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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.
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Introduction

Modern manufacturing enterprises are built from facilities spread around the globe, which contain
equipment from hundreds of different manufacturers. Immense volumes of product information
need to be transferred between the various facilities and machines. Today’s digital communications
standards have solved the problem of reliably transferring information across global networks. For
mechanical parts, the description of product data has been standardized by ISO 10303. This leads
to the possibility of using standard data throughout the entire process chain in the manufacturing
enterprlse Impedlments to reahsmg thls pr1nc1ple are the data formats used at the machine level. Most
COIppHterH r-the ' et en language.

reg
axg¢s, rather than the machining process with respect to the part. Secondly, ISO 6983 defines the syntax
of programme statements, but in most cases leaves the semantics ambiguous. Thirdly, venddrs usually

ISQ) 14649 is anew model of data transfer between CAD/CAM systems and CNC machines, whigh replaces
ISO 6983. It remedies the shortcomings of ISO 6983 by specifying maehining processes rather than
ma‘ehine tool motion, using the object-oriented concept of workingsteps. Workingsteps coriespond to

high-level machining features and associated process parameters(€NCs are responsible for tfanslating
waorkingsteps to axis motion and tool operation. A major bengfit of ISO 14649 is its use of existing data
mddels from ISO 10303. As ISO 14649 provides a comprehersive model of the manufacturingprocess, it
canp also be used as the basis for a bi- and multi-directional\data exchange between all other information
tedhnology systems.

IS 14649 represents an object-oriented, informiation- and context-preserving approach for NC-
prggramming that supersedes data reduction to;simple switching instructions or linear arld circular
mdvements. As it is object- and feature-oriented and describes the machining operationg executed
on|the workpiece, and not machine-dependent axis motions, it will be running on different machine
toqls or controllers. This compatibility will spare all data adaptations by postprocessors, |f the new
data model is correctly implemented.on the NC-controllers. If old NC programmes in ISO 6983 are to
be [used on such controllers, the cotresponding interpreters need to be able to process the different NC
prggramme types in parallel.

A gradual evolution is envisioned from ISO 6983 programming to portable feature-based programming.
Early adopters of 1ISO 14649 will certainly support data input of legacy “G and M codes” mpnually or
thijough programmessjust as modern controllers support both command-line interfaces and graphical

Wlthout necessarlly knowmg the prec151on and details of the process The exact geometry is also
important when additive manufacturing is used together with other processes in order to avoid having
multiple representations of the same shape.

This document differentiates between explicit data and derived data. Support structures, for example,
depend on the shape and process and need to be derived when the process and the machine are
chosen in order to achieve maximum flexibility. The workingstep structure is sufficiently flexible to
allow support structures to be added explicitly, if they are required. Assemblies can be described with
different elements, with different materials, in different workingsteps. Additive manufacturing can be
sequential or parallel and there is the possibility to define explicit parallel features.

© IS0 2020 - All rights reserved v
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Industrial automation systems and integration — Physical
device control — Data model for computerized numerical
controllers —

Part 17:

Pi

1

Th
ma3

rocess data for additive manufacturing

Scope

s document specifies the process data for additive manufacturing. This doeument describg
nufacturing at the micro process plan level without making a commitmert to particular

processes or technologies.

2
Th

Normative references

e following documents are referred to in the text in such_a way that some or all of the

comstitutes requirements of this document. For dated reférences, only the edition cited aj

un

IS
mg

ISC
mo

ISC
mag

ISd
exa

IS(

3

Fo1
ISQ

IS

Hated references, the latest edition of the referenced.document (including any amendment

s additive
machines,

ir content
pplies. For
5) applies.

