TECHNICAL ISO/ASTM TS
SPECIFICATION 52930

First edition
2021-11

Additive manufacturing =
Qualification principles.—
Installation, operation and
performance (IQ/0Q/PQ) of PBF-LB
equipment
Fabrication additive —Principes de qualification — Installation,

fonctionnement et pérfermances (1Q/0Q/PQ) de I'équipement dg PBF-
LB

Reference number

AEI}& ISO/ASTM TS 52930:2021(E)

'’

INTERNATIONAL © ISO/ASTM International 2021



https://standardsiso.com/api/?name=63abf669cd81cf11f4d987cf2134e7b9

ISO/ASTM TS 52930:2021(E)

- S COPYRIGHT PROTECTED DOCUMENT

© ISO/ASTM International 2021

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. In the United States, such requests should be sent to ASTM International.

ISO copyright office ASTM International
CP 401 o Ch. de Blandonnet 8 100 Barr Harbor Drive, PO Box C700
CH-1214 Vernier, Geneva West Conshohocken, PA 19428-2959, USA
Phone: +41 22 749 01 11 Phone: +610 832 9634

Fax: +610 832 9635
Email: copyright@iso.org Email: khooper@astm.org
Website: www.iso.org Website: www.astm.org

Published in Switzerland

ii © ISO/ASTM International 2021 - All rights reserved


https://standardsiso.com/api/?name=63abf669cd81cf11f4d987cf2134e7b9

ISO/ASTM TS 52930:2021(E)

Contents Page
FFOT@WOTM.........cccocveveveesesee st iv
IIMEIOMUICTION ...t v
1 SCOPI@ ... 1
2 Normative references
3 Terms and definitions
4 Abbreviated terms
5 GENETAL COMCEPES........ooooooee s e s
5.1 L] 1<) ¥ OSSO s NP SO
5.2 Preliminary cOnSIderations ... e e 4
6 Elements of process validation ... e
6.1 General ...
6.2 Installation qualification (1Q)
6.2.1  GENETAL ..o e et
6.2.2 Specific considerations for installation qualification
6.3  Operational qualification (OQ). ... S
6.3.1  GENETAL ..o SN e et
6.3.2 Specific considerations for operational qualification.....................
6.4 Performance qualification (PQ)
6.4. 1 GENETAL ..o T N
6.4.2 Specific considerations for performance qualification
6.4.3  Deterioration of ProdUCES. ... k0 e
7 REVALTAATION ... et e 13
Annex A (normative) Process capability evaluation (Statistical process control) ....................f..... 15
BiDLIIOGIAPIY .....ooccciees S st 19

© ISO/ASTM International 2021 - All rights reserved iii


https://standardsiso.com/api/?name=63abf669cd81cf11f4d987cf2134e7b9

ISO/ASTM TS 52930:2021(E)

Foreword

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

organ

izations, 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
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technical standardization.

rocedures used to develop this document and those intended for its further maintenanceare
bed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
bnt types of ISO documents should be noted. This document was drafted in accordance with the
ial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

fion is drawn to the possibility that some of the elements of this document may, be the subject of

I rights. ISO shall not be held responsible for identifying any or all such patént rights. Details of

htent rights identified during the development of the document will be in the Introduction and/or
ISO list of patent declarations received (see www.iso.org/patents).

rade name used in this document is information given for the conyvenience of users and does not
tute an endorsement.

h explanation of the voluntary nature of standards, the<meaning of ISO specific terms and
ssions related to conformity assessment, as well as information about ISO's adherence to
Uorld Trade Organization (WTO) principles in the .T&chnical Barriers to Trade (TBT), see
iso.org/iso/foreword.html.
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document was prepared by Technical Committee ISO/TC 261, Additive manufacturing, in
ration with ASTM Committee F42, Additive, Manufacturing Technologies, on the basis of a
ership agreement between ISO and ASTM-Iaternational with the aim to create a common set of
STM standards on Additive Manufacturing, and in collaboration with the European Committee
andardization (CEN) Technical Commniittee CEN/TC 438, Additive manufacturing, in accordance
he Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

edback or questions on this doctiment should be directed to the user’s national standards body. A
ete listing of these bodies cah.be found at www.iso.org/members.html.
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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 laser beam process (PBF-LB/M). 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 possible to complete machine qualification without er‘}juring
repeatable production of the desired process result, given the current state of AM process khiowlledge.
Operational quality and part performance quality sections are included for this reason.
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TECHNICAL SPECIFICATION ISO/ASTM TS 52930:2021(E)

