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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
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izations, governmental and non-governmental, in liaison with ISO, also take part in the work.
llaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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rocedures used to develop this document and those intended for its further maintenance are
bed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
ent 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

L 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 theIntroduction and/or
ISO list of patent declarations received (see www.iso.org/patents).

rade name used in this document is information given for the convenience 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
Vorld Trade Organization (WTO) principles in the_ .Te&chnical Barriers to Trade (TBT), see
iso.org/iso/foreword.html.

This

Hocument was prepared by ISO/TC 261, Additive manufacturing, in cooperation with ASTM

Com

ittee F42, Additive Manufacturing Technologies, on the basis of a partnership agreement between

ISO apd ASTM International with the aim to create'a common set of ISO/ASTM standards on additive
manufacturing, and in collaboration with the European Committee for Standardization (CEN) Technical

Com
coopd

Any fé
comp

ittee CEN/TC 438, Additive manufacturing, in accordance with the Agreement on technical
ration between ISO and CEN (ViennaAgreement).

edback or questions on this document 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

This document outlines the steps with regard to aspects of design to conduct and run a round
study (RRS) to assess the degree of variability in an additive manufacturing material or process.

The RRS can be used to study variations arising from the AM production process including feed

robin

stock,

machine operation, process control, and post processing. The RRS plan can identify various aspects of
the AM process to be considered to execute the study so that it is possible to maximize the consistency

of the results based on the objective of the study.

Additive manufacturing is still a developing technology and round robin studies play an important role

to help generate the information needed to populate materials engineering databases, determine g

allowables, and improve processing and post-processing consistency in order to drive.maturation.

The result of the RRS is a qualitative or quantitative assessment of the materialvised or the pi
variability, rather than the assessment of accuracy and precision of a specific test method from an
laboratory study. Additionally, RRS can involve other entities besides laboratories.

Round robin studies differ from normal research studies by having different participants, each 1
to undertake a nominally identical process. The aim is to determine, the effect of the desired var
on the process outcome. The output can be used for different appli¢ations such as the demonst
of process robustness or for derivation of material property.data. A well-conducted RSS do¢
guarantee small variability, but ensures that any observed vdriability is indicative of the matej
process, not poor study design.
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Additive manufacturing — Round robin testing — General

guidelines

1 anpp

This document is focused on the management of the round robin study (RRS) and can provide gui

the feedstock, machine operations, process controls, and post-processing operations prior to r
the study. RR organizers can identify controlled and free parameters in the studyy This doc
can also provide guidance on the selection and use of test methods that can bejapplicable. Th
investigates the variations found in AM parts. The outcome of the study can de_used to improy
maturation of AM technologies.

for the scope development, planning, and execution of the RRS study. It can provide guidancgto ig‘Elntify

ARRS, as described in this document, is different from an inter-laboratory'comparison because an

dance

ning
ment
e RRS
e the

inter-

laboratory study establishes the variability in a measurement methed-when undertaken by multiple

users on a well-controlled artefact.

2 Normative references

The following documents are referred to in the text in‘such a way that some or all of their cq
constitutes requirements of this document. For dated references, only the edition cited applie
undated references, the latest edition of the referenced document (including any amendments) ag

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

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addres

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

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

3.1
process control document
documentrecording process variables, procedure followed, and building notes

44 RRS task force and RRS manager

ntent
s. For
plies.

The RR task force is the executive team responsible for establishing the goals and scope of the round
robin study. The procedure presented in this guide can consist of sequences to help the RRS task force

in preparing the RRS. Once the RRS has been developed, an RRS manager can be assigned to
participants with operational questions.

The RRS task force can be the sole arbiter of technical issues.

© ISO/ASTM International 2022 - All rights reserved
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5 Develop a round robin study

5.1 Suggested steps to develop a round robin study

Suggested steps in an RRS are given in Table 1.

