adoption of AM technologies through standardization by:

O C

:@:

REQUIREMENTS & GENERATE HIGH-
BEST PRACTICES PEDIGREE DATA
= Terminology, Pedigree, » Consortia-funded R&D
Specimen Geometry, Build & projects create shared high-
Test Plans pedigree “reference” material
» |dentify Process-Structure- datasets to drive process-
Property Relationships based material specifications

» Equivalency/Combinability of
new or existing data

© ASTM International Do not copy of distribute without permission.

2

DATA MANAGEMENT
SYSTEM

= Secure, Access-controlled

Data Management System

= Establishing/Following

standard data principles (e.g.,

CDD, CMD, CDEF, FAIR*)

11/14/2023

&)

STANDARDS
DEVELOPMENT

Transferring lessons learned
and consortium approved
materials data to
standardization committees

12
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Process Specific Process Specific B Active
Material Datasets Aerospace Material Datasets Euture
(P-S-P) (P-S-P)

Oil & Gas

PBF-
LB

N

BJT-M

oA

« Standardize, Optimize and Automate Data Workflows
DATA - Data Management, Security, Sharing
* Model Development, Learning

Industry/Application Specific
Material Datasets

© ASTM International Do not copy of distribute without permission. 11/14/2023 13
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» Define and Generate high-pedigree and high-value AM Materials Data of interest
» ldentify Process-Structure-Property (P-S-P) relationships for AM Materials

» Population of data representing typical process variables/variations
» Linkage of “specimen” data to “part production” data

> Geometry Size/Shape _ o e E_YZ":::Q"CMWPBFK
» Build layout/density e f[m%\’ .
> Feedstock N | ¥l —ﬁ: e
» Machine systems = N S  arate Tensile Srength
> Printing Parameters ‘ e _§:$ [ viewsungn |
> Post-processing Homogeniing T mﬁml E—
» Establish “Equivalency” of material data (combinability) "t g (W ——————
» Equivalency requires similar microstructure E ?ﬁ ——
> Material is in family with specification/class T [ e—"— —
» Define material allowables and specification values e ——— apE—
> o2 comn || %m R
Powder Bed Fusion
© ASTM International Do not copy of distribute without permission. 11/14/2023 14
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Build B — EOS M290/2 Build C — EOS M290/1

Powder Bed Fusion (PBF)

« UNS NO7718 Project In-Process
 Tensile & Fatigue Properties
* Room Temperature & Elevated Temperature
Four (4) different AM machines
Study includes size, location and orientation
effects on material properties
» Expected Standardization Deliverables:
* New/Updated material standard with
updated structure-property
requirements for two heat treat

u{ ‘L“W 77 i i

rades. ‘ . o= =S
. %ew guide for materials data Build D1 — EOS M400-4 Build D2 — EOS M400-4 Build E1 — FormUp 350 BUI|d E2 - FormUp 350
generation for ASTM material AM MACHINE
specifications CMDS UNS NOT718 PROGRAM M290 M400-4 FormUp 350-2
e« UNS A03600 Project In-Process TEST CONDITION | HEAT TREATMENT | Build A | BuildB | BuildC | Build A | BuildC | BuildA | BuildC TOTALS
« Tensile & Fatigue Properties TENSILE TEST Room Temp P-TS 101/102 32 2 2 10 5 10 5 66
- Two (2) AM machine platforms TENSILE TEST Room Temp P-TS 103/102 9 9 18
« Study includes size, location and orientation TENSILE TEST ElevatedTemp | P-TS103/102 25 9 25 9 68
effects on material properties TENSILE TEST (2 mm DB) Room Temp P-TS 101/102 40 12 3 3 58
- Expected Standardization Deliverables: TENSILE TEST (4 mm DB) Room Temp P-TS 101/102 12 3 3 18
- New/Updated material standard with TENSILE TEST (6 mm DB) Room Temp P-TS 101/102 12 3 3 18
updated structure-property LOW CYCLE FATIGUE TEST Room Temp P-TS 101/102 1 12 12 12 12 12 12 84
, i HIGH CYCLE FATIGUE TEST Room Temp P-TS 101/102 10 20 10 20 60
req_u:remer?t_s Jorqaditionalstress LOW CYCLE FATIGUE TEST ElevatedTemp | P-TS103/102 12 12 12 12 48
relief condition. (CREEP ElevatedTemp | P-TS103/102 6 6 6 6 2

TOTALS| 44 54 50 84 73 84 73 462

© ASTM International Do not copy of distribute without permission. 11/14/2023 15
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Binder Jetting Technoloqy (BJT)

