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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
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

lectrotechnical standardization

The procedures used to develop this document and those intended for its further maintengnce are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in accopdance yith the
gditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document-may be the siybject of
patent rights. ISO shall not be held responsible for identifying any or all such*patent rights. Details of
dny patent rights identified during the development of the document will®e in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents),

For an explanation of the voluntary nature of standards, the uneaning of ISO specific tefms and
gxpressions related to conformity assessment, as well as information about ISO's adheience to
the World Trade Organization (WTO) principles in the {echnical Barriers to Trade (TBT), see
ywww.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 261, Additive manufacturing, in
dooperation with ASTM Committee F42, Additive ‘Manufacturing Technologies, on the basis of a
partnership agreement between ISO and ASTM Ifiternational with the aim to create a commgn set of
IISO/ASTM standards on Additive Manufacturing, and in collaboration with the European Committee
for Standardization (CEN) Technical Committee CEN/TC 438, Additive manufacturing, in accprdance
yith the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

Any feedback or questions on this docitment should be directed to the user’s national standardq body. A
domplete listing of these bodies canibe found at www.iso.org/members.html.
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Introduction

Additive manufacturing increasingly represents an attractive alternative to more conventional
manufacturing method for companies. The trend towards complex parts, decentralised manufacturing
and customised products allows economically viable application for a wider area. This applies to an

increasi

ng number of serial applications, which pose new requirements to the processes’ performance.

In particular, high quality and safety requirements need to be fulfilled for components used for various

applicat
enginee

ions in several branches of industry, including but not limited to: automotive, mechanical

ing, rni]umy’ aerospace,—processing p]nnfc and medical Historically this need has heen
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ed by the definition of the processes for the manufacturing of parts individually for each casg,
ntails a high degree of expense, and which permits little transparency and hence little~trusft
L stakeholders in the process.

trial parts are produced using additive manufacturing techniques, it should be @erified thaft
pet the requirements placed on them. To this end, the process sequence and envitromment should
ned in a way that the process quality and part quality remain consistent and fieproducible at all

1%

ument outlines the relevant requirements to establish quality-assured processes in additive
Cturing.

ument has the aim of outlining the requirements as an integral whole (not product specifically]
re necessary as a basis for designing processes for high-quality parts made by additiv
Cturing. In particular, in regulated industries, such as the automotive industry, mechanicd
ring, the rail sector, aerospace, process and industrial systems or medical technology
Fation of the criteria defined within the frameworkeefithis document will establish a basis fo
b the requirements for specific products.

™~y — (U <

nt measures relating to the additive system operations are defined, which are to be controlle
pitored in order to ensure a reproducible quality of AM parts. As this document is not intende
Chnology-dependent, the sub-processes ate either applicable or can be disregarded, dependin
echnology used.

1 j= =g =]
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fument provides a common appreagh for the proper manufacturing of additively manufacture
nd replacement parts. In this ‘way, the scope of a supplier audit can be minimised if the
ments of this document are fulfilled.
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Additive manufacturing — Qualification principles —
Requirements for industrial additive manufacturing
processes and production sites

1 Scope

The requirements in this document are for part manufacturers using additive manufacturing tedhniques
dnd are independent of the used material and manufacturing method.

This document specifies criteria for AM relevant processes as well as quality-relevant characteristics
dnd factors along the additive system operations and defines activities and_sequences within an
ddditive manufacturing production site.

This document is applicable to the additive manufacturing technologies.defined in ISO/ASTN 52900
gnd defines quality assurance measures along the manufacturing precess.

Environment, health and safety aspects are not covered comprehensively in this documegnt. The
dorresponding content is addressed in the equipment manufacturer guidelines and ISO/ASTM 52931,
SO 275481, ISO/ASTM 52933 and ISO/ASTM 52938-12).

This document provides requirements that are additional to those provided by a quality mangagement
dystem (such as IS0 9001, ISO/TS 22163, ISO 19443, EN-9100, ISO 13485, IATF 16949). Additionally, this
document can be used to establish quality managefiient system relevant content that is specifit to AM-
lechnology.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their|content
donstitutes requirements of this"™decument. For dated references, only the edition cited applies. For
yndated references, the latest edition of the referenced document (including any amendments) applies.

IISO/ASTM 52900, Additive(manufacturing — General principles — Fundamentals and vocabulary
IISO/ASTM 52950, Additive manufacturing — General principles — Overview of data processing

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/ASTM 52900 pnd the
followingapply.

[S@.and IEC maintain terminological databases for use in standardization at the following addrEsses:

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

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

1)  Under preparation. Stage at the time of publication: ISO/DIS 27548:2023.
2)  Under preparation. Stage at the time of publication: ISO/ASTM DIS 52938-1:2023.

© ISO/ASTM International 2023 - All rights reserved 1
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31

rework, verb

unplanned operation, or series of operations performed on a nonconforming part to make it conform to
the requirements

Note 1 to entry: Rework of nonconforming parts should be performed by an approved process and does not
require customer approval.

EXAMPLE Required hole in part is drilled too small. Part is reworked by drilling the hole to the specified
width by the approved drill process.

3.2
repair, yerb

operatign, or series of operations performed to preserve or to restore the function of a defeet part o
product]

—

Note 1 tq entry: Repair of nonconforming parts require customer approval.

EXAMPLE Part is broken or damaged (e.g. dent in part or something broke off part), but the specified
requirements can still be restored/preserved (e.g. dent is filled or the broken off piece_ is-ddded/replaced).

3.3
reuse, erb
<of feedstock> supply and process used feedstock (3.4) in subsequent build cycles

Note 1 t¢ entry: Reuse of feedstock such as powders or resins normally requires additional processing, such ak
sieving, pr drying of powders or filtering of photopolymer resins.

Note 2 tq entry: Reuse can include blending of different batches offfeedstock, such as blending or used and virgin
material} or blending of used material from different batches.

34
used fepdstock
feedsto¢k that has been supplied to an AM machine that has been subjected to at least one previoup
build cycle

3.5
additive system operations
operatign of an entire additive system*or any component of an additive manufacturing system

Note 1 fo entry: Additive systems/operations typically include data preparation, system set-up, build-cycl
operatiop, feedstock managemeént and process finalization.

19

Note 2 tq entry: Additive system operations are illustrated in Figure 4.

3.6
procesg finalization
process|steps which are an intrinsic portion of an AM process category but are not part of the builgd
cycle

N 1 - I 1 £ £ 1. dei. 77
Ote t CIIUI _y. LaAdllllJlCD TUT Pl ULCSS TITIdIIZdlIUlLL, ST /.7,

4 Overview of AM related processes

In order to ensure high quality within an industrial AM production site, all AM relevant processes
(see Figure 1) shall be considered. In the following document, all processes shown in Figure 1 will be
discussed in detail and corresponding requirements will be given.

A quality management system (e.g. ISO 9001, ISO/TS 22163, ISO 19443, EN 9100, ISO 13485, IATF
16949) should be in place when the AM part manufacturer applies this document.

2 © ISO/ASTM International 2023 - All rights reserved
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\\ Manufacturing process \
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NN Additive system operations AN N
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NN\ Pre-process AM-process AN

Manufacturability Data System Build Process
assessment & review preparation setup cycle finalization Post-process
(see Figure 2) (see Figure 5) (see Figure 7) (see Figure 8) (see Figure 9) (see Figure A.1)

74 77
s s Feedstock management VZ //
-y (see Fi 6 7
V4 gure 6) % 2
A {
Process qualification and validation (see Figure 3)
Quality assurance (see Figure 10)

Figure 1 — Overview of AM relevant processes in an AM production site

5 Infrastructure of the part manufacturer

5.1 Environmental, health and safety (EHS)

(Conformity to local statutory regulations regarding environhmental, health and safety requi
dhall be ensured. This includes explosion protection“and personnel instruction concern
dccupational safety measures and equipment.

EXAMPLE Ventilation system appropriate for theprocessed materials; personal protective equipm

5.2 Waste disposal

lecommended for appropriate disposal.

5.3 AM system installation

Utilities requirements f(e.g/ electricity, inert gases, ventilation) and operating conditions
dollected, planned, and.completed.