Table 1 — Sequence of a round robin study

Clause/subclause in this docu-
Sequence Procedure
ment
Determine goal and select the RRS
1 5.2
task force

2 Determine scope of RRS 53
3 Develop a manufacturing plan 5.4
4 Process control document 2.5
5 Develop a measurement and testing 6

plan =
6 Solicit participants A
7 Provide RRS plan 8
8 Pilot run (if needed) 9
9 Full scale run 10
10 Data handling 11
11 Prepare study report 12
12 Record keeping 13

5.2 [Identify the goal of the study and select the round robin task force

Identifying the objective of the study is an important first step. Once the goal of the study is determined,
an RRS task force can then be formed consisting of interested parties with relevant experience in AM.
The RRS task force can name an RRS manager who is able to assist RRS participants during the pilot
and fyll-scale runs. The RRS task force.can’then develop the RRS plan that includes:

a) s¢ope and purpose;

b) mnjanufacturing;

c) mleasurement and testing plans,
d) soliciting participants;

e) ghiding the study;

f)

(@)

¢llecting-data;

—

g) interpreting data;

h) preparing a final report.

5.3 Prepare scope of round robin study

The RRS task force can determine process selections such as feedstock material, process parameters,
and methods that are required to be controlled. It is possible that AM RRS can be a useful tool for
determining the repeatability and reproducibility of an AM process, assessing production readiness,
and populating material databases and material data sheets for design purposes. The output of the RRS
can be a reporting of statistical variations in AM part properties.

2 © ISO/ASTM International 2022 - All rights reserved
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5.4 Develop a manufacturing plan

A manufacturing plan sets forth the AM process, feedstock, process parameters and sequence of

activities needed to produce a specific part. The following outline can provide a minimum gu

ide of

information that can be included in the plan, however, it is possible that the RRS can have more details

than what is listed.

a) Partdescription (part geometry, including build platform and lattice structure).

The part description can provide full details of the part or parts, including tolerances of each
support layout, lattice structures, and tolerances for any specified surface textures or_emb
labelling. Depending on the study, the source file (CAD, scan, or other source type), partfile oj
and build file may be supplied along with specified tolerances. Instructions on the flacemer
orientation of digital components within the AM systems build volume can be included.

b) Machine requirements (including make/model, software, maintenance, calibrdtion, etc.).

The manufacturing plan can clearly define the AM machine requirements suchas, but not limited
— make/model,

— type of AM process being studied,

— platform,

— atmosphere,

— machine software version,

— last date of maintenance, and

— machine calibration.

c) Facility requirements (environment, stability, process gas, etc.).

part,
ossed
files,
t and

The requirements of the facility , where the machine is located. This can include enviropment

(temperature and humidity), stability (e.g electrical, mechanical, magnetic), provision (proces
cooling water, air etc).

d) Feedstock requirements-(handling, storage, specification, etc.).

Since feedstock can produce significant variation of results, it is possible to accurately quantif
control the source( specifications, and traceability of the feedstock. Requirements can also ir
feedstock conditioning prior to component fabrication.

The RRS taskforce can define the following feedstock qualities:
— feedstock supply:

1}° RRS team acquires feedstock and distributes it to participants;

s gas,

y and
iclude

?) RRS task force can define feedstock specification and quantities to procure hy participan

ts;

— feedstock batch properties: can be the same for all participants:
1) chemical composition;
2) physical properties;
3) batch properties:
i) virgin;

ii) used: with limits on prior re-use;

© ISO/ASTM International 2022 - All rights reserved
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iii) blend: defined by the RRS team;
— feedstock conditioning (if needed).

The RRS task force can provide participants with detailed instructions for the storage, safe handling
and use of the feedstock. It is possible that this includes environmental exposure and any recycling/
reprocessing steps that might be necessary during the production of the parts in the study. Detailed
records of the material including all processing and environmental exposure it has undergone can be
recorded in the process control document so that full traceability of the material is possible.

e) Hiardware setup requirements (user training, operator proficiency, machine setup).
Instructions can be provided to participants for machine setup, and can include:

— ugper training, operator proficiency;

— ehvironmental conditions (internal to the machine);

— njachine performance validation (calibration and qualification);

— mjachine setup;

— mjachine cleaning;

— mjaterial handling;

— efuipment maintenance and revalidation processes;

— after maintenance or servicing the machine can be validated.

f) Seftware setup requirements (programs, user training, operator proficiency, build file setup).