D 14649-1:2003, Industrial automation systemssaid integration — Physical device contr¢l — Data

del for computerized numerical controllers — Part 1: Overview and fundamental principles

14649-10:2004, Industrial automation systems and integration — Physical device contr
del for computerized numerical controllets — Part 10: General process data

14649-11:2004, Industrial automation systems and integration — Physical device contr
del for computerized numerical cantrollers — Part 11: Process data for milling

10303-242, Industrial qutomation systems and integration — Product data represent
hange — Part 242: Application protocol: Managed model-based 3D engineering

/ASTM 52900, Additive manufacturing — General principles — Terminology

Terms and definitions

the pufposes of this document, the terms and definitions given in ISO 14649-1, ISO
14649-11, ISO 10303-242, ISO/ASTM 52900 and the following apply.

bl — Data

bl — Data

ation and

14649-10,

Hresses:

and [EC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

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

31
feature
geometric entity of a workpiece which has semantic significance

Note 1 to entry: In the context of ISO 14649, manufacturing features are used.
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4 General process data

4.1 General

The full schema is given in EXPRESS format in Annex A.

4.2 Header and references

The following listing gives the header and the list of entities which are referenced within this schema.

SCHEMA ad

REFERENCH
(axis2 pl]

REFERENCE
(advanced

REFERENCE
(function

REFERENCEH
(length

REFERENCE
(colour) ;

REFERENCH
(in procqg
property |

REFERENCH
(approacHh

4.3 Ger

4.3.1 Mjeasure units

The types
defined in

length_mg

4.4 Adc

The addit
by provid
additive p

ditive manufacturing schema;

FROM geometry schema (*IS010303-42e3%*)

acement 3d, direction, elementary surface);
FROM aic advanced brep (*IS010303-514%*)
| brep shape representation);
FROM mathematical function schema (*IS010303-50%)
| application);
FROM measure schema (* IS010303-41e3 *)
easure) ;
FROM presentation resource schema (*IS010303-46e3%*)
FROM machining schema (* ISO 14649-10 *)
ss_geometry, machine functions, manufacturing feature, material, operation,

parameter, workpiece, workingstep);

FROM milling schema (* ISO 14649-11 *)
| retract strategy);

eral types and definitions

of units supported by ISO 14649 are SI units as well as derived or conversion-based units
ISO 10303-41. If no units@ne given, the following units are assumed:

asure millimetres [mm].

litive manufacturing entities

ve manufacturing entities were developed to support both users and machine operat
ng infermation at a high level. Additive manufacturing is defined in ISO/ASTM 52900.
Focesses include both processes which make a part or parts from nothing and those procesg

such as cl

hdding, which can be used to add to existing parts. The information model caters for sin

as

DI'S
'he
es,
ble,

graded and heterogenous materials and colours and an arbitrary base geometry on which the par

1S

built. The entities in the descriptions define what is to be made so that the detailed control information
for the processes can be derived from that. In this way, both legacy machines and new machines are
supported.

4.4.1 AM workpiece

The AM workpiece is a description of a volumetric element to be made. The AM workpiece structure
can be quite complex depending on the shape of this element. With some processes there can also be a
base part onto which material is added. It is also possible that AM workpieces are added onto other AM
workpieces (using the inherited its_raw_piece attribute), creating a manufacturing hierarchy.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=cf0eb976f76e74cd1ecf536a68f3092e

ISO 14649-17:2020(E)

ENTITY am workpiece (* ml *)
SUBTYPE OF (workpiece);
END_ENTITY;

4.4.2 AM workingstep

In order to incorporate additive operations within a workplan and also to enable hybrid manufacturing,
the entity AM_workingstep is defined as a subtype of workingstep to contain the information required
for an atomic transformation in the additive build process. Using the workpiece geometry allows the
exact geometry of the part to be defined, with no approximations like those in ISO/ASTM 52915 being
necessary.

ENTITY am workingstep (* ml *)
SUBTYPE OF (workingstep);

itg effect: OPTIONAL in process geometry;

itg operation: am operation;

itg feature: am_feature;

itg resulting part: am workpiece

ENIDp ENTITY;

Its| effect: allows the changes in the geometry that resulbfrom successful
execution of the atomic additive workingstep'to be modelled.

[ts| operation: defines the additive operation that is. carried out within the
workingstep.

Its) feature: defines the feature that is builtin' the workingstep.

Its| resulting_part: defines the part that resultsfrom completing the workingstep.

4.4.3 AM feature

The feature allows the additive workpiece to.be linked with a workingstep and an operation. It also
allpws heterogenous materials and gradientsto be defined in the additive manufactured part.