Additive manufacturing — Qualification principles —
Installation, operation and performance (1Q/0Q/PQ) of
PBF-LB equipment

1 Scope

This document addresses installation qualification (IQ), operational qualificatien.”{0Q)
performance qualification (PQ) issues directly related to the additive manufacturing systen
has a direct influence on the consolidation of material. The first three elements of process valid
process mapping, risk assessment, and validation planning, are necessary pre-conditions to mz
qualification, however, they are outside the scope of this document.

This document covers issues directly related to the AM equipment and:*does not cover feec
qualification or post processing beyond powder removal.

Physical facility, personnel, process and material issues are only (included to the extent necess
support machine qualification.

2 Normative references

The following documents are referred to in the textiin such a way that some or all of their c
constitutes requirements of this document. For dated references, only the edition cited applig
undated references, the latest edition of the referéhced document (including any amendments) af

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/ASTM 52900 ar
following apply.

[SO and IEC maintain tefminological databases for use in standardization at the following addres

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
installation qualification

1Q

establishment by objective evidence that all key aspects of the process equipment and ancillary s
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installation adhere to the manufacturer’s approved specification and that the recommendations

of the

supptier of the equipment are suitably comsidered

3.2
operational qualification

0Q

establishment by objective evidence process control limits and action levels which result in product

that meets all predetermined requirements

© ISO/ASTM International 2021 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=63abf669cd81cf11f4d987cf2134e7b9

ISO/ASTM TS 52930:2021(E)

3.3

performance qualification

PQ

establishment by objective evidence that the process, under anticipated conditions, consistently
produces a product which meets all predetermined requirements

3.4

calibration

verifi

3.5

ation of an instrument’s accuracy against a standard

verification
confimation by examination and provision of objective evidence that the specified requiremefts-have
been fulfilled

Note 1 to entry: Verification may include end product testing.

3.6

procgss validation

estab

ishment by objective evidence that a process consistently produces resultyof product meeting its

predetermined requirements

Note 1fto entry: See Note in 5.1.

3.7
syste

In acceptance test

serieg of documented procedures and tests agreed betweéen equipment supplier and equipment
purchiaser with results meeting predetermined requirements

Note

to entry: Satisfactory completion typically constitutés a procurement milestone and can be tied to

paymgnts.

3.8
build
unpla

39

interruption
hned stop or delay during the build cycle

means of compliance

meth

3.10

dpd used to satisfy audit requirement

factory acceptance test

FAT

system acceptance test (3.7) performed at equipment supplier’s facility

3.11
site a
SAT

cceptancetest

system ateeptance test (3.7) performed after installation of machine at customer facility

4 Abbreviated terms

The following abbreviated terms are used in this document.

AM
FAT

FAI

additive manufacturing
factory acceptance test

first article inspection
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1Q installation qualification

NDT non-destructive testing

0Q operational qualification

OEM original equipment manufacturer

PQ performance qualification

SAT  site acceptance test

SPC  statistical process control

5 General concepts

5.1 General

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.

The basic principles of quality assurance have as their godl the production of articles that are [fit for
their intended use. These principles can be stated as folows:

— quality, safety, and effectiveness shall be designed and built into the end product;

— acceptable quality of the finished product(is’ dependent upon implementing satisfactory quality
controls throughout the manufacturingprocess and consideration at the inspection and tpsting
stage only is not sufficient. Testing and/inspection proves the quality of the product;

— each step of the manufacturing process shall be controlled to maximize the probability thiat the
finished products meet all applieable quality and design specifications.

Process validation is a key elemeht in assuring that these quality assurance goals are met.
NOTE In some industries;for example aerospace, this element is referred to as special process qualififation.
Routine end-product testing alone often is not sufficient to assure product quality for several reagons:

a) some end-product tests have limited sensitivity;

b) destruetive testing would be required in some cases to show that the manufacturing proceqs was
adequate;

c) .fsome situations end-product testing does not reveal all variations that can occur in the pioduct
that can impact on safety and effectiveness.

