Formatted
Style Definition

Style Definition

Style Definition

ISO/TC 26
.
ecretariat:- DI

Date: 2024-63-14xK

Additive manufacturing of metals — Process characteristics and

performance- — Metal powder bed fusion process to meet critical
applications

Fabrication additive de métaux — Caractéristiques et performances du procédé — Procédé de fusion sur lit de
poudre métallique en vue de répondre aux applications critiques

( .
ISO/ASTM FDIS 52904:2024(enj | Y Definition

A Style Definition

Style Definition

Style Definition

Style Definition

Style Definition

Style Definition

Style Definition

Style Definition

Style Definition

Style Definition

|| Style Definition

‘H
I\

\ 0[
“:\‘\\“W[ Style Definition

|

\\\‘\“‘0‘ {Style Definition

\‘m‘m

\“m"
H \

il
“\\\\\‘.[ Style Definition
{ Style Definition

W\\{ Style Definition

”\\\\\\{ Style Definition

\h il
i
ﬂm

( w‘wm

| {Style Definition
i
i Q\[ Style Definition

\
H‘W Style Definition

FDIS stage

I ”““\M{ Style Definition

W““‘ “[ Style Definition

‘ ”‘\“‘\‘\{ Style Definition

T Style Definition

i
\ u\\\[ Style Definition

|
W Style Definition

‘ | ‘Hﬂh Style Definition

\
“ m‘\h Style Definition

‘\
“ W\‘ Style Definition

| ‘ w“ Style Definition

| w Style Definition

W
I W\Style Definition

‘ || Style Definition

|
\ H Style Definition

v
“ || Style Definition

Wl style Definition

i
[ Style Definition

W
| | Style Definition

|| Style Definition

f
‘ Style Definition

% || Style Definition

|| Style Definition

| W] Style Definition

| | . oo
\‘ ‘ || Style Definition

\‘ |ll| Style Definition

| | Style Definition

‘\ “ Style Definition

| \1 Style Definition

| Style Definition
\ |

‘ l Style Definition

‘ ‘/ Style Definition
“’ Style Definition
| ="

e 1 18 16 16 D6 6 6 0 0 0 006 6 16 e e e e 06 06 6 16 16 16 6 e 0 0 06 106 06 D6 16 e e 0 0 0 16 16 16 6 e e e 16 6 16 16 16 D6 e e e e 1 1))



https://standards.iteh.ai/catalog/standards/iso/9783545c-ba5f-40cb-9444-d2b3bccb03de/iso-astm-fdis-52904

ISO/ASTM FDIS 52904:2024(en),

~| Formatted: Font: Bold

Formatted: HeaderCentered

© ISO/ASTM International 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication
may be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying,
or posting on the internet or an intranet, without prior written permission. Permission can be requested from either

ISO- at the address below or ISO’s member body in the country of the requester-ta-the United States, such requestsshould
besentto ASTM International,

ISO-_copyright office-ASTM-International

CP 401 « Ch. de Blandonnet 8-160-Barr Harber Drive, PO-Box €700
CH-1214 Vernier, Geneva——WestConshehocken, PA-19428-2959 USA
Phone: +41 22 749 01 11— Phone:+610-832.9634,

Email-}

E-mail: copyright@iso.org
Website: www.iso.org

Published in Switzerland

© ISO/ASTM 2024 - All rights reserved
ii

\

y

Formatted: Left: 1.5 cm, Right: 1.5 cm, Header
distance from edge: 1.27 cm, Footer distance from

)
)
Commented [eXtyles1]: Not found: "ISO/ASTM 2024" J
)
ﬁ

\\ Formatted: Default Paragraph Font

\\ Formatted: Default Paragraph Font

Formatted: Adjust space between Latin and Asian text,
Adjust space between Asian text and numbers

{Formatted French (France) }
{Formatted French (France) }
Formatted: French (France) }

Commented [eXtyles2]: The URL http://www.astm.org
has been redirected to https://www.astm.org/. Please verify
the URL.