« UNS S17400 Type 630 Project In-Process
 Tensile, Fatigue, Impact and Corrosion room
temperature Properties
* Three (3) different AM machine platforms
 Study includes size, location and orientation
effects on material properties
» Expected Standardization Deliverables:
* New (first) BJT material standard with
two heat treat grades.
* Input from BJT perspective on guide
for materials data generation for ASTM
material specifications

© ASTM International Do not copy of distribute without permission. 11/14/2023 16
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l STANDARDIZATION |

In-Situ Monitoring Data Heat Treatment Data P-S-P
(e.g., thermal gradient (process parameters,
y ) ' cooling rates)

cooling rate

Machine

Data DATA INGESTION LEARNING Models
Process [ B CAPTURE
Parameters 121 - ’
Mtl. Tesf Data @ @ @ o
Part/Build
Data
— DATA WORKFLOWS
n Data

Standardize, Optimize and Automate Data Workflows
Data Management, Security, Sharing

Model Development, Learning

Utilize FAIR, CDD, CDM, CDEF principals

© ASTM International Do not copy of distribute without permission. 11/14/2023 17



AM CoE CMDS — Data Acquisition

Common Data Dictionary (CDD)

» The objective of the AM CDD is to provide definitions of
a common set of concepts, data elements in a domain
which define the basis of AM data collection, integration,
management and exchange.

— Use of common data dictionaries supports the ease of
data collection, curation, analysis, storage and exchange.

— Build a foundation for the subsequent development of
common data exchange formats and standard data
governance for a more streamlined AM development
lifecycle and value chain management.

e ASTM F4390 - Standard Practice for Additive manufacturing --
General principles -- Overview of data pedigree

© ASTM International Do not copy of distribute without permission.
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This Internathaal dandard was develeped In sccordancs with Internatienally
Development of Intermational Guldes and

r Designation: F3490 - 21

INTERMATIOMAL

Standard Practice for

led

the Declstom an Prindples for the

gatzsd prinadpies on m
by ihe World Trade (irganteaiion Technical Barriers b Trade (THT) Commiifee.

Additive Manufacturing — General Principles — Overview of

Data Pedigree’

This stasdsrd is issusd under the fived designation 173490; the number immedistsly fallowing the designasion indicates the year of
oniginal adoption or, in the case of revision, the year of lasi mvision. A number in parenthesss indicales the year of kasi reapproval A
superscript epsilon (=) indicates an edilorial chasge since: the et svision ar reapproval.

1. Scope

1.1 The scope of this document outlines the interpretation of
additive manufacturing (AM) data. Currently, legacy AM data
is stored in different databases or data management systems,
cach of which uses its own data dictionary. A common data
dictionary allows AM data pedigree to be discovered, mapped.
federated, and analyzed to improve both the understanding and
qualification of AM processes and paris.

1.2 A common data dictionary facilitates the
interoperability, scarchability, and reusability of AM data by
{1} identifying the general AM data pedigree elements already
defined in a standardized terminology and (2) defining those
salient terms with indisputable semantics (meanings). The goal
of this document is to provide a first subset of the common data
dictionary by which AM data may be collected, curated, and
shared, regardless of which technology platform and softwars
are used for data storage and exchange.

1.3 The common data dictionary also specifies a way o
group AM data pedigree into fifteen information modules
pertaining to different aspects of the entire additive manufac-
turing process.

1.4 The common data dictionary approach specifies data
element names that serve to uniquely identify the AM data
elements. The data type, value domain, and term definition for
each data element are aleo specified in this practice. References
are provided for those data elements with established defini-
tions in existing standards.

1.5 The data elements identified in this common data
dictionary are considered essential, because they are most
frequently encountered in AM, process agnostic and technol-
ogy independent. They are broadly applicable to all the process
categories defined in ISOVASTM 52900, It is intended to be a
starting point. not all-encompassing.

1.6 The common data dictionary does not specify:

!This practice is wnder the jurisdiction of ASTM Committes FAZ on Additive
Masufaciuning Techsologies and is the direci responsibility af Subcommitiee
F42.08 on Daia

Current edigion approved Dec. 15, 2021, Published March 2022, DOL 101520/
F380:21

11/14/2023

161 Acomplete set of data items to be exchanged through
AM development lifecycle and value chains.

1.6.2 A minimum set of data items o be exchanged for AM
lifecycle and value chain activities.

163 A common AM data exchange format.

164 The details associated with how the common descrip-
tions of data items should be implemented for the development
of new data systems or data federations among heterogencous
data systcms.

1.7 Additional data elements beyond those defined in exist-
ing ASTM, IS0, AWS, NASA and SAE standards have been
introduced to provide increased utility for AM. These new data
items are generally common-sense and frequently wsed in the
AM industry.