Successtutty vatidating a process tarr reduce the dependence upoI itensive im=process and fimished
product testing. It should be noted that in most cases, end-product testing plays a major role in assuring
that quality assurance goals are met (i.e. validation and end-product testing are not mutually exclusive).
Critical process variables shall be identified, monitored and documented by the machine user. Analysis
of the data collected from monitoring will be used to establish the variability of process parameters for
individual runs to assure that the process is under control. The machine user will then verify whether
the equipment and process controls are adequate to enable product specifications to be met. These
activities are part of statistical process control (see 6.3.2 and Annex A).

Finished product and in-process test data can be of value in process validation, particularly in situations
where quality attributes and variabilities can be readily measured. Where finished (or in-process)
testing cannot adequately measure certain attributes, process validation should be derived primarily

© ISO/ASTM International 2021 - All rights reserved 3
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from qualification of each system used in production and from consideration of the interaction of the
various systems.

5.2 Preliminary considerations

The machine user should evaluate all factors that affect product quality when designing and
undertaking a process validation study. These factors can vary considerably among different products
and manufacturing technologies and could include, for example, component specifications, air and
wate ) : : : . rors: :
systelns, shielding gas storage and delivery systems, and process control operations. No single approa¢h
to process validation will be appropriate and complete in all cases; however, the following quality
activifies should be undertaken in most situations:

a) t}hte product's end use is a determining factor in the development of product (and cemponent)
characteristics and specifications;

b) all pertinent aspects of the product that impact safety and effectiveness should be considered
iincluding performance, reliability and stability);

~

c) a¢ceptable ranges or limits should be established for each characteristic to set up allowable
variations in critical process variables;

d) ranges should be expressed in readily measurable terms.

Once h product's specification is demonstrated as acceptable, it is important that any changes to the
speciffication be made in accordance with documented change,eontrol procedures.

6 Elements of process validation

6.1 |General

Validqtion shall be considered when a new product is introduced, when there is a change in the product,
or whlen there is a change in the manufacturing process that can affect the product's characteristics.
The fallowing are considered as key eleménts:

a) process mapping;

b) risk assessment;

c) validation planning - identify processes that need validation;
d) irstallation qualifieation;

e) operational gtatification;

f) performanee qualification.

Whilg the\first three elements listed (process mapping, risk assessment, and validation planning) are
key elements of process validation: they are outside the scope of this guideline. When planning for
validation it is important to take in consideration different sizes of product, structure, and volume of
production.

It is essential that the validation programme is documented and that the documentation is properly
maintained. Approval and release of the process for use in routine manufacturing should be based upon
a review of all the validation documentation, including data from the equipment qualification, process
performance qualification, and product testing to ensure compatibility with the process.

For routine production, it is important to adequately record process details (e.g. time, temperature,
equipment used). Documentation requirements should be part of the machine user’s quality system.
Maintenance logs and build logs can be useful in performing failure investigations concerning a

4 © ISO/ASTM International 2021 - All rights reserved
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specific manufacturing lot. Process development data (along with specific test data) can also dete
expected variance in product or equipment characteristics.

6.2 Installation qualification (IQ)

6.2.1 General

rmine

Installation qualification studies establish confidence that the process equipment and ancillary systems

are capable of consistently operating within established limits and tolerances. Atter process equl
is designed or selected, it should be evaluated and tested to verify that it is capable of @pe
satisfactorily within the operating limits required by the process. This phase of validation in
examination of equipment design, determination of calibration, maintenance, and adjustment of c
equipment features that could affect the process and product. Information obtained from these s
should be used to establish written procedures covering equipment calibration, thaintenance, s
monitoring, and control.

In assessing the suitability of a given piece of equipment, it is usually insufficient to rely solely up
representations of the equipment supplier, or upon experience in producifig:'some other product.
theoretical and practical engineering principles and considerations are'afirst step in the assessm

It is important that equipment qualification simulate actual production conditions, including thos
are at extreme limits of the process. These conditions shall be defined and rationalized by the y
the equipment based on the OEM’s machine specifications.

bment
rating
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rudies
et-up,
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Sound
ent.
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ser of

acceptance criteria need to be met during the test or.challenge. If any test or challenge shows thlat the

Tests and challenges should be repeated as necessary.fo)dassure reliable and meaningful resujis. All

equipment does not perform within its specifications, an evaluation should be performed to i
the cause of the failure. Corrections should be made, and additional test runs performed as need
verify that the equipment performs within spécifications. The observed variability of the equi
between and within runs can be used as a basis for determining the total number of trials select
the subsequent performance qualification studies of the process.