Formatted: FooterPageRomanNumber }



http://www.iso.org/
https://standards.iteh.ai/catalog/standards/iso/9783545c-ba5f-40cb-9444-d2b3bccb03de/iso-astm-fdis-52904

1SO/ASTM FDIS 52904:2024(en),

Contents

Foreword vi
Introduction viii
1 Scope

2 Normative references

3 Terms and definitions

4 Personnel requirements

5 Digital data

Digital data records

5.2 Digital data processing

6 PBF equipment requirements
6.1 General

6.2 Build consumables

6.2.1 Build platform

6.2.2 Shielding gases

6.2.3 Powder spreading device
6.2.4 Compressed air

6.3

Aucxiliary tools and equipment....

6.4 Machine operating software

6.5 Environmental controls

7 Feedstock requirements

7.1 Purchasing feedstock

7.2 Control of feedstock

8 Qualification

8.1 Design checks

8.1.1 Partfiles

8.1.2 Machining allowance

8.1.3 Orientation and location

8.1.4 Parts nesting

8.2 Pre-build checks

8.2.1 General

8.2.2 Maintenance and calibration Status. ... i
8.2.3 PBF machine elements and systems
8.2.4 Build chamber environment

8.2.5 Build platform

8.2.6 Powder spreading device

8.2.7 Gas supply

8.3.1

NN NNNOOOOOO OO0 TNV AR BB BRBRWWWW WNN N N ==

General
8.3.2 Energy delivery verification
8.3.3 Z-axis movement
8.3.4 Compressed air
8.3.5 Oxygen and vacuum
8.3.6 Laser field alignment (LFA)
8.3.7 Other recommended preventive maiNt@NANCe . ...ouuumisissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssas
8.4 Machine, process, and part qualification
8.4.1 Process qualification

O O O 0™

© ISO/ASTM International, 2024 - All rights reserved

*x/[ Formatted: Font: 11 pt, Bold

Formatted: Font: Bold

Formatted: HeaderCentered, Left

Formatted: Adjust space between Latin and Asian text,

Adjust space between Asian text and numbers

|
|
|
|

Formatted: Font: 10 pt

Formatted: Font: 10 pt

Formatted: FooterCentered, Left, Space Before: 0 pt,

Tab stops: Not at 17.2 cm

Formatted: Font: 11 pt

Formatted: FooterPageRomanNumber, Left, Space

After: 0 pt, Tab stops: Not at 17.2 cm

|
|
|
|
|

il



https://standards.iteh.ai/catalog/standards/iso/9783545c-ba5f-40cb-9444-d2b3bccb03de/iso-astm-fdis-52904

ISO/ASTM FDIS 52904:2024(en), Formatted: Font: Bold
Formatted: HeaderCentered

8.4.2 Build platform 9
8.4.3 Test specimens 9
8.4.4 Requalification 10
8.5 Consolidated material and part 11
8.5.1 Material properties 11
8.5.2 Part properties 11
8.5.3 Non-conformities 11
9 Manufacturing plan and documentation 12
9.1 Manufacturing plan 12
9.2 Documentation 12
Annex A (informative) Example of a manufacturing plan 14
Bibliography 18
Foreweord 4
1 Scobe 7
1 p 7
2 Normative references 7
3 T | definitions -
d—— Pepcenpelrecuirepients =
[~ Dicital data Q
=4 Tigtaraata e
51 Digital data records Q
54 Digital- data-reco: 8
5.2—Digital data ing 8
: ta pr 8
L PERecuipmentrecuireriegls 9
6.1—General 9
62— Build-consumables 9
%Bmld-plmm- 0 i 9
6-2.2—Shielding gases 9
6:2-3—Powderspreading device 10
D dair 10
6.2.4—Compr air 10
e2—fapdliaryteslsandeguipment 10
6_4__M_aehinn o tino software 10
. fpegperatine colbunse 10
6.5 Environmental controls 10

[VEGEVEREN
= o e

ININ b= R W = R

cati 1

8 1
: i 1
1

= 1
812—Machining-allowanee 1
= i i 1
1

. i 1
- 1

Formatted: FooterPageRomanNumber

© ISO/ASTM 2024 - All rights reserved
iv


https://standards.iteh.ai/catalog/standards/iso/9783545c-ba5f-40cb-9444-d2b3bccb03de/iso-astm-fdis-52904

|

Formatted: FooterPageRomanNumber, Left, Space

Formatted: FooterCentered, Left, Space Before: 0 pt,
After: 0 pt, Tab stops: Not at 17.2 cm