ENTITY am feature (* ml *)
AB$TRACT SUPERTYPE OF (ONEOF (am\eempound feature, am simple feature, am gradient|feature,
am |heterogenous feature))

SUBTYPE OF (manufacturing feature);

primary colour: ORTTONAL colour;
ENDp ENTITY;
primary_colour: defines the main colour of the feature.

444 AM compound feature

The compound additive manufacturing feature allows multiple added features to be linked tpgether in
a cpmpound information structure.

ENTLTY “am compound feature (* ml *)
SUBTY-PE OF (am feature):

its am features: SET [2:?] OF am feature;

END ENTITY;

its_am_feature: The constituent features of the compound additive manufacturing
feature.

4.4.5 AM simple feature

This entity allows simple additive geometries with a single material and colour to be defined. The
assumption is that the feature is built with a skin and a core where the thickness of the skin is uniform.

ENTITY am simple feature (* ml *)
SUBTYPE OF (am feature);

© IS0 2020 - All rights reserved 3
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skin thickness: OPTIONAL length measure;
skin construction: OPTIONAL am construction;
core construction: OPTIONAL am construction;

END ENTITY;

skin_thickness: The uniform thickness of the skin layer in the geometry.
Skin_construction: The construction type of the skin.
Core_construction: The construction type of the core.

4.4.6 AI/I gradient feature
11

Figure 1 {fllustrates the AM gradient feature. This entity allows graded materials and colours to|be
defined wjithin the additive feature. The boundaries of the geometry are specified in th€ workpigce
attributes| The gradient is formed between two elementary surfaces that are defined. Each-elementary
surface will have a colour and material and a linear gradient between the two are formred. To form the
gradient, for every point inside the boundary of the workpiece the distance to the p¥imary surface, I ,
d,c; +c,d
and seconflary surface, d,, are calculated. The colour for the point will be assigrned as % if ¢ is
+
172
the colour| of the primary elementary surface and c, is the colour of the sécondary elementary surfgce.

d
of material 1 and 1
+d2 d1 +d2

For materjal, at a given point, of material 2 will be mixed.

1
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primary gradient surface \O
material 1, colour 1 ) C\){‘
boundary specified in workpiece \
secondary gradient surface .,
material 2, colour 2 @
’ O
O

O ’ Figure 1 — AM gradient feature

&

ITY am gra @t_feature
SUBTYPE OF (a eature) ;

primary su %’e: elementary surface;
face:

se¢ondar elementary surface;

itg co %ction: OPTIONAL am_construction;
se¢o y _colour: OPTIONAL colour;

se ary material: OPTIONAL material;

ISz

(* ml *)

primary_surface:

Secondary_surface:

Its_

Secondary_colour:

Secondary_material:

©IS

The surface at which the gradient starts. On every point on this surface

the material and colour are the primary material and colours.

The surface at which the gradient ends. On every point on this surface

the material and colour are the primary materials and colours.

construction: Specifies the additive construction of the feature.

02020 - All rights reserved
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4.4.7 AM heterogeneous feature

Figure 2 illustrates the AM heterogeneous feature. The most flexible way of defining heterogenous
materials and colours is by defining these using a mathematical function. The heterogeneous additive
feature allows multiple atoms to be defined and the material is blended using a freeform mathematical

equation across the different atoms.

The AM heterogenous feature specifies how many different materials or colours are involved in
constructing a feature by specifying their quantity and the set of materials that construct the
heterogeneous feature. The proportion of each material for each point in space is defined using a

mathematical function of coordinates

ENTITY an| heterogenuous feature (* ml *) (19
SUBTYPE (F (am_feature); (19
items: SET [1:?] OF am heterogenuous_ atom; /\‘

END ENTITY;

no_of_elerments:
construction of the feature.

Items:
construction of the feature.

