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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
electrotechnical standardization

The prdcedures used to develop this document and those intended for its further maintenanee“ar
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for th
differeglf types of ISO documents should be noted. This document was drafted in accordance with th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

O (U (D

=)

Attentign is drawn to the possibility that some of the elements of this document may.be the subject g
patent rjights. ISO shall not be held responsible for identifying any or all such patentrights. Details 9
any patent rights identified during the development of the document will be in the)Introduction and/o
on the 15O list of patent declarations received (see www.iso.org/patents).

———

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

For an |explanation on the meaning of ISO specific terms and{expressions related to conformit
assessnjent, as well as information about ISO’s adherence to“the WTO principles in the Technica
Barrierg to Trade (TBT) see the following URL: Foreword - Supplementary information

—

The conjmittee responsible for this document is ISO/TC 261/Additive manufacturing, in cooperation with
ASTM (Jommittee F42, Additive Manufacturing Technologies, on the basis of a partnership agreemenit
between ISO and ASTM International with the aim t¢*create a common set of ISO/ASTM standards of
Additive Manufacturing.

This firgt edition of ISO/ASTM 52900 cancelsjand replaces ASTM F2792.

iv © ISO/ASTM International 2015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=d0f26e8197b1d2cb018861c90dec0441

ISO/ASTM 52900:2015(E)

Introduction

Additive manufacturing is the general term for those technologies that based on a geometrical
representation creates physical objects by successive addition of material. These technologies are
presently used for various applications in engineering industry as well as other areas of society, such as

medicine, education, architecture, cartography, toys and entertainment.

During the development of additive manufacturing technology there have been numerous different
terms and definitions in use, often with reference to specific application areas and trademarks. This is

often ambiguous and confusing which hampers communication and wider application of this tec

It is the intention of this International Standard to provide a basic understanding of the‘fund
rinciples for additive manufacturing processes, and based on this, to give clear definit

'his International Standard has been developed by ISO/TC 261 and ASTM-F42 in close cooper
he basis of a partnership agreement between ISO and ASTM International with the aim to

!
1
S
people involved in this field of technology on a world-wide basis.
§
1
dommon set of ISO/ASTM standards on Additive Manufacturing.

erms and nomenclature associated with additive manufacturing technology. The-objectivg
tandardization of terminology for additive manufacturing is to facilitate cothimunication etween

hnology.

hmental
ons for
of this

htion on
create a
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INTERNATIONAL STANDARD ISO/ASTM 52900:2015(E)

Additive manufacturing — General principles —
Terminology

1 Scope

This International Standard establishes and defines terms used in additive manufacturing (AM)
lechnology, which applies the additive shaping principle and thereby builds physical 3D geométries by
quccessive addition of material.

The terms have been classified into specific fields of application.

New terms emerging from the future work within ISO/TC 261 and ASTMF42 will be included in
ypcoming amendments and overviews of this International Standard.

2 Terms and definitions

2.1 General terms

.1.1
$D printer, noun
hachine used for 3D printing (2.3.1).

=3B

.1.2

jdditive manufacturing, noun
Wi

rocess of joining materials to make parts (2.6.1) from 3D model data, usually layer (2.3.10) upon layer,
s opposed to subtractive manufacturjingand formative manufacturing methodologies

Q) P N 63 A

Note 1 to entry: Historical terms: additive fabrication, additive processes, additive techniques, additjive layer
thanufacturing, layer manufacturing;Solid freeform fabrication and freeform fabrication.

Note 2 to entry: The meaning\of “additive-”, “subtractive-” and “formative-” manufacturing methodolpgies are
further discussed in AnnexA:

.1.3

idditive systemynoiin

|dditive manufacturing system

dditive manufacturing equipment

nachine and auxiliary equipment used for additive manufacturing (2.1.2)

= Q) 63 63 Ky

.1.4

AM.machine, noun
acBion of tha oddisi, w\nv;'l:[ LGSV SECR? (21 2) 1ol ding ]Ar\wdtnrr\wn saachina ~conteeal ‘\)ftware,

CULlIVUIT Ul U1Iv M\AMID:‘V’D mryurr ur lll& J.}’Jbblll Ll_‘-.L-\JJ All\/luullls Irar vvarn e, Iiiaoiiinc TuInitiI vl o
required set-up software and
producing parts (2.6.1)