Formatted: HeaderCentered, Left
Tab stops: Not at 17.2 cm

Formatted: Font: 11 pt, Bold
Formatted: Font: 10 pt
Formatted: Font: 11 pt

Formatted: Font: Bold
Formatted: Font: 10 pt

12 N
12
12
12
12
13
13
13
13
13
13
14
14
16
16
17
17
17
17
17
19
24

»nlan
pian

anee

eters
eter

1SO/ASTM FDIS 52904:2024(en),

tenance
tehRd:

ment

meh

© ISO/ASTM International, 2024 - All rights reserved

+(LEA)
(=Yg

tias

+propertes

ities
Hes

ans
RS
tias
1es

readino device
Feaaing-aev

dair

deliverv-verification
ERergy-aenvery-verhiecation
ial
raeturigpiah

ateri
atert

£y
<

General

aehRer

E
Pr

Part

aFtpropert
ufacturinoenlan

1
8.3.2

>

S4E o
852
O

=g

831

OO0+

85 1

©
Bibliographyw
BiBHegraphny

2


https://standards.iteh.ai/catalog/standards/iso/9783545c-ba5f-40cb-9444-d2b3bccb03de/iso-astm-fdis-52904

ISO/ASTM FDIS 52904:2024(en), *—{ Formatted: Font: Bold

Foreword *”*ﬂ

ISO-_(the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO- member bodies). The work of preparing International Standards is normally carried out through
ISO- technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO-_collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of
[SO-deeumments document should be noted. This document was drafted in accordance with the editorial rules
of the ISO/IEC Directives, Part 2 (see wwwise-erg/directiveswww.iso.org/directives).

Attentionis-drawnlSO draws attention to the possibility that seme-of-the elementsimplementation of this
document may beinvolve the subjeetuse of (a) patent(s). ISO takes no position concerning the evidence,
validity or applicability of any claimed patent rights—1SO- in respect thereof. As of the date of publication of
this document, ISO had not received notice of (a) patent(s) which may be required to implement this
document. However, implementers are cautioned that this may not represent the latest information, which
may be obtained from the patent database available at www.iso.org/patents. ISO shall not be held responsible
for identifying any or all such patent rights.- Betails-efany-patentrightsidentified-during the developmentof

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO- specific terms and expressions
related to conformity assessment, as well as information about 1$6’sISO's adherence to the World Trade
Organization = (WTO)  principles in the Technical Barriers to Trade (TBT), see
wwwiise.org/iso/forewordhtmlwww.iso.org/iso/foreword.html.
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This document was prepared by Technical Committee ISO/TC-261, Additive manufacturing technologies, /,,/—/{ Formatted: Font: Italic

based on a partnership agreement between ISO and ASTM International with the aim to create a common set
of ISO/ASTM standards on additive manufacturing, in collaboration with the European Committee for

Standardization (CEN) Technical Committee CEN/TC-438, Additive manufacturing, in accordance with the //——/{ Formatted: Font: Italic

Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at wwwise.erg/membershtmlwww.iso.org/members.html.

This second edition cancels and replaces the first edition (ISO/ASTM-,52904;2019), which has been technically _
revised.

The main changes are as follows:

— ——The structure of the document is modified to reflect the following workflow: Personnel - Digital data<—

- PBF equipment - Feedstock - Qualification - Manufacturing plan;
— —Original Elauses8Clauses 8 “Control of machine operating system software”, 9Clauses 9 “Auxiliary
tools and contamination” and Clauses 11 “External environmental controls” arehave been merged to a new

Elause-6Clause 6 “PBF equipment requirements”;

— ——New structure and examples for the manufacturing plan, consistent with the new workflow;

© ISO/ASTM 2024 - All rights reserved
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— ——9:29.2 “Documentation” is added to the manufacturing plan; Formatted: HeaderCentered, Left

— —Figure LisFigure 1 was updated.
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Operation and production control of machines and processes for powder bed fusion (PBF) in critical
applications are described in this document. Critical applications can be subject to regulation. This is one way
of meeting quality requirements. The supplier/manufacturer can also ensure quality of components through
validation and verification of the AM process, as per internal procedures and requirements, and inspection of
the CTQs (critical to quality) of the AM components, as per customer agreement.
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Additive Manufacturingmanufacturing of metals— Process

characteristics and performance- — Metal powder bed fusion process
to meet critical applications

1 Scope

WARNING — This document does not purport to address all of the safety concerns, if any, associated
with its use. It is the responsibility of the user of this document to establish appropriate safety, health,
and environmental practices and determine the applicability of regulatory limitations prior to use.

