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ISO 14649-1

Foreword

0:2004(E)

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

Int

Intgrnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa

The

ad
Int
A

tt

rights. ISO shall not be held responsible for identifying any or all such patent rights.

1S(
inte

Th
revi

1S(
inte

-governmental, In llaison with SO, also take part In the work. SO collaborates CloS€El
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization!

main task of technical committees is to prepare International Standards. Draft-International
rnational Standard requires approval by at least 75 % of the member bodies.casting a vote.
ention is drawn to the possibility that some of the elements of this dogiment may be the subje

D 14649-10 was prepared by Technical Committee ISO/TG.184,
gration, Subcommittee SC 1, Physical device control.

Industrial automation sy
S second edition cancels and replaces the first edition (ISO 14649-10:2003), of which it constitu
sion.

D 14649 consists of the following parts, under* the general title Industrial automation sy
gration — Physical device control — Data madel for computerized numerical controllers:

Part 1: Overview and fundamental principles
Part 10: General process data

Part 11: Process data for milling

Part 12: Process data-forturning

Part 111: Tools formilling machines

Part 121: Taols for turning

ps in the,numbering of parts were left to allow further additions. The future Parts 2 and 3
guagérbindings according to ISO 10303 methods. Part 10 is the 1ISO 10303 Application Referg

y with the

2.

Standards

pted by the technical committees are circulated to the member bodies for~voting. Publication as an

it of patent

stems  and

es a minor

stems  and

will be for
nce Model
art 10. The

RIVE). for process mdependent data. ISO 10303 ARMs for specific technologles are added after P

ISO 10303 AIMs for specmc technologles are added afterPart 50 -

eddent data.

ISO 14649 is harmonised with 1ISO 10303 in the common field of Product Data over the whole life cycle.
Figure 1 of ISO 14649-1 shows the different fields of standardisation between ISO 14649, ISO 10303 and CNC

ma

nufacturers with respect to implementation and software development.

© I1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=a610f3277ead2916b7b35b886649ddcd

ISO 14649-10:2004(E)

Introdu

ction

Modern manufacturing enterprises are built from facilities spread around the globe, which contain equipment
from hundreds of different manufacturers. Immense volumes of product information must 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 ddta has been standardised by TSO 10303. This Teads to the possibility of using standard
throughoutfthe entire process chain in the manufacturing enterprise. Impediments to realising this principle
the data formats used at the machine level. Most computer numerical control (CNC) machines

programm
manufactu
program p
respect to
defines thg
usually sup

ISO 14649
ISO 6983.
tool motio
machining
axis motio
10303. As

the basis for a bi- and multi-directional data exchange between ailfother information technology systems.

ISO 14649
that super

Ata
are
are
d in the 1SO 6983 “G and M code” language. Programs are typically generated by computer-aiged
ing (CAM) systems that use computer-aided design (CAD) information. However, 1ISO"6983 li
prtability for three reasons. First, the language focuses on programming the tool-¢enter path
machine axes, rather than the machining process with respect to the part. Seéeond, the standprd
syntax of program statements, but in most cases leaves the semantics ambiguous. Third, vendors
plement the language with extensions that are not covered in the limited seope of ISO 6983.

is a new model of data transfer between CAD/CAM systems and €NC machines, which replages
It remedies the shortcomings of ISO 6983 by specifying machining.processes rather than machine
n, using the object-oriented concept of Workingsteps. Workingsteps correspond to high-lgvel
features and associated process parameters. CNCs are responsible for translating Workingsteps to
n and tool operation. A major benefit of ISO 14649 is its\use of existing data models from ISO
ISO 14649 provides a comprehensive model of the manufacturing process, it can also be used as

represents an object oriented, information and-Gontext preserving approach for NC-programming,
bedes data reduction to simple switching instructions or linear and circular movements. As if is

object- andl feature oriented and describes the machining operations executed on the workpiece, and ot

machine d

bpendent axis motions, it will be running on-different machine tools or controllers. This compatibjlity

will spare @ll data adaptations by postprocessors;,if the new data model is correctly implemented on the NC-

controllers
shall be ab

ISO TC184
programmi
manually g
user interf
Therefore,
effectiveng

If old NC programs in ISO 6983 are to be used on such controllers, the corresponding interpre
le to process the different NC program types in parallel.

I/SC1/WG?7 envisions a gradual evolution from ISO 6983 programming to portable feature-bas
hg. Early adopters of ISO’ 14649 will certainly support data input of legacy “G and M cod
r through programs, just’as modern controllers support both command-line interfaces and graph
hces. This will likely-be made easier as open-architecture controllers become more prevalg
ISO 14649 dees/not include legacy program statements, which would otherwise dilute
ss of the standard.

Vi
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Industrial automation systems and integration — Physical
device control — Data model for computerized numerical
controllers —

P

rt 10:

G

1

Th
ma
corl
pro

pneral process data

Scope

S part of ISO 14649 specifies the process data which is generally needed for NC-programmin
chining technologies. These data elements describe the interface hetween a computerised

gramming system, the programme for the numerical controller As. created. This programm

gedmetric and technological information. It can be described using,this part of ISO 14649 togeth

tec
se(

Th

hnology-specific parts (ISO 14649-11, etc.). This part of 1ISO.44649 provides the control structy
uence of programme execution, mainly the sequence of working steps and associated machine

b “machining_schema” defined in this part of ISO 14649 contains the definition of data types

generally relevant for different technologies (e.g. milling, turning, grinding). The features for

tec
for
inc
se

sch

hnologies like turning, EDM, etc. will be introduced*when the technology specific parts like I1SC
turning, ISO 14649-13 for EDM, and ISO 14649;14 for contour cutting of wood and glass are p
udes the definition of the workpiece, a feature catalogue containing features which might be ref
eral technologies, the general executables)and the basis for an operation definition. Not inclu
ema are geometric items and representations, which are referenced from 1SO 10303’s generic

and the technology-specific definitions, which are defined in separate parts of ISO 14649.

Th
ol

Ad
des

s part of ISO 14649 cannot stand alone. An implementation needs in addition at least one t
cific part (e.g. 1SO 14649-11for milling, ISO 14649-12 for turning).

Jitionally, the schema™uses machining features similar to ISO 10303-224 and ISO 10303
cription of process data is done using the EXPRESS language as defined in ISO 10303-11. Th

of fhe data is done uSing 1ISO 10303-21.

2

Th
ref

Normative references

b following referenced documents are indispensable for the application of this document.

g within all
numerical

troller and the programming system (i.e. CAM system or shop-floor programming system). On the

e includes
er with the
res for the
functions.

which are
non-milling
14649-12
ublished. It
brenced by
ded in this
resources,

echnology-

-214. The
b encoding

For dated
referenced

prences, only the edition cited applies. For undated references, the latest edition of the

document (including any amendments) applies.

ISO 286-1:1988, ISO system of limits and fits — Part 1: Bases of tolerances, deviations and fits

ISO 10303-11, Industrial automation systems and integration — Product data representation and exchange —
Part 11: Description methods: The EXPRESS language reference manual

ISO 10303-21, Industrial automation systems and integration — Product data representation and exchange —
Part 21: Implementation methods: Clear text encoding of the exchange structure

ISO 10303-41, Industrial automation systems and integration — Product data representation and exchange —
Part 41: Integrated generic resource: Fundamentals of product description and support

© I1SO 2004 — All rights reserved
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ISO 10303-42, Industrial automation systems and integration — Product data representation and exchange —
Part 42: Integrated generic resource: Geometric and topological representation

ISO 10303-43, Industrial automation systems and integration — Product data representation and exchange —
Part 43: Integrated generic resource: Representation structures

ISO 10303-214, Industrial automation systems and integration — Product data representation and
exchange — Part 214: Application protocol: Core data for automotive mechanical design processes

ISO 10303-224:2001, Industrial automation systems and integration — Product data representation and
exchange — Part 224. Application protocol: Mechanical product definition for process planning using machining

features

ISO 10303
exchange

3 Term

-514:1999, Industrial automation systems and integration — Product data representation
— Part 514: Application interpreted construct: Advanced boundary representation

s and definitions

For the pufposes of this document, the following terms and definitions apply.

3.1
2D
Geometry

3.2

22D mach
Machining
perpendicu
attribute ng

3.3
3D
Geometry

3.4

freeform n
Machining
simultaneg

n a xy-plane, where all the geometry’s points have only x and'y coordinates.

ining
of a prismatic part. Typically, the workpiece is\processed in several layers which are loca

lmes.

n three-dimensional space, where‘all points have x, y, and z coordinates.

nachining
of freeform surfaces¢ Kor this kind of machining, the tool has to move in at least three a
usly while processing)jthe workpiece. Sometimes five-axes milling machines are used to reach

optimised angle between thé-tgol and the workpiece surface.

3.5
CAM
Computer

3.6

Aided Manufacturing

hnd

ted

lar to the tool axis. In the EXPRESS listing of 1S0O14649, the term "two5D" is used for entity and

KES
an

CNC

Computer Numerical Control

3.7
EDM

Electrical Discharge Machining

3.8
EXPRESS

The language described in ISO10303-11

© 1SO 2004 — All rights reserved
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3.9
EXPRESS-G
The graphic representation of the EXPRESS language as described in ISO10303-11

3.10

Feature

A geometric entity of a workpiece which has semantic significance. In the context of ISO 14649,
manufacturing features are used

3.11
Sl
IntJarnationaI system of units

4 | General Process data

4.1 Header and references

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

SCHEMA machining_schema;
(*

Version of April 30, 2004
Author: 1SO TC184/SC1/WG7

)

REFERENCE FROM approval_schema (*1SO 10303-41e3*)
( approval,
approval_status);

REFERENCE FROM date_time_schema (*1S0 10303-41e3%)
( date_and_time,
date);
REFERENCE FROM person_organization_schema (*1S010303-41e3%*)
( person,
address) ;

REFERENCE FROM support_resource_schema (*1S010303-41e3%*)
( bag_to_set,
identifiepn,
label
text),;

REFERENCE FROM measure_schema (*1S010303-41e3%)
¢ Iength_measure,
parameter_value,
prane_anglte_measure,
positive_length _measure);

REFERENCE FROM product_property_representation_schema (*1S010303-41e3%*)
( shape_representation);

REFERENCE FROM representation_schema (*1S010303-43e2%*)
( definitional_representation);

REFERENCE FROM geometry_schema (*1S010303-42e3%*)
( trimming_select,
trimming_preference,
transition_code,

© 1SO 2004 — All rights reserved 3
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trimmed_curve,
composite_curve,
composite_curve_segment,
axis2_placement_3d,
bounded_curve,
bounded_surface,
cartesian_point,

C

ircle,

conic,
curve,

d

irection,

e

p
P
)

REFERH
(e
REFERH
(b

r

);
REFERH

(a
);

4.2 Gene

421 Me

The types
defined in

length_me

time_meas

plane_angle_measure

pressure_npeasure

lementary_surface,
lane,
blyline

NCE FROM topology schema
Hge, edge_curve, edge loop, face,

NCE FROM geometric_model schema
jock,
ight_circular_cylinder

NCE FROM aic_advanced_brep
Hvanced _brep_shape representation

al types and definitions

Asure units

hsure millimetres [mm],
ure seconds [s],
degrees [°],

Pascal [pa],

(*15010303-42e3*)

loop);

(*15010303-42e3%)

(*1S010303-514*)

of units supported by I1ISO 14649.are’ S| units as well as derived or conversion based units
SO 10303-41. If no units are given-then, the following units are assumed:

speed_medgsure meters per second [m/sec],
rot speed measure revolutions per second [1 /QD(‘]
4.2.1.1 Toleranced length measure

Length measure with tolerance.

ENTITY toleranced_length_measure;

theoretical_size:

imp

licit _tolerance:

END_ENTITY;

¢ ml )

positive_length_measure;
tolerance_select;

as

© 1SO 2004 — All rights reserved
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theoretical_size: The theoretical length.

implicit_tolerance: The type of tolerance to apply to theoretical_size.

Note that all geometric properties of the workpiece are specified using toleranced_length_measure. If the NC
controller has the ability to generate toolpaths or to make decisions about the tool used, it is the controller's
responsibility to meet these tolerance requirements. On the other hand, data provided to the NC controller for
explicit specification of movements will have no tolerances as the controller cannot do more than try to follow
the given theoretical values to the best of its abilities. The same is true for offsets and other data referring to
already toleranced dimensions.

4201.1.1 Tolerance select
Select type offering different etities to describe tolerances for scalar values.

TYPE tolerance_select = SELECT(plus_minus_value, limits_and |fits);
END_TYPE;

4.21.1.2 Plus minus value

The¢ plus_minus_value describes the upper and lower limits valid for a scalar dimension referencing|this entity.

ENTITY plus_minus_value; ¢ ml >
upper_limit: positive_ length _measure;
lower_limit: positive_length. measure;
significant_digits: INTEGER;

END_ENTITY;

upyper_limit: The value of thetolerance that shall be added to the exact value fo establish
the maximum allowed value.

lower_limit: the value of the tolerance that shall be subtracted from the exagt value to
establish the minimum allowed value.

sigpificant_digits: The number of decimal digits indicating the accuracy of the lover_bound
and upper_bound values.

4.211.1.3 Limits and-fits

A limits_and_fitsseontains the necessary information to express a tolerance of the limits-and-fits system
stahdardised by, ISO 286.

ENTITY=Timits_and_fits; G ml*)
deviation: length_measure;
grade: length_measure;
rts—firtting—type: oPHONAE—FTttimy—type;

END_ENTITY;

deviation: The difference between a measured actual size and the corresponding basic
size as defined in 1ISO 286-1.

grade: The grade specifies the quality or the accuracy grade of a tolerance. The
grade is based on the international standard tolerance grades ITO1 to I1T18 as
defined in ISO 286-1.

fitting_type: Specification whether the tolerance declaration applies to a shaft or to a hole.

© 1SO 2004 — All rights reserved 5
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42114

Fitting type

The enumeration used to specify the type of fitting.

TYPE Fitting_type = ENUMERATION OF (shaft,hole);
END_TYPE;

4.2.1.2 Speed measure

A measur

TYPE s
END_T

4213

A measurd
counter-cld

TYPE 1
END_T

4214
A measure

TYPE
END_T

4.2.2 Oth

4221

Enumerati
movement
rotation.

TYPE 1
END_T

Note: cw njeans clockWise, ccw means counter-clockwise.

4222

10l a linearl speed used 10I CUtling speeds and reed rates.

peed_measure = REAL;
PE;

Rotational speed measure

for a rotational speed. Positive values indicate rotation in the mathematieal positive sense, i
ckwise motion.

'ot_speed_measure = REAL;
PE;

Pressure measure

for pressure.

ressure_measure = REAL;
PE;

er general types

Rotational direction
It should not be used in\ conjunction with rot_speed_measure which carries its own sensd

'ot_direction =_"ENUMERATION OF (cw,ccw);

PE;

Shape tolerance

Type for definition of shape tolerance.

TYPE shape_tolerance = length_measure;
END_TYPE;

4.3 Where to start: Project

bn used to identify the direetion (sense) of the tool's rotation or of the direction of a circlilar

of

Each part programme, i.e. data model, based on 1SO14649 must include exactly one top-level entity, called
project. The project indicates the workplan to be executed upon interpretation of this model (as several

© 1SO 2004 — All rights reserved
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workplans might be included), and it may also provide the workpiece(s) upon which actions are to be

performed.

ENTITY project; - m0 *)
its_id: identifier;
main_workplan: workplan;
its_workpieces: SET [0:?] OF workpiece;
its_owner: OPTIONAL person_and_address;
its _release: OPTIONAL date and_time;
its_status: OPTIONAL approval;
(* Informal proposition:

its_id shall be unique within the part programme.

*)

END_ENTITY;

id: The project’s identifier. It shall be unique within the_part programpme.

its |

majn_workplan:

its |
its |
its |

its |

4.3

En

4.4

4.4

Th
suf|

its_person:
its_address:
END_ENTITY;

.1 Workpiece

De

The top-level workplan in this model.

ENTITY person_and_address$

What to machinge: Workpiece and manufacturing feature

[workpieces: The workpieces upon which actions are to'be performed.

[owner: Optional information on the owner of-the project.

release: Optional date and time reference.of the project.

status: Optional attribute to indicate the current status of the project.

.1 Person and address

ity includes data to name and referencela person, who for instance is responsible for creating a project.

¢ mo *)
person;
OPTIONAL address;

e workpiece entity contains the entire description of the workpiece, if available. This includes material,
facé\.condition and geometric data. Each workpiece has only one surface condition and ong material.
pehdent on the conformance class the workpiece entity includes the raw part dimension ¢nly as an

including box or cylinder, or, in a higher class, as a representation which can be a complete geometric model,
e.g. the state after previous manufacturing operations.