The specifications of the equipment manufacturer in respect to ambient and installation co
dhall be met. Incase of deviation from the manufacturer’s machine specifications, the reasons
documented:s

NOTE When installing new machines, the conditions of already installed ones can be compromised

The categorisation into hazard levelscof wear parts, waste feedstock and excessive mat

rements
ing the

bnt.

terial is

thall be

hditions
shall be

ons can

aséd ‘on the requirements for the additive manufacturing technique, the installation condit
omprise the following aspects:

a) logged installation conditions and qualification of the additive system;
b) logs covering all other quality-relevant influencing factors on the function of a system;

c) cleanliness of the production environment;

d) climate controlled rooms with controlled or permissible temperature, humidity, light conditions,

air particle components;
e) extensive availability, minimum distance to neighbouring systems and equipment;

f) floor load capacity and evenness of the ground, absence of vibration;

© ISO/ASTM International 2023 - All rights reserved
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g) no undesired sources that generate or extract heat in the vicinity;
h) no one-sided and/or local heating or cooling of the system;

i) absence of interference sources with high-frequency and electromagnetic radiation.

5.4 Ancillary equipment

Utilities requirements (e.g. electricity, inert gases, ventilation) and operating conditions shall be
collected p];\nnpd and rnmplpfpd This includes all post processing equipment which affects prndnrf

quality.[This equipment can include, but is not limited to

a) sieving station, powder blender,

b) de-powdering system, blast cabinets, vibratory grinding machine,
c) band saw/wire cutting system,
d) UV pven, impregnation system, heating furnace, HIP furnace, and

e) tesfling and inspection equipment (e.g. calipers, scales, 3D-scanner).

5.5 Feedstock storage

The organization shall establish, maintain, and document the procedure necessary to ensure th
feedstogk quality. Temperature and humidity in a specified range’shall be ensured.

9%

5.6 IT infrastructure

The follpwing aspects shall be fulfilled by the manufacturer:

a) sechirity of the server landscape;

b) sectirity of remote production survey systems;

c¢) maintenance of remote data access §ystems (e.g. see IEC 62443, ISO 27001);
d) proyision of the IT hardware;

e) protection and archiving systems.

5.7 Foreign object debris (FOD)

Cleanlir{ess of the equipment shall be maintained by the manufacturer:

9%

a) Alltools andoperating media shall be as free from FOD as specified in the manufacturing plan (se
7.6.0).

b) Apgropriate measures shall be taken to prevent cross-contamination of feedstock.

EXAMPLE Same machine operator works across several materials and working stations without proper
procedures for changing/cleaning their PPE/clothing.

5.8 Provision of the process resources
The manufacturer shall ensure
a) uniquely marked tools (e.g. pliers, screws), and

b) sufficient operating media (compressed air, filter cascades, inert gas supply: temperature and
purity, coolant, wearing parts, etc.).

4 © ISO/ASTM International 2023 - All rights reserved
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EXAMPLE Allocation of a toolbox per material; inventories of disposable layer deposition systems.

5.9 Manufacturing management system

The manufacturer shall ensure that the correct steps occur in the qualified sequence with the
corresponding parameters. This includes planning the machine capacity utilisation and available
feedstock corresponding to a defined minimum level.

NOTE Efficient resource planning reduces machine downtime resulting in opportunity cost.

.10 Maintenance/calibration system

he manufacturer shall maintain a system to document equipment preventative/priedictive
aintenance and calibration history.

Manufacturability assessment and review

6.1 General
The part manufacturer shall perform a manufacturability assessment and review.

Upon receipt of the customer order, the part manufacturer shallreview the data from the cusfomer to
gnsure all requirements, specifications, drawings and CAD“models are clear and complete. Chistomer
lequirements can extend to production requirements _such as heat treatment profile, build platform
thickness, feedstock properties, batch purity or alternatively powder tests before build cycle.

This assessment and review include manufacturing feasibility. Any issues shall be reviewed yvith the
dustomer/design authority for possible resolutions.

EXAMPLE Reference in the offer to part-unspecific material data sheet and standardised quality control.

Figure 2 shows the two individual steps-for manufacturability assessment and review.

Manufacturability assessment & review
Design assessment Manufacturing
and review assessment and review
(see 6.2) (see 6.3)

Figure 2 — Steps of manufacturability assessment and review

The'assessment and review shall be performed by suitable personnel (see 8.2). It is important td include
dll'part requirements.

6.2 Design assessment and review

The process-relevant design directives should be consulted to evaluate the manufacturing feasibility
of the design. In addition, process-relevant manufacturing restrictions shall also be taken into
consideration, such as minimum wall thicknesses and support accessibility.

EXAMPLE Aspect ratio of struts, holes, slits, gap size for joints or installation suitability of parts belonging
together.

NOTE Further guidance is provided in ISO/ASTM 52910:2018, 6.8.

© ISO/ASTM International 2023 - All rights reserved 5
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6.3 Manufacturing assessment and review

6.3.1

Additive manufacturing process

a) It shall be checked whether the desired part, including the part properties, can be manufactured
with the machine/material combination. The process parameters for the machine / material
combination will be qualified in 7.2.

EXAMPLE

qua

ifiedwall thickness ranage for the narameoeter setls) for the selected material
o r J

Minimum and maximum wall thicknesses within the desired part are compared to the

b) Chsg
des

EXA

attafinable by further processing (drilling).

Thd
dim

c) Che
fead
ent

EXA

evel with the same AM machine.

EXA
med

Thd
pro

6.3.2

It shall
the sele

EXAMPL
process
applicati

EXAMPL

6.3.3

If a furt
design i

ck of dimensions/tolerances (see ISO/ASTM 52910:2018, 6.6): the tolerances specified in|th
gn shall be attainable in the selected manufacturing process.

MPLE Due to the process, fitting holes are not mapped. The required tolerances of holes are onl

rmal effects, such as cooling of the part or thermal post-treatment, can«influence the par
ensions. This shall be considered before the start of the manufacturing process.

ck of material/material properties (see ISO/ASTM 52910:2018,~6.7): the manufacturin
ibility shall be considered beyond the selected technology, depending on the material over th
re manufacturing process. The specified material properties shall'be incorporated here.

MPLE1  Ceramic-filled resins exhibit different manufacturingtestrictions than pure photopolymers
MPLE 2 Brittle materials (e.g. some titanium alloys)y‘cannot sometimes be processed furthe
hanically.

rmal effects, such as cooling of the part or thermal post-treatment, can influence the materia
perties. This shall be considered before the start of the manufacturing process.

Process finalization

be checked whether the design jissappropriate for process finalization operations required b
rted AM technology.

E1 Check in advance concerning whether it is possible to remove raw material remaining after th
rom internal cavities. A part-an be suitable for additive manufacturing, but not useful for the intende
on e.g. due to powder caking in cavities after heat treatment.

E2  Multi-step preceéss such as B]T of metals (described in ISO/ASTM 52900:2021 Annex B).

Post processing

her (semisjautomated manufacturing or inspection step occurs, it shall be checked whether th
5 appropriate for this, if auxiliaries cannot be used.

EXAMP

9%

0 Uy

—

W

E If machining is carried out to attain the required manufacturing tolerances, correspondin

(Y=}

clamping points are to be provided as early as the data processing, if necessary.

7 Qualification of the additive system operations

7.1 General

The purpose of process qualification is to quantify the process location and dispersion parameters with
regard to a certain property and thus ensure that the additive system operations can produce parts
repeatable that meet specified requirements. Elements of process qualification and validation, as per
ISO/ASTM TS 52930, are shown in Figure 3 and are briefly described.

© ISO/ASTM International 2023 - All rights reserved
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Process validation

023(E)

Validation planning Qualification N
nI:;ocelfls assgslssrlr(lent lg:tslt:; :{2 - Installation Operational Performance
(seep7p 3. lg) (see 7.3.2) (see 7.3.3) qualification qualification qualification

See 7.4 7

Figure 3 — Elements of process qualification and validation

/.2 Scope of qualification

Based on risk assessment, use-case or authority/regulatory requirements, the-process qual

S
for serial production of a certain part, or process generic (parts adjusted to.process performa
purpose of process clearance for production of changing parts of the samernaterial.

(Changes to the qualified additive system should be evaluated individually for the need of re-qual
depending on the quality impact to the process or the part (e.g.“hardware, firmware, power
thachine repair, machine relocation, feedstock specifications)cWhere the evaluation conclu
the process or part is impacted by the change, a re-qualifi¢ation shall be performed. Where
o impact, re-qualification is not required. A record of the‘evaluation which includes changes
procedures, parameter sets, evaluation method/s and. the quality impact shall be retained
d
1

jot required.
NOTE1 The phased approach of a qualification-followed by production mode supports a flexible :
dffective AM production for multiple applicatiéns. This also allows the concept of a direct inspect]
Production run for yet unqualified values (e.g."one large part with many test artifacts to assess and en
thaterial characteristics).

