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Foreword

[SO (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.
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ASTM Committee F42, Additive Manufacturing Technologies, on the basis of a partnership agree
reen [SO and ASTM International with the aim\to create a common set of ISO/ASTM standard
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Introduction

Additive manufacturing is a machine-centric process. This document provides recommended practices
for machine-related process qualification for serial production of metal parts produced with the powder
bed fusion, by electron beam process (PBF-EB/M). Since this process is very similar to the PBF-LB/M this
document references ISO/ASTM TS 52930 pointing only the differences on the validation processes. This
document is addressed to organizations that already have a comprehensive quality system in place.

While this document is process specific, it is intended to apply to any industry with strict quality
requirements In such industries it is not pnccih]p to rnmplpfp machine qn;\]ifir;\finn without ensi ring
repeptable production of the desired process result, given the current state of AM process knowledge.
Operational quality and part performance quality sections are included for this reason.

© ISO/ASTM International 2025 - All rights reserved
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Technical Specification ISO/ASTM TS 52949:2025(en)

Additive manufacturing of metals — Qualification principles
— Installation, operation and performance (IQ/0Q/PQ) of
PBF-EB equipment

1 S$cope

This|document addresses installation qualification (1Q), operational qualification (0Q), and-performance
qualjfication (PQ) issues directly related to the additive manufacturing system that has a-direct inflyence
on the consolidation of material. The first three elements of process validation, process mapping,| risk
assepsment, and validation planning, are necessary pre-conditions to machine qualificdtion, however,|they
are qutside the scope of this document.

This|[document covers issues directly related to the AM equipment and does not.cover feedstock qualification
or pgst processing beyond powder removal.

Physical facility, personnel, process and material issues are only included to'the extent necessary to sugport
machine qualification.

2 Normative references

The following documents are referred to in the text in suchiaiway that some or all of their content constitutes
requiirements of this document. For dated references, onlythe edition cited applies. For undated references,
the latest edition of the referenced document (including“any amendments) applies.

ISO/ASTM 52900, Additive manufacturing — General principles — Fundamentals and vocabulary
ISO/ASTM/TS 52930, Additive manufacturing” — Qualification principles — Installation, operation| and
perfarmance (1Q/0Q/PQ) of PBF-LB equipment
3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/ASTM 52900, ISO/ASTM TS 5£930
and the following apply.

ISO gnd [EC maintain términological databases for use in standardization at the following addresses:

— ]SO Online browgsing platform: available at https://www.iso.org/obp

— |EC Electropedia: available at http://www.electropedia.org/

4 f\bbreviated terms

For the purpose of this document the abbreviated terms in ISO/ASTM TS 52930 apply.

5 General concepts

In accordance with ISO/ASTM TS 52930, assurance of product quality is derived from careful attention to
many factors including selection of parts and materials, product and process design, control of the process,
equipment installation and maintenance, and in-process and end-product testing. By managing these
factors, a machine user can establish confidence that all manufactured units from successive manufacturing
lots will be acceptable.

© ISO/ASTM International 2025 - All rights reserved
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For the purpose of this document the general concepts given in ISO/ASTM TS 52930:2021, Clause 5 apply.

6 Elements of process validation

6.1

General

In accordance with ISO/ASTM TS 52930, validation shall be considered when a new product is introduced,
when there is a change in the product, or when there is a change in the manufacturing process that can
affect the product's characteristics. The identification of key elements and their relevance for validation as

defir
6.2

6.2.1

Insts
are (¢
desig

ed n ISO/ASTM TS 52930:2021, 6.1 apply.
Installation qualification (IQ)

General

llation qualification studies establish confidence that the process equipment and ancillary sys
apable of consistently operating within established limits and tolerances. After process equipmg
rned or selected, it should be evaluated and tested to verify that it is capable:of operating satisfact

withlin the operating limits required by the process.

The

6.2.7

Whi
appl

a)

b)

d)

steps for this qualification are defined in ISO/ASTM TS 52930:2021, 6:2:

Specific considerations for installation qualification

e specific considerations for installation qualification as{defined in ISO/ASTM TS 52930:2021,
, for PBF-EB/M process the following additional considerations shall be observed:

Fquipment validation shall include a documented énvironment electro-magnetic field measurer
hccordingly to the OEM recommendations. Instfuments shall be calibrated periodically, and
ralibration records maintained.

Verification for all utilities conforming to theinformation provided by the OEM.
Procedure control for build preparationsand powder bed manufacture shall also include:
— vacuum chamber seals check;

— build shields assembly.

Preventive maintenancé

[) OEM should provide guidance to frequency, content and tools needed for preventive mainten
Procedures Should be in place to establish a preventive maintenance program. The proce
should ensure that records of maintenance are duly recorded and stored, and that risk analy.
performed for any unplanned maintenance:

—«maintenance plans can include and are not limited to the following machine sub-systems:

tems
nt is
orily

nent,
the

hnce.
dure
5is is

aa) power supply;

bb) beam to mechanical alignment;
cc) beam cooling equipment;

dd) process gas system;

ee) filtering systems;

ff) cooling water conductivity;

gg) beam output using a calibrated instrument;

© ISO/ASTM International 2025 - All rights reserved
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hh) beam profile;

ii) beam features including focus, scan field, power, current and relative position;
ji) powder spreading device;

kk) machine ways and bearings;

1I) machine interlocks and safety checks;

mm) Z-axis travel;

6.3

6.3.1

nn) gas lines;