ENTITY workpiece;
its_id:
its material:
global_tolerance:
its_rawpiece:
its_geometry:
its_bounding_geometry:
clamping_positions:

END_ENTITY;

© I1SO 2004 — All rights reserved

¢ ml*)
identifier;
OPTIONAL material;
OPTIONAL shape_tolerance;
OPTIONAL workpiece;
OPTIONAL advanced_brep_shape_representation;
OPTIONAL bounding_geometry_ select;
SET [0:?] OF cartesian_point;
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its_id:

its_material:

global_tolerance:

The unique identification of a workpiece.

The material attribute identifies the workpiece material. This data shall
used for determining the technological process parameters for
manufacturing process. It can be done by the machine operator or by
automatic feed rate/cutting condition selection (from a table or a data b
on the CNC).

be
the
an
ase

Tolerance for the workpiece, valid where no other tolerances are specified.

its_rawpie

[e:

its_geometry:

its_boundi

clamping_|

All attribute’s locations, directions and geometrical information are, defined relatively to the workpied

coordinate

4411

This entity
ENTIT
stal

mat

mat
END_EN

standard_i

material_ig

material_p

Ng_geometry:

hositions:

system.

Material

material;
hdard_identifier:
brial_identifier:
brial_property:
TITY;

jentifier:

entifier:

roperty:

is for identifying the workpiece material

The rawpiece geometry of the workpiece may be described here. A récurg
description is used, i.e. the rawpiece is of type workpiece itself.

An exact description of the final workpiece geometry according to |
10303-514.

By this attribute the workpiece’s bounding geometry ‘might be defined 2
box, a cylinder or a geometry according to the-definition of the en
advanced_brep_shape_representation (ISO 10303--514).

Positions of the clamping device on the werkpiece’s surface.

¢ ml>)
label;
label;
SET [0:?] OF property_ parameter;

The standard used for identifying the material. This can be a natig
standard or one used internally in the company.

The name which identifies the material.

The parameter which describes the properties of material. Since the dem

ive

SO

sa
ity

nal

hnd

for material properties varies, a generic type ,,property parameter” is usedq.

4412

Property parameter

Generic property parameter which may be used to characterise any kind of property any kind of parameter
might have. Subtypes are descriptive parameters (strings) and numeric parameters.
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ENTITY property_parameter - m0 *)
SUPERTYPE OF (ONEOF (descriptive parameter,numeric_parameter));
parameter_name: label;

END_ENTITY;

parameter_name: The name of the parameter to be described.

4.4

.1.2.1  Descriptive parameter

A

des

4.4

AR

its |

its |

4.4

Th
cof
ISq

arameter description using a string to characterise the parameter.

ENTITY descriptive_parameter CG:m0 *)
SUBTYPE OF (property_parameter);
descriptive_string: text;

END_ENTITY;

criptive_string: String value which describes the paramete-
1.2.2 Numeric parameter
arameter description using a numeric value. Both the number and the unit shall be given.
ENTITY numeric_parameter * m0 *)
SUBTYPE OF (Property_parameter);
its_parameter_value: parameter~value;
its_parameter_unit: label;

END_ENTITY;

[parameter_value: The value which describes the parameter.
[parameter_unit: T he units associated with the value.
1.3 Bounding geometry select

formance class the bounding geometry is described as a block or a cylinder using the geomet
D 10303-42)or as a complex shape conformable to ISO 10303-514. All coordinates and directio

bolinding_geometry are defined in the given workpiece’s coordinate system.

TYPE bounding_geometry_select =

s type offers three different entities to describe the bounding geometry of a workpiece. Depending on the

fic items of
ns given in

4.4

SELECT (block, right_circular_cylinder, G ml™> )
advanced_brep_shape_ representation); ¢ t1 )
END_TYPE;

.2 Manufacturing feature

This entity is the supertype of all manufacturing features. When considering 2%D-manufacturing, features are
of type two5D_manufacturing_feature and may be holes, pockets, etc. When considering freeform
manufacturing, regions are used in the same sense.
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The manufacturing feature describes the feature as such, e.g. by its geometric properties. It does not give any
instruction on how the workpiece is manufactured. Such process related information is contained only in the
operations and depends on the manufacturing method. The methods are described in the technology specific
parts of ISO 14649. For example, plunging into a pocket, roughing the pocket and finishing the pocket bottom
may all be individual operations, as well as the finishing of a portion of a freeform surface. For the concept of

operations

, please refer to section 4.7.1.

ENTITY manufacturing_feature ¢ ml *)
ABSTRACT SUPERTYPE OF (ONEOF(region, two5D_manufacturing_ feature,
transition_feature));

its_id: identifier:
its| workpiece: workpiece;
its| operations: SET [0:?] OF machining_operation;
END_ENTITY;
its_id: Each feature has an unique identifier.
its_workpigce: The workpiece which the feature is part of.
its_operatipns: A set of all operations associated with the.\feature required for [the
manufacturing of the feature. Note that the Operations are not necessafily
executed immediately after each other. Only*the workplan determines [the
final order of operations of all operations included in a given programine,

4.5 Catalpgue of manufacturing features

451 Re

The region
workpiece
regions for
decisions.

ENTIT
ABS
top
SUB
fea

according to technological criteriaslike minimised tool change. Howeve
should be guaranteed by the CANI-system (or by the controller, if the or
of execution is determined by<an intelligent CNC) that the order giver
this attribute is never violated-

jion

is the equivalent of a featdre in freeform machining. It describes a bounded area of the f
surface to which the ,associated operations will be applied. Note that for freeform surfaces
different operations-(e.g. roughing, finishing) may have different shapes based upon technolog

region * ml *)
TRACT SUPERTYPE OF (ONEOF (region_surface_list, region_projection,
blogical/region))

END_EN

and manufacturing will typically nebeccur feature by feature but rather

Lt
der
in

nal
the
cal

[YPEGOF (manufacturing_feature);
fure, placement: OPTIONAL axis2_placement_3d;
TITY:

feature_placement:

10

The placement is a translation and/or a rotation which transforms the ori

The placement of the feature relative to the workpiece co-ordinate system.

gin

of the workpiece co-ordinate system origin into the origin of the feature’s
local co-ordinate system. If no feature_placement is given, the region will

use workpiece co-ordinates. Regarding coordinate systems see also Sect
4.6.4.1.2.

ion
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45.1.1 Region projection

A type of bounded region generated by projecting a closed curve on a surface. Thus, a region can easily be
defined on an existing surface description. The region projection applies to any workpiece surface it hits when
moving in space along proj_dir. This is a very simplistic region definition for situations where the use of
topology is not desired.

ENTITY region_projection ¢ ml *)
SUBTYPE OF (region);
proj_curve: bounded_curve;
proj dir: direction;
depth: toleranced_length_measure;

END_ENTITY;

prgj_curve: A curve in space, used for specifying the boundary for‘@'surface fthrough its
projection on the surface. It must be a closed curye and will uspally be in
one plane.

praj_dir: Direction used for projecting the above curve on the surface.

depth: The depth is a positive scalar value, It-describes the distance pf material

removal into negative z-direction,of the region’s local coordingte system.
The depth is measured from the raw piece’s surface, onto [which the
proj_curve has been projected; to the bottom to be machined. The depth is
equal for the whole region:In case the bottom’s shape shall not pe equal to
the raw piece’s surface, the-entity pocket and its subtypes have to pe used.

451.2 Region surface list

A type of region specified by a list of surfaces. This allows for the most general description of regions. The
redion is bounded by the borders of the surfaces it encloses.

ENTITY region_surface.Rist G ml *)
SUBTYPE OF (region)s

surface_list: LIST [1:?] OF bounded_surface;
END_ENTITY;

surfface_list: List of general surfaces, allowing for various descriptions.

4.51.3, \»Topological region

A tupe’of region-specified by a topological representation. Qnly faces of tvpe advanced face are lallowed as
JT ~ Ll 7 T ~J T 7 A

they are certain to carry their own geometric representation. Bl

ENTITY topological_region ( to t1 *)
SUBTYPE OF (region, open_shell);

WHERE
WR1: SIZEOF(QUERY(it <* SELF.cfs faces |
NOT(*MACHINING_SCHEMA_ADVANCED_FACE®" IN TYPEOF(it)))) = O;

END_ENTITY;
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4.5.2 Two5D manufacturing feature

The entity two5D_manufacturing_feature is the abstract supertype of all 22D features. This structure is
defined in close resemblance to ISO 10303-224.

ENTITY two5D_manufacturing_feature G m1*)
ABSTRACT SUPERTYPE OF (ONEOF(machining_ feature, replicate feature,
compound_feature))

SUBTYPE OF (manufacturing_feature);

feature_placement: axis2_placement_3d;
END_ENTITY:
feature_pldcement: The placement of the feature relative to the workpiece co-ordinate-syst¢gm

The placement is a translation and/or a rotation which transforms the origin
of the workpiece co-ordinate system origin into the origin of ‘the feature’s
local co-ordinate system. For information on coordinate (systems refen to
Section 4.6.4.1.2. If the manufacturing feature is part of @a.compound_feafure,
then its placement is defined relative to the compound_ifeature’s origin.

4.5.3 Maghining feature

The entity machining_feature is the abstract supertype of all features dsed for feature based 2%:D machining.
In this par{ the following features are foreseen as they are used in different technology specific parts of IISO
14649: plahar face, pocket, slot, step, hole, generic feature, and cempound feature. The features are defiped
in close regemblance to ISO 10303-224.

2¥5D maclt|ining is characterised by the fact that most tool-nfovements occur only in the xy plane while the z
axis is preget to a certain depth in order to remove a layer of material. For this reason, all machining features
have a depth.

All feature |geometry, e.g. the contour describing.the outline of a pocket, is described in a local xyz co-ordinate
system. The definition of the coordinate system’s orientation is given in the machining method specific payts.
The surroynding surface of the workpiece and the definition of the planar contour of the feature are assumed
to lie in the¢ xy plane (z = 0). The matetial is assumed to be in negative z direction of the xy-plane. In other
words, a ppsitive depth within a machining operation requires the tool to advance in negative z direction nto
the material's direction.

As I1SO 14649 allows fora~3D description of the overall workpiece geometry, the inherited attribute
feature_placement specifi€sythe actual location of the feature within the workpiece co-ordinate system.

ENTITY machining feature G ml >
ABS[TRACT . SUPERTYPE OF (ONEOF(planar_face, pocket, slot, step, round_hole,
toolpath~fFeature, profile_feature, boss, spherical _cap, rounded _end,

thread))
SUBILYRE_QF (twobD manufacturing feature);
depth: elementary_surface;

END_ENTITY;

depth: The depth of the feature is described by a plane which includes the lowest
points of the feature (z<0) measured in the feature’s local cartesian-
coordinate system. If the depth is not an orthogonal plane to the z-axis this
implies, that the bottom of the feature is inclined. Depending on the explicit
features there can be described more complex bottom shapes.
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The planar face is used to describe machining of the outer face of a workpiece. The geometry of the planar
face is given through the boundary and the depth (defined by the supertype). The depth denotes the bottom of
the material that needs to be taken away from the workpiece to reach the final shape of the feature. The
elementary surface describing the depth can be inclined or orthogonal to the feature’s local z-axis. The planar
face may also have one or more bosses where no cutting will be done.

course_of_travel

ENTITY planar_face

course_of travel:
removal_boundary:
face_boundary:
its_boss:

*)
END_ENTITY;
removal_direction;

course_of_travel:

rempoval thoundary:

face_boundary

g

volume
te,be removed

X
feature_placement f\

its_workpiece \

SUBTYPE OF (machining_feature);

(*Informal propositions:
- The entire profile lies in the local xy plane.
- The profile is not self-intersecting.

/\

depth
v/
removal_boundaty
Figure 1 — Planar face
¢ ml>)

linear_path;
linear_profile;

OPTIONAL closed _profile;
SET [0:?] OF boss;

The direction of material removal.
A straight line with magnitude and direction.

A line with direction and magnitude that when swept along a ppth defines
the area on a workpiece for volume removal.

face_boundary:

its_boss:

© I1SO 2004 — All rights reserved

The complete or partial outside final shape of the workpiece after the planar
cut has been applied.

An optional list of entities which describe one or more bosses. A boss of a

planar_face defines a part of the planar_face which is not cut during
manufacturing of the planar_face.

13
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455 Pocket

This is the abstract supertype for different implicit and explicit pockets. Open and closed pockets are derived
from this supertype. The geometry of the pocket is defined by its contour on the outer face of the workpiece
and its depth. A pocket may possess one or more bosses.

ENTITY pocket - ml *)
ABSTRACT SUPERTYPE OF (ONEOF(closed pocket, open_pocket))
SUBTYPE OF (machining_ feature);

its_boss: SET [0:?] OF boss;

slope: OPTIONAL plane angle measure;
bottom_condition: pocket_bottom_condition;
plapar_radius: OPTIONAL toleranced_length_measure;
orthogonal_radius: OPTIONAL toleranced_length_measure;

END_ENTITY;

its_boss: Optional list of bosses. This defines one or more parts of\the pocket which
are not cut during manufacturing of the pocket. WithCthe cutting of [the
pocket, the boss is cut simultaneously.

slope: Optional angle of the border of the pocket measured against the local z aki
Default is 0 degrees.

S.

bottom_copdition: Possible bottom conditions of the pocket.

planar_radjus: The planar radius of a fillet, if existing within a pocket. This may be used to
check against the radius of the tool tip.

orthogonal| radius: The orthogonal radius of-a fillet, if existing within a pocket. This may| be
used to check against-the radius of the tool.

4551 [losed pocket

Derived frgm the class pocket. A closedypocket is a pocket which is surrounded by material everywhere alpng
its circumfé@rence. Its feature boundary is given by a closed profile.

feature_boundary

/ L2,

planar_radius

orthogonal_radius

s
¥

bottom_condition

Figure 2 — Closed pocket
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ENTITY closed_pocket ¢ ml >
SUBTYPE OF (pocket);
feature_boundary: closed_profile;
(*Informal propositions:
- The entire profile lies in the feature®"s local xy plane.
- The profile is closed and not self-intersecting.
*
)
END_ENTITY;

feature_boundary: The shape or outline that describes the upper edge of the pocket. It is an
enclosed area that has a mmplpfply closed prnfilp The pmfilp qlnecifies the

area required by a closed pocket.

455.2 Open pocket

D

Defived from the class pocket. An open pocket is a pocket which is not a closed/pocket. Its featur¢ boundary
is given by a wall contour.

open_boundary

wall_boundary

Figure 3 — Open pocket

ENTITY open_pocket G ml >
SUBTYPE OF (pocket);
open_boundary: open_profile;
wall_boundary: OPTIONAL open_profile;

(*Informal propositions:
- The entire open_boundary profile lies in the local xy plane.
~-The profile are is not self-intersecting.
=~Together the two open_profiles form a closed profile.

- wall_boundary is for information only.
ik

END:ENTITY;
open_boundary: The outline or shape that forms the upper edge of the open_pocket. The
profile specifies the area required by open pocket. When travelling along the
profile based as defined by its sense, the material lies on the left side of the
profile. The open_boundary lies within the features xy-plane (z=0).
wall_boundary: The outline or shape that forms the side edge of the open_pocket. It forms a

closed profile together with open_boundary. Note that this contour will be
most likely defined implicitly by the selected tool and the fillet options
inherited from machining_feature. If given, it will be informative only.

© 1SO 2004 — All rights reserved 15
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455.3 Pocket bottom condition

This entity describes the shape of the bottom of a pocket.

ENTITY pocket_bottom condition < ml *)
ABSTRACT SUPERTYPE OF
(ONEOF (through_pocket bottom_condition, planar_pocket bottom_condition,

d'...-. Ad—unaecl + baottam anaat 0 naxreald acl + baottam ad -t i-an) )=
ra OSCTU POUCRKC T OO TTCON_COTay

END_ENTITY;

= = o n - H
CroTT; geTcTai_PUCRKC T OO TCTTCONT_COTO T CroTT)J—5

4.55.3.1 | Through pocket bottom condition

The pocket extends fully through the workpiece.

Figure 4 — Through pocket bottem condition

ENTITY through_pocket bottom condition G ml >
SUB['YPE OF (pocket_bottom_condition);
END_ENTITY;

4.55.3.2 | Planar pocket bottom condition

The pocket has a plane bottom.

floor_radius_center

depth

floor_radius depth

//

Figure 5 — Planar (left) and radiused (right) pocket bottom condition

ENTITY planar_pocket bottom_condition ¢ ml *)
SUBTYPE OF (pocket bottom condition);
END_ENTITY;
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455.3.3 Radiused pocket bottom condition

The pocket has a radiused bottom. As opposed to the use of the attribute planar_radius of the machining
feature, which may be used to specify a fillet, the entire bottom surface will be continuously curved.