1.8 Thir standard does not purport to address all af the
safety concerns, if amy, associoled with its wse. I 05 the
responsibility of the wser of thiz standard to esfablish appro-
priate safety, health, and environmenial practices and defer-
mine the applicakility of regulatory limitations prior o use.

1.9 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decizion on Principles for the
Development of International Standards, Guides and Recom-
mendationy issued by the World Trade Organization Techrical
Barriers to Trade (TBT) Committes.

1. Referenced Documents

2.1 ASTM Standards:*

ANDE0 Practice for Hot Isostatic Pressing of Steel. Stainless
Steel, and Related Alloy Castings

E1338 Guide for ldentification of Metals and Alloys in
Computerized Material Property Databases

E2077 Specification for Analytical Data Interchange Froto-
col for Mass Spectrometric Data

E2339 Practice for Digital Imaging and Communication in
MNondestructive Evaluation (DICONDE)

* For refenenced ASTM standards, visit the ASTM websile, www.asim org, o
contact ASTM Customer Service al service @ estm org. For Amaad Boot of ASTM
Stendunds voheme information, refer o e siandand’s Document Summary page on
e ASTM website.

18
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Common Data Dictionary (CDD) Template > CMDS leveraged this standard (ASTM F3490,
2000+ data elements are being collected by CDD Overview of Data Pedigree), and has developed
a standard template for data acquisition.

Return to Introduction

1 P roject | nfo 6 TIC Dats Element Hame Data Type | ¥alue Bange, ¥alne Set or | Definition ! Standard | Data Entry

AM Production Operation

" Orqanization Hame rtring Frootost The name of an arganizatian.

TenSI|e Oranization|D rtring Frootoxt The unique identifier of the arqaniz atian.

The type ar ralor of anarqanization, uhetheritis  manufacturer, vendar,
rupplicr,ar cantractar. One arqanization may have many typor.

Fat'gue Orqanization GualifiatindGortifizatians frootout Dotaile of th izatian's qualifiations and

encamparring the Fazility ubers the build cx<le nar praduced

Part Info

Orqanization Trpe rtring Orqanization Typs Enume rakion

g partinfo

3 Bu ||d |nf0 Organization Personnel GrqanizatianLa<atian dlabalfddrecsFarmat] The ediace o he rganvion Parvl ddror Seandarde
Impact A Operatians Prajess Lead rhring Frectext Hontnf:cctmn oF the ProjectLead For the Additive ManuFacturing
M Machine OperatarToshnician rtring frootoxt Identifization of the AMmashine operatar arbechnizian thak rune the AM

mazhing

Software

Creep &M Facility rtring Frootoxt Hame af the Faziliy uhere an AMrertem ininalle 4

4 Process Data
Qual & Cert Parameters

Corrosion AM Mashing ManuFasturer rtring Oraanization I Marufazturer's name af an AH Machine

hable verdor doFined AM mazhi del

AM Machine ModelHame riring MarwuFasturer's model name of an &M Mazhine
I S' D - II AM Machine Serial Humbor rkring Frocboxt Serialnumber of an AM machine defined by the maching manufasturer
n-Situ Data (Sensorsl n ages) Meta Ogra AH Mashine & ecoptanse Date e The date irpo-sific-dinthe Fallauing farm *177-| Date when an &M ma chine ir certified ar Inrtallatian Gualific (par o the
" MM-DD(Time Zono)* dofinedby IS0 5601 [rite acaoptanzs tork, or Inrtallation ualifiz ation)
pghy Mazhins Gantral Firmoars Vorrion rering Froo bt The verri bor of the Firmuars inskalls din the A Faching
Maschine Softuare Yerrion rhring Frocboxt The i bor of khe C i e in khe A Machine
Humbor of Larorr intoaer The rambor of larers available in the M Mazhing
HominalLarer Fouer real atkr The nominal larer pouer of inrtalled larerir) in the &M Machine
Or‘ga n |Zat|on Person nel AM SyreemInrtallation date The dake irrpeificdin the Follouing Farm "FEYY-| 'SﬂﬁSTnszgn . tan Erinecip o< Ineallatinn, 0 .
Gualification - Date FM-DO(Time Zone)” dofined by 150 5601 P, il + Heeratian
e - \S0tRETHEZST)
. - The date irposifiodinthe fallauing farm *viy-| =0 . " . . .
M Syrtom Oporakian Bualifi zation - Dat 4an 44 Frinziplor - Inrtall sration
Soft are wrkim Hporakian Gualif satinn = Dars e MM-DDCTime Zone )" defined by 1503602 o e e A  Operati
u u AM Machine Inrtallation Rualifization Datal . A dozumentor datar, i i, of AM hin i 1l
o zumenttansUR] Link ta dozumant
5 Post-Process 7 A : ——T
= AM Mazhine Oporation Grualifizatian Datd . A dncument ar datarcparting s videnzs of AH mazhi
P dncumonttarsURI Link t dncumont o
| & C P P The date irpoaifiodinthe Fallaving Farm  VFTe- A
Qua ert arameters Tt ey sl or TV G e
Heat TMachine  alibration repart Ao cum entfanyURT Link to dncumont To-chmical repart from the calib ration
ea N The date irrpeaifiod in the Fallaving Farm - N
) ) AM Syrtem Lart Mainton ance Dake dake DO Tne pamat doFimed tagtt |02 OF art M Satom Maintonanco
Treatment In-s|tu Data (Sensors' |ages) M Zyrkom Lark Mainkon anze Fepart A zum ersdanyURT Link ta dnzument Tezhnizal repark Fram the lakark moain ke nanze rautine
Ewilding Yolume Shape riring Euild Yolum s Shaps Enumeration Shape of abuildingvolume fi.e., EOH or CYLINDER]
2 Valums Width real mm Width o 2 b buil-ding valume
qYalume Depth roal mm Dopthafabox buildvalume.
f 3 Valums Hoight real mm Haightaf 2 b build valums
Surface e Dismerer o Bamaner s o spidor b i
E . | Tatal Euild Yalums real o' [T I ilabls in the AN inmmE
rhring Froo bt Vdontifiar of the build plakFarm ured to manufaskurs the build
riring Matal Speifiz Matorial Type E atian ialtypoof
IatFarm Fort Frozerr Methadr réring Froo tost Fart prazerring methadr of a buildplatFarm, o a, hat rolle d and annealed
latFarm SurFace Finich riring Froctext Surface roughners dor cription of the build plate
Euild platfarm flatnerr real mm
Build Flatfarm Mate rial Grads rhring Searchable Standard arade the build pl ial produst canforme ko