This document covers the operation and production control of metal powder bed fusion (PBF) machines anh
processes for areas of critical applications. A critical application is assumed once failing parts-functionality

leads to immediate threats.

This document is applicable for production of parts and mechanical test specimens using powder bed fusioh
(PBF) with both laser and electron beams.

Specifications related to specific fields of application are provided in respective standards.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes

requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

* 4{ Formatted: Left

-«

Formatted: Left: 1.5 cm, Right: 1.5 cm, Header
distance from edge: 1.27 cm, Footer distance from

Commented [eXtyles3]: The reference is to a withdrawn

<std>ISO 8573-1, Compressed air — Part 1: Contaminants and purity classes

ISO/ASTM 52900, Additive manufacturing — General principles — Fundamentals and vocabulary

ISO/ASTM 52907, Additive manufacturing — Feedstock materials — Methods to characterize metal powders

ISO 17295, Additive manufacturing — General principles — Part positioning, coordinates and orientation

ISO/ASTM 52926-1, Additive manufacturing of metals — Qualification principles — Part 1: Generd
qualification of operators

standard which has been replaced

ISO 17295, Additive manufacturing — General principles —
Part positioning, coordinates and orientation
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ISO/ASTM FDIS 52904:2024(en), * *”{ Formatted

Formatted

ISO/ASTM/TS 52930:2021, Additive manufacturing — Qualification principles — Installation, operation and*% Formatted
performance (IQ/0Q/PQ) of PBF-LB equipment</std> | Formatted

Formatted

3 Terms and definitions

Formatted

[ Formatted

For the purposes of this document, the terms and definitions given in JSO/ASTM-52900 and JSO/ASTM

918‘52926—A1| and the following apply.

Formatted

ISO-_and IEC maintain terminelegicalterminology databases for use in standardization at the following Formatted

addresses: \ | Formatted

— ——IS0- Online browsing platform: available at https://fwwwise.ore/obphttps: / /www.iso.org/obp - {mea“ed

\\

Commented [eXtyles4]: Not found, but similar referenc| _

— ——IEC Electropedia: available at https://www-electropedia-org/https://www.electropedia.org/ \ { Formatted

{ Formatted

powder spreading device

Commented [eXtyles5]: The URL

Trecoater

Formatted
portion of the machine that comes in contact with and spreads feedstock across the build area

Formatted
Note- 1- to- entry:- The actual component that is in direct contact with the powder during spreading of a new layer can Formatted
typically be a blade, a rake, a roller, or a brush.

Formatted
4 Personnel requirements | Formatted

Formatted

The personnel involved in operating the PBF-equipment shall be qualified in accordance with the part
manufacturer or sector specific requirements (see ISO/ASTM ,52926-1 and ISO/ASTM,52926-2 for PBF-LB /- Formatted

operators or ISO/ASTM 52926-1 and JSO/ASTM 52926-3 for PBF-EB operators). { Formatted

. . o | . Formatted
Records of qualification shall be maintained by the manufacturer in accordance with manufacturer or sector

Formatted

specific requirements (e.g-.,150,9001,,1S0,13485, ANSI/ASQC,C1, ASS1O86AS 9100).

5 Digital data

Formatted

5.1 Digital data records < I \\| Formatted

| Formatted

Unless otherwise agreed, the part manufacturer shall maintain records of all software, CAD, and part nesting

layouts used in the production of parts, including: | Formatted

Formatted

— ——PBF machine operation software version, as recorded on the manufacturing plan (Elause9);see Formatted

Clause 9);

Formatted

— ——Customer supplied or customer approved CAD files; Formatted

— ——Modifications to the customer CAD files, which shall be in accordance with Elause-8;Clause 8, and files Formatte"

such as AMF and STL that are converted from customer-supplied CAD files. The party that performs the Formatted

translation from native CAD format to triangulated format (e.g. AMF, STL) is also responsible for Formatted

performing a quality check of the translated file to ensure there are no unacceptable errors (e.g-. bad/free

edges, overlapping or intersecting triangles) and confirm that all required geometrical features are still F°rma“ed

present; Formatted

Formatted

— —Slice or layer files used by the PBF machines;
Formatted
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