ENTITY radiused_pocket bottom_condition ¢ ml *)
SUBTYPE OF (pocket bottom condition);
floor_radius_center: cartesian_point;
floor_radius: toleranced_length_measure;

END_ENTITY;

flopr_radius_center: Centre of the radius of the pocket floor. It is defined withinsthe features
coordinate system.

flopr_radius: Radius of the pocket floor. The radius creates a portionof a sphere on the
pocket floor. Concave or convex behaviour depemds upon the position of
floor_radius_center. Note that the diameter of the\Sphere must span at least
the perimeter of the pocket floor, or the result.will'be undefined.

Note that the depth of the pocket is determined by the combination of floor Zradius_center and floor [radius

455.3.4 General pocket bottom condition

Any bottom condition not covered by planar_bottom_condition ‘or through_bottom_condition. Gengral pocket
boftom condition defines a free-form surface at the bottom of a pocket.

Similar to the compound feature, the region referenced\by the attribute shape is not allowed to be jJassociated
with machining operations of its own. All machiningeperations to manufacture the pocket must be|defined by
the| attribute its_operations of the pocket itself.

ENTITY general_pocket bottom-condition ¢ ml >
SUBTYPE OF (pocket bottom:condition);
shape: region;
HERE
WR1: SI1ZEOF(shapeXmanufacturing_feature.its_operations) = 0O;
END_ENTITY;

shgpe: Description of the pocket floor as 3D surface in local xyz co-ordipates. Note
that the feature_placement attribute of shape will specify its posit{on relative
to the local co-ordinate system of the pocket, not relative to the|workpiece
co-ordinates.

The¢ packet's attribute depth should specify the maximum depth of the pocket. Note that the actupl depth of
thel pocket will be determined by the shape of the surface which is defined in 3D space. It will oyerride any
confticting data givern i the attrioute deptit.

456 Slot

The entity slot is closely related to the entity pocket. Generally speaking, a slot is a special kind of pocket. ISO
10303-224 lists slot as a separate entity. To be compatible, the entity slot is also included in this schema. The
attribute course_of travel describes the location and extension of the slot. Typically, the slot will be
manufactured by a single sweep of a tool along the course of travel. In this case, the width of the slot equals
the shape of the tool. In case of a milling operation the shape is given by the tool's diameter. If a workingstep
which manufactures this slot calls for a smaller tool, more than one cut will have to be made.

© 1SO 2004 — All rights reserved 17
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ENTITY slot

SUB'YPE OF (machining_ feature);

course_of travel:

swept_shape:

end| conditions:
WHERE

WR1fF ( ( SIZEOF(QUERY (it <* SELF.end_conditions |
("MACHINING_SCHEMA.LOOP_SLOT_END’ TYPE® IN TYPEOF(it)) )) = 1)

AND

OR

(*

Infprmal propositions:
- The entire travel _path Jlies in the local xy plane.
- The travel _path is not self-intersecting.

*

END_ENTITY;

course_of |travel:

swept_shape:

(SI1ZEOF(end_conditions) = 1))

(SI1ZEOF(end_conditions), <> 1);

\VZ |

"~ Slot with 2 open
ends

Slot with radiused end

Figure 6 — Different examples of slots

¢ ml )

travel _path;
open_profile;
LIST[0:2] OF slot_end_type;

Center line of the slot. The tool is moved along this path to achieve [the
manufacturing of the slot. As with the entity pocket, the upper edge is given.

The (contoured) cross-section generated by a the tool, required for [the
selection of the proper tool For simple rectangular slot profiles| a

end_conditions:

18
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For a slot closed on one side, end conditions may be given here. The
sequence is oriented conformable to the direction of the course_of _travel.
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45.6.1 Slot end type

Supertype of slot end types.

ENTITY slot_end_type G m1*)
ABSTRACT SUPERTYPE OF (ONEOF (woodruff _slot_end_ type, radiused slot _end_type,
flat_slot_end_type, loop_slot end type, open_slot _end type));

END_ENTITY;

4 e 7 T | \AL <l £ olas ot
UL L vvuuutrtutlt oTUL TITU Ly Jt

The¢ end of slot shall be a radius tangent to the slot bottom and curved upward about an axis.

Figure 7 — Woodruff type slot end type

ENTITY woodruff_slot _end_ type G ml *)
SUBTYPE OF (slot_end_type),;
radius: toleranced length_measure;

END_ENTITY;

radius: Radius of the slot end type. The radius continues tangential from[the bottom
of the slot. It starts at the bottom of the slot where the course_of fravel ends.
The radius does not necessarily equal to the depth of the slot.

456.1.2 .Radiused slot end type

Th¢ end ‘of the slot consists of an arc. The diameter equals the width of the slot. The centre of the arc is
identical with the end point of course_of_travel.
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i of
left
'he

Figure 8 — Radiused slot end type
ENTITY radiused_slot_end_type ¢ m1,*%)
SUB'YPE OF (slot_end type);
END_ENTITY;
45.6.1.3 | Flat slot end type
The end of the slot consists of a flat line with two arcs connecting the end to the sides of the slot. The rad
the two args are given. When traversing the slot along its centre line from<tart to finish, the radius on the
side of the|centre line is corner_radiusl, the radius on the right side of-the centre line is corner_radius2. T
end point qf course_of_travel is in the flat end of the slot.
corner_radiusl corner_radius2 }
Figure 9 — Flat slot end type
ENTITY flat_sleti end type G ml >
SUB['YPE OR (slot_end_type);
corper_radiusl: toleranced_length_measure;
corper radius2: toleranced_length_measure;
END_ENTHY;
corner_radiusl: Radius of the first arc.
corner_radius2: Radius of the second arc.
45.6.1.4 Loop slot end type

The slot forms a loop. The attribute depth is used to determine the scalar profoundness of the slot. The
profoundness is equal to the smallest distance between the course_of travel and the planar face described by

the feature’

20

s attribute “depth”.
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course_of_travel

depth profoundness

Figure 10 — Loop slot end type

ENTITY loop_slot end type (* ml1 *)
SUBTYPE OF (slot_end type);
END_ENTITY;

456.1.5 Open slot end type

The¢ end of the slot is open.

Figure 11 — Open slot end condition

ENTITY open{slot_end_ type G ml >
SUBTYPECOF (slot_end_type);
END_ENTATYS

457~ Step

A step (or shoulder) is a volume of material removed from the top and the sides of the workpiece. Like an
open pocket, its contour is open to its sides. The part of the V-profile describing the step’s bottom lies in the
elementary surface defined by the feature’s attribute depth. The step may have one or more bosses as given
by the optional attribute.
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open_boundary

feature_placement
~ volume to

~
_ -1~ be removed
-
|

-
-

depth
wall_boundary
Figure 12 — Step
ENTITY step G ml >
SUB'YPE OF (machining_ feature);
opeh_boundary: linear_path;
wall_boundary: OPTIONAL vee profile;
its| boss: SET[0:?] OF boss;
(*
Infprmal propositions:
- The entire linear_path lies in the same plane.
*
END_ENTITY;
open_bour{dary: The outline or shape that forms the upper edge of the step. When travelling
along the curve based as defined by its sense, the material is to the left of the
curve.
wall_bounflary: The outline or shape that forms the side edge of the step, i. e. the “profilel of
the cut:
its_boss: A step may have one or more bosses..
4.5.8 Prdfile feature
A profile feature iSta*volume of material removed from the boundary shape of a workpiece. This is an abstjact
supertype pf genéral outside profile and shape profile.
ENTITY profTile_feature cC-mr ™)

ABSTRACT SUPERTYPE OF(ONEOF(general_outside_profile, shape_profile))
SUBTYPE OF (machining_feature);
profile_swept_shape: linear_path;

END_ENTITY;

profile_swept_shape: An 2D line, when combined with a profile, which creates the shape of the
profile feature. The placement of the linear path shall be the same as the
profile feature. The direction of linear shall be with the Z-axis toward the
direction of travel of the profile boundary.
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8.1

ISO 14649-10:2004(E)

General outside profile

A general outside profile is the removal volume of arbitrary shape from the outside shape of a workpiece. It
may remove material from the entire outside shape or some portion of the shape. The contour of the shape is
given by the attribute feature_boundary.

—_———

e ~
feature_boundary // 7 Y
\ - TS
—— ~,
-~ \\\

fea

4.5

A g
of
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(*

*

8.2

END_ENTITY;

ture_boundary:

Shape profile

7 << ~<
/

Figure 13 — General outside profile

ENTITY general _outside profile G ml >
SUBTYPE OF (profile_feature);
feature_boundary: profile;

Informal propositions:
- The entire profile lies in the local «y plane.
- The profile is not self-intersecting.,

The contour-of'the profile to be followed by the tool. Note that th
describes, the profile itself, not the tool path. When travelling
profile (based as defined by its sense, the material lies to the
profile:

hape profile is the-removal volume of shaped profile from the boundary shape of a workpiece.
he boundary, shape is limited by a floor condition. This is an abstract supertype of general sh
ial circularcshape profile, circular closed shape profile, rectangular open shape profile, and

sed shapé profile.

is attribute
along the
left of the

[he bottom
hpe profile,
ectangular
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be removed

. general_floor_condition
floor_radius

Figure 14 — Shape Profile

ENTITY shape profile G ml )

ABS[TRACT SUPERTYPE
OF(DNEOF(general_shape_profile,partial_circular_shape_profile,
circular_closed_shape profile,rectangular_open_shape profile,
rectangular_closed_shape_ profile))
SUB'YPE OF (profile feature);
flopr_condition: profile_select;
rempval _direction: direction;

END_ENTITY;

floor_condition: Specification of the shape of‘the bottom.

removal_djrection: A vector that points inthe general direction away from the material.

45.8.2.1 | Profile select

The floor cpndition of shape profile is_éither a through profile floor or a through profile floor.
TYPE profile_select =

SELECT (through_profile_floor, profile floor);
END_TYPE;

45.8.2.2 | Through profile floor

A through profile floor describes the bottom condition of a shape profile which is open

ENTITY through_profile_floor; G m1*)
END_ENTITY;

4.5.8.2.3 Profile floor

A profile floor describes the bottom condition of a shape profile which may be flat or any arbitrary shape.
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floor_radius:

start_or_end:

ISO 14649-10:2004(E)

ENTITY profile_floor G ml >
ABSTRACT SUPERTYPE OF(ONEOF(general profile_floor, planar_profile floor));
floor_radius: OPTIONAL numeric_parameter;
start_or_end: BOOLEAN;

END_ENTITY;

its is at the start of the shape_profile.

4.5

Ad

flo

4.5

AQ

END_ENTITY;

shape_profile walls.

8.2.5 Planar profile floor
lanar_profile_floor is a type of a profile_floor<that characterises the bottom of a shape_profile wh

ENTITY planar_profile_floor G m1*)
SUBTYPE OF (profile_floor);
floor: plane;

END_ENTITY;

flopr: Specification of a planar face at the bottom of a shape_profile.
458.2.6 General shape profile
A deneral_shape_profile is a type of shape_profile that is a volume of arbitrary shape which define
of the werkpiece.
ENTITY general shape profile - ml *)
SUBTYPE OF (shape profile);
profile_boundary: profile;

profile_boundary:

END_ENTITY;

that may or may not be entirely enclosed.

© I1SO 2004 — All rights reserved

The radius of curvature for an arc between the bottom and the sides.

If true, the profile_floor is positioned at the end of a shape_profile. If false,

8.2.4  General profile floor
eneral_profile_floor is a type of profile_floor that specifies an enclosed area bounded by an arbifrary shape.
ENTITY general_profile_floor G ml >

SUBTYPE OF (profile_floor);

floor: face;

DI’ Specification of the face at the bettom of a shape_profile, adjacent to all the

ch is flat.

S a portion

Specification of the outline of the shape_profile feature. It defines an area

25
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4.5.8.2.7 Partial circular shape profile

A partial_circular_shape_profile is a type of shape_profile that defines a volume that is not enclosed on all
sides.

ENTITY partial_circular_shape_profile

¢ ml*)
SUBTYPE OF (shape profile);
open_boundary: partial_circular_profile;
END_ENTITY;

open_bourdnry' Qpnrifirafinn of the outline of the thlnp_lnrnfilp feature It defines an area
that shall be circular and shall not be enclosed.

4.5.8.2.8 | Circular closed shape profile
A circular_|closed_shape_profile is a type of shape_profile that defines a completely jehtlosed volume. This
may have @ thread.
ENTITY circular_closed_shape_profile ¢ ml >
SUB'YPE OF (shape profile);
cloged_boundary: circular_closed_profile;
END_ENTITY;

closed_boyndary:

Specification of the outline of the-shape_profile feature. It defines an grea
that shall be enclosed and circular.

4,5.8.2.9 | Rectangular open shape profile
A rectangy

lar_open_shape_profile is a type ,ofishape_profile that is an open profile with opposite sides that
are of equal length and with one side that does’‘not make contact with the workpiece.

ENTITY rectangular_open_shape profile

- m1 *)
SUBTYPE OF (shape_profile);
opeh_boundary: square_u_profile;
END_ENTITY;

open_boundary:

Specification of the outline or shape that is an enclosed area that is open/on
one side.

4.5.8.2.10 | Rectangular closed shape profile

A rectangular_closed_shape_profile is a type of shape_profile that is an enclosed volume with opposite sides
that are equal in length.

ENTITY rectangular_closed_shape_profile

¢ ml*)
SUBTYPE OF (shape_ profile);
closed_boundary: rectangular_closed profile;
END_ENTITY;

closed_boundary:

Specification of the outline or shape that is an enclosed area that has a
completely closed profile.

26
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4.5.9 Round hole

ISO 14649-10:2004(E)

This entity defines both holes and threaded holes. The feature placement of a hole is the centre point at the
surface, i. e. the hole is located at x = y = 0 in the local co-ordinate system. The specified (positive) depth
causes the tool to advance into the hole in negative z direction.

Note that the bottom of the hole is not considered in the hole’s depth.

Round hole

|
|
W

Through end

ENTITY round_hole

diameter:
change_in_diameter:
bottom_condition:
END_ENTITY;

diameter:

change_in_diameters

boftom_condition:

SUBTYPE OF (machining_feature);

T Tapered end
Blind end

Figure 15 “<Hole types

¢ ml )

toleranced_length_measure;
OPTIONAL taper_select;
hole_bottom_condition;

The diameter of the hole. The diameter is measured in the xy-plane where z
=0.

An optional parameter used to specify holes with a taper.

Specification of the bottom of a hole.

457971 Taper seiect

The taper select indicates the manner by which a taper is described. A taper may be described either by

diameter or by angle.

TYPE taper_select =

SELECT (diameter_taper, angle_ taper);

END_TYPE;

© I1SO 2004 — All rights reserved
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Diameter taper

Entity to describe a taper by its final diameter.

|
|
|
|
|
|

dapnth.
depth
A 4
final_diameter
Figure 16 — Diameter taper
ENTITY diameter_taper; < ml *)
final _diameter: toleranced_length_measure;
END_ENTITY;
final_diamgter: The final diameter of the tapered hole-at\the indicated depth.
4.5.9.1.2 | Angle taper
Entity to describe a taper by its half angle.
I
|
' |
depth :
|
I
|
I
i angle
i
Figure 17 — Angle taper
ENTITY angle_taper; ¢ ml *)

ang

le:

END_ENTITY;

angle:

28

plane_angle_measure;

The angle of the tapered hole.
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459.2 Hole bottom condition

Abstract supertype for the description of a bottom of a hole.

459.2.1 Through bottom condition

En

4.59.2.2 Blind bottom condition

Su

the| workpiece, but is not entirely open. The depth of the hole-is the length of the cylindrical section ¢

ENTITY hole_bottom_condition G ml >
ABSTRACT SUPERTYPE OF (ONEOF (blind_bottom condition,
through_bottom_condition));

END_ENTITY;

0:2004(E)

ity which describes a hole bottom which is open.

ENTITY through_bottom_condition G ml >
SUBTYPE OF (hole_bottom_condition);
END_ENTITY;

bertype to describe different types of blind bottom conditions?)The bottom may break through th¢

Conical hole bottom Flat hole bottom

l Spherical hole bottom Flat with radius hole bottom

¥ v
O
Kl

%l .

Figure 18 — Bottom conditions of holes

ENTITY. blind_bottom condition G m1*)
ABSTRACT SUPERTYPE OF (ONEOF(Fflat_hole bottom, flat with_radius_hole]

e bottom of
f the hole.

bottom,

spherical_hole_bottom, conical_hole_bottom))
SUBTYPE OF (hole_bottom_condition),
END_ENTITY;

© I1SO 2004 — All rights reserved
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459221 Flat hole bottom
A hole with a flat bottom.
ENTITY flat_hole_bottom G m1*)

SUBTYPE OF (blind_bottom condition);
END_ENTITY;

459222 Flat with radius hole bottom

A hole with a flat bottom which has a radius.

ENTITY flat_with_radius_hole_bottom
SUB'YPE OF (blind bottom condition);

corper_radius: toleranced_length_measure;

END_ENTITY;

corner_radjius: The radius of the corner in the bottom.