© ASTM International Do not copy of distribute without permission. 11/14/2023 19



AM CoE CMDS - To-Be Vision

NASA, NIST, DOD, DOE

Gov't
Member
Public Data

CMDS
Project Data

AMCoE
Partner
Project Data

Member
Data
(Shared)

CMDS Federated AM
Materials Database

Standards
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Addressing application specific requirements of various
_ industry sectors in addition to covering the fundamentals of
ane 11 e s e vt ;}~,;= : advanced manufacturing processes with the goal of
e M transitioning research to application through standardization.

' win
t i
||||||| wmn T

October 30 - November 3 | Washington D.C.
GENERAL STATISTICS

] Lo o ols g olg g gl

S&S &‘.&'& PaYaYa
700+§Z'emanons 26 svmoosi 10 cictoion

2 2 2 2 2 2 2 2 8 2 o
1000 .. taanoo0nn 208 . iR

. articipating organizations
registered attendees P P gorg

- B E—

27.9% 5.6% 59.6% 6.8%

=

25-3% 8. 1% 53.7% 12.9% Academia Government Industry Research Institutes
from from ' from from 33 08 04
Academia Government Industry Research
Institutes organizations organizations organizations
with 5 or more with 10 or more  with 15 or more
attendees attendees attendees

© ASTM International Do not copy of distribute without permission. 11/14/2023 21



CENTER of

AM Standards Forum s,

ADDITIVE MANUFACTURING

» This one-day workshop at Formnext 2023 is dedicated to discussing the standardization needs for
additive manufacturing and will enable you to engage with experts to discuss standard practices and
overcome implementation challenges.

REGISTER NOW

Standards Forum at

formnext o

Unleashing the Power Notenber 6
of Digital Thread to Advance AM Frankfurt, Germarr

LS. ¥
Organized by: SERICE ASTM Chsataatiniin NARA
Fremseday o [ INTERNATIONAL Slandardization Arnerica HakEs.
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Consortium for Materials Data & Standardization (CMDS) B | e

ADDITIVE MANUFACTURING

» Global Consortia for Materials Data & Standardization enables companies of all sizes from across the entire
Additive Manufacturing ecosystem to collaborate on standardizing the requirements and best practices for
high-pedigree materials data generation and creating, curating and managing the data needed to accelerate
the industrialization and full adoption of AM technologies.

OEM/LSI End Users * AM Post-processing and Testing Service * Industrial Equipment Producer (e.g.,

AM Equipment Manufacturer Provider Furnace, Powder Handling

AM Contract Manufacturer/Supplier « AM Software Equipment,...)

AM Materials/Feedstock Producer « AM Process/Health Monitoring * Government Agencies and Laboratories
(DoD, DOE, NASA, NIST)
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ASTM INTERNATIONAL
Additive Manufacturing Center of Excellence

Thank you.

Richard Huff
rhuff@astm.orq

+1.202.948.4919

www.amcoe.org
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