00) pumps;

pp) seals and gaskets;
qq) sieving system;
rr) purge check;

ss) heating systems;
tt) vacuum system;

uu) X-Ray leakage check.
Operational qualification (0Q)

General

Succpssful completion of equipment IQ is a pre-reqifisite to OQ. In accordance with ISO/ASTM TS 52930,
the purpose of operational qualification is to previde rigorous testing to demonstrate the effectivgness
and reproducibility of the process. Process characterization is a pre-requisite OQ to determine the prgcess
window for each of the critical process variables.
6.3.4 Specific considerations for opérational qualification
As dpscribed in ISO/ASTM TS 52930:2021, 6.3.2 the purpose of OQ is to show the relationship of the input
varigbles to the measured output:for the specific combination of equipment with specific part or famijly of
partp to be produced. Critical‘and optimized process parameters that lead to acceptable quality leveld and
procgss capability (for manufacturing processes) or acceptable accuracy, precision, and sensitivity should
be r¢corded as ‘Baseline Settings’ and should establish the build parameters for subsequent builds oncp the
qualjfication builds have been validated. Such settings can include but are not limited to:
a) beam - checkeéd“across entire build platform (or specified area, if agreed with AM machine user):

|) beam.diameter, power, current and mode;

P) Alocation of focus point versus build surface;

3) beam atignment;

4) scan strategy;
b) powder:

1) chemistry;

2) morphology;

© ISO/ASTM International 2025 - All rights reserved
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3) size distribution;

¢) layer thickness and uniformity:

1y

out recoater should be assessed.

NOTE Powder spreading device blades are normally stainless steel, feedstock material can be Ti, Cu, Cr
tool steel.

2) recoater speed;

powder spreading device material and wear. The effect of foreign particles detached from a worn

Coor

d)

f)
g)
h)

Inen
have
the €

6.4

6.4.1

Perfi
othe

Succ
proc
from
proc
equi

6.4.2

B) number of swipes per layer;
1) powder refill rate;
ncremental build platform movement;
bart orientation;

build volume;

bowder bed temperature;
bowder deposition settings;
chamber atmosphere:

) vacuum control gas;

P) pressure;

B) temperature.

tering the performance qualification phase of yalidation, it is understood that the process specifica
been established and essentially proven aceeptable through laboratory or other trial methods and
quipment has been judged acceptable on the basis of suitable installation studies.

Performance qualification (PQ)

General

brmance qualification elements and their relevance are described in ISO/ASTM TS 52930:2021
Fwise described as follow.

pssful completion 0f0Q is a pre-requisite to starting PQ. In accordance with ISO/ASTM TS 52930, cr
ess input and<utput variables should be monitored and documented. Analysis of the data collg
monitoringwill establish the relative impacts of input ranges and subsequent variability on the cr
ess output 'variables to confirm that a process is in control. This analysis will establish whethe
bmentahd process controls are adequate to ensure that the product specification is met.

rions
that

, 6.4

tical
cted
tical
 the

Specific considerations for performance qualification

6.4.2.1 Critical process input and output variables

For product performance qualification, the variables which have been determined in OQ to have an effect
on the quality of the output shall be monitored and controlled using appropriate procedures and frequency
determined and documented by the AM machine user. For PBF-EB processes, the following variables are
deemed to have such effect:

a) beam current, spot size, layer exposure time;

© ISO/ASTM International 2025 - All rights reserved
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b) scan strategy and speed;
c) layer thickness;
d) hatching strategy;
e) vacuum control, pressure and level;
f) build platform material, condition and preparation;
h) process preheat temperature;
i)  build space temperature;
j) recoater blade wear;
k) ambient environmental conditions (e.g. temperature, humidity, strong electromagnetic¢fields);
1) feedstock condition:
[) powder lot change;
P) content of recycled powder such as chemical constituency, particle size distribution,
morphology.
g};elijSible effects in output due to excursions of these parameters aregldefined in ISO/ASTM TS 52930:4

6.4.2.2 In-process monitoring

Whefre in-process monitoring is available then it can be {tilized. Examples of in-process monitoring
proviided in Table 1:

Table 1 — Examples‘of in-process monitoring

and

021,

y are

Measured data Means of monitoring Potential impact on output]

Meltpool temperature and chemistry |Infraredspectroscopy (IR) ‘Lack of fusion’ defects

Optical emission spectroscopy (OES) |Largely used for highlighting dg

2D images of build layer €amera/Electron optical image

issues during the build or for tro
shooting post-build

sing
ible-

Eleckrons back scatter / Particlesiin|X-Ray camera/Electron optical image |Excess of smoke can deviate the heam

suspension (“smoke”) detection and cause arc trips that stops the puild
prematurely.

Inclysion Detection (feedstock contam- | X-Ray camera Changing part properties within build job

inatjon) image contrast

Defejct Detection /Porosity detection/ |X-Ray camera Insufficient part properties

meapurement

7 Revalidation

A quatity assurance systent stroutd-be i place; amd-this Tequires thatany changes to previousty quatified

materials, equipment or processes be revalidated whenever these changes can impact on product
effectiveness or product characteristics. Furthermore, the machine user should consider subtle, potentially
adverse, differences in the raw material characteristics following a change in raw material supplier. Any
identification of adverse differences indicates a need to revalidate the process.

One way of detecting the kind of changes that should initiate revalidation is the use of tests and methods of
analysis which are capable of measuring characteristics that can vary. Such tests and methods usually yield
specific results which go beyond the mere pass/fail basis, thereby detecting variations within product and
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