[T S N

eripheral accessories necessary to complete a build cycle (2.3.3) for

o

2.1.5
AM machine user, noun
operator of or entity using an AM machine (2.1.4)

2.1.6

AM system user, noun

additive system user

operator of or entity using an entire additive manufacturing system (2.1.3) or any component of an
additive system

© ISO/ASTM International 2015 - All rights reserved 1
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2.1.7

front, noun

<of a machine; unless otherwise designated by the machine builder> side of the machine that the
operator faces to access the user interface or primary viewing window, or both

2.1.8
material supplier, noun
provider of material/ feedstock (2.5.2) to be processed in additive manufacturing system (2.1.3)

219

multi-step process, noun
type of|additive manufacturing (2.1.2) process in which parts (2.6.1) are fabricated in two or-morg
operatigns where the first typically provides the basic geometric shape and the following congsolidate
the partjto the fundamental properties of the intended material (metallic, ceramic, polymer or-¢oniposite

1°2]

Note 1 tp entry: Removal of the support structure and cleaning may be necessary, however in this context not
considergd as a separate process step.

Note 2 tq entry: The principle of single-step (2.1.10) and multi-step processes are furtherdiscussed in Annex A.

2.1.10
single-gtep process, noun
type of gdditive manufacturing (2.1.2) process in which parts (2.6.1) are‘fabricated in a single operatiol
where the basic geometric shape and basic material properties of the-intended product are achieve
simultaneously

—_ =

Note 1 tp entry: Removal of the support structure and cleaning may.be necessary, however in this context ngt
considergd as a separate process step.

Note 2 tq entry: The principle of single-step and multi-step proeesses (2.1.9) are further discussed in Annex A.

2.2 Process categories

2.21
binder jetting, noun
additivel manufacturing (2.1.2) process inwhich a liquid bonding agent is selectively deposited to join
powder[materials

2.2.2
directegl energy deposition,noun
additivel manufacturing (2.£.2y process in which focused thermal energy is used to fuse materials by
melting|as they are being.déposited

Note 1 tq entry: “Focusedthermal energy” means that an energy source (e.g. laser, electron beam, or plasma ard)
is focuseld to melt the/materials being deposited.

2.2.3
material extrusion, noun
additivelmanufacturing (2.1.2) process in which material is selectively dispensed through a nozzle or
orifice

2.2.4
material jetting, noun
additive manufacturing (2.1.2) process in which droplets of build material are selectively deposited

Note 1 to entry: Example materials include photopolymer and wax.

2.2.5

powder bed fusion, noun

additive manufacturing (2.1.2) process in which thermal energy selectively fuses regions of a powder
bed (2.5.8)

2 © ISO/ASTM International 2015 - All rights reserved
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2.2.6
sheet lamination, noun
additive manufacturing (2.1.2) process in which sheets of material are bonded to form a part (2.6.1)

2.2.7

vat photopolymerization, noun

additive manufacturing (2.1.2) process in which liquid photopolymer in a vat is selectively cured by
light-activated polymerization

2-3—ProcessingrGenmerat

231

3D printing, noun

fabrication of objects through the deposition of a material using a print head, figzzle, or fanother
printer technology

Note 1 to entry: Term often used in a non-technical context synonymously with additive manufacturing (2.1.2);
yntil present times this term has in particular been associated with machines thiat are low end in pride and/or
qverall capability.

2.3.2
Build chamber, noun
gnclosed location within the additive manufacturing system (2.1.8)'where the parts (2.6.1) are fapricated

2.3.3

build cycle, noun
dingle process cycle in which one or more components are built up in layers (2.3.10) in the [process
¢hamber of the additive manufacturing system (2.1.3)

2.34

Build envelope, noun
largest external dimensions of the x-, y-, and z-axes within the build space (2.3.6) where parts (2.6.1)
dan be fabricated

Note 1 to entry: The dimensions of thebuild space will be larger than the build envelope.

2.3.5

build platform, noun
sof a machine> base whichprovides a surface upon which the building of the part/s (2.6.1), is| started
gnd supported throughout the build process

Note 1 to entry: In.seme systems, the parts (2.6.1) are built attached to the build platform, either difectly or
through a suppott)structure. In other systems, such as powder bed (2.5.8) systems, no direct mechanicgl fixture
hetween the build and the platform may be required.