6.2.2 Specific considerations for installation qualification
a) Equipment design validation;and installation:

1) system acceptanee testing should be completed and documented during the instal
The equipment(supplier should perform a system acceptance test regardless of wheth
equipment purchaser requires one:

i) system acceptance testing can include the following:

aa) factory acceptance testing (FAT) performed at the equipment supplier pr
delivery:

ntify
ed, to
bment
ed for

ation.
er the

or to

— equipment purchaser and equipment supplier should agree in advance om FAT

acceptance criteria and data to be collected. Results of the FAT should be docum

ented

and delivered to the machine user;

— if measurements are being taken, verify calibration status for measurement devices;

— as an example of areas that might be included, see ISO/ASTM 52941;
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bb) site acceptance testing (SAT) performed following the installation activity at
the equipment user site by the equipment supplier (equipment user involved or
witnessing);

ii) examine equipment design and locate supplied documentation, prints, drawings, and
manuals, including where applicable, software documentation:

aa) establish a filing location to safely retain the supplied equipment documents;

ii

1) the usershould generate or tocate a spare parts st with gutdance from the OE M;
stallation conditions:

there should be a documented procedure for humidity, temperature and other envirgnmental
conditions (vibration, etc.) for the machine location:

aa) environmental conditions and limits shall be specified by the OEM. Verification that
the facility is in compliance and able to adequately control and moniter“environmental
conditions is the responsibility of the user:

— procedures and equipment used to monitor the environmental conditions should be
recorded in the IQ report.

— humidity and temperature shall each be measured™in” at least one representative
location in the vicinity of the equipment. Instruments shall be calibrated periodically
and the calibration records maintained.

— consider allowable limits on other environmental factors such as vibration;

NOTE For systems where powder shall be exposed, to atmosphere during loading or other handling
operations, direct effects on the powder shall also:beConsidered in setting appropriate limits.

bb) The surrounding work area should fulfil the requirements specified by the OEM and have
sufficient space to perform the processing and associated activities. Location of equipment
should allow for adequate servicing, ventilation, and safety;

cc) OEMs are responsible for providing facilities guides detailing siting requirements prior to
system installation. User'isrresponsible for meeting facility requirements prior to install of
the equipment;

verify that all utilities-are conforming:

aa) determine machine requirements based on information that shall be provided by OEM. The
OEM should be consulted for specific system facility requirements prior to installation.
Utilitiessan include:

— electricity;
~— inertgas;

— compressed air;

— chill water;
— exhaust;
— electrostatic bonding or grounding;

— computer network or other communications connections, if applicable;

b) procedure control:

1) OEM shall provide adequate instruction and documentation on how to properly operate

equipment;

© ISO/ASTM International 2021 - All rights reserved
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2) as part of the installation qualification the user should establish proper documented control
of the AM equipment and supporting equipment. Such written instruction can include the
following and should be documented within the 1Q:

i) Build preparation and powder bed manufacture- including:

machine start-up;

establishment of process conditions;

ii) powder storage, handling, traceability (labelling conventions) and waste disposal;
iii) configuration management;

iv) nonconforming material in case of build interrdption or build anomaly;

v) file preparation;

vi) control of digital workflow;

build set-up;

cleaning of build platform;

build platform removal;

build monitoring;

post build (e.g. removal of loose powder and build platformy;

build platform traceability;

c) software and data control:
1) data management should be a do¢umented process according to ISO/ASTM 52920%);
2) software used for file preparation and operation of the AM equipment should be charactg¢rized
and (configuration) contrélled;
3) the user should have a documented procedure for configuration management to ensurge that
software versions:are controlled and recorded on manufacturing build records;
4) software updatés should be controlled following a written procedure;
5) based on'ifidustry and application further software validation can be required;
d) calibration of machines and subsystems:
1) cequipment calibration:
i) establish calibration, adjustment, performance tests and expected repair procgdures
(including schedules):
aa) calibration schedules of instruments and measurement devices used either within the
process or as part of the calibration of the system shall be determined. Procedures
should be in place to ensure compliance to calibration system. Refer to ISO/IEC 17025
or internal calibration standard;
bb) specific recalibration intervals depend on a number of factors including:
— accuracy requirements set by customers;
— requirements set by contract or regulation;
1)  Under preparation. Stage at the time of publication ISO/ASTM/CD 52920:2021.