NOTE 2  Some industries refer to product specific as “build” qualification, which is encompassed in 6.

NOTE 3  Effort for (re)qualification can be reduced when changing one variable at a time: e.g. AM

firom a new supplier).
/.3 Validation planning

7.3.1 Procéss'mapping

To ensuréthat all processes, interactions and influences are understood, a comprehensive prod
dhould-be created (e.g. as process flow chart, typically pictorially) showing the sequence of op
of the individual process steps and other relevant information.

fication

hall either be part-specific (process adjusted to part requirements), e.g. purpese of process C:Learance

ce), e.g.

fication
source,
les that
there is
in work
by the

rganization. The master validation plan (see 7.3.3) shall list all cases when re-validation is required or

nd cost-
ion on a
ure new

3.

machine

(same machine model), process;parameter set (modification of a single variable), feedstock (same conposition

ess map
brations

7.3.2 Risk assessment

The method of risk assessment should be agreed upon between the part manufacturer and design
authority prior to starting (e.g. with PFMEA or PFMECA as described in standards such as [EC 60812
or AS 13004). For general risk assessment, it can be referred to ISO 14971 and ISO 31000. Output of

the risk assessment shall be used to define requirements for inspections according to AM part
process categories.

and AM

NOTE1 There are currently plans to develop an AM process category specific risk evaluation standard.
The current common practice is to use the system manufacturer documentation, industry best-practices and

experiences.

© ISO/ASTM International 2023 - All rights reserved
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NOTE 2 It is useful to document all relevant parameters and variables for each single process step. A helpful
tool for this can be the turtle model, which helps to define the most relevant parts of the process [input, output,
material and equipment, competence/skill/training, support processes/procedures and methods and key
performance Indicators (KPI)].

7.3.3 Master validation plan

a) Validation plan: the part manufacturer shall define a validation plan for the series part. The pre-
requisite is qualification of the material for a definite sequence of addltlve system operations (see

steps and/or other quallty assurance elements The part productlon is Valldated in a one, two of
thr¢e stage process described in B.1 or ISO/ASTM 52901:2017, 4.5.1. Each stage is successfully
conmpleted upon signing by suitable personnel. The customer / design authority could.request
approval of the validation plan. The test methods can be applied to the parts themselves;associategl
production run values or co-built test artifacts.

Theg methodical recording of the part requirements can be derived from different sources (e.g.
ISOYASTM 52901, ISO/ASTM 52904 or ISO/ASTM TS 52930). The inspectioniand test plan witl
defined limits to demonstrate fulfilment of part requirements can include requirements listed i}
[SO|17296-3:2014, 4.3. This makes it possible to derive which validations.can be necessary beyon
thid document. Part marking can alter the validation effort if area, technique (during AM, lase
engraving, labelling), indent or text size is not properly specified.

—_—

b) Exelcution of validation plan/report: the part manufacturer shdll monitor and measure the par
chafacteristics to verify that its requirements have been met:This shall be carried out at applicabl
stages of the manufacturing process in accordance with the validation plan that can contai
application-specific instructions. The results of testingoshall be documented in report(s). Th
customer/design authority could request approval of the validation report:

W = W

1) [Evidence of conformity to the acceptanceeriteria at each stage of the process shall b
maintained. The identity of the person performing any inspection or testing and authorisin
release of part shall be recorded. As appropriate, records shall identify the test equipment use
to perform measurement activities both during qualification and production.

—— U TU

2) |Part release and service delivery shall not proceed until the planned and documented
validation report have been satisfactorily completed.

7.4 Qpalification [installation, operation, and performance (1Q/0Q/PQ)]

a) Propfof evidence regarding compliance with the specified installation conditions shall be provide
by ¢orresponding decuments (service report, final acceptance report, reports on modifications t
the|system, designiation of the machine type including version status of the software component
and, if applicable; version status of the hardware components, machine identification number). Al
quallity-relevant system parameters shall be included in the documentation.

— ] N el

—

b) The proéess qualification forms the basis for both the identification of reproducible materia
properties as well as evaluation of the current process quality. This requires testing of referenc

sar nlas +a chfu:f‘r")”‘r cIrrYnFu"Jnf ovfnnf thatincludoc 711 I'III’)]IFIQ!'] iaVfaValaYlod CfQY\C definad ]r\n f]f\
PreS—+o—= Ty —Sro et ettt erate St et e c—pt epSaeea c

9%

manufacturing plan.

c¢) The scope and frequency for controlling the process quality shall be defined and documented in the
manufacturing process monitoring plan and records. Where required, co-built test artifacts serve
the quantitative determination of material characteristics, for comparison to the control chart, as
specified by the process qualification. Property specific tolerance bands, used for acceptance, are
based on the value and dispersion parameters of the material characteristics, relative to positions
in the build space. Pre-determined acceptance criteria shall be documented as specified by the 0Q/
PQ (e.g. control charts).

d) Equipment maintenance: Implementation of system-related maintenance and servicing activities
by technical staff (see 8.2) including verification of expertise, depending on scope (daily/weekly/
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monthly/quarterly/six monthly). All activities and changes shall be recorded in the machine
life cycle document. The machine installation and maintenance refer to systems of the additive
manufacturing process as well as post-processing equipment (e.g. sieving station, powder blender;

de-powdering system, blast cabinets, vibratory grinding machine; band saw/wire cutting

system,

UV oven, impregnation system, heating furnace, HIP furnace, testing and inspection equipment).

NOTE 1Q/0Q/PQ of PBF-LB equipment is described in ISO/ASTM TS 52930.

7.5 Manufacturing plan specification

]
1

h

o)

)

(OTE An example of a manufacturing plan is described in ISO/ASTM 52904.

Parameter set: the process parameters selected for the qualification shallbe defined, des
uniquely and documented. Changes to the process parameters require a re-qualification.

Feedstock testing: sampling with associated test methods shall bé-performed by the 4
manufacturer during the feedstock management.

Characteristic values/test artifacts: if characteristic values of the material are specified in
standards and/or other normative/regulatory documents,‘\these characteristic values
determined with corresponding test methods.

Number of samples/production runs: the number<ef specimens and production runs
selected in a statistically relevant manner.

Positioning/alignment: the arrangement and<erientation of the test artifacts shall be

'he process steps of additive system operations as defined in 7.7.2 to 7.7.6 shall be specified ixllcluding
equired verification measures and documentation. This typically includes:

ignated

AM part

relevant
thall be

shall be

chosen

appropriately corresponding to the circumstances of the AM machine and according to the
application-specific requirements.

EXAMPLE Itis not statistically representative to place all test artifacts within one laser field o a multi-
laser machine.

Data communication: a qualification of the data processing shall be carried out in case| of data
transfer over several software programs.

EXAMPLE When generating the slice data over several interfaces, the qualification is baged on a

relevant and defined gegmetry.

Test methods: @apptropriate and validated destructive and non-destructive examination methods

(e.g. ISO/ASTM,529273)).
Rework:‘rcase of rework, a process for remedying part errors shall be documented.

EXAMPLE Machine oversized part; drill undersized hole; heat treatment for stress relief of
pasts.

NOTE The rejection path to allow for repair (e.g. weld up oversized hole) goes beyond this sf]

warped

andard’s

scope.

Besides the above-mentioned aspects, there shall be a documented procedure detailing steps to follow
when dealing with unscheduled interruptions, both during and after the qualification of the additive
system operations (see 7.7.5.1).

3)

Under preparation. Stage at the time of publication: ISO/ASTM DIS 52927:2023.

© ISO/ASTM International 2023 - All rights reserved


https://standardsiso.com/api/?name=f0d0ec8880745c6c9b8fd8ece524d88e

ISO/ASTM 52920:2023(E)

7.6 Documentation and tracing of the process steps

7.6.1

General

Documentation of the manufacturing process, its qualification and validation are required to verify
quality assured processes and define the process qualification strategy. This documented information
should be clear and easily understood. This can typically be achieved by elements such as language,
style, pictograms, or ease of accessibility. The aspects described in 7.6.2, 7.6.3 and 7.6.4 shall be
documented in a suitable way and contain the minimum information.