2.3.6

build space, noun
Ipcation where it is possible for parts (2.6.1) to be fabricated, typically within the build chambe} (2.3.2)
rohabuild plnf'fnrm (E)

2.3.7

build surface, noun

area where material is added, normally on the last deposited layer (2.3.10) which becomes the
foundation upon which the next layer is formed

Note 1 to entry: For the first layer, the build surface is often the build platform (2.3.5).

Note 2 to entry: In the case of directed energy deposition (2.2.2) processes, the build surface can be an existing
part onto which material is added.

Note 3 to entry: If the orientation of the material deposition or consolidation means, or both, is variable, it may be
defined relative to the build surface.

© ISO/ASTM International 2015 - All rights reserved 3
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2.3.8

build volume, noun
total usable volume available in the machine for building parts (2.6.1)

2.3.9

feed region, noun
<in powder bed fusion (2.2.5)> location/s in the machine where feedstock (2.5.2) is stored and from
which a portion of the feedstock is repeatedly conveyed to the powder bed during the build cycle (2.3.3)

2.3.10

layer, n
<matte

23.11

hun
> material laid out, or spread, to create a surface

machinle coordinate system, noun

three-d
the thrd
B, and

machin

Note 1t
associat(
illustratg

2.3.12

manufg
setof m
additive|
single nf

Note 1 t
post-pro

2.3.13

mensional coordinate system as defined by a fixed point on the build platform (2.3.5) witl
e principal axes labelled x-, y-, and z-, with rotary axis about each of these axis labelled A
C, respectively, where the angles between x-, y- and z- can be Cartesiafi ‘or defined by th
e manufacturer

entry: Machine coordinate system is fixed relative to the machine, as oppdsed to coordinate system|
bd with the build surface (2.3.7) which can be translated or rotateds, Machine coordinate system i
bd in [SO/ASTM 52921.[6]

cturing lot, noun

hnufactured parts (2.6.1) having commonality betweenfeedstock (2.5.2), production run (2.3.19]
manufacturing system (2.1.3) and post-processing (2.5.6) steps (if required) as recorded on
anufacturing work order

entry: Additive manufacturing system (2.1.3) could include one or several AM machines (2.1.4) and/o
fessing (2.5.6) machine units as agreed by AM (2.1.2) provider and customer.

origin, moun

Zero poj
(0,0,0)
designa

Note 1t
origin is

2314

build oy
origin (4
facing s

2.3.15

nt
<when using x-, y-, and z-coordinates>
Led universal reference poifit-at which the three primary axes in a coordinate system intersect

entry: Coordinate system-can be Cartesian or as defined by the machine manufacturer. The concept g
illustrated in [SO/ASTM 52921.[6]

[igin, noun
.3.13) most-commonly located at the centre of the build platform (2.3.5) and fixed on the buil
irface, but/could be defined otherwise by the build set-up

=3

9%

|2 %2]

=

-

machine'origin, noun

machine home
machine zero point
origin (2.3.13) as defined by the machine manufacturer

2.3.16

overflow region, noun
<in powder bed fusion (2.2.5) systems> location/s in the machine where excess powder is stored during
a build cycle (2.3.3)

Note 1 to entry: For certain machine types the overflow region may consist of one or more dedicated chambers

or a pow

der recycling system.

© ISO/ASTM International 2015 - All rights reserve
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2317
part location, noun
location of the part (2.6.1) within the build volume (2.3.8)

Note 1 to entry: The part location is normally specified by the x-, y- and z-coordinates for the position of the
geometric centre (2.4.9) of the part’s bounding box (2.4.3) with respect to the build volume (2.3.8) origin (2.3.13).
Part location is illustrated in ISO/ASTM 52921.[6]

2.3.18
process parameters, noun
det of operating parameters and system settings used during a build cycle (2.3.3)

2.3.19

production run, noun
Il parts (2.6.1) produced in one build cycle (2.3.3) or sequential series of build cycles using the same
pedstock (2.5.2) batch and process conditions

S~ o

2.3.20
qystem set-up, noun
donfiguration of the additive manufacturing system (2.1.3) for a build

2.3.21

X-axis, noun
sof a machine; unless otherwise designated by the machine builder> axis in the machine coprdinate
gystem (2.3.11) that runs parallel to the front (2.1.7) of theymachine and perpendicular to the y-axis
2.3.22) and z-axis (2.3.23)

Note 1 to entry: <unless otherwise designated by the machiune builder> The positive x-direction runs fram left to
ilight as viewed from the front of the machine while faciftg toward the build volume (2.3.8) origin (2.3.13).

lote 2 to entry: It is common that the x-axis isthorizontal and parallel with one of the edges of the build
latform (2.3.5).