© ISO/ASTM International 2021 - All rights reserved 7
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— inherent stability of the specific instrument or device;

— environmental factors that can affect the stability;

e) preventive maintenance

1y

OEM should provide guidance to frequency, content and tools needed for preventive
maintenance. Procedures should be in place to establish a preventative maintenance
programme. The procedure should ensure that records of maintenance are duly recorded and

stored, 4nd thndt risK analysIs IS periormed I0I ally unplanned maintendnce:

i)

maintenance plans can include and are not limited to the following machine sub-systefns:
aa) power supply;

bb) optical to mechanical alignment;

cc) laser cooling equipment;

dd) process gas system;

ee) filtering systems;

ff) cooling water conductivity;

gg) laser output using a calibrated instrument;

hh) laser beam profile;

ii) optical components including focus, scanifield, power and relative position;
ji) recoater arm and wiper blades;

kk) machine ways and bearings;

1I) machine interlocks and safetychecks;

mm) z-axis travel;

nn) gas lines;

00) pumps;

pp) seals and(gaskets;

qq) sievingsystem;

rr) purge check;

ss) heating systems;

f) performance testing

performance testing consists of machine trials that test the capability of the equipment to execute
processes that will be used during production operation. Depending on the situation, some
performance testing can be included in system acceptance testing. Performance testing can also be
part of 0OQ.

6.3 Operational qualification (0Q)

6.3.1 General

The purpose of operational qualification is to provide rigorous testing to demonstrate the effectiveness
and reproducibility of the process. Process characterization to determine the process window for each

8
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of the critical process variables is a pre-requisite. The extent to which process characterization should
be performed is a function of production quantities.

Each process should be defined and described with sufficient specificity so that employees understand
what is required. Parts of the process which can vary so as to affect important product quality should
be challenged. In challenging a process to assess its adequacy, it is important that challenge conditions
simulate those that will be encountered during actual production, including conditions at the extreme
limits of the process. The challenges should be repeated enough times to assure that the results are
meaningful and consistent. Annex A includes details on process capability evaluation

Each individual manufacturing process should be appropriately qualified and validated. Therd is an
inherent danger in relying on what are perceived to be similarities between products, processes, and
equipment without appropriate challenge.

It is important that the machine user prepares a written validation protocol,which specifi¢s the
procedures (and tests) to be conducted and the data to be collected. The purpose’for which data are
collected shall be clear, the data shall reflect facts and be collected careftlly and accurately. The
protocol should specify a sufficient number of replicate process runs to demonstrate reprodudjbility
and provide an accurate measure of variability among successive runs/The replicate number ghould
be defined by machine user based on hypothesised risk and/or prefetably historical data. The test
conditions for these runs should encompass upper and lower precessing limits and circumstpnces,
including those within standard operating procedures, which pgse‘the greatest chance of procgss or
product failure compared to ideal conditions (they are sometimes called "most appropriate challenge"
conditions). Validation documentation should include eviderice of the suitability of materials and the
performance and reliability of equipment and systems.

6.3.2 Specific considerations for operational qualification

The purpose of 0Q is to show the relationship~0f'the input variables to the measured output fpr the
specific combination of equipment with specific part or family of parts to be produced. A written
procedure should be in place by the user. to ;establish documented control and operational procgdures
to ensure the powder bed machine and-témovable components are capable of consistently prodqucing
acceptable parts. For larger volume(production, ongoing sampling is required (at frequency and
quantity agreed on a case-by-case basis) to ensure consistency of manufacture.

a) Formanufacturing processes, 0Q is performed by challenging the process control limits determined
during OQ, in order to prove that the limits are valid and show the process capability and stgbility.
Challenges to the precess should simulate conditions that might be encountered during actual
manufacturing.