459.2.2.3 Spherical hole bottom
A hole with a spherical bottom.

ENTITY spherical_hole_bottom
SUB'YPE OF (blind_bottom condition);

radjius: toleranced_length_measure;

END_ENTITY;

radius: The radius of the spherical hole bottom.

Conical hgle bottom

¢ml %)

¢ ml )

A hole with] a conical bottom, as manufactured with a standard drill. A conical bottom is a constant decreaseg in

diameter uptil the diameter is :Zero’, or until it becomes tangent to a tip radius.

depth

tip_angle

tip_radius

Figure 19 — Conical hole bottom

30

© 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=a610f3277ead2916b7b35b886649ddcd

ISO 14649-10:2004(E)

ENTITY conical_hole_bottom ¢ ml*)
SUBTYPE OF (blind _bottom condition);
tip_angle: plane_angle_measure;
tip_radius: OPTIONAL toleranced_length_measure;
END_ENTITY;
tip_angle: The angle of the tip.
tip_radius: Optional attribute for specification of a tip radius. Default is zero.

4.510 Toolpath feature

To

enable the definition of tool movements not covered by the previously listed features)\the toolp

has been introduced. Explicit toolpaths shall be assigned to the operations associated'with this fea

Th

des

ENTITY toolpath_feature ¢ ml *)
SUBTYPE OF (machining_ feature);
END_ENTITY;

manufacturing features and all operations offer the possibility t0 assign manually programmed t

the

controller and offer the CAM system complete control over the.machine.

So

even if some special tool movement is needed it is-preferred to use a regular manufacturing f

the| associated workingsteps and attach explicit tool paths to the workingsteps.

h_feature
ure.

S feature shall only be used if instead of a geometry like an explicit féature, a region, etc. there ig only to be
cribed a toolpath. Regular manufacturing features should be,used whenever possible. Ndte that all

bolpaths to

Im. Such toolpaths will always override any automatic géneration of tool movements by the machine

pature with

4511 Boss
A Qoss is a feature which has to be related-to an other feature. No separate workingstep can be assigned to
manufacture a boss (i.e. it is not possible to first cut the feature and then cut the boss). Instead, the boss is
thegl material which remains unworked after the machining of a feature with a boss. For this reason, [poss is not
an ndependent machining featurebut exists only as an attribute.
|
slope d
'S height
S S S S S S S S S S S
Figure 20 — Boss
ENTITY boss ¢ ml*)

SUBTYPE OF(machining_feature);

its_boundary: closed_profile;

slope: OPTIONAL plane_angle_measure;

(*

Informal propositions:

- The entire profile lies in the same plane.

- The profile is not self-intersecting.

*

END_ENTITY;
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its_boundary:

The contour of the boss at the top of the boss. The contour at the bottom
may be calculated by traversing the slope along the contour. Also, for the
boss to have a well-defined height, its_boundary should be parallel to the
bottom of the parent feature. When travelling along the profile based as
defined by its sense, the material is to the left of the profile.

slope: The slope of the contour of the boss relative to the local z axis of the parent
feature. The default is O degrees.

4.5.12 Spherical cap

This featu

e is circular about an axis of rotation. It consists of all points at a given distance ‘\from a p

Dint

constituting its centre. The centre is defined by it's placement, that is not located in the feature's highest pdint,

but in the gphere's centre.

ENTITY spherical_cap

SUB'YPE OF (machining_ feature);

internal_angle:
radjus:
END_ENTITY;

internal_argle:

¢ ml )

numeric_parameter;
numeric_parameter;

The size of an angle from an axis for:defining a portion of a sphere.

radius: The constant distance from gpoint for defining a sphere.
Internal Angle Sphericql‘__(}g__;
/// Z Y Radius
______ Ly X
Cylinder / Boss
Plane

Figure 21 — Spherical cap
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4.5.13 Rounded end
A rounded end is a partially circular shape passed along a linear path.
course of travel

rounded end
partial circular boundary

Figure 22 — Rounded end

ENTITY rounded_end G ml >
SUBTYPE OF (machining_feature);
course_of_travel: linear_path;

partial_circular_boundary: partial_cifcular_profile;
END_ENTITY;

coyrse_of_travel: A straight line with magnitude and direction.

paftial_circular_boundary: The ar¢_that when swept along a path defines the area on a workpiece for
vollime removal.

4.514 Compound feature

A qompound featurelis)a feature composed of two or more features. As opposed to the replicate feature, there
is mo regular spacing between the elements of the compound feature. In general, they will also ngt be of the
sarne type.

The volume~of removed material of the compound feature is the union of all volumes of the elements of the
comppound feature. It is illegal to create a compound feature where the volumes of the elements are not
conpriected in such a way that their union can be machined.

Note that the individual elements of the compound feature are associated with machining operation. In
addition the compound feature includes by the attribute its_operations all operations of its minor elements.
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coumpound_feature
| feature 1 / \
feature A feature B
| feature 2 \
|
depth N
(feature 1) \# 7 / /
depth — L — feature 3 ]
(feature 2)\\\‘\\\\>f/ / ’///771;,/~””"’
deptt — - -
(fefiture 3) ™ D T ~ I\
_— it _— AN =
depth depth
(feature A) (feature B &)

Figure 23 — Compound feature

ENTIT

SUP
SUB

compound_feature
FRTYPE OF (ONEOF(counterbore_hole, countersunk_hole))
[YPE OF (two5D_manufacturing feature);

¢ ml )

elements: SET [2:?] OF compound_ feature_select;
WHERE

WR1f SIZEOF(QUERY(e <* elements |

SI1ZEOF(e\manufacturing_feature.its_operations) <> 0)) = 0;
END_ENTITY;

elements: Set of features composing the compound feature. Note that (the
feature_placement attribute of the elements will specify their position
relative to the local co-ordinate system of the compound feature, not relative
to the workpiece co-ordinates.

45.14.1 [ompound feature select

Selection gf the elements of compeound_feature.

TYPE ¢ompound_feature“select = SELECT(
machining_feature; transition_feature

);
END_TYPE;
4.5.14.2 [Counterbore hole

The counterbore hole is a type of compound feature that consists of two round_holes. The round hole closer
to the counterbore’s placement has to have a larger diameter than the one more inside of the material. The
bottom of the former round_hole shall mate with the top of the latter round_hole. The orientation of
counterbore_hole shall be the same as the orientation of the latter round_hole. Both round_holes shall be co-
axial.

ENTITY counterbore_hole
SUBTYPE OF (compound_feature);
WHERE
WR1: SI1ZEOF(elements) =2;
WR2: (SIZEOF(QUERY ( it <* SELF.elements |
(("MACHINING_SCHEMA_ROUND_HOLE™®™ IN TYPEOF(it))) )) = 2);

¢ ml )
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WR3: SELF.elements[1l].diameter.theoretical_size <>
SELF.elements[2] .diameter.theoretical_size;
END_ENTITY;

Counterbore hole  Countersunk hole

]

Figure 24 — Counterbore and countersunk hele

4.514.2.1 Countersunk hole

The countersunk hole is a type of compound feature that.consists of two round_holes. The bottom of the
roynd_hole closer to the countersunk’s placement shall mate with the top of the round_hole mote inside of
maferial. The taper of the former round_hole shall be<larger than the diameter of the latter rpund_hole,
deg¢reasing to the same diameter at the point where_the two holes join. The orientation of countefsunk_hole
shall be the same as the orientation of the latter round_hole. Both round_holes shall be co-axial.

ENTITY countersunk_hole G ml >
SUBTYPE OF (compound_feature);
HERE
WR1: SI1ZEOF(elements) =2;
WR2: (SIZEOF(QUERY (it <* SELF.elements |
(("MACHINING_SEHEMA_ROUND_HOLE™ IN TYPEOF(it))) )) = 2);
WR3: SELF.elements[l].diameter.theoretical_size <>
SELF.elements[2] .diameter.theoretical_size;
WR4: NOT EXISTS(SELF.elements[1].change_ in_diameter) AND
EXISTS(CSELF.elements[2].change_in_diameter);
END_ENTITY;

4515 Replicate feature

eplicateis an assembly of a number of similar features, e.g. a circle of holes or a mesh of holes. The
ure is described only once and the number and spacrng of the feature is descnbed Note that the attribute
o position in

the repllcatlon pattern as specn‘led by the subtypes of repllcate feature

ENTITY replicate_feature G ml >
ABSTRACT SUPERTYPE OF (ONEOF(rectangular_pattern, circular_pattern,
general_pattern))

SUBTYPE OF (two5D_manufacturing_feature);
replicate_base_ feature: two5D manufacturing_ feature;

END_ENTITY;

replicate_base_feature: The feature which forms the basis of the replicate feature.
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45.15.1 Circular pattern

A circular pattern of features. A complete circle of features is a special case of circular pattern.

angular_offset 4 4
relocated feature

replicate base feature

l X
! >
|
replicate_base
_feature
base_feature_diameter
index
missir|g feature
base_feature_rotation = 0
Figure 25 — Circular Pattern
ENTITY circular_pattern G m1*)

SUB'YPE OF(replicate_feature);

angfle_increment: plane_angle_measure;

numper_of feature: INTEGER ;

relpcated_base_feature:\SET[0:?] OF circular_offset;

misging_base_feature: SET[0:?] OF circular_omit;

basg feature diameter: OPTIONAL toleranced_length_measure;

basg feature rotation: plane_angle measure;

END_ENTITY;
angle_increment: Angle between two elements of the pattern. A positive angle meanp
counter-clockwise increment when looking towards the plane in negatiVie z
direction.
number O'I fonturo: Thototal nuumhaor of foatuurac 1n tho ranlicata faatiira Tha maviimum inda of

—rcoatoTrcs e ToTaT o T T ot T O TCOtOT OO 1T T T O PTToTtC _TeatoT o T IS THCOSHT T o T o

the circular pattern is calculated from number_of feature plus the number of
elements in the missing_base feature set. The maximum index times
angle_increment should not exceed 360° or the behaviour will be undefined.

relocated_base_feature: Optional description of relocated features.
missing_base_feature: Optional description of omitted features.
base feature_diameter: The diameter of the circular pattern. It has to be specified if rotate_feature is

"false". If it is "true", the diameter can be calculated from the feature
position and the location of the centre.
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base_feature_rotation Specification of the angle to rotate one element in regard to the
of the previous element. The previous element is located in mathematical

4.5

negative direction (counter-clockwise) to the current element.

.15.1.1 Circular offset

Definition of elements offset from the circle of elements.

orientation

ENTITY circular_offset; G ml ™)
angular_offset: plane_angle_measure;
index: INTEGER;
END_ENTITY;
angular_offset: Offset of angle of the relocated element.
index: Number of the relocated element.
4.515.1.2 Circular omit
Definition of elements omitted from the circle of elements.
ENTITY circular_omit; G m1*)
index: INTEGER;
END_ENTITY;
index: Number of the-element to be omitted.
4.515.2 Rectangular pattern
The description of elements arranged in a rectangular pattern. This may be either a grid of elem
rows and m columns and a totalsatimber of n x m elements or a single line of m elements (n=1).
ENTITY rectangular \pattern ¢ ml *)
SUBTYPE OF(replicate_feature);
spacing: toleranced_length_measure;
its_direction: direction;
number_ef\rows: OPTIONAL INTEGER;
numbercef columns: INTEGER;
row.Spacing: OPTIONAL toleranced_length_measure;

rows ltayout direction: OPTIONAL direction;
relocated base feature: SET[0:?] OF rectangular_offset;

ents with n

missing_base_ feature: SET[0:?] OF rectangular_omit;
HERE
WR1: (

(SELF.number_of rows > 1 )
AND EXISTS(SELF.row_spacing)
AND EXISTS(SELF.row_layout _direction)

)1
END_ENTITY;

© I1SO 2004 — All rights reserved
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Figure 26 — Rectangular pattern
spacing: The spacing of the columns of the pattern. If there is only one row, thi is
also the spacing between the elements.
its_direction: Direction of the first row measured from the direction given in

feature_placement. It points into the direction of the row, describing the
order to manufacture the replicated feature.

number_of_rows: The number of rows. Default is one, i. e. the rectangular pattern is a line of
features. If number_of _rows is larger than one, the attributes row_spacing
and row_layout_direction need to be specified.

number_of columns: The number of columns.
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row_spacing: The spacing of the rows (optional, needed if number_of_rows is larger than
one).

row_layout_direction: Optional description of the direction of the first column measured from the
direction given in feature_placement. It points into the direction of the next
row.

relocated_base_feature: Optional description of relocated features.

missing base feature: Optional description of missing features.

Noje that the number of features can be calculated from the number_of rows,oumber_of columns,
migsing_base_feature, and relocated base feature.

4.515.2.1 Rectangular offset

Enfity to describe the position of a single relocated element within a rectangular pattern of elements|

ENTITY rectangular_offset; cml *)
offset direction: direction;
offset_distance: length_measure;
row_index: INTEGER;
column_index: INTEGER;
END_ENTITY;
offpet_direction: Direction of the-offset of the element.
offpet_distance: Amount.of offset of the element.
rov_index: Row_af the offset element.
column_index: Column of the offset element.

4.515.2.2 Rectangularomit

Enfity to omit one or.more elements of a rectangular pattern of elements.

ENTITY.Srectangular_omit; ¢ ml >
rows.rndex: INTEGER;
column_index: INTEGER;
END ENTITY;
row_index: Row of the omitted element.
column_index: Column of the omitted element.

4.5.15.3 General pattern

Definition of a general list of identical elements (used i.e. for identical holes positioned arbitrarily).
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ENTITY general_pattern

¢ ml )

SUBTYPE OF(replicate_feature);

rep

licate_locations: LIST [2:?] OF axis2_placement_3d;

END_ENTITY;

replicate_locations:

List of the placement of the features relative to the local co-ordinate sys
of general_pattern. The order of the features to be machined is given by
sequence of the features’ placements within the list.

tem
the

4.5.16 Trg

A transitio
between t\
transition f
edge roun
On the con
thus needs

ENTIT
ABS
SUB
fir
sec

END_EN

first_feature:

second_feg

45.16.1

A chamfer
chamfer ag

bnd_feature:

nsition feature

Vo planar faces or between a planar face and a pocket. Unlike in ISO 10303-224, only th
patures which are generated using additional tool movements are considered:fiere. Example:
| between a pocket and a planar face needs an additional manufacturing gperation (workingst
trary, a fillet between the sides and the bottom of a pocket results from the.geometry of the tool
no additional tool movement. It is therefore not considered in this context:

transition_feature

FTRACT SUPERTYPE OF (ONEOF(chamfer, edge_round))
[YPE OF (manufacturing_feature);

5t _feature: machining_feature;
machining_feature;

¢ ml )

TITY;
The first of the two features connected by the transition feature.

ture: The second of the two Teatures connected by the transition feature.

Chamfer

only this can be generated in a separate manufacturing operation.

first_offset_amount

e

is one of the two defined transition features for 2%D-machining This chamfer is always an oy

N feature may be added at the border of two features. Example: An edge round™ar a chanfer

Dse
An

p).
nd

ter

40

/

angle_to_plane

Figure 27 — Chamfer
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ENTITY chamfer G ml >
SUBTYPE OF (transition_feature);
angle_to _plane: plane_angle_measure;
Ffirst_offset_amount: toleranced_length_measure;
END_ENTITY;
angle_to_plane: Angle between the first feature and the chamfer face measured from the first
feature.
first_offset_amount: The offset of the chamfer measure from the edge of the first feature.

4.516.2 Edge round (fillet)

Anf|edge round is the other of the two defined transition features. In 2%2D-machiningy\it is generated using a
contoured tool which has to be selected according to the given fillet radius. The~edge_round is|always an

oufer fillet, since only this type of fillet can be manufactured in an extra manufactufing operation.

ENTITY eddgé_round

first
feature first_offset
amount
A
second_offset
radius amount

SUBTYPE OF (transition_feature);

second
feature

Figure 28 — Edge round

¢ ml )

radius: toleranced_length_measure;

first _offset_amount: OPTIONAL toleranced_length_measure;

second_offset_amount: OPTIONAL toleranced_length_measure;
ENB—ENTHY;

radius:

first_offset_amount:

second_offset_amount:

© I1SO 2004 — All rights reserved

Radius of the edge round.

The edge_round may or may not be tangent to the two features, this attribute
specifies the location of the edge round (see figure).

A non-tangent edge_round may or may not be symmetrical to the two

features. If it is not symmetrical, this feature specifies the location of the
edge round (see figure).
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4.5.17 Thread

A thread is a ridge of a uniform section on the form of a helix on the external or internal surface of a cylinder.
Each thread is either a catalogue_thread or a defined_thread.