7.6.2
All infoq

assuranice and traceability of the production steps. The manufacturing plan contains~at-least th

followin

a) Pro
don

NOT

b) Ned
at t
be
pro

EXA
EXA

c) Neg
traq

d) Tra

7.6.3

IQ docu
shall ind

a) Dod

b) Calijbration records)(ds applicable) to ensure traceability to calibration procedures and its history

or g

c) Maintenancevplan and records for processes, procedures, and their intervals (including un

sch

Manufacturing plan

mation of the individual processes shall be documented (e.g. job card system) to ensure-qualit

=<

9%

g aspects:

cess sequence with its relevant processes and order of operation after the-process mappin
e beforehand (see 7.3.1).

Uy

E It can be used as simple example or as base for the more comprehenSiye process map.

essary documented information for each process. When carrying'out relevant manual activity
he respective stations, steps that are prone to error and critical to quality and safety shal
bmphasized, if applicable (e.g. standard operating procedire (SOP), work instruction (WI],
redures and process description).

—

MPLE 1  Cleaning the build chamber during system setup.
MPLE 2  Documentation of the versioned, qualified machine parameters per executed build cycle.

essary qualification of personnel and their* records for all relevant processes to ensur
eability who performed the qualification-Rérsonnel requirements are defined in 8.2;

W

Ceability of test equipment used during manufacturing/qualification.

1Q documents

ments for all manufacturingequipment and test equipment shall be provided. Each IQ documenit
lude at least the following (e.g. ISO/ASTM TS 52930 can be used for PBF-LB):

umentation that the-equipment was installed correctly and functions properly;

ertificate of tlte inspection equipment used for measuring and testing;

bduled): This includes but is not limited to:

1y

Regular measurement of the components with a direct influence on the additive manufacturing

2)

10

process (e.g. laser focus and laser power measurement, calibration of the feeding rates of the
print head) in a manner and in intervals suitable for the application.

Cleaning work shall be carried out in accordance with the maintenance plan. Maintenance and
repair activities shall be carried out for the equipment type in use according to a procedure that
has considered the equipment manufacturer’s instructions for the inspection and maintenance
as well as any other identified need for maintenance. This applies to both the frequency of the
maintenance work to be carried out as well as the responsibilities for the necessary activities.
Daily, weekly, and monthly maintenance and repair work shall be completed by the owner/
operator of the equipment, whose implementation is to be verified in a suitable manner.
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NOTE Changes in the additive system operation (see Clause 7) include modifications to the AM machine
such as repair, machine software update, or moving thereof.

7.6.4 0Q/PQ documents for the complete process

0Q/PQ documents for the complete process can include but are not limited to the following:

a) proof of evidence regarding the quality of the feedstock;

b) instructions and records of feedstock management;

d) records of performed system set-up;

d) AM machine process data [e.g. build/error report(s)];

d4) manufacturing specification for the co-built test artifacts;

f) manufacturing process monitoring plan and records to ensure the traceability of the charagteristic
values of each AM machine per build cycle, quality-relevant characteristics as well as test methods
and intervals for monitoring these, detailed in respect to the individualprocess;

g) qualification measures for determining relevant input variables (e.g. feedstock prdperties)
and resultant output variables (e.g. resulting value and dispérsion parameters of meghanical
properties), which are derived from defined, part-related¢indicators (see 7.1) along the pdditive
system operation;

) inspection and test results for reproducibility by analyses, e.g. regular monitoring of the erfjor rates
or process deviations pointing to a corrective measure (for possible effects see B.2).

7.7 Relevant process steps within the additive system operations

7.7.1 Overview of additive system operations

Unless otherwise required or approvéed by the organization, the requirements of the additive system

operations (see 7.7.2 to 7.7.6), of the:tmachine and of the personnel (see 8.2) shall be met accofding to

(lause 8. The relevant elements ofadditive system operations are shown in Figure 4.

< - -~ --—--—"-—«-\N"T  ——F"----"F">"—>""—>™">""—" _
\\ Additive system operations \\
\ N
N Pre-process __ \.____ AM-process ___ >
N Data System Build Process
> > preparation setup cycle finalization
/// (see 7.7.2) (see 7.7.4) (see 7.7.5) (see 7.7.6)
A ____/ yd
s Feedstock management s
// (see 7.7.3) //
Figure 4 — Elements of additive system operations
NOTE For some technologies, feedstock management occurs only before the additive manufacturing process

(e.g. MEX).

7.7.2 Requirements for pre-process: data preparation

Figure 5 shows the individual steps of the data preparation to be performed by the part manufacturer.

© ISO/ASTM International 2023 - All rights reserved
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Data preparation

Data Geometrical Part Support Slice data Data
check adjustments placement generation a generation archiving
(see 7.7.2.1) (see 7.7.2.2) (see 7.7.2.3) (see 7.7.2.4) (see 7.7.2.5) (see 7.7.2.6)

a2 App

A unifdgrm data and information structure according to ISO/ASTM 52950 shall be dpplied. I
applicaljle, the process steps described in 7.7.2.1 to 7.7.2.6 shall be specified including verifieation angd
documentation as specified in the process qualification.

7.7.2.1

An inspection regarding error-free processability of the 3D data shall be-carried out. If necessary

data fix

scanninlg software or other design creation software to STL, AMF, 3ME"STEP or another printabl
format ils required.

EXAMPLE The checked data comprises software versions, copfiguration settings that directly impad
resolutiqn, size, and middle tolerances of the 3D data set.

7.7.2.2

Structu

for a mgnufacturing-compliant design (e.g. adequat&post-processing). Considerations need to be givel
to the fgllowing three aspects:

a) Wh

be gbtained from the customer.

b) Tra

EXAMPLE Digital part marking can be applied.

d All
ver

7.7.2.3

Orienta
envelop
manufa

licable depending upon selected technology.

Figure 5 — Steps of the data preparation

)

Data check

ng is carried out. If applicable, documentation of the conversion parameters from CAD, digita

U — -

ot

Geometrical adjustments for manufacturing

=

ral changes of the 3D data (allowances, cuttingghollowing, closure of holes, etc.) may be require

—

—

ere required (e.g. by law, regulationsteérms of delivery or customer specification) approval shal

Ceability shall be maintained:

adaptations shall¢be“documented in comprehensible and verifiable form (this comprise
sioning of the modified data set).

1°2]

Part placement

==

fion andpositioning of the single part as well as arrangement of all parts within the buil
e skall be considered with respect to the design and customer requirements, to individug
Ctuping plans and to material behaviour.

—

EXAMPLE Material-specific characteristics comprise minimum part spacing, wall thickness, supporting
area of the part or self-supporting angle.

7.7.2.4

Support generation

Where support structures are required, if these are not calculated fully automatically, a defined and
user-independent workflow for the generation of supporting geometries shall be ensured.

12
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7.7.2.5 Slice data generation

Conversion of the slice data with complete <build> process parameters (see parameter set in Clause 8)
for the AM machine to be used.

a) In case of software updates, input and output data should be used to check that the generated data
corresponds to a referenced output data.

b) The parameters for the data conversion shall be specified and complied within the corresponding
procedure. If slice data is not calculated fully automatically, a defined and user-independent
application of process parameters shall be ensured.

EXAMPLE Layer thickness.

7.7.2.6 Data archiving

Unique, versioned archive of the digital files used for the build cycle shall be setup? The retentioh period
dccording to the regulatory or application-specific requirements shall be recorded.

EXAMPLE 3D CAD files, drawings, build file, virtual support structure.

7.7.3 Requirements for feedstock management

Figure 6 shows the individual steps of feedstock management that shall be performed by the part
mhanufacturer.

Feedstock mandagement
Feedstock Storage Preparation Transport into Transport fro
control of feedstock AM machine AM machine
(see 7.7.3.1) (see 7.7.3.2) (see 7.7.3.3) (see 7.7.3.4) (see 7.7.3.5)

3 Applicable depending upon seleeted feedstock state.

-

Figure 6 — Steps of feedstock management

Inder feedstock control, a feedstock specification shall be established to ensure final part propeifties and
uitability for the.respective manufacturing process. In case of used feedstock, the part manufacturer
hall define allowable limits for production. The feedstock supplier, as all suppliers, should be managed
ccording togeneéral quality management system requirements.

Q) (A n e~

EXAMPLE\l) " Chemical composition or alloying elements.

BEXAMPRLE 2  Degradation criteria include operating conditions, humidity, chemical by-products, organic
dompounds, biological agents.