S =

.3.22

-axis, noun
of a machine; unless otherwise-déesignated by the machine builder> axis in the machine coprdinate
ystem (2.3.11) that runs perpendicular to the z-axis (2.3.23) and x-axis (2.3.21)

i A Sem Ky

—

lote 1 to entry: <unless otherwise designated by the machine builder> The positive direction is defined in
IS0 841[1] to make a right Hand'set of coordinates. In the most common case of an upwards z-positive dire¢tion, the
positive y-direction willthen run from the front to the back of the machine as viewed from the front of the machine.

Note 2 to entry: In‘thie case of building in the downwards z-positive direction, the positive y-direction will then
fun from the back'of'the machine to the front as viewed from the front of the machine.

lote 3 toentry: It is common that the y-axis is horizontal and parallel with one of the edges of the build
latform (2.3.5).

oS =

2.3:23
Z-axis, noun
<of a machine; unless otherwise designated by the machine builder>, axis in the machine coordinate
system (2.3.11) that run perpendicular to the x-axis (2.3.21) and y-axis (2.3.22)

Note 1 to entry: <unless otherwise designated by the machine builder> The positive direction is defined in
SO 841[1] to make a right hand set of coordinates. For processes employing planar, layerwise addition of material,
the positive z-direction will then run normal to the layers (2.3.10).

Note 2 to entry: For processes employing planar layerwise addition of material, the positive z-direction, is the
direction from the first layer to the subsequent layers.

Note 3 to entry: Where addition of material is possible from multiple directions (such as with certain directed
energy deposition (2.2.2) systems), the z- axis may be identified according to the principles in ISO 841, (4.3.3)[1]
which addresses “swivelling or gimballing.”

© ISO/ASTM International 2015 - All rights reserved 5
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2.4 Processing: Data

241

3D scanning, noun

3D digit

izing

method of acquiring the shape and size of an object as a 3-dimensional representation by recording
X, y, Z coordinates on the object’s surface and through software the collection of points is converted

into digital data

Note 1 tqentry: Typical methods use some amount of automation, coupled with a touch probe, optical sensor, o
other deyice.

2.4.2

Additive Manufacturing File Format, noun

AMF

file format for communicating additive manufacturing (2.1.2) model data including a description of the 31
surface geometry with native support for colour, materials, lattices, textures, constellations and metadat
Note 1 t¢ entry: Additive Manufacturing File Format (AMF) can represent one of multiple objects arranged in

constelldtion. Similar to STL (2.4.16), the surface geometry is represented by a triangular mesh, but in AMF th
triangleg may also be curved. AMF can also specify the material and colour of each ¥olume and the colour of eac
triangle jn the mesh. ISO/ASTM 52915[5] gives the standard specification of AME!

2.4.3

bounding box, noun

<of a pqrt> orthogonally oriented minimum perimeter cuboid that can span the maximum extents o
the points on the surface of a 3D part (2.6.1)

Note 1 t¢ entry: Where the manufactured part includes the test/geometry plus additional external features (fo
example| labels, tabs or raised lettering), the bounding box nidy be specified according to the test part geometr
excluding the additional external features if noted. Différent varieties of bounding boxes are illustrated i
ISO/ASTM 52921.[6]

244

arbitrarily oriented bounding box, noun

<of a part (2.6.1)> bounding box (24.3) calculated without any constraints on the resultin
orientation of the box

2.4.5

machinfe bounding box, noun

<of a pg
system

2.4.6
master
boundin

2.4.7
extensi

rt (2.6.1)> bounding(bok (2.4.3) for which the surfaces are parallel to the machine coordinat
2.3.11)

bounding box, noun
g box (2.4.6) which encloses all of the parts (2.6.1) in a single build

blemarkup language, noun

N

- (D0

=

=]

P

AN

XML

standard from the WorldWideWeb Consortium (W3C) that provides for tagging of information content
within documents offering a means for representation of content in a format that is both human and
machine readable

Note 1 to entry: Through the use of customizable style sheets and schemas, information can be represented in a

uniform

way, allowing for interchange of both content (data) and format (metadata).