Specification of software to be used including vegrsion. Operators can be highly proficient with the
build processing and machine software so it is péssible for them to create job files from the part files
provigled by the RRS task force. They can alsg possess a fundamental understanding of the processes
needdd to use machine software to execute the build with the proper processing parameters.

—

g) Ip-processrequirements (monitorihg, data collection, environment).

AM njachines have an increasingramount of in-process monitoring, data collection, environmental
monﬁroring, and feedback control;*As much of this data can be recorded as possible, even if it cannot be
contrlled, so that it can be carnelated with the final part properties. Depending on the study design it is
possible that the machine will use internal feedback control to maintain certain processing conditions.
A rec¢rd of the in-processmonitoring can be retained.

h) Pfocess completion (data reporting, sample numbering).

Therq is a possibility of the RRS manager providing guidance as to what to do if planned or unplanned
build [nterruptions occur during the study. This can occur due to process errors, machine interruptions,
or enyironniental changes. If the error is serious, the build can be terminated at the discretion of the
RRS thanager. If the build is interrupted and then restarted, the participant can record causation of

the St pp4dgL, bulid llt!ight, dlld Pl1 ULEdul [SN) ulldUl Ldell LO TESUAIL LllC ‘Uulld. TIIC RRS IdIIdgCl Ldll bU
informed of any deviations or if there is a problem with completion of the manufacturing plan.

i) Postprocessing requirements (heat treatment, machining, sample numbering).

Most AM processes require some form of post-processing before the part can be used. Post-processing
can include removal from the machine itself, the build platform, support removal, finish machining or
thermal post processing. The RRS task force can specify the post-processing steps or they can collect
test parts from each RRS participant prior to post-processing while still attached to the build platform.
The RRS task force can have a single organization undertake all the post processing operations, or have
multiple organizations perform them. The post-processing procedures along with facility performing

4 © ISO/ASTM International 2022 - All rights reserved
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the tasks can be documented and shared with RRS participants, or they can be included in the final
report.

5.5 Process control document

Develop process control documentation requirements: The process control document can be written

along with the manufacturing plan. The process control document can outline the settings and
parameters used in the process, define in-process monitoring data to be recorded, and any other
; . . et o : . S Fte that
this will enable the RRS manager to check the manufacturing plan has been followed correctly and
enable a complete understanding of the manufacturing process. Any deviations from the mafaufacturing
plan or unexpected issues can be communicated to the RRS manager as soon as possible:

6 Develop a measurement and testing plan

Develop measurement and testing plan: Once the parts are manufactured and processed, measurements
and tests can be required that will assess the products from the RRS. The nteasurement and testing plan
can assess the geometric dimensioning and tolerancing, mechanical, thermo-physical, microstrudtural,
electronic, or other property. A list of potentially applicable test methods for AM materials is giyen in
ISO/ASTM 52927.

The number of samples can also be considered to ensure sufficient statistical confidence in the rgsults
obtained from the study. Given the greater variability in AM-materials as well as typically higher stirface
texture, anisotropy, and the presence of unintentional internal defects, the spread of results dan be
greater than for standardized manufacturing processés. Therefore, the number of samples to prpduce
adequate statistical significance can be greater thanfor standardized manufacturing processes.

The test methods can be used which are applicableto AM materials and processes so that it is possjble to
obtain relevant test results. According to best practice, tests can be undertaken by a single, accr¢dited
laboratory (ISO/IEC 17025) so that it is possible to provide estimates of the measurement uncertainty. If
measurements are undertaken by multiple-parties, then the quantification of measurement uncertainty
is important for the interpretation of the measurement results. Any measurement failures of non-
conformities can be identified andnotified to the RRS manager. Measurement methods can bg used
that do not follow internationally~agreed standards; instead, the RRS manager can fully document the
procedure, testing, measurement results, and variability of the test method.