EXAMPLE
gradient shown in Figure 2. The two elements e; and e, represent t

number of elements is two. Defining R as vV [+ H2+W? at any give
X2+ y2 4 72

2 2
+ +
— and the proportion of m, is 1—% .
R

v Lo

any coordipate is

Q/
The number of different materials and colours that a@ed in the

The various heterogeneous materials and colo@hat are used in the

Assume that a rectangular box is to be manufactured f%two materials (m;, m,) with fthe

N

N
S

o materials m; and m,. Hence [the

int in the box, the proportion of m|for

y | 100%m,

100 % m,

Figure 2 — AM heterogeneous feature
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4.4.8 AM heterogeneous atom

:2020(E)

Each material atom is specified by describing a local coordinate system (with the feature coordinate
system as the base), the material, colour and optionally the construction, together with a governing
function which relates the proportion of this atom with the location in space.

ENTITY am_heterogenuous_atom;
local coord axes:
its material:

its colour:

its construction:

go

7erning function:.

(* ml *)
axis2 placement 3d;

material;

colour;

OPTIONAL am construction;

function apEWihafimn-

ENDD ENTITY;

lodal_coord_axes:

Defines the local coordinate system to be used in the function &
axis placement based on the feature coordinate system.

Its| material: Defines the material associated with this atom,

Its| colour: Defines the colour associated with this atom:

Its| construction: [s the construction associated with this-atom.
Goyerning_function: Specifies the proportion of this atonras a function of coordinat

4.4

Th

space based on the local coordifiate system. The use of the gove
functions uses the approach proposed in Reference [17].

.9 AM machine functions

e AM machine functions allow specification of the manufacturing environment needed to m

Diffferent materials and machines have differenrequirements for making parts. For example
atrhosphere or a vacuum may be needed to make a metal part so as to avoid oxidation durin
Tithnium parts also need special atmosphere to avoid burning. For some plastic processs

po
to
Th

ENT
SUH
fuy
ENI

TYPE OF
ctions:
 ENTITY;

functions:

4.4

Th

ymer powder bed fusion processes as-categorized in ISO 17296-2, it is necessary to heat th
‘lose to the powder melting pointinrorder to minimize thermic expansion when the powder
bse and other similar parameterscan be specified using the functions attribute of this entif]

ITY am machine functiqfs

(machine funftidns);

QPTIONAL SET [1:?] OF property parameter;

An optional specification of functions that might be needed fd
ing a part.

.10 AM operation

san

Ps in
rning

hke a part.

a neutral
b building.
s, such as
b chamber
is melted.

Y.

r build-

b ‘AM operation specifies the attributes of the process for manufacturing the additive featy

ENTITY am operation

ABSTRACT SUPERTYPE OF

SUBTYPE OF

machine functions:
its support geometry:

END ENTITY;

Machine_functions:

Its_support_geometry:

(ONEOF
(operation);

(am_twod operation, am oned operation))

am machine functions;
OPTIONAL advanced brep shape representation;

operation.

Identifies the geometry of the support structure required for
performing this operation.

© IS0 2020 - All rights reserved
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4.4.11 AM twoD operation

Figure 3 illustrates the AM twoD operation. The AM_twoD_operation defines the attributes for additive
operations that build a feature layer by layer. The layers are identified by the guiding geometry, the
thickness of each layer and the normal vector for direction of layer stacking.

A
[
A
| 3 2 3
a = | v
. [
T L
1 I
\ E
1 A
21
3 |
A
Key
1 baseldyer
2 normad| direction
3 Thickress
Figure'3)— AM twoD operation
ENTITY an twod operation
SUBTYPE (F (am operation);
layer |thickness: OPTIONAL length measure;
base llayer: OPTIONAL elementary surface;
normall direction: OPTIONAL direction;
END ENTITY;
layer_thickness: Specifies the thickness of each layer measured on the normal directiom
of the base layer.
Base_layet: An elementary surface that specifies the geometry of each layer.
Normal_direction: Specifies the direction in which the layers are added.

4.4.12 AM oneD operation

This entity allows the definition of particular additive depositions. In contrast to the layer-by-layer
operation, the freeform operation only produces one filament of material and needs to be repeated as
necessary to obtain the full geometry. The tool path, if necessary, can be specified using the its_toolpath
attribute that is inherited by am_operation from operation in 14649-10.

ENTITY am oned operation

SUBTYPE OF (am operation);
approach: approach retract strategy;
retract: approach retract strategy;

8 © IS0 2020 - All rights reserved
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END ENTITY;

:2020(E)

approach: Defines how the additive manufacturing end effector approaches the
build area.
Retract: Defines how the additive manufacturing end effector retracts from the

build area.