When feedstock specifications are defined, the process specific, and application specific risks shall be
considered. Depending on the feedstock and on the customer requirements, it is possible to establish
a closed loop by re-supplying material in a controlled manner. To ensure the required properties of
the feedstock (see ISO/ASTM 529284 and ASTM F3049 for powder properties verification) relevant
properties (depending on use-case, industry, and customer requirements) can be: chemical composition,
contaminations, morphology, flowability and moisture), the following process steps shall be specified
including verification and documentation as specified in the process qualification. The assessment
process (see Clause 6) may have resulted in customer specific and/or application specific feedstock
requirements.

4)  Under preparation. Stage at the time of publication: ISO/ASTM DIS 52928:2023.
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7.7.3.1 Feedstock control

The part manufacturer shall establish instructions to ensure that the feedstock meets the defined
specification and is subsequently labelled to ensure traceability.

A material history record can be re-created for the material states in Table 1. Corresponding to the use,
a unique relation between the finished part and used feedstock may be required.

EXAMPLE In a closed loop, some steps of the system set-up (see 7.7.4) can be carried out before feedstock
control.

Table 1 — Traceability and batch purity

Lot use Lot of feedstock Batch of feedstock
Materigl use
Virgin feedstock Clear allocation of the feedstock specifica- | Limited allocation of the feedstock specifi-
. tions to the part. cations to the part.
(Filament, pellets,
powder)|liquid) Unique characteristics of the feedstock. Limited characteristics? of the feedstock.
Reused|feedstock Moderate allocation of the feedstock spec- | Difficult allocation(of the feedstock specifi-
ifications to the part. cations to the.part.

(Powder, liquid)

Limited characteristics? of the feedstock. |Limited characteristics2 of the feedstock.

a2  Limited characteristics: key characteristics with specified allowable limits.
NOTE [Low levels of traceability may not be suitable for all production comppnénts.

EXAMPLEE Material, lot number. For metallic powders, see ISO/ASTM 52907

7.7.3.2 | Storage

Necessdary monitoring and control of storage climatg:{€.g. moisture level, temperature, or light source]
with defined acceptable limits shall be provided. Specific storage requirements stated on the feedstoc
data sh¢et shall also be adhered to. The feedstock container may deviate from the original packagin
but shalll be compatible with the stored feedstock.

Uy A~

7.7.3.3 | Preparation of feedstock (if applicable)
The follpwing steps shall be part gfithe feedstock preparation but only for powders and liquids.
a) Sieying:

1) [supplied and sieyed'mass shall be recorded;

2) |mesh width{shdll be specified;

3) |sieve cendition shall be specified and recorded;

4) |protective gas used shall be specified.

b) Blending:Teuse of uSed feedstock which can be sieved beforenand and added to the vIrgin feedstock
in a defined blending ratio. If different batches are blended with a different ratio, it shall be ensured
that the feedstock specifications and traceability are still met.

EXAMPLE Avoidance of cross-contamination, overpressure, cleaning schedule, conveying system.

c¢) Homogenising: procedure to achieve a homogeneous blend and, if needed, conclusive sampling.

7.7.3.4 Transportinto AM machine

To avoid cross-contamination where preparation of the feedstock occurs outside the AM machine,
transport and mount cartridges or powder containers in sealed form shall be provided. The contact
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with the environment shall be minimised or excluded. The material history shall be documented. This
documentation includes supplied and removed amount to the build cycle as well as batch allocation.

7.7.3.5 Transport from AM machine (applicable for powder)

Unique marking of used feedstock is maintained for feedstock control until the next process step is
determined to avoid cross-contamination.

7.7.4 Requirements for pre-process: system set-up

)

.7.4.1 AM machine preparation

Restoration of the initial machine state for the-following build cycle:

Figure 7 shows the individual steps of the system set-up to be performed by the part manufactlllrer.

System setup
AM machine Set-up of
preparation build cycle
(see 7.7.4.1) (see 7.7.4.2)

Figure 7 — Steps of the systemisetup

IIf technically applicable, the process steps described in 77A4.1 and 7.7.4.2 shall be specified including
yerification and documentation as specified in the process qualification.

Proper preparation of the machine by corresponding personnel (see 8.2). The preparatofy steps

indicated by the equipment manufacturer for the machine start shall be observed.

Cleaning processes shall be ¢arried out according to equipment manufacturer procedures.

Filter state: applicable fornPBF/M and DED techniques: Depending on the material and prptective
gas, the filter service life or filter type shall be allocated uniquely in order to ensure a reprpducible

build process and protective gas control.

NOTE The potential pyrophoric nature of the dust on the media is considered when rempving or

replacing filteFs;

7.7.4.2 Sét-up of build cycle

Several'aspects shall be considered in terms of the build-cycle.

4)C-Build platform: based on the material type and factors such as shrinkage, a build platform with
appropriate properties (e.g. Size, thickness, or material type) shall be determined and specified.
b) Feedstock state (see Table 1) in the machine shall be specified.

1)

2)
3)

Sufficient feedstock (and if applicable support material, binder, and ink) for the build cycle shall
be ensured.

Existing feedstock shall meet feedstock specifications.
Material container or material batch shall be identified and recorded.

EXAMPLE In the PBF-LB/M technique in DIN 65124 or after acceptance by the equipment
manufacturer
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c¢) Depending on the requirements for the build cycle, a type and configuration of the layer deposition
system shall be specified to ensure a reproducible layer deposition.

d) The part build program number and its revision shall be specified.

e) Choice of the protective gas and its requirements (e.g. purity, composition) depending on the
material applicable for PBF/M and DED techniques shall be documented.

7.7.5

Figure § shows the individual steps of the build cycle to be performed by the part manufacturer.

If applid
docume

7.7.5.1
The AM
a) Thd

NOT
and

1y

2)

3)

Requirements for additive manufacturing: build cycle

Build Cycle
AM machine Build cycle Data backup
operation monitoring and archiving
(see 7.7.5.1) (see 7.7.5.2) (see 7.7.5.3)

Figure 8 — Steps of the build cycle

able, the process steps described in 7.7.5.1 to 7.7.5.3 shall bé'specified including verification angd
ntation as specified in the process qualification.

AM machine operation
machine operation starts and executes the build cycle.
AM machine shall be operated in accordance with the manufacturing plan (see Clause 8):

E The manufacturing plan considers instructions provided by the AM equipment manufacturefr
if needed, instructions for the AM process step. This includes application-specific work instructions.

1°2]

quality data logs generated from the build cycle shall be recorded; engineering data log
generated from the build cyele should be recorded;

NOTE 1 Quality data: data that will be used to release or determine the quality impactinf
decisions.
NOTE 2 Engineering data: data that will be used to monitor the process performance indexes for

future improvement and used as appropriate to direct and lead process improvement metrics.

data set'from the manufacturing batch (geometry, number, layer thickness, infill pattern o
hatching Strategy);

—

process Jparameters (e.g. feed rate, nozzle cleamng steps material supply or layer deposmor,

nnnnnnnnnnnnnnnnnnn

4)
5)
6)
7)

Ll L = H .
\.ClllUl ClLlUll’ UCalll IJUVVCI a\,auulus 1 aLC, UAysCll \.UllLCllL, LCIIAPC[ ClI.Lll CcLlurvyg, Pl CDDUI A3 61 aulcuL )

status of AM machine and ancillary equipment;
feedstock material (e.g. batch number) build platform material;
machine identification (e.g. serial number, build platform, type of protective gas);

interruptions with quantity and duration.

b) Interruption of the build process: Interruptions and procedure for restarting, that have been
identified and approved during the qualification process, shall be defined in the instruction. Any
other interruption shall be unplanned interruptions. Unplanned build process interruptions during

16
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the PBF machine build cycle shall be designated as a failed build on the manufacturing plan. All

components of failed builds shall be rejected. Material review board (see ISO 9001) ma
rejected components that were not affected by the build interruption.

7.7.5.2 Build cycle monitoring

The actions to be taken for different feedback parameters (e.g. short-feeding, dosing) shall
procedure or work instruction. Automated AM process monitoring based on installed sensor
used for quality assurance purposes if these are provided.

y accept

follow a
s can be

d) Recording and evaluation of the build cycle via imaging methods: the recorded data.en
analysis of errors or the tracing of part defects to process deviations.

in the quality assurance.

d) Melt pool monitoring: Applicable for PBF/M and DED techniques: thevcomplete joinin
material is monitored at the melt pool in which the process deviatiofis are detected. Thi
conclusions regarding potential part errors.

d) Energy power at the build field: Applicable for PBF, DED and VPP techniques: the energ
at the build field can be recorded with a measuring deviceydecoupled from the laser or

smoulder formation) from being recorded.