7 Solicit participants

The RRS task foree-can write and provide a brief outline of the study that defines the aims and scppe of
the round robin-study and the requirements for participation. A list can be developed that alloys the
RRS task force)to understand the capabilities, experience, proficiency, and qualifications of potlential
participants.“This can include a proposed timescale for participation, so that expectations can be set,
and delays can be avoided. The task force can decide to ask further questions to better understand the
capabilities and interest of RRS participants.

Q Cand thoamanufacturing nlan tonartficinantc
O OO T IO oo CTUT IS PToll CU PUT CICTPOItcy

The RRS task force can send the manufacturing plan to the RRS participants. The RRS task force can
check that participants have reviewed the manufacturing plan to ensure that they are able to satisfy the
requirements. Feedback from participants can be requested in case the manufacturing plan needs to be
adjusted. Any adjustments to the manufacturing plan can be adjudicated by the task force and shared

by all RRS participants. If it is possible, a strict change log and version control of the manufacturing
plan can be kept, so that it is clear exactly which version has been used by participants.

© ISO/ASTM International 2022 - All rights reserved 5
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9 Execute a pilot run with select participants

A short, small scale pilot run of the study can be undertaken with a few selected RRS participants to
check for unexpected issues. This can include all aspects of the RRS including testing. Based on feedback
during the pilot run, it is possible to adjust the manufacturing plan and process control document. The
RRS task force can maintain all documentation from the pilot run so that any changes to the RRS are
noted.

10 Execute a full scale production run
a) Pprtdesign and part files.

The design files can be prepared and distributed to RRS participants according to the manufacturing
plan. [f it is possible, consideration can be given to assure that the files are genuine and not‘accidentally
or delfberately altered. RRS Participants can keep a copy of the files generated and used, in-the study.

b) Feedstock.

The fegedstock for the study can be obtained and prepared according to the manufacturing plan, with
specified measurements undertaken. All material sent is packaged accordingto applicable standards,
rules,|and regulations for shipping potentially hazardous or export controlled material. All applicable
safety data sheets can be included with them.

c) Ekecute the study.

Once fthe manufacturing phase of the study has been started) it is important that the RRS manager
can njaintain regular communications with the participants to ensure the timely completion of the
study] If there are any problems encountered by participants, it is possible to reschedule parts of the
RRS qgr participants can be removed from the study.Af-participants identify any deviation from the
manufacturing plan, this can be communicated to the-RRS task force or RRS manager. The task force
can d¢termine the impact on the study and include'this in the report.

d) Ekamine all process control documents.

After [executing the study (see item list.€);above) RRS participants can send their completed process
contrgl document to the task force prior*to commencing any post-processing activities or shipping the
parts| The task force can assess all ‘the process control documents and identify any cases where the
manufacturing plan was not followed, information was not recorded, measured parameters lay outside
of deflined tolerances, and otherdeviations outside of the manufacturing plan. Follow up discussions
betwegen the task force apnd RRS participants can occur prior to commencing post processing and

shipping.

The RRS task force“can decide to remove participants from the study due to deviations from the
manufacturing plan;‘or they can decide to allow participants to continue and simply annotate the
deviations in the\final report.

e) Shipping:

The RRZtask force can specify how the parts are shipped between participants. This can include

requirements packaging to ensure that components properties do not change or get damaged during
shipping. Considerations can be made for customs, freight charges, and export control.

f) Post-processing.

Post-processing operations can be carried out on the samples in accordance with the RRS plan. The
post-processing can be performed individually by each RRS participant, or at one site as chosen by the
task force. All records and processing conditions can be added to the process control document for the
samples.

g) Measurements after post-processing.

6 © ISO/ASTM International 2022 - All rights reserved
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