ENTIT
ABS

major_diameter

partial_area_definition minor_diameter

pitch_diameter

B

applied_shape (e.g. cylinder)
Figure 29 — Thread

thread ¢ ml *)
TRACT SUPERTYPE OF(ONEOF(catalogue thread, defined_thread))

SUB'YPE OF(machining_feature);
pargtial_profile: partial_area definition;
applied_shape: SET[1:?],0F machining_feature;
inner_or_outer_thread: BOOLEAN;
qualifier: OPTIONAL descriptive_parameter;
fit| class: descriptive_parameter;
forp: descriptive parameter;
majpr_diameter: length_measure;
numper_of threads: numeric_parameter;
thread _hand: descriptive_parameter;
WHERE
WR1f ("MACHININGZSCHEMA.ROUND HOLE®" IN TYPEOF(applied_shape))
OR| (*"MACHININGVSCHEMA.CIRCULAR_CLOSED_SHAPE_PROFILE® 1IN
TYPEOF(appl fed_shape))
OR| ("MACHINING_SCHEMA.BOSS" IN TYPEOF(applied_shape));
END_ENTITY,
partial_profile: Specification of limitations of a surface to be applied on the thread.
applied_shape: Physical shape of the workpiece that will define where the thread will be
applied.
inner_or_outer_thread: A flag specifies whether or not a thread is applied as an internal thread or an
external thread.
qualifier: Additional text information that describes a thread.
42 © 1SO 2004 — All rights reserved
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fit_class:

form:

major_diameter:

ISO 14649-10:2004(E)

The value for the type of fit specification. These types are distinguished
from each other by the amount of the tolerance and allowance.

The definition of the shape of the thread. Various forms of threads are used
to hold parts together, to adjust parts with reference to each other, or to
transmit power.

The dimension of the largest diameter of the thread and is applied to both an
internal and external thread.

number_of_threads:

thread_hand:

4517.1.1 Partial area definition

The thread pitch when used with metric unit of measure and thel density of
threads per inch when used with English unit of measure.

A description of whether the thread is right or left handed. When viewed
toward an end, a right hand winds in a clockwise direction and @ left hand
winds in a counter clockwise direction.

A partial_area_definition includes the limitations of a surface for-applying a thread. It places a limitation on

hoy much and where to apply the thread on the cylindrical shape.

effective_length:

placement:

maximum_length:
END_ENTITY;

effective_length
placement:

makimum_length:

4.517.2 Catalggue thread

A ¢ataloguenthread is a type of
thr¢ads ena workpiece.

ENTITY partial_area_definition; G m1*)

length_measuré€;
axis2_placement_3D;
OPTIONAL -kength_measure;

The length of the thread which is usable.
The location and direction of the partial_area_definition.

The dimension along a surface to apply a thread. It limits The dimensional
distance limits the length along the surface axis for defining a thrdad.

thread that is defined by a document containing the informatiofp to create

ENTITY catalogue_ thread G ml >

SUBTYPE OF (thread);

documentation: specification;
END_ENTITY;
documentation: Specification of the document that defines information pertaining to a thread.

© I1SO 2004 — All rights reserved
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4.5.17.3 Specification

A specification is a document that defines information pertaining to properties or processes for a workpiece or
an aspect of a workpiece.

ENTITY specification; G m1*)
constraint: SET [0:?] OF specification_usage constraint;
specification_id: text;
specification_description: OPTIONAL text;
specification_class: OPTIONAL text;

END_ENTITY:

constraint: A set of the restrictions on the specification.
specification_id: A unique identifier of the document.
specification_description: A description of the content of the specification and any:notes in human

interpretable prose.

specification_class: A section within a specification that is divided into-elasses.

4.5.17.3.1| Specification usage constraint

A specificgtion_usage_constraint is a restriction on the application ef information defined within a specification.

ENTITY specification_usage_constraint; < ml *)
elepent: text;
clapgs_id: text;

END_ENTITY;

element: The particulat-piece or area of information that is being restricted within [the
specification.

class_id: The(data or range of data with respect to the element that defines |the
restriction imposed on the usage of the specification.

4.5.17.4 Pefined thread

A defined_fhread js-atype of thread that is specified explicitly.

ENTITY ,defined_thread G ml >
SUBLYPE_OF (thread):
pitch_diameter: length_measure;
minor_diameter: OPTIONAL length_measure;
crest: OPTIONAL length_measure;
END_ENTITY;
pitch_diameter: The dimension of an imaginary cylinder passing through the thread so as to
make equal the widths of the threads and the widths of the spaces cut by the
cylinder.
minor_diamter: The dimension of the smallest diameter of the defined_thread and is applied

to both an internal and external thread.

44 © 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=a610f3277ead2916b7b35b886649ddcd

ISO 14649-10:2004(E)

crest: The distance between the opposing points of the thread. It is formed by the
intersection of the sides of the thread if extended, if necessary, beyond the
top of the thread.

4.5.18 Profile

A profile is a planar outline used in the definition of a feature. A profile may be either open or closed. A profile
shall be in the X-Y plane and may have an orientation that will position it in reference to the local coordinate
syqtem of a manufacturing_feature, which may require a profile as a part of its definition.

ENTITY profile G mL *)
ABSTRACT SUPERTYPE OF(ONEOF(closed profile, open_profile));
placement: OPTIONAL axis2_placement 3d;

END_ENTITY;

placement: Specification where to locate the profile in referénce to the orientgtion of the
manufacturing_feature. If not given, the orientation is at the zero point of the
manufacturing_feature.

4.518.1 Open profile

Anfopen_profile is a type of profile that is an outline or shape with no enclosing or confining bounds. The open
ends of the profile may extend infinitely.

ENTITY open_profile G m1*)
ABSTRACT SUPERTYPE OF
(ONEOF (linear_profile, square u profile, rounded u profile, tee profile,
vee_profile, partial_circular_profile, general_profile))
SUBTYPE OF(profile);

END_ENTITY;

4.518.1.1 Linear profile

A llnear_profile is a type\.of open_profile that is a straight line of a specified length. The linear_grofile shall
haye orientation parallel-to the X-axis.

ENTITY linear_profile G m1*)
SUBTYPE~OF (open_profile);
profile_ length: numeric_parameter;

END_ENTITY;

prdfile’ length: The length of the profile.

4.5.18.1.2 Square U profile

A square U profile is a type of open profile that is bounded by three lines. One is the base line and has a
defined length. The other two lines begin at the ends of the base line, and extend infinitely at any obtuse or
acute angle that is equal to or larger than a right angle. The corners of the square U profile need not be
blended by a radius.
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Figure 30 — Square U profile
For a rectgngular slot, all values except for the width shall be zero.
ENTITY square_u_profile - ml *)
SUB'YPE OF (open_profile);
widgh: toleranced_length_measure;
firgt_radius: toleranced_length_measure;
firgt _angle: plane_angle_measure;
secpnd_radius: toleranced_length_measure;
secpnd_angle: plane_angle_measure;
END_ENTITY;
width: The size of the base linefor a square U profile.
first_radiug: The radius shape blend between one side of the profile and the base.
first_angle The angle of-the one side of the profile measured against the local z axis.
second_radius: The radius shape blend between the second side of the profile and the basg.
second_angle: The-angle of the another side of the profile measured against the local z axis.
4.5.18.1.3| Rounded Ugprofile
A rounded|U profilexs’a type of open profile that is a shape bounded by two parallel lines and a semicircle.
width
L
Figure 31 — Rounded U profile
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ENTITY rounded_u_profile
SUBTYPE OF (open_profile);

width:
END_ENTITY;

width:

45.18.1.4 T profile

toleranced_length_measure;

Distance across the rounded u profile.

ISO 14649-10:2004(E)

¢ ml )

A T profile is a type of open profile the cross-section of which has the shape of the letter "T"~Th¢ attributes

arg explained in the figure.

AN fhstﬁoﬁset
first_angle /P\\ L /
R -
_width_
1
! second_
second :<9tf§e-t'
Cross_bar
_depth

depth

D

ENTITY tee_profile

first_angle:
second_angle:
cross_bar_width:
cross _bar_depth:
radius:

width:

First offset:

Figure 32 — T profile

SUBTYPE OF (Copen_profile);

plane_angle_measure;

plane_angle_measure;

toleranced_length_measure;
toleranced_length_measure;
toleranced_length_measure;
toleranced_length_measure;
toleranced_length_measure;

¢ ml )

second_offset:
END_ENTITY;

first_angle:

second_angle:

cross_bar_width:

cross_bar_depth:

© I1SO 2004 — All rights reserved

toleranced_length_measure;

Angular measurement for creating a chamfer on the open end.

Angular measurement for creating a chamfer between the stem and the cross

bar parts of a T profile.
Width of the T cross bar.

Depth of the T cross bar.
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radius: Arc size for blending the sides of a tee cross bar.

width: Width of the T stem.

first_offset: Distance from the edge of the T stem to create a chamfer on the open end.
second_offset: Distance from the edge of the T stem to create a chamfer a distance from the

edge of a surface to the finish of a chamfer.

4.5.18.1.5| V profile

AV profilegl is a type of open profile that is a shape bounded by two lines that connect at a point ‘and exténd
infinitely. The enclosed angle is less than 180 degrees.

tilt_angle

profile_
angle

profile..
radius

Figure 33 — V-profile

ENTITY vee_profile G ml >
SUB'YPE OF (open_profile);
profFile_radius: toleranced length_measure;
profile_angle: plane_angle_measure;
tilt_angle: plane_angle_measure;

END_ENTITY;

profile_radius: Size of the blend radius at the point of the V or where the two sides cgme
together.

profile_angle: The size of the angle between the two sides of the V profile.

tilt_angle: The size of the angle between one side of the V profile and the surroundjing

workpiece surface.

4.5.18.1.6 Partial circular profile

A partial circular profile is a type of open_profile that is specified by an arc. The arc shall be a constant radius
swept about a point. The orientation of the profile shall be positioned at the origin of the are, with one end
point of the arc on the X-axis.
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Figure 34 — Partial circular profile

ENTITY partial_circular_profile G ml >
SUBTYPE OF (open_profile);
radius: toleranced_length_measure;
sweep_angle: plane_angle_measure;

END_ENTITY;

radius: The size of the arc to define a partial circular profile.

sweep_angle: The size of the angle to define a circular shaped profile.

4.518.1.7 General profile

Any profile as defined by an arbitrary contour.

ENTITY general_profile G ml >
SUBTYPE OF (open_profile);
its_profile: bounded_curve;
(*

Informal propositions:

- The entire profile lies in the local yz plane.
- The profilénis not self-intersecting.

*

END_ENTITY;

its | profile: A contour describing the general profile.

4.5.18.2 Closed profile
A closed_profile is a type of profile that is an outline or shape that bounds an enclosed area with no opening.

ENTITY closed_profile G ml >
ABSTRACT SUPERTYPE OF
(ONEOF (rectangular_closed _profile, circular_closed_profile, ngon_profile,
general_closed_profile))
SUBTYPE OF(profile);

END_ENTITY;
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45.18.2.1 Rectangular closed profile

A rectangular_closed_profile is a type of closed_profile that is an enclosed area bounded by four sides with
opposite sides equal in length and corners at 90 degrees. The orientation is at the center of the rectangle, the
X-axis is parallel to the length of the rectangle and the Y-axis is parallel to the width.

)

profile_width X

< L

profile_length

Figure 35 — Rectangular closed profile

ENTITY rectangular_closed _profile ¢ ml *)
SUB'YPE OF(closed profile);
profile width: toleranced_length_measures;
profile_length: toleranced_length_measure;

END_ENTITY;
profile_widlth: The size of the shortest side of the rectangular_profile.
profile_length: The size of the longest side of the rectangular_profile.
4.5.18.2.2| Circular closed profile

A circularclosed_profile is a type of closed_profile that is an enclosed area bounded by a circle. The
orientation|is at the center of the circle:

Figure 36 — Circular closed profile

ENTITY circular_closed_profile - ml *)
SUBTYPE OF(closed profile);

diameter: toleranced_length_measure;
END_ENTITY;

diameter: The distance across the circular_closed_profile.
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4.5.18.2.3 Ngon profile

An ngon_ profile is a type of closed_profile that is an enclosed area bounded by three or more connected
straight line sides. The orientation is at the center of the profile with one side of the ngon parallel to the X-axis

Y . diameter - Y

:’*"‘\ ‘

number_of_sides =6 number_of~sides =5
circumscribed_or_across_flats = False  circumscribed_or_across_flats = True

crossing the Y-axis at a negative value.

Figure 37 — Ngon.profile

ENTITY ngon_profile ¢ ml *)
SUBTYPE OF(closed_profile);
diameter: toleranced length_measure;
number_of sides: INTEGER,;

circumscribed _or_across_flats:) BOOLEAN;
END_ENTITY;

diajmeter: The'size of the circle which surrounds the ngon or is surrounded by the ngon.
It depends on the flag of circumscribed_or_across_flats.

number_of _sides: Number of sides needed for the ngon.

cirgumscribed_or_across)flats:If false, the ngon is surrounded by a circle with the specified diameter. If true,
the ngon surrounds a circle with the specified diameter.

4.518.24~General closed profile

A (onnml_r‘lnend_prnfiln is a type of rlncnd_prnfiln that is_an enclosed area hounded hy a nrhitrary shape.
The orientation is defined by the explicit geometry of the shape.
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closed_profile_shape vy

X
Figure 38 — General closed profile
ENTITY general_closed_profile Gt *)
SUB['YPE OF(closed_profile);
cloged profile_shape: bounded_curve;
END_ENTITY;
closed_prafile_shape: A bounded curve that defines the arbitrary shape of the profile.

4.5.19 Trgvel path

A travel_path is a continuous set of curves that define a direction of travel. These curves do not intersec

duplicate t
of the mac

ENTIT
ABS
pla

END_ENTITY;

placement:

45191

A General |

nemselves. A travel_path may have its own orientation in reference to the local coordinate syst
hining_feature which requires it as a part of a feature definition.

travel path ml >

TRACT SUPERTYPE OF(ONEOF(general path, linear_path, circular_path));
cement: OPTIONAL axis2_placement 3d;

of\the manufacturing_feature. If not given, the orientation is at the zero p
of the manufacturing_feature.

General path

| path is a type of path that is a direction of travel along an arbitrary curve.

Specification where to locate the travel_path in reference to the orientaﬂjon

or

int

ENTITY

AN

geret aj_path (+ miE

SUBTYPE OF(travel path);
swept_path: bounded_curve;
END_ENTITY;

swept_path: A continuous set of curves that define an arbitrary direction of travel.

4.5.19.2

Linear path

A linear_path is a type of path that is a direction of travel along a line.

52
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ENTITY linear_path G ml >
SUBTYPE OF(travel path);
distance: toleranced_length_measure;
its_direction: direction;

END_ENTITY;

distance: The length of the path.

its_direction: A vector which indicates the direction of the path starting from the path
placement.

4.519.3 Circular path

Th

of the feature.

radius: The constant distance from-an axis for the circular_path

4.5

A d
poi

4.5

A
arg

b cicular_path is a type of path that is a direction of travel along an arc of constant'radius around

ENTITY circular_path G ml >
ABSTRACT SUPERTYPE OF(ONEOF(complete circular_path,~partial _circular|
SUBTYPE OF(travel_path);
radius: toleranced_length_measure;

END_ENTITY;

.19.3.1 Complete circular path

omplete_circular_path is a type of circular_path that is a direction of travel that begins and end
nt on the arc.

ENTITY complete_circular_path ¢ ml >

SUBTYPE OF(circular_path);
END_ENTITY;

.19.3.2 Partial cir¢ular path

the Z-axis

 path))

5 the same

tant radius

artical_circulas \path is a type of circular_path that is a direction of travel along an arc of cons
und an axis;;The path shall begin and end at different points on the arc.
ENTITY partial_circular_path G ml >
SUBTYPE OF(circular_path);
sweep_angle: plane_angle_measure;

END_ENTTTY,

sweep_angle: The size of the angle to define an arc shaped path.

4.5

.20 Surface texture parameter

A Surface_texture_parameter is a combination of a parameter name and possibly indices describing one
particular parameter of a surface texture such as roughness or waviness

© I1SO 2004 — All rights reserved
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ENTITY surface_texture_ parameter; G ml*)
its value: parameter_value;
parameter_name: label;
measuring_method: identifier;
parameter_index: OPTIONAL identifier;
applied_surfaces: SET [1:?] OF machined_surface;

END_ENTITY;

its_value: The value of the surface_texture_parameter.

parameter [name: The name of the surface_texture_parameter. For example, a typical
Surface_texture_parameter according to 1SO 4287 is Ra; in this g€asg, [the
parameter name is 'R' and the index is 'a".

measuring | method: The measuring_method specifies the method or standard that describes [the
method used to characterize the Surface texture. Where applicable [the
following values shall be used: 'ISO 4287 The lused surface texfure
parameters are defined in 1SO 4287; 'ISO 12085'~The used surface texture
parameters are defined in 1SO 12085; 'ISO 13565:-The used surface texture
parameters are defined in 1ISO 13565.

parameter [index: An index that specifies the name of theimeasuring_method further.
applied_surfaces: Physical surface of machiningofeature that will define where [the

surface_texture_parameter will be-applied.

4.5.20.1 Machined surface

The physiqgal surface of machining_feature where the surface_texture_parameter will be applied.