© ISO/ASTM International 2015 - All rights reserve
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2.4.8

facet, noun

typically a three- or four-sided polygon that represents an element of a 3D polygonal mesh surface or
model

Note 1 to entry: Triangular facets are used in the file formats most significant to AM (2.1.2): AMF (2.4.2) and STL
(2.4.17); however AMF files permits a triangular facet to be curved.

249

geometric centre, noun
entroid
of a bounding box>, location at the arithmetic middle of the bounding box (2.4.3) of the part(2]6.1)

ote 1 to entry: The centre of the bounding box could lie outside the part.

4.10

ES, noun
ipitial graphics exchange specification
platform neutral CAD data exchange format intended for exchange of product geometry and g¢ometry
gnnotation information

lote 1 to entry: IGES is the common name for a United States National Bureau of Standards standard NBSIR 80-
978, Digital Representation for Communication of Product Definitiofx Data, which was approved by ANSI first
s ANS Y14.26M-1981 and later as ANS USPRO/IP0-100-1996. IGES version 5.3 was superseded by IS0|10303[3]
TEP (2.4.15) in 2006.

(o Q) e —2

.4.11
nitial build orientation, noun
of a part (2.6.1)> orientation of the part as it is first,placed in the build volume (2.3.8)

s b3

A

Note 1 to entry: Initial build orientation is illustrated in [SO/ASTM 52921.[6]

2.4.12

nesting, participle
dituation when parts (2.6.1) are made'in one build cycle (2.3.3) and are located such that their Hounding
hoxes (2.4.3), arbitrarily oriented (2:4.4) or otherwise, will overlap

2.4.13
DES, noun
roduct Data Exchange Specification or Product Data Exchange using STEP (2.4.15)

Note 1 to entry: Originally, a product data exchange specification developed in the 1980s by the IGES/PDES
()rganization, a pragram of US Product Data Association (USPRO). It was adopted as the basis for and subsequently
duperseded by 1S0)10303(3] STEP (2.4.15).

24.14

part reorientation, noun
lotation-around the geometric centre (2.4.9) of the part’s bounding box (2.4.3) from the specified initial
huild erientation (2.4.11) of that part (2.6.1)

Note 1 to entry: Part reorientation is illustrated in [SO/ASTM 52921.[6]

2.4.15
STEP, noun
standard for the exchange of product model data

Note 1 to entry: ISO standard that provides a representation of product information, along with the necessary
mechanisms and definitions to enable product data to be exchanged. ISO 10303[3] applies to the representation
of product information, including components and assemblies; the exchange of product data, including storing,
transferring, accessing and archiving.

© ISO/ASTM International 2015 - All rights reserved 7
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24.16

STL, noun

file format for model data describing the surface geometry of an object as a tessellation of triangles
used to communicate 3D geometries to machines in order to build physical parts (2.6.1)

Note 1 to entry: The STL file format was originally developed as part of the CAD package for the early
STereoLithography Apparatus, thus referring to that process. It is sometimes also described as “Standard
Triangulation Language” or “Standard Tessalation Language”, though it has never been recognized as an official
standard by any standardization organization.

2417
surface/model, noun
mathematical or digital representation of an object as a set of planar or curved surfaces, or beth, that
can, butldoes not necessarily have to, represent a closed volume

2.5 Processing: Material

2.5.1
curing, verb
chemicgl process which results in the ultimate properties of a finish or other-madterial

2.5.2
feedstoick, noun

DEPRE(ATED: source material

DEPRE(ATED: starting material

DEPRE(ATED: base material

DEPRE(ATED: original material

bulk ray material supplied to the additive manufacturing (2.1.2) building process

=}

Note 1 tp entry: For additive manufacturing building proeesses, the bulk raw material is typically supplied i
various forms such as liquid, powder, suspensions, filaménts, sheets, etc.

2.5.3
fusion, houn
act of uniting two or more units of materiakinto a single unit of material

2.5.4
laser siptering, noun
LS
powder |bed fusion (2.2.5) pfocess used to produce objects from powdered materials using one of
more lajsers to selectively*fuse or melt the particles at the surface, layer (2.3.10) upon layer, in al
enclosefl chamber

=3

1)

Note 1 tp entry: Most LS machines partially or fully melt the materials they process. The word “sintering” is
historicdl term anda‘'misnomer, as the process typically involves full or partial melting, as opposed to traditiong
powderegd metal-sintering using a mould and heat and/or pressure.