4.4.13 AM construction

Th
or

ENT]
AB
ENI

its

4.4
Th

ENT]
SUH
ENI

4.4

Th
an

ENT
SUH

ENI

inf]

Its

Its

4.4

ADA e P 1l &1 e P L1 el 1 L 1.1 1 1 ol
C AVl CUIISUI UCLLIUIT dITOWS UIIC CUIISUTI UCLIUIT Ul UIIT l)dl L LU DC bpcuucu UdScU Ull pl CUCIIIIC
h solid.

ITY am construction

TRACT SUPERTYPE OF (ONEOF (am_infill, am solid));

 ENTITY;

| material An optional definition of the material of the structure.

.14 AM solid

s entity when used as the construction of an AM feature indicates that it needs to be built

ITY am solid
TYPE OF (am_ construction);
ENTITY;

.15 AM infill

s entity indicates that the AM feature should be built as infill and specifies the pattern
 density of the deposited material.

ITY am infill

TYPE OF (am construction);

infill percentage: OPTIONAL REAL;

its direction: OPTIONAL direction;

its pattern: OPTIONAL am patterns;

 ENTITY;

1l_percentage Indicates the density of the material used for creating the infill
| direction Indicates the direction (based on feature coordinate system) td

the infill pattern.

| pattern Indicates the pattern to be used.

.16 AM patterns

] patterns

as a solid.

direction

apply

This type provides a placeholder for the data model to capture patterns used for infills in additive
manufacturing. It is expected that terms such as honeycomb, concentric, line, rectilinear, Hilbert curve,
Archimedean chords, octagram spiral or any other terms that are interpretable for the controller of the
Additive Machine to be used here.

TYPE am patterns = STRING;
END_ TYPE;

4.5 End of schema

END SCHEMA; (* additive manufacturing schema *)

© IS0 2020 - All rights reserved
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Annex A
(informative)

EXPRESS expanded listing

This annex contains the full listing of the schema introduced in Clause 4.

SCHEMA additive manufacturing schema;

REFERENCE FROM geometry schema (*IS010303-42e3%*)
(axis2 pllacement 3d, direction, elementary surface);

REFERENCH FROM aic_advanced brep (*IS010303-514%)
(advanced brep shape representation);

REFERENCH FROM mathematical function schema (*IS010303-50%)
(functionl application);

REFERENCH FROM measure schema (* IS010303-41e3 *)
(length njeasure) ;

REFERENCEH FROM presentation resource schema (*IS010303-46e3X)
(colour) ;

REFERENCH FROM machining schema (* ISO 14649-10 *)
(in procgss geometry, machine functions, manufacturing; feature, material, operation,
property |parameter, workpiece, workingstep);

REFERENCH FROM milling schema (* ISO 14649-11 X*)
(approacH retract strategy);

ENTITY an workpiece (* ml *)
SUBTYPE (JF (workpiece);
END ENTITY;

ENTITY anm workingstep (* ml *)
SUBTYPE (F (workingstep) ;
its eflffect: OPTIONAL in proecess geometry;
its ofgeration: am operationy
its_fdature: am feature;
its_rgsulting part: am Wwbrkpiece;
END ENTITY;

ENTITY an feature (®ml *)

ABSTRACT [SUPERTYRE \OF (ONEOF (am compound feature, am simple feature,am gradient featurq,

am heterdgeneous\\{eature))

SUBTYPE (F (manufacturing feature);
primary &@Qliour: OPTIONAL colour;

END ENTITYG

ENTITY am compound feature (* ml *)
SUBTYPE OF (am feature);

its am features: SET [2:?] OF am feature;
END ENTITY;

ENTITY am simple feature (* ml *)

SUBTYPE OF (am feature);
skin thickness: OPTIONAL length measure;
skin construction: OPTIONAL am construction;
core construction: OPTIONAL am construction;

END ENTITY;

ENTITY am gradient feature (* ml *)

SUBTYPE OF (am feature) ;
primary surface: elementary surface;

10 © IS0 2020 - All rights reserved
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