ENTITY machined_surface; G ml >
its| machining_feature: machining_ feature;
surface_element: bottom or_side;

END_ENTITY;
its_machining_feature: The physical shape of the workpiece where the machined_surface belongs.

surface_el¢ment: The selection of the location of the machined_surface in reference| to
its_machining_feature

4.5.20.1.1 | Bottom or side

Selection ofthelocation-of a-surface-inreference-to-the-machining—feature-

TYPE bottom or_side =
ENUMERATION OF (bottom, side, bottom and_side);
END_TYPE;

4.6 To make things happen: Executables

4.6.1 Executable
Executable is the base entity of all executable objects. They initiate actions on a machine and shall be

arranged in a defined order. There are three types of executable objects: workplans, nc_function, and
workingstep.
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ENTITY executable - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF( workingstep, nc_function,program_structure));
its id: identifier;

(*

Informal proposition:
its_id shall be unique within the part programme.
*)

END_ENTITY;

its_id:  The executable’s identifier. It shall be unique within the part programme.

wdrkingsteps (Section 4.6.2) describe manufacturing or handling operations which involve interpolating axes,
i.e./whose execution normally spans a certain period of time and which can only be executed in ¢onjunction

with a workpiece. They have attributes which describe the state of the machine during their:exécutig

NQ functions on the other hand describe switching operations or other non-interpolating machine fy
i.e.|typically singular events. The current NC functions are listed in section 4.6.3.

Prggram structures (Section 4.6.4) are used to build logical blocks fop~structured programm

n.

nctionality,

ing of the

manufacturing operation The program structures, not the list of manufacturing features, have the authority

ovér the actual manufacturing sequence. The most important structure, is-the workplan which pro

ides linear

sequence of executables. To arrange the manufacturing sequence(in' an arbitrary manner, structures for

panallel processing, loops and conditional execution can be used.

4.6.2 Workingstep

The workingsteps represent the essential building blocks of an ISO 14649 NC programme. They c3
technology-independent actions, like rapid moyvements or probing operations, or machining w
wh|ch relate to the different technologies like milling, drilling, turning etc.

The¢ actual content of the workingsteps.is.specified in the entity operation and its subtypes. The rea
degign is the possibility to re-use the information specified for an operation for several featy
wofkpiece. An operation can be associated with multiple features and can be used in different |
wofkingstep, on the other hand;is unique. Duplicating a workingstep in a workplan will replicatg
same physical machine action,;-For more information on operations see Section 4.7.1.

Warkingsteps describermanufacturing or handling operations which involve interpolating axes. T
degcribe a sequence.of events in time but rather the conditions under which the operation
pefformed. For example, the workingstep calls for a specific tool which is required for an operatio
sp¢cify the use‘of coolant. It does not, however, specify at exactly which moment the tool ne
changed and~whether the tool change or the activation of the coolant comes first. These decisions
thel programimer or in real time to the NC controller. If in this example the requested tool is alre
spipdle.during the previous workingstep, the NC controller will decide not to perform any tool chang

n either be
rkingsteps

son for this
res of the
bcations. A
the exact

hey do not
has to be
h, and may
peds to be
are left to
ady in the

aY

and exact

At thedlowest level of information prn\/irlnri h\]l 1ISO 1/IR/IQ, the. npnrafinnc can-also contain-an nvplir‘i

description of the toolpath if this is required by the CAM system or the NC controller. For the explic
of tool movements, see Section 4.8.1.

ENTITY workingstep * m0 *)
ABSTRACT SUPERTYPE OF (ONEOF (machining_workingstep, rapid_movement,
touch_probing))

SUBTYPE OF (executable);
its_secplane: elementary_surface;
END_ENTITY;
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its_secplane: The security plane for the workingstep. On or above this plane, i. e. for z
values greater than those of the elementary_surface, a safe movement of the
tool without danger of collision is possible. The dimensions given are
relative coordinates as measured from the workpiece co-ordinate system or,
if this workingstep is associated with a manufacturing_feature, in the local
co-ordinate system of the feature.

4.6.2.1 Machining workingsteps

Machining worki y

the other Workingsteps, machining workingsteps cannot exist independent of a feature. Rather, theyspegify

the association between a distinct feature and an operation to be performed on the feature. This removes [the

ambiguity pf the n:1 relation between features and operations, thus creating an unambiguous specification

which can

As the und
of technold
Upon the ¢
the machin

The machi
its_technol

be executed by the machine.
erlying operation, the machining workingstep is characterised by the use of a single tool and a

xecution of a machining workingstep the first operation will be, if necessaty, a tool change. Du
ing workingstep, no tool change is possible.

ogy) before the operation of the workingstep commences. If theé¢machine is unable to reach th

set

gical parameters which normally remain constant during the reign of this machining workingstep.

ing

he is instructed to reach the operating conditions specified by its_operation (attributes its_tool and

pSe

conditions [during the preceding workingstep (e.g. during a preceding rapid’movement) a halt will occur befpre
the executfon of the workingstep until all parameters are stable.
See the technology specific parts of ISO 14649 for details on aperations, especially on how the association
between the feature and the operation will change the interpretation of the operation.
ENTITY machining_workingstep  m0 *)
SUB'YPE OF (workingstep);

its| feature: manufacturing_feature;
its| operation: machining- operation;
its| effect: OPTIONAL in_process_geometry;
END _ENTITY;
its_feature Themanufacturing_feature upon which the workingstep operates.
its_operatipn: The operation which will be performed upon the manufacturing_featire.
The operation must be a member of the manufacturing_feature's list| of
operations.
its_effect: The change to the geometry of the workpiece effected by the operation| A
CAM system can use this attribute to describe the predicted effect of this
operation on the geometry of the workpiece. If given the controller fan
compare the geometry change described by this attribute with the geometry
THange predicted by TS mermat atgorthnT, 1SO 14649 does ot aescribe flow
closely the two geometries must match in order for the controller to be

considered to be in conformance..

Based on the interpretation of the underlying operation a machining workingstep typically has a well-defined
start and end point of the tool motion. Thus it will not generally be possible that two subsequent elements in a
workplan are machining workingsteps. A gap between the end point of the predecessor and the start point of
the successor shall cause the machine to stop.

There are three exceptions to this rule:

(a) the respective end and start points of two subsequent workingsteps happen to coincide,
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(b) a tool change is required between the two workingsteps in which case the controller has to calculate the
respective toolpaths to and from the tool change position,

(c) the start point of the workingstep is not well-defined and left to the NC controllers discretion, e.g. a pocket
finishing operation following a roughing operation where the finishing may start at either boundary of the
pocket. However, if an operation contains an explicit toolpath, start and end point are always well-defined.

So often a rapid movement will be used between two machining workingsteps in order to bridge the gap, see
Section 4.6.2.1.1.

AG 4 4 : "
4.6:2°1 % M _PTOCTESS_yEometry

Enfity to represent in-process geometry for additional checking routines. A CAM system,canp use this
infgrmation to describe the predicted effect of an operation on one feature. The controller ean compare the
gedmetry given in this entity with the geometry change predicted by its internal algorithm. SO 14649 does not
degcribe how closely the two geometries must match in order for the controller ta_be considered to be in
conformance.

ENTITY iIn_process_geometry; ¢ ml *)
as_is: OPTIONAL advanced_brep_shape/representation;
to_be: OPTIONAL advanced_brep_shape_representation;
removal : OPTIONAL advanced_brep _shape_representation;

HERE

WR1: EXISTS (as_is) OR EXISTS (to_be) OR EXISTS (removal);
END_ENTITY;

as [is: Attribute to describe the,geometry before an operation is executed.
to_fpe: Attribute to describe the desired effect of an operation.
removal: Volume remaqved by an operation.

4.6.2.2 Rapid movement

For rapid movements between-two workingsteps the entity rapid_movement is used. If no toolpath|is given, i.
e. the inherited attribute jts_toolpath is not set, the NC controller will move the tool in rapid motign from the
current position to the deginning of the next workingstep which needs to have a defined starting|point. The
connection will be dené.via the security plane.

If & toolpath js\specified, this toolpath will be executed in rapid motion. Note that a toolpdth of type
paffameterised, path can be used so as to avoid an explicit toolpath definition in cartesian spacg. This will
prgvide greater flexibility in case of changing start and/or end points of the neighbouring workingsteps.

Unlike.a machining workingstep, the rapid movement by itself has no well-defined start and end ppint unless

an vbolicit-taalnath-ic-cnacificd in - cartacian cnaca
Pt tOT Pt TSP e e et Carte SrartSpate:

If rapid_movement is used during a five-axis machining operation, it will interpolate the tool direction between
the previous and the next workingstep. In this case, the tool will retract in the tool direction from the last point
of the previous workingstep. On the security plane the tool will rotate to the new tool direction, and then it will
move down in the tool direction for the first point of the next workingstep. No change of the tool direction takes
place during the lift and approach to and from the security plane.

However, if a toolpath is specified and the toolpath contains an explicit definition of the toolaxis then this
definition will prevail.
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ENTITY rapid_movement - m0 *)
SUPERTYPE OF (return_home)
SUBTYPE OF (workingstep, operation);

END_E

NTITY;

Note that the first element in a workplan needs to be a rapid movement without explicit toolpath in order to
move the tool from its unknown start position to the start point of the first machining operation.

4.6.2.2.1

This worki

Return home

coordinate|system with a pre-defined sequence. This should normally be the last operation in a workplan,

ENTIT

return_home G m0 %)

SUB'YPE OF (rapid_movement);
END_ENTITY;

4.6.2.3

This is the

for further

In future r
operations

Touch probing

consideration by the NC programme.

needs to bg associated with an appropriate measurement feature.

ENTITY touch _probing G ml >
ABS[TRACT SUPERTYPE OF (ONEOF (workpiece probing, workpiece_complete_probin
tooll _probing))

SUB'YPE OF (workingstep, operation);
meagured_offset: nc_vaviable;

END_ENTITY;

measured_pffset: The measured value of probing.

4.6.2.3.1

Workpiece prebing

Probing of a dimefsjon with one axis movement. Probing tool movement starts at start_position in
direction "glirection:"towards the workpiece. When the probe tool touches the workpiece, the machine st
and the differefice of expected_value and tool position is stored in the inherited attribute measured_offset.

ngstep positions all machine axes to the machine-defined home position in the absolute macHhine

supertype of touch probe workingsteps. Unlike other workingSteps, touch_probing returns a vdlue

bleases of this part of ISO 14649, touch_probing may-be moved to a separate part specifying
for measurement equipment. In this case it will be€eme a subtype of machining_operation and

the
DpS

Like machining_workingsiep, workpiece_probing has a well defined start point and cannot be the first element

in a workplan.
ENTITY workpiece probing G ml >
SUBTYPE OF (touch_probing);
start_position: axis2_placement_3d;
its_workpiece: workpiece;
its_direction: direction;
expected_value: toleranced_length_measure;
its_probe: touch_probe;

END_ENTITY;
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start_position: The starting position for the probing operation.
its_workpiece: The workpiece to be probed.
its_direction: The direction of the probing movement.
expected_value: The approximate value for probing.
its_probe: The identification of the probe which has to be used.
4.62.3.1.1 Touch probe
This gives an identification of touch probe which has to be used for workpiece probing-.

ENTITY touch_probe; G m1*)

its_id: identifier;

END_ENTITY;
its id: The identification of touch probe used:
4.6.2.3.2 Workpiece_complete_probing
This entity is similar to workpiece probing only that a complete measurement cycle at six locations gf the given
wofkpiece is automatically performed and the tramslation and rotational offset of the detected|workpiece
position compared to the given workpiece is computed. The locations of probing are automatically fletermined
by the NC controller based on the geometry of the workpiece. The offset vector is returned in comppted_offset

wh

Ba
we

its |

le the inherited attributed measured_offsetwill hold the average of all (six) measured offsets.

ed on the automatic determination-of'the probing locations, workpiece_complete_probing does
| defined start point.

ENTITY workpiece_complete_probing
SUBTYPE OF (touch)probing);

its_workpiece: workpiece;
probing_distance: toleranced_length_measure;
its_probe: touch_probe;

computed,y offset: offset_vector;

END_ENTITYS

\workpiece: The workpiece to be probed.

not have a

probing_distance:

at the beginning of each probing movement. This value shou

The distance between the probe’s tip and the workpiece normal to its surface

Id be well

above the maximum expected deviation between the actual position and the

workpiece position specified by its_workpiece.

its_probe: The identification of the probe which has to be used.

computed_offset: The attributes ‘translation’ and ‘rotate’ describe the actual workpiece position compared to
the position specified by the respective setup. It is computed as a result of the (six) measurements performed
by this workingstep.
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46.2.3.2.1 Offset vector

This entity is used to store the offset resulting from a workpiece probing operation. For entity nc_variable, see
section 4.6.4.9. All variables must have initial values, most likely zeros.

ENTITY offset_vector; G m1*)
translate: LIST [3:3] OF nc_variable;
rotate: OPTIONAL LIST [3:3] OF nc_variable;

WHERE

WR1: (SIZEOF(QUERY(i <* translate | NOT EXISTS(i.initial_value))) = 0)
AND (NOT EXISTS(rotate) OR (SIZEOF(QUERY(d <* rotate |

NOT EXISTS(i.initial_value))) = 0));

END_ENTITY;

translate: Variables to store the translation required in each co-ordinate direction (x-,
y-, z-axis) in order to move from the theoretical positien to the acfual
position, measured in millimetres.

rotate: Variables to store the rotation around the x-, y-, and z-axis, respectivelyj in
order to move from the theoretical position to the-actual position, measured
in degrees. If omitted, only the translational offset'will be considered.

4.6.2.3.3 | Tool probing

Probing off the length and width/diameter of a tool. The selected:tool starts its movement at a machine
dependent|start position. From that position the tool position is shifted to a fixed sensor position by the offget.
Then the tpol is moved in direction to the sensor until contact.-Fhis is done in longitudinal and perpendictlar
direction of the tool-axis.

The result jof probing is stored in the inherited attribute measured_offset and the NC controllers tool database
is automat|cally updated. NC controllers providing toolycorrection algorithms are expected to use the updated
informatior of its_tool from the moment the tool_probing workingstep has been completed.

ENTITY tool_probing ml *)

ABSTRACT SUPERTYPE OF (ONEOF. (tool_length_probing, tool radius_probing))
SUB'YPE OF (touch_probing)s

offget: cartesian_point;
max| wear: length_measure;
its| tool: machining_tool ;

END_ENTITY;

offset: location of the sensor.
max_wear maximum permissible wear in length direction.
its_tool: The tool which has to be probed.

4.6.2.3.4 Machining tool

This is the supertype for all tools which are needed for machining. They are to be specified in the technology-
specific parts of ISO 14649 or future standards might be referenced.
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ENTITY machining_tool - m0 *)
ABSTRACT SUPERTYPE;
its id: label;

END_ENTITY;

its_id : An unique label to exactly identify the tool.

4.6.2.3.5 Tool length probing

Th

4.4

Th

4.6

AN
intq

4.6

Th

b entity can be used for probing the tool length.
ENTITY tool_length_probing Comd *)

SUBTYPE OF (tool probing);
END_ENTITY;

2.3.6  Tool radius probing
b entity can be used for probing the tool radius.
ENTITY tool_radius_probing

SUBTYPE OF (tool probing);
END_ENTITY;

.3 NC function

IC function is an executable object. It deseribes manufacturing or handling operations which do
rpolation of axes. It shall be switching operations or other singular-event machine functionality.

ENTITY nc_function * m0 *)

ABSTRACT SUPERTYPE SUBTYPE OF (executable);
END_ENTITY;

3.1 Display message
s function is-used to display a message on the operator's screen.
ENTITY=display message - m0 *)

SUBTYPE OF (nc_function);
its_text: text;

[ & o S et W s = e = W2

not involve

LNU_LINTETT,

its_text: The message to be displayed on the operator's screen, until the next message

4.6

is sent. To clear the screen, send an empty message.

.3.2  Optional stop

This function is used to stop executing the NC program until the operator presses the start button. The
optional stop permits the user to guide the tool. The controller has to consider the changed axis positions etc.
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after the optional stop is released. However, it is only effective under the condition that the operating mode
“optional stop” is enabled on the NC controllers operating panel.