—

2.5.5
part cakehoun
<in a powder bed fusion (2.2.5) process that uses a heated build chamber (2.3.2)> lightly bound powder
surrounding the fabricated parts (2.6.1) at the end of a build cycle (2.3.3)

2.5.6

post-processing, noun

<one or more> process steps taken after the completion of an additive manufacturing (2.1.2) build cycle
(2.3.3) in order to achieve the desired properties in the final product
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2.5.7

powder batch, noun

powder used as feedstock (2.5.2) which could be used powder (2.5.11), virgin powder (2.5.12) or a
blend of the two

Note 1 to entry: A powder batch could be used in one or more production runs using different process parameters.

2.5.8

powder bed, noun

part bed

Build area in an additive manufacturing system (2.1.3) in which feedstock (2.5.2) is depesited and
delectively fused by means of a heat source or bonded by means of an adhesive to build up-parts (2.6.1)

2.59

powder blend, noun
quantity of powder made by thoroughly intermingling powders originating from 'opée or several powder
Ipts (2.5.10) of the same nominal composition

Note 1 to entry: A common type of powder blend consists of a combination of(virgin powder (2.5.12) pnd used
powder (2.5.11). The specific requirements for a powder blend are typically determined by the application, or by
jggreement between the supplier and end-user.

Note 2 to entry: In traditional powder metallurgy, a distinction is made*between blended powders and mixed
powders, in which case blended powders are combinations of powders with nominally identical coni[position,
Wwhereas mixed powders are combinations of powders with differert compositions.

2.5.10

owder lot, noun

uantity of powder produced under traceabley, controlled conditions, from a single [powder
anufacturing process cycle

ote 1 to entry: The size of a powder lot is defined’by the powder supplier. It is common that the powder|supplier
istributes a portion of a powder lot to multiple*AM system users (2.1.6).

ote 2 to entry: Source documentationvef the powder lot is normally required for most AM (2.1.2)| product
pplications. Source documentation.isialso referred to as a “certificate of conformance”, “factory certificate” or
“lcertificate of analysis”.

.5.11

sed powder, noun
powder that has beenssupplied as feedstock (2.5.2) to an AM machine (2.1.4) during at least one grevious
Quild cycle (2.3.3)

.5.12

2
yirgin powder; noun
ynused powder from a single powder lot (2.5.10)

2.6< Applications

4.0.1
part, noun
joined material forming a functional element that could constitute all or a section of an intended product

Note 1 to entry: The functional requirements for a part are typically determined by the intended application.

2.6.2

prototype, noun

physical representation of all or a component of a product that, although limited in some way, can be
used for analysis, design and evaluation

Note 1 to entry: Requirements for parts (2.6.1) used as prototypes depend on the individual needs for analysis
and evaluation and will therefore typically be determined in agreement between supplier and end-user.
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2.6.3

prototype tooling, noun
moulds, dies, and other devices used for prototyping purposes; sometimes referred to as bridge tooling
or soft tooling

Note 1 to entry: This type of tooling can sometimes be used to trial the tool design and/or to produce end-use
parts (2.6.1) while production tooling is being manufactured. On these occasions, the tooling is typically referred

to as bridge tooling.

2.6.4

rapid p
<in add
time ne

Note 1 f
additive

2.6.5

rapid td
<in add
of toold
manufa

Note 1t
producir]

Note 2 t

Fototyping, noun
itive manufacturing> application of additive manufacturing (2.1.2) intended for reducing\th
pded for producing prototypes (2.6.2)

o entry: Historically, rapid prototyping (RP) was the first commercially significant application fo
manufacturing, and have therefore been commonly used as a general term for this type of technology.

oling, noun

tive manufacturing> application of additive manufacturing (2.1.2) intended for the productios
or tooling components with reduced lead times as compared™to conventional toolin

cturing

entry: Rapid tooling may be produced directly by the additive manufacturing process or indirectly b
g patterns that are in turn used in a secondary process to produeéthe actual tools.

b entry: Besides additive manufacturing, the term “rapid teoling” may also apply to the production g

tools with reduced lead times by subtractive manufacturing methods, such as CNC milling, etc.