b) During OQ, process parameters shall be challenged in order to:
1) identify-critical input variables that affect process outputs;

2) .assure that input variables will result in a product (or measurement in the case of ja test
method) that meets all defined requirements under all anticipated conditions of opetation,
including extreme limits of the process;

3) identify and eliminate any controllable sources of process variation;

4) determine optimal processing parameters and acceptance criteria;

5) identify various process control limits / action levels that will enable adjustment of the process
during routine production to maintain a state of control (i.e., avoid approaching worst-case
conditions).

c) Critical process parameters:

1) for manufacturing processes, statistical techniques such as design of experiments, control
charts and capability studies can be used to optimize the process, its capability and stability;

© ISO/ASTM International 2021 - All rights reserved 9
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2)

optimized process parameters that lead to acceptable quality levels and process capability
(for manufacturing processes) or acceptable accuracy, precision, and, sensitivity should be
recorded as ‘Baseline Settings’ and establish the build parameters for subsequent builds, once
the qualification builds have been validated. Such settings can include but are not limited to:

i) laser - checked across entire build platform (or area, if agreed with equipment user):
[) beam diameter, power and mode;
Ty —tocatfon of focus point Versus buttd surface;
[11) multi laser alignment;
IV) scan strategy;
ii) powder:
[) chemistry;
II) morphology;
I1I) size distribution;
iii) layer thickness and uniformity:
[) recoater blade material and wear. The effect of foreigh particles detached from a worn
out recoater should be assessed;
II) recoater speed;
[II) number of swipes per layer;
IV) powder refill rate;
iv) incremental build platform movement;
v) partorientation;
vi) build volume;

vii) build platform temperature;

viii)powder deposition’settings;

ix)

chamber atmosphere:

[) gas.composition;
[I)impurity concentration;
1) pressure;

IV) temperature;

V) gas flow - velocity profile.

In entering the performance qualification phase of validation, it is understood that the process
specifications have been established and essentially proven acceptable through laboratory or other
trial methods and that the equipment has been judged acceptable on the basis of suitable installation

studies.

10
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6.4 Performance qualification (PQ)

6.4.1 General

Critical process input and output variables should be monitored and documented. Analysis of the
data collected from monitoring will establish the relative impacts of input ranges and subsequent
variability on the critical process output variables to confirm that a process is in control. This analysis
will establish whether the equipment and process controls are adequate to ensure that the product

- [ L. . N
SPCLIILAUUIT IS TTICL.

Potential production variables can include shift, day, operators, or any quantity that affects perferiance

over time.

Before concluding that a process has been successfully validated, it is necessary to(demonstrat
the qualification process has not adversely affected the finished product. Where¢pgssible, prodt
testing should include performance testing under conditions that simulate actual use. The sc
product PQ testing is subject to agreement between the machine user and the\customer but sho
conducted using a product manufactured from the same type of production*equipment, methog

e that
ict PQ
bpe of
1ld be
s and

procedures used for routine production. Otherwise, the qualified product'could be non-represenftative

of production units and cannot be used as evidence that the manufacturing process will progd
product that meets the pre-determined specifications and quality dttributes.

Following product PQ for production units, a formal technical review should be conducted that ing

a) validation that the physical product satisfies the_requirements within the approved pr
specification;

b) determination of the validity of test methods¢and equipment used to determine compliance
the approved specifications;

c) confirmation of the adequacy of the spegification change control programme.
6.4.2 Specific considerations for performance qualification

6.4.2.1 Critical process inputand output variables

Control of the following variables are deemed to have an effect on the quality of the output. For pj

luce a

ludes:

oduct

b with

oduct

performance qualificatien;,sthe variables which have been determined in OQ to have an effect (Ln the

quality of the output shall be monitored and controlled using appropriate procedures and freq
determined and documented by the AM machine user. For PBF-LB processes, the following var
are deemed to havesuch effect:

a) laser power, spot size, layer exposure time;
b) scangstrategy and speed;

c), \layer thickness;

ency
iables

d) hatching strategy;

e) inertgas type, purity, pressure and flowrate;

f) process gas parameters for example purity, pressure and flowrate;
g) build platform material, condition and preparation;

h) substrate preheat temperature;

i) build space temperature and pressure;

j) recoater blade or roller wear;
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k) ambient environmental conditions (e.g. temperature, humidity);
1) feedstock condition:
1) powder lot change;

2) content of recycled powder such as chemical constituency, particle size distribution, and
morphology.