ENTITY optional_stop ¢ m0 *)
SUBTYPE OF (nc_Tfunction);
END_ENTITY;

4.6.3.3

Program stop

This functi

ENTIT
SuB
END_EN

46.3.4

This funct
specified b

ENTIT
SuB
END_EN

4.6.3.5

This functi
start to wal

ENTIT
SUB
its

END_EN

its_channe]:

4.6.4 Prd

A program
be executq

bn is used to stop executing the NC program until the operator presses the start button.
program_stop - m0 %)

'YPE OF (nc_function);

TITY;

Set mark

on is used to synchronize the multiple channel operation. When it is invoked in the chan

y the attribute its_channel of the entity wait_for_mark, the operation in that channel is started.,
set_mark - m0 *)

'YPE OF (nc_function);

TITY;

Wait for mark

bn is used to synchronize the multiple channel operation. When it is invoked, the specified chan

t until the mark is read from another.channel's program or from the main program.
wait_for_mark - m0 *)

'YPE OF (nc_function),

| channel : channel ;

TITY;

The identification of the channel engaged in a synchronized operation.

gram struecture

structuresis an executable object which includes other executables. The included executables
d depending on conditions or in manners determined by the program structure object.

nel

nel

can

ENTITY

program_structure ¢—mo—)

ABSTRACT SUPERTYPE OF (ONEOF(workplan, parallel, non_sequential, selective,
if_statement, while_statement, assignment))
SUBTYPE OF (executable);

END_ENTITY;

4.6.41 Workplan

The entity workplan allows to combine several workingsteps and NC functions in a linear order. It also serves
as an attribute of the top level entity project which has to be provided in each ISO 14649 data model exactly
once. The recursive definition of workplan as subtype of executable allows to group manufacturing operations
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into larger units, e.g. to summarise all turning operations and all grinding operations if a workpiece is to
undergo several different processes.

ENTITY workplan

 m0 *)

SUBTYPE OF (program_structure);
its_elements: LIST[0:?] OF executable;

its _channel:

its_setup:

its_effect:
WHERE

WR1: SIZEOF(QUERY(it <* its elements |

OPTIONAL channel;
OPTIONAL setup;
OPTIONAL in_process_geometry;

it = SELF)) = 0;

END_ENTITY;

its |elements:

its |channel:

its |setup:

its |effect:

4.64.1.1 Channel

An ordered sequence of executable objects. The workplan can

ot contain

itself as element. It can only contain itself indirectly withinf a control

structure which allows to skip this workplan in_order to prevent
loop.

The identifier of the channel used for the execution of workpl
only for machine control systems whigh-support multiple channel

The setup includes the workplan*s global security plane and a
where all feature placements are'referred to.

The change to the geometry of the workpiece effected by the o

an infinite
An. This is
operation.

zero offset

beration. A

CAM system can use-this attribute to describe the predicted effect of this
operation on the geometry of the workpiece. If given the corftroller can

compare the geametry change described by this attribute with th

P geometry

change predicted by its internal algorithm. ISO 14649 does not describe how

closely the'two geometries must match in order for the contr
considered to be in conformance.

This entity is used tocidentify the channel when multiple channel operation is engaged. It is

primitive implementation” and cannot be used for machine independent programs. Further attr
sp¢cial kinematical desScriptions, can be added to this entity in the future. For simple synchronisati
funictions set_mark-and wait_for_mark can be used.

ENTITY\channel ;
its-id:
ENDNENTITY;

identifier;

 m0 *)

bller to be

currently a
butes, like
pn, the NC

its_id:

4.6.4.1.2 Setup

The identification of the channel.

This entity includes information concerning the location of the workpieces’ coordinate systems. As one setup
might include several workpieces of which each one might have its own coordinate system there is one more
hierarchical level of frame of reference:
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By the setup’s attribute its_origin a cartesian coordinate system is defined relative to the machine coordinate
system. It is the frame of reference for the location of each workpiece related to the setup.

The setup’s origin is only valid within this particular setup and is not referenced by any other setup.

ENTITY setup;
its_id:
its_origin:
its_secplane:

its_workpiece setup:

identifier;

OPTIONAL axis2_placement_3d;

elementary_surface;

LIST J0:?] OF workpiece setup:

=m0 *)

(*

Infprmal proposition:

IT jts_origin is not set, the default for the origin
of the setup is identical with the machine origin.

*

END_ENTITY;
its_id:

its_origin:

its_secplarfe:

@D

its_workpigce_setup:

y

X

)

its_origin
(setup)

SETUP
coordinate system

S5

The identification of the setup.

Position and orientation of the setup’s cartesian.coordinate system relative to

the machine coordinate system.

The security plane for the whole setup. On or above this plane, i. e. fqr z
values greater than those of the elementary_surface, a safe movement of [the
tool without danger of collision)is possible. The dimensions given [are

relative coordinates as measured,from the origin of the setup.

Each workpiece which is included within the setup and which will be machifed
within the respective warkplan is listed with its placement and additignal

informations for its setup.

(o, s o

RLEOSLT
(ON%
S/[,On)

FEATURE
coordinate system

machine origin

64

WORKPIECE

coordinate system

Figure 39 — Coordinate systems
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4.6.4.1.3 Workpiece_setup

This entity allows to specify for a workpiece its placement relative to the setup’s origin.

its |

its |

its |

0:2004(E)

ENTITY workpiece_setup; - m0 *)
its_workpiece: workpiece;
its origin: axis2_placement_3d;
its offset: OPTIONAL offset vector;
its_restricted_area: OPTIONAL restricted_area_select;
its_instructions: LIST [0:?] OF setup_instruction;
END_ENTITY:
[workpiece: affected workpiece
origin: the workpiece’s cartesian system relative to the setup’s.cartesian gystem.
offset: The translational and rotational offset of the actuak workpiece compared to

the position specified by its_origin. It is used, t@>adjust the positig
measurement operation. The offset canbe ‘changed by a m
operation (e.g.4.6.2.3).

ns due to a
pasurement

its |restricted_area: Area or volume within which tool-movements are forbidden due to possible
collisions. Generally used to aveid-collisions with fixtures or machine parts.
its |instructions: Contains optional setup Jinstructions such as description dr external
documents reference etc.
4.64.1.4 Restricted _area_select
This select type offers different optional-geometric elements to describe areas or volumes in which due to
fixtures, machine elements, etc. there-might occur collisions. (Tool-) Movements within this area arg forbidden.
If the restricted area is of type beunded_surface movements below the surface risc collisions. By the bounding
gedmetry a volume can be desciibed. Within this volume might occur collisions.
TYPE restricted_area _select = SELECT (
bounded_surface, (* 1S0 10303-42 *)
bounding_geometry select);
END_TYPE;
Note: Thé_directions mentioned are considered to be positive in positive z-direction of thel its_origin.
‘Below™ therefore means a decreasing z-value within the local coordinate system defined by i{s_origin of
theAvarkpiece position.
4.".4.2 SCtup_:lthlubt;Ull
The Setup_instruction includes operator instructions for the setup of its workpiece.
ENTITY setup_instruction; G ml >
description: OPTIONAL text;
external _document: OPTIONAL identifier;
WHERE
WR1: EXISTS (description) OR EXISTS (external_document);
END_ENTITY;
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internal:

external:

Description of the setup instruction

Identifier used to identify external document reference such as tables,

guidelines etc.

4.6.4.3 Parallel

The parallel entity allows to run several executables in parallel. All branches are started at the same time; the

execution
branches
parallel ex
synchronig

ENTIT
SUB

bra
END_EN

branch:

NOTE

single execytalbes etc. we concede that there have to be defined more detailed subtypes of parallel.

46.4.4

The non_s
is not pres

ENTIT
SUB
its

END_EN

its_elemen

NOTE
controller ex

4.6.4.5

pf the parallel entity ends when the last branch has finished. If the NC controller determines that
annot be executed in parallel the machine will stop with an error condition. Note that_norm
pcution will require the use of different channels in each branch. NC functions can be“used
e events across different channels.

parallel G and *)
YPE OF (program_structure);
nches: SET [2:?] OF executable;
TITY;
Executables to be executed in parallel.

The parallel entity allows to define the general processing of execuables in parallel. To define the dela

Non_sequential

equential entity allows to define a set of executables which all shall be executed but which’s on

cribed. In contrast to the workplan entity the non_sequential does not define a sequence.
non_sequential G ml >

[YPE OF (program_structure);

| elements: SET[22?] OF executable;

TITY;

(s: An_set of executable objects. The non_sequential cannot contain itself

element. It can only contain itself indirectly within a control structure wh
allows to skip itself in order to prevent an infinite loop.

This is the mihimdm requirement for controller determined sequencing. Additional attributes providing
tra informatiop-for sequencing will be defined by future work.

Selective

the
ally
to

of

der

as
ich

the

The selective—s contains
executables are to be omitted.

ENTITY selective ¢ ml*)
SUBTYPE OF (program_structure);
its_elements: SET[2:?] OF executable;

END_ENTITY;
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its_elements: A set of executable objects of which exactly one has to be selected and

NO

executed by the controller of the machine tool.

TE This is the minimum requirement for controller determined selection. Additional attributes providing the
controller extra information for selection will be defined by future work.

4.6476 TStatemertt
The if statement runs an executable if a given condition is fulfilled; it may include an alternative ‘option.
ENTITY if_statement ¢'ml *)
SUBTYPE OF (program_structure);
condition: boolean_expression;
true_branch: executable;
false_branch: OPTIONAL executable;
END_ENTITY;
condition: Expression to be tested based on the rules given below.
trug_branch: Executable to be executed if the'condition evaluates to be true.
falge_branch: Executable to be executedif the condition evaluates to be false.
4.64.7 While statement

Th
exq

e while statement runs and repeats ah. executable as long a given condition is fulfilled. N
cutables are defined statically so._the’operation in the body of the while statement cannot b

duting the execution of the loop.

ENTITY while_statement G m1*)
SUBTYPE OF (program structure);
condition: boolean_expression;
body: executable;

END_ENTITY;

pte that all
e modified

condition: Expression to be tested based on the rules given below. It is tested before
attempting the first execution of the body and then each timg after the
execution of body has been completed.

bodly: Executable to be executed as long as the condition is true. If the gondition is
not true upon the initial encounter of the while statement, no action occurs at
all.

4.6.4.8 Assignment

Assigns a value to a nc_variable.
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ENTITY assignment G ml >
SUBTYPE OF (program_structure);
its lvalue: nc_variable;
its_rvalue: rvalue;

END_ENTITY;

its_Ivalue:

its_rvalue:

The nc_variable which will be assigned a value.

The value to be assigned to its_Ivalue. This is either a numeric constant or a

4.6.4.9

The variab
map the v
unique thr
entities usi

Accessing
program_s
most NC ¢
actual exe
nc_variabl
the prema
nc_variabl

Note also that there is no guarantee at which time a certaif’ value from any parallel branch would be availa

If timing m

Variables (
controller-d

ENTIT
its
ini

END_EN

its_name:

rafaranca tao anathar ne variahla
Fet+ereRcetoaHotHeHec—aHaie-

NC variable

e concept introduced here is primitive. Only numeric variables are allowed. The”’NC controller
hriable name given by this entity to an internal storage. The attribute its_name must therefore
bughout the entire model supplied by an ISO 14649 physical file. Not~that several nc_varig
hg the same name will actually refer to the same storage location.

nc_variables in a program_structure entity may take place only after the previ
tructure has been completely executed by the machine. Note-that due to the pipeline concep
ontrollers there can be a significant time gap between the/intérpretation of the program and
cution. It is there the responsibility of the NC controller texhalt interpretation until the value of
b(s) used are available. This is especially true for the Walue in an assignment operation becal

b before it is used, leading to unexpected and possibly fatal results.

htters, a synchronising NC function has to be inserted before the use of a nc_variable.

an be used to access controller-internal information, like sensor readings. This, however, would
ependent and implemented by the use of reserved names as specified by the control vendor.

nc_variable; G ml >
| name: LABEL ;

tial_value: OPTIONAL NUMBER;

TITY;

The unique reference to an internal storage provided by the NC control
All characters in LABEL are significant. The number of diffe
nc_variable names allowed is controller dependent.

will
be
ble

DUS
of
the
the
Ise

ure execution of the assignment would allow an ongeing NC process to overwrite the assigned

ple.

be

ler.
ent

initial_vald

e The value of the nc_variable before it is accessed the first time. If omit‘ed,

thao ool ol o to ool
UICImmmiranr varuc 15 Uuriucrinticu.

4.6.4.10 NC_constant

The nc_constant is used to assign a constant value to an attribute. Its value is determined by the NC-Program
and cannot be modified within the process.
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ENTITY nc_constant; ¢ ml *)
its_name: LABEL ;
its_value: OPTIONAL NUMBER;

END_ENTITY;

its_name: Name of the constant. It shall be unique within the program.

its_value: The value of the nc_constant.

0:2004(E)

4.6

ref

4.6

Th
be

4.6

U

>

.4.11 Rvalue

hssignment and comparison operations, the rvalue can be used to specify either a numefic co
brence to a nc_variable.

TYPE rvalue = SELECT(nc_constant, nc_variable);
END_TYPE;

.4.12 Boolean expression

b Boolean expression entity is used to determine whether a given condition is met. At this time, i
A numeric comparison or a composition of several other Bealean expressions.

ENTITY boolean_expression G ml >
ABSTRACT SUPERTYPE OF(ONEOF(unary_boolean_expression,
binary boolean_expression, multiple arity boolean_expression,
comparison_expression));

END_ENTITY;

.14.12.1 Unary_boolean_exptession
Ary operators perform Boglean algebra on one arguments and produce a false or true value.

ENTITY unary_badolean_expression ¢ ml *)
ABSTRACT SUPERTYPE OF(not_expression)
SUBTYPE QOF)(boolean_expression);
operands boolean_expression;

END_ENTATYS

4.6

L4222 Not expression

nstant or a

can either

Logical negation 'NOT" NOT 0 =1 and NOT 1 =0.

4.6

Bin

ENTITY not_expression ml *)
SUBTYPE OF (unary_boolean_expression);
END_ENTITY;

.4.12.3 Binary_boolean_expression

ary operators perform Boolean algebra on two arguments and produce a false or true value.
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ENTITY binary_boolean_expression
ABSTRACT SUPERTYPE OF(xor_expression)
SUBTYPE OF (boolean_expression);

operandl: boolean_expression;
operand2: boolean_expression;
END_ENTITY;

4.6.4.12.4 Xor expression

Logical "ngteguabdefunction 0 XOR 0 =0 0 XOR 1 =1 1 XOR Q=1 agnd 1 XOR 1 =0

¢ ml )

ENTITY Xor_expression

SUB'YPE OF (binary_boolean_expression);
END_ENTITY;

4.6.4.12.5| Multiple_arity_boolean_expression

Binary op
AND(a,b,c] ...) is true if a,b,c,etc are all true and OR(a,b,c, ...) true if one of a,b,c,etc’is true.

ENTITY multiple_arity_boolean_expression G m1*)

ABSTRACT SUPERTYPE OF(ONEOF(and_expression, or_expression))
SUB['YPE OF (boolean_expression);

operands: LIST [2:?] OF boolean expression;
END_ENTITY;

4.6.4.12.6 | And expression

Logical comjunction: 0OANDO0=0,0AND 1=0,1AND0=0,1AND 1=1.

ENTITY and_expression

¢ ml*)
SUB'YPE OF (multiple_arity boolean_expression);
END_ENTITY;
4.6.4.12.7| Or expression
Logical disjunction: 0OR0 =00 0OR1=1,10R0=1,10R1=1.
ENTITY or_expression ¢ ml >

SUBTYPE OF (multiple_arity_boolean_expression);
END_ENTITY;

4.6.4.12.8 | Eomparison_expression

¢ ml )

prators perform Boolean algebra on multiple arguments and produce/a false or true val

ue:

The comparison establishes a relationship between the values of two operands.. Carefully observe the note

on the time-critical behaviour of variables.

ENTITY comparison_expression

ABSTRACT SUPERTYPE OF(ONEOF(comparison_equal, comparison_not_equal,

comparison_greater, comparison_greater_equal, comparison_less,
comparison_less_equal))

SUBTYPE OF (boolean_expression);

operandl: nc_variable;
operand2: rvalue;
END_ENTITY;
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operandl: Designation of a nc_variable which is the first of two values to compare.
operand2: Designation of an rvalue which may either be a nc_variable of a numeric
constant.

The result of a comparison is a Boolean depending whether the relationship is true or false. The comparison
operators are: ‘equal’ (==), ‘not_equal’ (I=), ‘greater_equal’ (>=), ‘greater’ (>), ‘less_equal’ (<=), ‘less’ (<):

Cofmparison equar:

ENTITY comparison_equal G H™*)
SUBTYPE OF (comparison_expression);
END_ENTITY;

ENTITY comparison_not_equal G ml >
SUBTYPE OF (comparison_expression);
END_ENTITY;

ENTITY comparison_greater (* ml *)
SUBTYPE OF (comparison_expression);
END_ENTITY;

ENTITY comparison_greater_equal ¢ ml >
SUBTYPE OF (comparison_expression);
END_ENTITY;

ENTITY comparison_less G m1*)
SUBTYPE OF (comparison_expression);
END_ENTITY;

ENTITY comparison_less _equal < ml *)
SUBTYPE OF (comparison_expression);
END_ENTITY;

4.1 How to machine: Operations

Opgrations are used._to-specify the content of a workingstep. Unlike a workingstep, an operation| cannot be
exgcuted by itself —unless it is also a workingstep by means of multiple inheritance, like rapid_m@vement or
touch_probing. TheJatter do not require the presence of a feature for unambiguous interpretation.