2.7 P

271
accurad
closenef

272

as built|
refers t
if neceg
unprocq

273
fully de
state in

Note 1 td
and som

Note 2 t

Foperties

y, noun
s of agreement between an individual result and an accepted reference value

adjective

b the state of parts (2.6.1)made by an additive process before any post processing, besideg
sary, the removal from-‘a build platform (2.3.5) as well as the removal of support and/o
ssed feedstock (2.5.2)

nse, adjective
which the material of the fabricated part is without significant content of voids

entry: In'practice, material completely free of voids is difficult to produce by any manufacturing proces
e micra-porosity will generally be present.

A9

—

S|

~

—

14

b ‘entry: The significance and the permissible content of voids are typically determined based on th

requirements for the application of the final product.

274

near net shape, adjective
condition where the components require little post-processing (2.5.6) to meet dimensional tolerance

275

porosity, noun
<property> presence of small voids in a part (2.6.1) making it less than fully dense (2.7.3)

Note 1 to entry: Porosity may be quantified as a ratio, expressed as a percentage of the volume of voids to the
total volume of the part.

10
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276

repeatability, noun

degree of alignment of two or more measurements of the same property using the same equipment and
in the same environment
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Annex A
(informative)

Basic principles

A.1 Additive shaping of materials

The funfctionality of a manufactured object is derived from the combination of the object’s geometr
and properties. In order to achieve this combination, a manufacturing process is made up~ofa serie
of operdtions and sub-processes that brings the shape of the intended geometry to a material capabl
of poss¢ssing the desired properties. The shaping of materials into objects within dmanufacturin
process|can be achieved by one, or combinations of three basic principles.

19> B PR v s

~

— Formative shaping: The desired shape is acquired by application of pressure to a body of ray
material, examples: forging, bending, casting, injection moulding, the cempaction of green bodie
in cpnventional powder metallurgy or ceramic processing, etc.

Vi

— Subtractive shaping: The desired shape is acquired by selective @e¢moval of material, exampleq:
milling, turning, drilling, EDM, etc.

— Additive shaping: The desired shape is acquired by successive addition of material.

The objgcts, or parts, with the acquired shapes can be combined into more complex shaped product
by joinihg different parts in a physical, chemical or mechanical operation, such as welding, soldering,
adhesivg, fasteners, etc.

1°2]

—

Additive manufacturing technology applies the additive shaping principle and thereby builds physica
3D geometries by successive addition of material

“Additign of material” means that units of'\material feedstock are brought together and joined (e.g. fuse
or bondpd), most commonly layer by layer to build a part. The determining factor for each process is i
the technique used for adding the materials. This determines, for example, what types of materials ar
possibldin the process, since different materials have different principles of fusion or adhesion. Basically
for additive manufacturing processing, the products’ fundamental properties are determined by

(U d

a) typeg of material (polymer; metal, ceramic or composite),
b) principle applied fon fusion or bonding (melting, curing, sintering etc.),
c) feedstock thatisused for adding material (liquid, powder, suspension, filament, sheet etc.), and

d) how the material is brought together, i.e. machine architecture.

The prdcess of successively adding material to build a part makes the properties of the material if
this part highly dependent on the machine type and the process parameters in the additive operation.
Therefore it is not possible to accurately predict these material properties without coupling them to a
specific type of machine and process parameters.

A layered approach to the additive building of parts may also cause directional dependence in the
material properties of that part. Therefore, material properties in an AM part may be dependent on that
part’s orientation and position in the build space during processing.
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A.2 Single-step and multi-step additive manufacturing processes

It is rare that a finished product can be entirely manufactured within a single process principle.
Normally, a series of operations and sub-processes are required to achieve the intended combination of
geometrical shape and desired properties. However, in the context of AM there is a distinction between

which operations are indispensable parts of the additive process and which are more prod

uct and

application dependent pre-processing, and post-processing operations. When additive manufacturing
is applied within an industrial manufacturing system, this distinction is needed to clarify what part

of the entire manufacturing process constitutes the actual additive manufacturing process, as

well as,

1 4= 4= £l des. £ 4= H 4= deaderade 4] 4= 1 o R £ 4= :
Wirat PAal L UL UIIT TIILITT HIdITUTIdUTUTTITS S Y STTIIT CUTISTITULTS LIIT dLiudl dUUItIVE TIIdITUldLtUl Il S y

that standards can be appropriately applied.