NOTE1 Monitoring the analysis of co-built test artifacts supports the decision of a product
success, see 8.5.

inspection” and “In-process rework” are potentially necessary as additional steps.

.7.5.3 Data backup and archiving

=

legulatory or application-specificrequirements.

7.7.6 Requirements fot AM-process: process finalization

Figure 9 shows the individual subsequent steps to finalize the additive manufacturing process.

Process finalization
Conditioning within Secondary Single part
the build space 2 removal processing a handling
(see 7.7.6.1) (see 7.7.6.2) (see 7.7.6.3) (see 7.7.6.4)

hble the

B) Visual inspection of the material deposition: a layer error analysis (partially realstime-cortrolled)
to detectan irregular feedstock distribution on the build surface [after each layer]'Can be infegrated

b of the

p

5 allows

y power
blectron

beam. This prevents interfering elements (e.g. effective absorption rates, laser protection window,

on run’s

NOTE 2 In highly regulated industries, when very big or complex parts are being produced “If{-process

A1l relevant recorded data shall be.backed up at the appropriate interval and retained according to the

a  Applicable for multi-step processes as defined in to ISO/ASTM 52900.

Figure 9 — Steps of the process finalization

The scope of the process finalization is derived from the selected AM technology and material. The
methods and conditions of techniques for process finalization shall be standardized, where possible,
and integrated in the qualification (see 7.3). If product specific process finalization techniques are
necessary, these shall be documented. If technically applicable, the process steps described in 7.7.6.1 to

© ISO/ASTM International 2023 - All rights reserved

17


https://standardsiso.com/api/?name=f0d0ec8880745c6c9b8fd8ece524d88e

ISO/ASTM 52920:2023(E)

7.7.6.4 shall be specified and executed in a controlled manner, including verification and documentation
as specified in the process qualification. The order in which these process steps are performed can
change, depending on technology and organization.

7.7.6.1 Conditioning within the build space

If applicable, controlled acclimatisation within the build space shall be ensured. Build chamber
conditioning can occur outside the AM machine.

EXAMP
conditio

7.7.6.2

Removall of the as-built parts and, if applicable, the build platform from the build space.

NOTE
7.7.6.3
Subseqy
a) Bur
pro
b) Imp
sha
c) Hed
pre
the
use
(ing
yet
d) UV
of t
Some si
7.7.6.4
Some si
steps m|
operatig
a) feed

b)
‘)

d)

18

E (‘nn]ing process with defined fnmpnr:\fnrn curve, cither in the build chamber or in cpnr‘ifi

ning stations.

Part removal

The AM machine is cleaned up after part removal (see 7.7.4.1).

Secondary processing
ent machine-dependent processing is required to attain the desired-material properties:

ning out the binder is relevant for BJT/M, possibly for MEX/Mechniques: A suitable sinterin
cess shall be selected for extensive/complete removal of thebinding material.

Uy

regnation is relevant for BJT/M, possibly for MEX/M techniques: A suitable melt impregnatios
| be selected for extensive/complete removal of the residual porosity.

=J

t treatment is primarily relevant for sintering techniques: A suitable temperature and/o
ssure profile, possibly combined with a protective gas or vacuum, shall be selected to obtail
specified mechanical and/or metallurgical’properties. For BJT/M the same furnace may b
 both for de-binding (item a) and sintering (item c) to reduce handling of the brown par
ermediatory part between green part and sintered part. e.g. binder was removed but part is not
fully sintered).

(AN A

Curing is relevant for VPP: A suitable exposure shall be selected for extensive / complete curin
he parts.

Uy

hgle part handling (see 7.7.6.4) may be required before.

Single part handling

=

hgle part handling may be required before secondary processing (see 7.7.6.3). The suggeste
ay not be in-chronological order given a manufacturer’s workflow. If applicable, the followin
ns are required to prepare single parts for post-processing:

Uy

fror|n the powder cake and sorting;

Istock recovery (as applicable), separation of the parts from the build platform or unpackin

Uy

cleaning or de-powdering;

removal of the technology-specific auxiliary & sacrificial structures (e.g. support structures,
sprue): If 3D data sets are required owing to automated mechanical post-processing, the procedure

toa

ttain the correct data format shall be specified;

EXAMPLE The process description/sequences envisages that a STEP format is always present at the
data input, which is utilised for the mechanical post-processing.

defined process-specific part conditioning.
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Annex A shall apply for the process finalization followed by allocation, proper interim packaging of the

parts and, depending on application and customer requirements, post-processing.

8 Quality assurance

8.1 General

The individual elements of the quality assurance to be considered by the part manufacturer comprise

I.Z Personnel requirements

oles across the additive'system operation and manufacturing processes (see Figure 1) shall be
nd personnel fulfilling these roles shall be qualified according to their tasks quality objeq
pplicable, according to existing standards. This qualification of personnel shall be documen
vailable for asséssment. Each role should be conducted by suitable technical staff with demo
echnological~understanding. This includes knowledge about currently available AM standard
xpertiserof the relevant process category (according to ISO/ASTM 52900) and its quality as
spects-Typical personnel roles and responsibilities along the additive system operation are:

Q) e+ o) o) a)

l, CI DUllllCl, uULulllCllLdLlUll, lllll chLl uLLul <, cllll.l Liucllll._y LUllLl Ul dadS DllUVV 11 lll l ls ulrtc .LU
Quality assurance
I_ Personnel _I I_ Documentation _I
I Roles I I Specification Evidence Deviations I
I — Responsibilities I I — Acceptance and — Production sheet —\Error reports I
| — Skills matrix I rejection criteria — Testreports — Error evaluation |
I — Continuous I I — Process description ~— Protocols — Definition of cortective!
| improvement process | — Workinstructions — Maintenance activities and preventive aftions |
| || — Maintenance plan — Completed checklist — Acceptance of |
I I I — Checklists — Training record deviations I
- Je-—_ &~ _ ]
r———————— == —————————————— = ———— B o I
| Infrastructure | Quality controls |
I . . [l |
| AM system Production site IT infrastructure || Approval procedyres |
I — Installation, — Production —\Bata storage I I — Feedstock apprgval :
| operation, and environment “>'Manufacturing || — Production run I
I production — Process medium execution system I I approval I
| qualification — Health & safety — Production || — Partapproval |
| — Change history — Disposal management monitoring Il I
: — Maintenance — CAM software I I I
b I T L
Figure 10 — Elemental parts and:éxemplary structure/clustering of quality assurance elements

defined
tives, if
ted and
hstrable
5, sound
surance

)““machine operator (for metal, see ISO/ASTM 52926-1 to ISO/ASTM 52926-5): the respons

o)

ibilities

are to manage feedstock (see 7.7.3) and carry out AM machine related activities (see 7.7.4, 7.7.5 and

7.7.6).

b) testpersonnel (for non-destructive testing, see ISO 9712).

c) quality engineer: the responsibilities include to check the maintenance of the systems, to perform
process qualification, to check compliance to procedures and review the documentation (e.g.

inspecting the required quality records in one or more randomly selected job audits).

d) AM coordinator (for metal, see ISO/ASTM 52935): Depending on the level, the responsibilities can
include but are not limited to: verifying the part requirements, manufacturability assessment &
review (see Clause 6), performing data preparation (see 7.7.2), implementing quality procedures,

© ISO/ASTM International 2023 - All rights reserved
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arranging the maintenance of the systems, implementation of and compliance with the work
safety precautions, assessing and implementing manufacturing suitability, qualification, and
documentation.

e) Maintenance personnel: The responsibilities are to carry out maintenance and repair operations as
per machine manufacturer prescriptions and trainings, and to record maintenance history.

8.3 Non-conformities

8.3.1 [General

The paft manufacturer shall establish and maintain procedures to ensure the identification) ang
segregation of all non-conforming materials, parts or work to prevent its use or shipment.

8.3.2 |Acceptance criteria

To decidle upon the success of a conducted step, typical deviations occurring in4he additive systen
operatigns shall be approved and documented.

=J

Acceptable technology-specific limits thereof shall be defined by suitable téchnical staff as part of th
quality assurance aspects listed in 7.7.

9%

A defing¢d and referenced methodology for the individual controlpoints shall be known and easily
accessillle to the personnel.

Various|/mediums can be used including writing, values, drawing, haptic or visual limit samples.