Possibple-effects-inoutput-due-te-excursionsof-these parametersarer—mm——————————————————————
— fdiled build or unplanned stoppage;

— irjcreased porosity;

— lack of fusion;

— excessive residual stresses, leading to warpage, cracking or delamination;
— irfjconsistency of part dimension;

— irffconsistency of material properties:

1] microstructure;

2) mechanical;

3) chemistry;

— contamination within formed material;

— uhsatisfactory surface finish.

6.4.2.2 Production controls

Procedures and/or work instructions shouldinclude the following:
a) se¢quence of operations defined in reute/job card with:

1] sign-off for each operation.by qualified operator;

2) manufacturing information, such as machine identification number, powder batch
identification, uniguebuild identification;

3) critical process\input variables specified (or reference to specific build parameter file that
defines those\variables);

b) pre-build chéeks (e.g. build platform material, size, parallelism, thickness, surface roughness);

c) ppst-build checks (e.g. removal of unfused powder, build platform removal, visual inspection of
bhild),

6.4.2.3 In-process monitoring

The three-dimensional changes in geometry, varying heat transfer mechanisms and local variances in
the feedstock contribute to variable cooling rates and hence, the resultant variations in thermal profile
of the fused material. In-process measurement data and resulting finished product test data can be of
value when validating the process, particularly in situations where quality attributes and variabilities
can be readily measured.

Where in-process monitoring is available then it should be utilized. Examples of in-process monitoring
are provided below:
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Table 1 — Examples of in-process monitoring

2Di fbuild 1 C
images of build layer amera shooting post-build

Measured data Means of monitoring Potential impact on output
Laser energy intensity Photodiode Depth-width ratio of melt pool
Melt pool temperature and chemistry | Infrared spectroscopy (IR) ‘Lack of fusion’ defects

Optical emission spectroscopy (OES)|Largely used for highlighting dosing
issues during the build or for trouble-

6.4.2.4 Single part/batch manufacture

In some cases, a part can be manufactured individually or on a one-time basis; productyperforinance

qualification can have limited applicability in these cases. However, data obtainéd durin
manufacturing process can be used in conjunction with product and specimen testing to demon
that the single build yielded a finished product that met all specification requjréements and g
characteristics. Because no statistical process control is possible for single part production, evalj
of this collected data is expected to be extensive.

6.4.3 Deterioration of products

g the
strate
uality
hation

Continuous monitoring and data collection from the process wilh enable the identification of ¢vents

or trends that lead towards the deterioration of product quality. A documented procedure sho
established that instructs the operator on actions to take when such an event is encountered (e.g
interruption) or trend identified (e.g. increasing distortign).

7 Revalidation

h1d be
build

A quality assurance system should be in place, and this requires that any changes to prevjously

qualified materials, equipment or processes be revalidated whenever these changes could i
on product effectiveness or product characteristics. Furthermore, the machine user should co

mpact
hsider

subtle, potentially adverse, difference$)in the raw material characteristics following a change in raw
material supplier. Any identification.of adverse differences indicates a need to revalidate the prodess.

One way of detecting the kind of changes that should initiate revalidation is the use of tests and mgthods
of analysis which are capable of measuring characteristics that can vary. Such tests and mgthods

usually yield specific results which go beyond the mere pass/fail basis, thereby detecting vari
within product and process specifications and allowing determination of whether a process is sl
out of control. This is\a fundamental purpose of statistical process control.

htions
pping

The quality assurdance procedures should establish the circumstances under which revalidation is

required. ThéseCan be based upon equipment, process, and product performance observed duri
initial validation challenge studies. It is desirable to designate individuals who have the respons
to review,product, process, equipment and personnel changes to determine if and when revalida
warrantéd. Examples of circumstances under which requalification might be required are:

a). “software/firmware update of the AM equipment;

g the
ibility
rion is

b) installation of additional components;

c) repair or replacement of components;

d) changes to equipment location or operating environment;
e) rejection of an additively manufactured part;

f) expiration of qualification validity period.