'he fundamental principle of AM processes is forming three dimensional parts by.'the su
ddition of material. Depending on process, the parts may acquire the basic geometryand fund

y

!

geometry in a primary process step and then acquire the fundamental properties of the i
naterial (for example: metallic properties for an intended metallic part and\ceramic prope
dn intended ceramic part) in a secondary process step, i.e. a multi-step-process, see Figure
gxample, the object acquires the basic geometry by joining materialywith a binder in the

process step which is followed by material consolidation by sintering;with or without infiltr
qubsequent process steps. Depending on the final application, béth single-step, and multi-s
lequire one or more additional post-processing operations, [suc¢h as, heat treatments (includi
finishing machining, and others, see further ISO 17296-2[41] to obtain all the intended properti
final product.

AM technology can be used to produce tools mouldsyand casting patterns which may be ap

is produced by the AM process, not the intended.prtoduct, and therefore such manufacturing pt

Additive manufacturing

(AM)
|
' '
Single-step AM processes Multi-step AM processes
| |
| | | | | | |
Fusion of similar material(s) Adhesion of dissimilar materials

Secondary processing such
as sintering and/or infiltration

4

produce the intended products. In this scenario, however, it is the casting patterns, moulds, or t¢ols that
i

S

hould rather be considered as an application of AM technology than an AM production procesg.

tem, so

ccessive
hmental

roperties of the intended material in a single process step, i.e. a single-step proeess, or acquire the

htended
rties for
A.1. For
brimary
htion, in
fep may
ng HIP),
bs in the

plied to

ocesses

! ' '

Figure A.1 — Single-step and multi-step AM process principles
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A.3 Additive manufacturing processing principles

A.3.1 General

There are numerous ways in which units of material can be joined together to form a part. Different
types of materials are being held together by different types of atomic bonds: metallic materials are
typically held together by metallic bonds, polymer molecules typically by covalent bonds, ceramic
materials typically by ionic-, and/or covalent bonds, and composite materials by any combination of
the above mentioned. The type of bonding provides the most fundamental conditions for how that type

of mate
also def
additive
typicall
also in

distributed layer by layer in a powder bed, deposited by a nozzle, applied as layers in“a ,sheet stack

d dll De ]O d . ype O dlelr'ldl, C ]O g operatio 5
endent on in which shape the material is delivered to the system, and how it is distributed: Ko
manufacturing processes, the feedstock, the bulk raw material that is fed into the process) ca
y come in the form of powder (dry, paste or slurry), filament, sheet, melted, and forrpolymerf
the shape of un-cured liquid material. Dependent on the shape, the feedstock miay then beg

deposite¢d through a print head, or applied as a liquid, paste or slurry in a vat. In respect to the grea
possibilfties for variation in different types of materials, different types of feedstock and means df
distribution of the feedstock, there is large number of possible principles that could be used for additive
manufagturing processes. However, while there are significant research and\development activitiep
in this 4rea world-wide, far from all potential solutions have been realized.in'a working process, and
fewer still have reached the market. Figures A.2 to A.5 give an overview*ofprocess principles that arg
presently available on the market and have been proven viable in an industrial context.
A.3.2 Pverview of AM single-step processing principles
The paits are fabricated in a single operation where the dbasic geometric shape and basic materidl
propertjes of the intended product are achieved in a single operation simultaneously. Removal of the
support structure and cleaning may be necessary. Figlire A.2 to Figure A.4 represent overviews gf
single step AM processing principles for metallic mategials, polymer materials and ceramic materials.
Type of Metallic
material
Statg of Melted state Solid + melted Solid state
fusion state
Material Filament/wire . Sheet
: Powder material :
eedstock material material
Material i Sheet
distributio> Deposmon nozzle Powder bed stack
Basic AM Selective deposition of Selective fusion of Fusion of
principte TITAtertat toa Substrate matertatHimapowderbed stacked steets
Sourtlze of Electron Laser Electron Laser Ultrasound
fusion beam beam
Process . . . Sheet
D E D
category irected Energy Deposition Powder Bed Fusion Lamination

Figure A.2 — Overview of single-step AM processing principles for metallic materials
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