EXAMPIHE 1 For data check: an error catalogue of criticali geometries leading to build failure and/of
comprorhised process finalization.

EXAMPIE 2  For system set-up: the permissible state.dfa component that directly impacts the build cycle.

8.3.3 [Handling of non-conformities

9%

The prdcedure, including developing a“cerrective and preventive action plan, shall be part of th
quality management system. Figure 11 shows a possible systematic approach on how to handle non
confornpities.

\ Handling of non-conformities

Identify Prioritise Correction Corrective action Effectiveness test
> Acceptance Quantify losses Eliminate, minimise Eliminate root Check that error is
/ criteria not met through metrics or accept and allocat cause consistently prevented

T
|
S X — |

— control loop when corrective action is insufficient

Key

Figure 11 — Handling of non-conformities

Control and quarantine of non-conformities shall be in accordance with the quality management system
and customer requirements. All rework (see Clause 8), repair and an approved deviation shall follow a
documented procedure which ensures that all aspects of the part requirements (see 6.2) are fulfilled.
Depending on the application and customer requirements rework and repairs need to be approved by
the customer.

EXAMPLE Identification and separate assessment of quarantined parts with a detected non-conformity.
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Further details to the specific steps of handling non-conformities shown in Figure 11 are available
in quality management standards like ISO 13485:2016, 8.3, 8.5.2, 8.5.3, EN 9100:2016, 8.7, 10.2 and

[SO0 9001:2015, 8.7, 10.2.

8.4 Continuous improvement process

The procedure shall be part of the quality management system and used by the personnel.
details are available in ISO 13485:2016, 8.5.1, EN 9100:2016, 10.3 and IS0 9001:2015, 10.3.

ITau M N

Further

L H H £ £ a3 £ 4 I
IFOTLD LA TS CAPCTTCIICCTTT UTIT MO COTITOUTTHT OO S AT T U S TUTOT  Cr AT TS POt PpOSTST

For continuous improvement, root cause analysis using recommended methods shall be~emp
determine the cause of process deviations leading to unsuccessful build and insufficient part
gnd the results shall be documented in an appropriate manner.

HEXAMPLE Methodologies to support sustainable improvement: customer satisfaction survey, 8l
Ishikawa diagram, or process failure mode and effects analysis (PFMEA).

8.5 Quality controls

8.5.1 General

Figure 12 shows the possible individual steps of quality contpol.

Quality control
—————————————————————————— N T T T T T T T TN
Production run approval \ Part approval \
Build cycle Testl.ng of Review of Final Part
. . co-built test production run
inspection - inspection
(see 8.5.2.1) artifacts results and records (see 8.5.3.2)
o (see 815.2°2) (see 8.5.3.1)
o /
Vol
__________________________ — L___________________/

Figure 12 — Steps of quality control

Along the manufacturing process-relevant tests shall be conducted as specified in the manuf;
process monitoring.plan (see 7.5 and 7.6).
§

'he acceptancCe criteria for a production run shall be specified in the manufacturing plan (se¢
.6.2) including all applicable tests and documentation of the test results.

NOTE This applies to a part/component, a material blank or a test artifact.

HEXAMPLE Temperature gradient of the build chamber temperature of the extrusion head, layey

oyed to
quality

D report,

cturing

records

L L C 1 1 i Y 1 1 . 1
(UCIUI C/4dItCl 1dy Tl UTPUSILIUIJ, ITIITIU PDOUL Udld, PIUOLCLLIVE 545 g1 dUICIIL.

Figure 13 shows detailed examples for quality control.
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I_ Production run —I r Co-build test —I I_ Non-destructive —I I_ Destructive —I
| records | | Specimens’inspection | | part evaluation | part testing |
: — Data sets, SPC I I— Tensile specimen I I — Radiography I : — Tensile strength I
| (statistical process | | — Notchimpact specimen| | — Computer tomography| | — Hardness |
| control) | | — Density cubes | | — Structured light3D | | — Notch impact |
| — Checklists I | — Creep ductility I scanning I | — Microsection |
|~ Logs I | specimen I I — Buoyancy density I I — Fatigue I

— Monitoringdata ;| — Powdersamples _ j | _ inspection O |

Figure 13 — Examples for quality control

Productlion run and part quality shall be verified by successful completion of the activities specified i
the manjufacturing plan, along with records that demonstrate compliance with the acceptdnce criteri
specified in the manufacturing plan.

o

8.5.2 |Production run approval

8.5.2.1 | Build cycle inspection

Build cylcle inspections shall be carried out as specified in the manufacturing plan (see 7.5) includin
visual inspections and review of available process logs, as required.

Uy

a) Vistal inspection before and after part removal, in particular’comparison with technique-specifi
err¢rs (displacement, discolouration, defect, crack in the.support, etc.) according to the specifie
quallity characteristics or acceptance criteria, see 8.3 fothandling of non-conformities.

L]

L ==

—

b) Theresult of the visual inspection shall be documented. An error found during visual inspection cal
be documented in different ways, e.g. on a test report, a quality log, check list or a manufacturin
plan record.

T

P

c¢) Thqvisual aid for the visual inspection shall have a photographic reference or a physical samplg.
All yisual aids should be inspected periodically to ensure the reference criteria are still met. Th
cusfomer may set additional requirement for visual inspection, e. g., magnification factor, lighit
soufce (intensity in lumen and temperature in K).

9%

8.5.2.2 | Testing of co-built test-artifacts

—

Continupus testing of co-builttest artifacts shall be used to demonstrate statistical control of materig
propertjes of the produgtien run, in accordance with those specified by the process qualification (se
7.4).

W

NOTE Typical material properties include but are not limited to chemical composition, density, porosity;,
hardnes$, and static/strength.

—

Retentign of test artifacts and/or samples may be required. They can allow for unique traceability pe
produc;Eon run if further destructive (e.g. static / dynamic load) and non-destructive (e.g. CT, X-ray,
ultrasonic) tests must be carried out to gain additional insights (see ISO/ASTM TR 52905°)). Retention
samples, including the associated documentation, shall be archived according to the regulatory or
application-specific requirements. Retention samples can be copies of the produced parts or co-built
test artifacts. Depending on the build height, several samples can be distributed in the entire build
volume so that all layers of the build cycle are recorded by the inspection.

Depending on the regulatory or application-specific requirements, the density, porosity, hardness,
tensile strength, notched impact strength (see ISO/ASTM 52908%)), and dimensional accuracy (see

5) Under preparation. Stage at the time of publication: ISO/ASTM DTR 52905:2023.
6) Under preparation. Stage at the time of publication: ISO/ASTM DIS 52908:2023.
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ISO/ASTM 52902) should be monitored according to the manufacturing process monitoring plan (see
74).

8.5.3 Partapproval

8.5.3.1 Review of production run results and records

After all tests were performed a review of all production run results and records shall be conducted to
determine if the values are within the permissible range defined in the manufacturing plan. If so, the
production run can be approved.

This comparison forms the basis for measuring the process quality and expected part,qualify. If the
1lesults are outside the specified intervention and warning limits, the production run-is.first regarded
ds rejected (see 8.3). Depending on the impact of the deviation, it shall be asséssed whether the
dustomer should be informed. Such a deviation shall also be documented (e.g{in"the fault log). For
flurther information see Figure B.2.

8.5.3.2 Final part inspection

Final parts are either approved according to predefined (interndl))acceptance criteria or|criteria
dpecified in the purchase order (e.g. after ISO/ASTM 52901) and by-agreement with the customer (e.g.
in case of deviations).

Parts that do not adhere to the specification shall be markéd)accordingly. If the non-conformity cannot
be accepted, reworked or repaired (see 8.3.3 and Figure B.2), the part shall be disposed df in the
gppropriate manner (e.g. in accordance with EHS, customer or regulatory requirements).

NOTE This document examines the process testing-exclusively, whereby a basic pre-requisite for § random
dample inspection of series parts is represented. Aniexample overview of the separate, individual and/of random
testing is presented in A.2.

© ISO/ASTM International 2023 - All rights reserved 23


https://standardsiso.com/api/?name=f0d0ec8880745c6c9b8fd8ece524d88e

ISO/AS

TM 52920:2023(E)

Annex A
(informative)

Requirements for Post-processing and part approval

Al P

This sul
upon co
includin
the post

As a re
extende
be implg
Figure 4
finalizat
can be 1

Post-prq

a) manufacturing plan;

b) pro
c) doc

pst-processing

bclause serves an allocation of the possible manufacturing and/or testing processes_involve
mpletion of the additive system operations. The methods normally applied in the postprocessin
g shipment are largely standardised specifically. The corresponding normative-documents t
-processing methods used (for examples see Figure A.1) are applicable.

bult, this document can therefore be used as a basis for the additive system operation an
d with any qualification standard for subsequent manufacturing steps.Quality assurance shal
bmented over the entire manufacturing process.