The extent of revalidation will depend upon the nature of the changes and how they impact different
aspects of production that had previously been validated. It could be unnecessary to revalidate a process

© ISO/ASTM International 2021 - All rights reserved
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entirely, merely because a given circumstance has changed. However, it is important to carefully assess
the nature of the change to determine potential ripple effects and what needs to be considered as part
of revalidation.
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Annex A
(normative)

Process capability evaluation (Statistical process control)

A.1 General

This annex provides guidance for process capability evaluation by calculation of prgcess capability
indexes (CpK values). These indexes are calculated to validate and document reproducible part specific
KPIs and perform statistical process control.

The execution of this process capability evaluation becomes particularly applicable to the production of
statically relevant part quantities.

A.2 Initial state

The first step towards process capability evaluation is to establish the initial state by specifying and
locking the following three boundary conditions (see Figure A1):

a) material conditions;
b) testartefacts;

c) process conditions.

Test artefacts
locked

Process capability
under analysis

Material conditions Process conditions
locked locked

Figure A.1 — Locked conditions during process capability evaluation

A.2. 1 Regarding material conditions: The initial state of the powder should be as specified by the
material supplier (e.g. according to ISO/ASTM 52907). The powder should be handled according[to the
specifications of the material supplier (see also ISO/ASTM 52920:—, 4.3). Pre conditioning shotfild be

done according to the material supplier specifications and/or the OEM’s specifications.

A.2.2 Regarding test artefacts: These should be chosen on standardized level dependent on the
tested properties (end-part dependent KPI).

A.2.3 Regarding the process conditions: These comprise the environmental conditions and the
AM machine conditions. Environmental conditions, such as temperature, humidity, services/utilities
and shocks/vibrations, should be as constant as possible and meet the required ranges specified by
the OEM'’s instructions (see also ISO/ASTM 52941). The AM machine and peripheric devices should be
installed, operated and maintained according to their specifications and Clause 6.
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A.3 Process capability evaluation

When the initial state (see A.2) has been set, a process capability evaluation should be performed,
considering:

A.3.1 Selecting feedstock: The materials shall be chosen, which are in the field of application
(declared by the OEM) to produce end-parts.

A.3.2
to melet relevant requirements from the end-parts target industries. Within literature popular KPI’s

are:

a)

f)

S

a

Selecting KPIs to be examined to verify product requirements: The KPIs should be chosen

dlmensional and geometric accuracy (possible: sloping planes, curved surfaces, thin planes, planes
ppsitioned at different angles, overhangs, small holes, cooling chambers and cylinders, sharp
c:[rners and edges, and fine details/features, minimum wall thickness);

rface roughness;

loy composition;

hardness;
ténsile strength;

density.

A.3.3| Selecting test artefacts depending on selected KPIs: In general, positioning, coordinates
and ofientations should be defined according to ISO/ASTM-52921 for each test subject. The following
inforrpation assists on choosing the test artefacts related to the KPIs. In principle, standardized test
artefdcts such as geometrical accuracy based on ISQ/ASTM 52902 should be preferred. For more part
speciffic test artefacts, individual test artefacts maybe preferred or added. To get statistically relevant
resultls for the CpK calculation, at least 50 test artefacts per KPI should be produced. The amount of test
artefqcts per KPI should be divided into at ledst five production runs.

A.3.4| Selecting process parameters: The process parameters to produce test artefacts should be
choseh to achieve the best possible:results in general. To gain traceability and the relation between
qualitly and productivity, the resulting build rate (cm3/h) should be given for each parameter set.

A.3.5| Selecting testing-and measurement methods: Testing and measuring of test artefacts
shouldl be performed inCaccordance with ISO 17296-3 or specific test artefact standards such as
ISO/ASTM 52902 for géemetrical accuracy.

A.3.6| Calculatien of the process capability indexes (CpK): Based on the initial set lower and upper
limits| for theKPIs and the results of the tested artefacts, the process capability indexes should be
calculated asfollows:

The mjeasured scatter of the process is expressed as six times the standard deviation of a sample of the
process:

Py =(Lyp —Lyy)/ 65

where
P, is the process performance index;
Lyp is the upper specification limit;
16 © ISO/ASTM International 2021 - All rights reserved
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