.1 shows the possible individual steps of post-processing required.beyond the selected proces
ion. Depending on the application, additional post-processing steps or a different order of step
ecessary.

cessing shall have the following minimum documentagion:

umentation of the personnel qualifications\

N

/|

Post-processing

Machining Surfdss Assembly Furthe_r
(see A1.1) treatment (see A.1.3) processing
o (See’A.1.2) o (see A.1.4)

The poqd
selected

Figure A.1 — Steps of post-processing

t-processing operations are required by parts specifications but cannot be attained with th
additive manufacturing technology:

a) mag

ress descriptions/sequences and work instructions for the relevant post-processing operationg;

U

—

viu

W

hiniing, e.g. milling, turning, drilling, abrasive slurries, (including cleaning, as required);

b) surface treatment, e.g. dyeing, painting, galvanising, ionization, shot peening, shot blasting,

poli

shing, grinding, vibratory grinding, plating;

c) assembly, e.g. adhesive bonding, welding, thread insert);

d) further processing, e.g. cleaning, packaging, coating, sterilization).

24
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A.2 Testing (separate, individual, or random sample testing)
The following options for testing exist:

a) Inspection for dimensional accuracy: use an appropriate method/s such as caliper, micrometer,
CMM, optical, plug connection with counterpart, tactile, CT scan;

b) Destructive Testing: Mechanical and metallurgical properties. e.g. tensile, flexure, fracture,
compression;

d)” Non-destructive testing: e.g. CT scanning, x-ray, surface profilometer, hardness testing, proof
testing.

NOTE1 Process monitoring data is used for part approval, if validated.
NOTE 2  Chemical and thermal analysis are either non-destructive or destructive test methods.

NOTE3  For main characteristics and test methods see ISO/ASTM 52927.
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Annex B
(informative)

Supplementary information

B.1 E]

The nun
Several

xample of part specific qualification

ber of iterations varies depending on the complexity of the geometry and/or part requirementy.

phases (see Figure B.1) can be completed simultaneously.

N\

Series qualification

Acceptance of the Acceptance of the first Acceptance of the final
qualification part production part part
(see B.1.1) (see B.1.2) (see B.1.3)

B.1.1

Part-sp¢
inspectq
built ted
well as |

If dynai
they shd

If the sif
separat
the of th

B.1.2

Part-sp¢
digital

size of {
supplen

Figure B.1 — Phases of series qualification

Acceptance of the qualification part

pcific quality criteria extend beyond the qualified characteristic values, which are to b
bd. These comprise digital data processing\(sée 7.7.2; orientation, support), selection of the co
t artifacts and the associated test equipment, definition of acceptance and rejection criteria, a
post-processing.

hic characteristics are available/but these have been determined without post heat treatment
uld be verified again in case of a manufacturing process that envisages this treatment.

e of the available installation space is not sufficient, if an orientation of the part is specified, th
e process steps should bevalidated: (digital) division of the geometry and (physical) jointing 9
e subcomponents, ifpermissible.

Acceptance of\the first production part

cific quality-criteria should be validated in the final configuration. These criteria compris
data processing (see 7.7.2; positioning, arrangement), number of random samples, batcl
he cosbuilt test artifacts and post-processing. Depending on insights, work instructions ar
lented, and limit sample parts produced for future evaluation (see A.1).

A9

=)

Y

If a test setup has been operated to check the manufacturing feasibility, a new, compact setup can
have a different effect on the validity of the test artifacts. Automated post-processing (blasting, heat
treatment) in particular is highly dependent on the setup.

B.1.3 Acceptance of the final part

Part-specific process conditions should be documented continuously in production according to the
validation plan (see Annex A). If the results are not consistent beyond several production batches or not
within the part requirements, the qualification plan should be revised.

26
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B.2 Notes on potential process deviations across AM technologies

B.2.1 General

The search for the cause of the error is difficult owing to the many influencing factors. A rigorous
categorisation of the error records is therefore recommended.

Figure B.2 illustrates a possible process on how to handle non-conforming products.
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Figure B.2 — Systematic approach to loss reduction encompassing all aspects of production
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B.2.2 Examples across AM technologies

This subclause gives examples specific to some of the AM technologies and are applicable wherever
cells are shaded. For an enhanced overview, a reference to the main body is listed in italic. Table B.1
does not claim completeness and may be incrementally increased.

Table B.1 — Subclause specific process deviation examples for some of the AM technologies

Subclause specific examples for some of the AM technologies AM/Polymer AM/Metal

/.7.2.2,7.7.2.3, 7.7.2.4— process simulation

process simulation can be used to increase process predictability, thus
hvoiding build failure by optimising supports and part orientation. It can
hlso serve to modify (digital) part geometry as to compensate for displace-
nents due to thermal stresses.

The validation plan should include process simulation when applying a
pre-deformation to a part.

/.7.2.5 b) — process parameters

/.-compensation and scaling to compensate for geometrical and pfo-
ess-dependent shrinkage or warpage can be included in thewalidation
plan

/.7.2.5 b) — process parameters

build chamber temperature

/.7.2.5 b) — process parameters

peed of the layer deposition system

/.7.2.5 b) — process parameters

Heposition rates, travel paths, fill density

/.7.2.5 b) — process parameters

beam exposure strategy, beam speed, beam power

b.3.1 c)— feedstock specification

beometrical specifieations of the filament

b.3.1 c) — feedstock specification

particle size.distribution, particle form

NOTE _A'standardised specification is used (e.g. ASTM F3184).
b.3.1 ¢);7.7.3.1 — feedstock control

corsumed and newly added mass, blending ratio new vs. used powder
refresh rate), angle of repose, moisture content

6.3.1 ¢), 7.7.3.1 — batch control

filament diameter, moisture content
6.3.1 ¢) 7.7.3.1 — feedstock samples

retain feedstock samples and check according to the frequency defined in
that facility procedure.
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Table B.1 (continued)

Subclause specific examples for some of the AM technologies AM/Polymer AM/Metal

XAW
ddA
LIN
Lid
ddd

6.3.1 c); 7.7.3.1, Table 1— limited characteristics

limited fharacteristics can have minor permissible variation from the
specificption as per the material certificate provided by the feedstock
supplier] Degradation criteria include carbon or oxygen level, particle size
distribuftion

NOTE |For metal powders, the purchase specification (e.g. tested accord-
ing to ISO/ASTM 52907) typically has tighter requirements than the use

specificption to accommodate for degradation in properties as the powder
is reusefl.

7.7.4.1 a)]— machine preparation

optics, qupport for build platform, material container, disposal of residues
in the biiild chamber, complete emptying of the overflow bin

7.7.4.1 b) — cleaning

pyrometer check, layer deposition system’s orientation, layer deposition
system’s state or change per manufacturing batch

7.7.4.1 b) — cleaning
inspection of the extrusion nozzle
7.7.4.2 a) — build platform

materia] (compatibility with temperature and feedstockycleanliness,
surface guality, thickness, flatness/waviness

7.7.4.2 c] — layer deposition system

choice of system (roller, brush, soft or hard lip).depending on the powder,
liquid of part geometry

7.7.4.2 b) 2)— undamaged feedstock

resin does not contain solid particles,sealed container
7.7.4.2 b)) 2) — undamaged feedstock

powder|does not contain contamination

7.7.5.1 a) 3) — process panameters

incorregt setting of process parameters can lead to part failures: cracking,
delaminfation, highsesidual stresses, poor surface finish, increased part
porosity, lack of:fasion, polymerisation, bonding or sintering

7.7.6.2 + pdrtappearance

poor dlr N onala Ura . d aVaaats ond 5la m -sh nkagae
tion, undulation, sorting edges, discolouration, surface errors, d
errors, step formation, pore formation, oxygen embrittlement

o ) -
own-skin

7.7.6.2,7.7.6.4 c) — support appearance

Outline of the support structure (inside/to the part/to the build platform),
strength of the support structure

7.7.6 — effects in the build space

unevenness of the build platform, too high temperature gradient (e.g. due
to the packing density) within a build area
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