Hopwever, the most typical operation, machining operation, needs an association with a manufactuling feature
inj:der ta'be interpreted. It relies on the geometric information provided by the feature, namely its|placement

in theAworkpiece co-ordinate system. Such association can either be established through a referepce from a
manufacturing_feature or through a reference from a machining workingstep which referenceg in turn a
manufacturing_feature.

The important difference between a workingstep and an operation is in the number of associated features.
The workingstep is associated with zero or one features. So at the time of execution the NC controller will
know unambiguously which feature to use for geometric placement (or to use workpiece co-ordinates if no
feature is associated). A workingstep is thus unique. Duplicating a workingstep in a workplan will replicate the
exact same physical machine action.

The operation on the other hand can be associated with zero or multiple features. The same operation can

thus be used in different locations. The NC controller would be unable to decide on which of the associated
features to execute the operation, so an execution of a “naked” operation is not possible.
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The reason for this design is the possible re-use of operation data for several manufacturing features.
Consider ten identical holes in different positions around the workpiece. They can all share the operation data,
but they can not share the workingsteps which represent an operation at a certain instance in time and space.
As the “heavyweight” operation entities can be shared, this may reduce the volume of data to be exchanged.

471 Op

eration

The supertype operation specifies the generic data required by all operations.

All operations have the option of specifying an explicit toolpath. For 22D machining operations, many

numerical
not able td

require the

ENTIT
ABS
tou
its
its
END_EN

its_toolpat

its_tool_di

Note that
associatior
geometry §
which ma
machining|
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For featurd
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explicit specification of toolpaths by a CAM system.

operation - mo/*)
FTRACT SUPERTYPE OF (ONEOF (machining_operation, rapid_movempent,
ch_probing));
| toolpath: OPTIONAL toolpath_list;
| tool _direction: OPTIONAL tool _direction;
TITY;

n: Its_toolpath defines a list of all toolpaths in this operation. Note;
its_toolpath exists, the attribute itsymachining_strategy in the subt
machining_operation is for information only. Also, all semantics
parameters provided by the opération will be overridden by its_toolp
The toolpaths are given in coordinates as measured from the workpiece
ordinate system or, if‘>this operation is associated with
manufacturing_feature, inthe local co-ordinate system of the feature.

rection: Specification of the type of tool orientation used. If none is given
technology spegific default is assumed. Therefore refer to the technol
specific parts\0f1SO 14649.

the operation is geometrically linked with the associated manufacturing_feature, if such
exists. If the feature has‘afeature_placement attribute, this transformation will also apply to
pecified here, i. e. its_toolpath and to all other geometric information like directions or orientati
be used in subtypes of operation. In other words, all geometry and parameters of
| operation are defined in the local co-ordinate system of the feature. As the operation may
with multiple manufacturing_features it can only be interpreted in the context of such feature.

s without-a\feature_placement attribute or for operations without an associated feature, all dat
preted jin\workpiece co-ordinates as specified by the attribute its_origin of the workplan which u

4711

are

generate toolpaths or if technological reasons require the communication of exactly prescribed
toolpaths, the attribute its_toolpath may be used. Also, the 3- to 5-axis milling of freeform surfaces will typic

ally

If
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The entity toolpath_list contains a list of toolpaths (trajectories) which will be executed by the CNC one after

the other.

ENTITY toolpath_list; - m0 *)
its_list: LIST [1:?] OF toolpath;
END_ENTITY;

its_list:

72

A list of toolpaths. These toolpaths shall be executed in the defined order.

See Section 4.8.1 for details about the toolpath definition.
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4.7.1.2 Tool direction
The following entities define the tool direction for freeform machining.
ENTITY tool _direction ¢ m0 *)

ABSTRACT SUPERTYPE OF (ONEOF (two_axes, three_axes));
END_ENTITY;

4.7.1.2.1 Two axes

Only two axes can be simultaneously active.

ENTITY two_axes .m0 ™)
SUBTYPE OF (tool _direction);
END_ENTITY;

4.7.1.2.2 Three axes

ultaneous tool movements in three axes are used for machining. Thedeol orientation is alwayg parallel to
the| third axis (generally, the z axis) in the machine co-ordinate systemgTherefore the tool direction will not be
aff¢cted by any workpiece placements or workingstep transformation.

ENTITY three_axes  m0 *)
SUBTYPE OF (tool _direction);
END_ENTITY;

4.7.2 Machining operation

Malchining operations define the machining process for a limited area of the workpiece, i. e. the cdntents of a
machining workingstep. For the feature to which they refer they specify, at a minimum, the tool tp be used,
andl a set of technological parameters. .Jhis data forms an integral part of the operation and|cannot be
noffimally changed during its scope.

Hopwever, for special operations, and if an explicit toolpath is provided in the inherited attribute its _|toolpath, it
is @lso possible to specify certaindeviating parameters along portions of the toolpath. In this casg, the data
given in machining_operation-serves as default data in case no specific technological information for a
toolpath is provided. Note.that any parameters or semantics specified by this operation or the [associated
fegture will be overridden-by the toolpath definition, even if the actions defined by the toolpath coptradict the
intditive notion of this\operation of the associated feature. In other words, you can even us¢ a pocket
operation to bore ahole.

The first tool-movement within a machining_operation will typically be an approach movement to the defined
stat point,~allowing the machine to reach its operating speed. This can be either be defined explicitly in a
todlpathjer by means of a parameterised path, or it can be defined within the strategy for the operation where
thel exact definition of the path is left to the NC controller. The last tool movement will typically be a retract or
lift mavement

The tool movement within the machining_operation, unless defined by an explicit toolpath, will be determined
by the technology-dependent strategy and additional parameters as defined by subtypes of
machining_operation.

Machining_operation is the supertype for all technologies included in ISO 14649. For each of these
technologies, specific machining strategies are defined in separate, technology depending parts. They may be
used to instruct the NC controller on how to generate toolpaths if no toolpath is explicitly specified for this
operation.
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ENTITY machining_operation (* m0 *)

ABSTRACT SUPERTYPE

SUBTYPE OF (OPERATION);

its_id:
retract_plane:
start_point:
its_tool:
its_technology:

identifier;

OPTIONAL length_measure;
OPTIONAL cartesian_point;
machining_tool ;
technology;

its_machine_functions: machine_functions;

*

Informal proposition:

IT attribute SELF\operation.its_toolpath exists, then attributes
its| machining_strategy, retract_plane and start_point, if present, are for

infprmation only.

*)
END_ENTITY;
its_id:

retract_plahe:

For plane milling or drilling operations, retract_plane is the z coordinate of the retract plane from which

For side mjlling, retract¢plane indicates a distance perpendicular to the manufacutred surface.

A unique identifier of the operation.

The height of a retract plane associated with thig“operation. This is not
security plane. The start and the end point of the“operation — as discusseq
Section 4.6.2.1 — shall be within z-direction at the length given by
attribute retract_plane. It is guaranteed that thie approach movement from
retract plane to the first cut and the lift movement from the last cut to
retract plane are executed in cutting feed as specified for the operation
change to rapid feed, e.g. to reach the security plane, can only occur ab
this plane, and only in the comtext of a new operation which should be
type rapid_movement.

If not given, and if the\inherited attribute its_toolpath is not given, the
controller will determine an appropriate retract plane which may be
security plane. Hts toolpath is given, or if approach or retract strategies

the

in
the
the
the

A
Dve
of

NC
the
are

given which.de-not make use of a retract plane, this attribute will be ignofed.

Depending on the type of operation, the attribute will be interpreted
follows:

tool starts (for approach) and to which it is retracted (for retract moveme

as

the
ts).

For freefom millingyfetract_plane is the distance between the workpiece surface and the retract plane which

is oriented perpendicular to the surface normal in the first cutting point
approach) or the last cutting point (for lift).

for

start_point:

Optional starting point of the cutting process specified as tool centre point in

the local xy plane. The z co-ordinate of start_point is determined depend
on the type of operation:

ing

For milling, the z co-ordinate is the depth of the first cut, excluding any plunge or approach movements. If an
approach or plunge movement is used, the actual start point of the operation

74

will be the start point of that approach or plunge movement which can

be

calculated based on this attribute. The start_point will be reached at the end

of such approach or plunge. Thus the x and y co-ordinates of start_point
necessarily coincide with those of the start point of the operation, depend
on the type of approach or plunge.

not
ing
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For drilling, the start_point is identical with the start point of the operation as no approach or plunge is
foreseen here. Therefore, the z co-ordinate is given by the attribute

retract_plane.

If this attribute is given, the operation has a defined start point as discussed
in Section 4.6.2.1, otherwise not. In the latter case, the NC controller will

determine a reasonable default.

If its_toolpath is given, or if start_point specifies a point violating the

feature’s boundary or otherwise incompatible with the machinin

g strategy,

its |

its |

its |

Plg
Ke

tool:

technology:

l[machine_functions:

this attribute will be ignored.

The tool which has to be used for this workingstep. Far)the dg
machining_tool, please refer to technology-specific partsiof 1ISO

important to understand that the tool data given describes the ide
tool. If this attribute calls for a tool with diameter 10.0 mn
controller may select a tool with diameter 9.983<mm provided tha
ability for on-line tool correction and has the actual value of the
in its tool memory data, and provided that-the result of the operati
within the given tolerances of the feature. (In other words, the NQ
is not allowed to select a 9.983, mm drill if the hole has the

finition of
14649. It is
bl required
n, the NC
t it has the
tool stored
on remains
controller
toleranced

dimension 10.0.95; mm.) The¢possibility to find a suitable ool in the

machine’s tool magazine is\reduced the more details for th
specified. So only the technologically necessary parameters shoul
(In other words, do npt ‘specify a tool length if only the diar
importance.) If a toolid is specified, only an exact match can be s

The technological parameters of the machining operation, like sp
and feed of the“tool.

e tool are
d be given.
neter is of
blected.

ndle speed

Indicates the state of various machine functions, like coolant, chip removal,

etc.(tobe applied during the time span of this operation.

ase observe carefully the note about the geometric relation with the associated feature in Se
bp in mind that in the locéal co-ordinate system the planar contour of the feature lies in the xy pla

and material is assumed tobe in negative z direction, as defined in 4.5.2.

4.7,

Th

2.1 Technaolegy

ENT LY. technology
ABSTRACT SUPERTYPE;
feedrate:

S entity is the-supertype for the technologies defined in the following parts of ISO 14649.

=m0 *)

ction 4.7.1.
ine (z = 0),

OPTIONAL speed measure;

feedrate_reference:
END_ENTITY;

feedrate :

feedrate_reference:
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tool_reference_point;

Feed of the tool expressed as a linear speed. The feed rate specified applies

to the motion of the tool center point.

Specifies whether the feed rate given above is to be calculated with regard to

the tool center point or the cutter contact point.
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47211

Tool reference point

This type can be used to select a tool reference point.

TYPE tool_reference_point = ENUMERATION OF (tcp, ccp);
END_TYPE;

tep:

Tool center point, i. e. the point where the rotational axis of the tool leaves

the tip.

cep:

4.7.2.2

Each techr]

ENTIT
ABS
END_EN

4.8 To be

Cutter contact point, i. e. the point where the tool tip, modelled as an\ig
cylinder, would touch the ideal surface of the finished workpiece.

Machine functions

ology has its specific machine functions. This entity is their abstract supertype’

machine_functions - m0 *)
FRACT SUPERTYPE;
TITY;

in full control:

Expllicit toolpath definition

The toolpa
the lowest
today’s 15(
advantage
feature da
structure v
unstructure

And, of co
The use o
which alloy
new parallg

th entities generally describe the movement of the tool or of the axis of a machine. They repreg
level of information within ISO 14649 which' actually allows to re-create all the information give
D 6983 G codes. However, even the |ow-level definition of the toolpaths in ISO 14649 still has

a, the toolpaths can always be .interpreted within their semantic context. They are provided i
hich allows to identify the individual toolpath rather than to search through thousands of lines
d code for axis movements.

splines for toolpaths)is supported as well as the definition of cutter-contact paths for control
v on-line tool correction and kinematic transformation. This is required, among others, for tod3
| kinematics,

Because the definition of the conformance classes has been done according to the interpolating requireme

of a CNC,
trajectories
underlying

severaksubtypes of toolpaths have been defined. Two general classes of toolpaths are availal

eal

ent
N in
an

over the legacy programmes. By-cpnnecting this information with the high-level operation @nd

n a
of

irse, the mathematical representation of the toolpaths in 1ISO 14649 fulfils modern CNC standards.

ers
ly's

nts
Dle,
as

and Yparameterised paths. A trajectory is a precalculated movement and can reference

connector-

The exact movement itself has to be calculated by the CNC.

4.8.1 Toolpath

element either a polyline or a spline. A parameterised path describes approach- \|lift - and
m—TFﬂW_r_l_ﬂ_d—l_Fﬂ'n—t‘(_l_l_VJovemen S Dby the definition of type and parameters o

€ movement (e.g. tangenual approach).

This is the supertype for all explicit toolpaths. If needed, the toolpaths can have technological parameters and
the machine functions which override the default value specified at the operation level.

If the attributes its_technology and/or its_machine_functions are given, the machine is instructed to reach the
specified operating conditions before entering the toolpath. Unlike the similar case for workingsteps, no halt is
allowed between toolpaths in an operation’s toolpath list. So the previous toolpath may be adversely affected
if a significant change of parameters occurs and the controller tries to provide run up to these parameters prior
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to the current toolpath. Also, if the time span of the previous toolpath is insufficient to reach stable parameters,
there is no guarantee that the new toolpath will be using these parameters from the start.

Caution is therefore advised when using technological parameters at the toolpath level. If required, e.g. for
special operations requiring a reversing of the spindle rotation, a feedstop toolpath should be inserted in order
to grant the machine sufficient time for changing the parameters.

ENTITY toolpath - mo *)
ABSTRACT SUPERTYPE OF (ONEOF(feedstop, trajectory, parameterised_path));
its priority: BOOIL EAN;
its_type: toolpath_type;
its_speed: OPTIONAL toolpath_speedprofile;
its_technology: OPTIONAL technology;

its_machine_functions: OPTIONAL machine_functions;
END_ENTITY;

its | priority: As a toolpath may contain all necessary movements to manufactufe a feature
the priority of execution between the toolpath and the feature| has to be
determined. In case there is a toolpath. of) higher priority (trug) than the
geometry of the path generation based-on the manufacturing| feature is
subordinated to this toolpath.

its |type: Type of the toolpath.

its |speed: A means to influence thexfeed rate. This factor will be multiplied into the
feed rate defined in the’operation. It can be either a fixed value|or a curve
specifying a velocity‘profile along the toolpath.

its Jtechnology: The technology: defines the spindle and the feed of the tool.

its |/machine_functions: Varioussmachine functions, like coolant, chip removal, etc.

4.81.1 Toolpath type

Enumerator describing the)type of the trajectory. This can be used by the controller e.g. to ident|fy whether
rapid motion may be allowed or not.

TYPE toolpath type = ENUMERATION OF (
approachy,

Lifgg

connect,

non_contact,

contact,

trajectory_path

);
END_TYPE;

The following values are used:
approach: The movement towards the workpiece.

lift: The movement away from the workpiece.
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connect: The connecting movement (usually in rapid speed) between the lift and the
approach movement.
non_contact: A movement without contact with the workpiece.
contact: A movement with contact of the workpiece.
trajectory_path: A movement described by a trajectory.
Note that pry—toolpath—can—be—tagged—with—anry—ofthese—types—or—example—itis—ot-hecessary—te—ise
specialised toolpath elements like approach_lift_path in order to build an approach movement. This can«|ust
as well done through a pre-calculated cutter location path using the approach toolpath_type.
4.8.1.2 [foolpath speedprofile
Select type of the speed profile to influence the feed rate given by the attribute technology of either fthe
operation qr the toolpath itself.
TYPE toolpath_speedprofile = SELECT (
toollpath_speed,
posjtive_ratio_measure,
speed_name
)
END_TYPE;
4.8.1.2.1 | Toolpath speed
This is a ope-dimensional curve specifying the speed-profile as defined by type positive_ratio_measure. If the

attribute basiccurve of the toolpath exists, the parameterisation of speed must be the same as basiccu

Otherwise,
is 0, the la

ENTIT
spe
WHERE

WR1F

(*
Inf
-'s
*

END_EN

speed must be parameterised by the path length of the underlying toolpath, i. e. the first paramg

Ve.
pter

4.8.1.2.2

5t parameter equals the length of the,underlying toolpath as defined by type length_measure.
toolpath_speed; ¢ ml *)

bd - b spline_curve;
speed\geometric_representation_item.dim = 1;

brmal proposdtron:

pbeed shallzhave only values greater than zero.

TITY;

Speed name

Enumerator to specify rapid speed. It can be extended in the future to include other named speeds.

TYPE speed_name = ENUMERATION OF(RAPID);
END_TYPE;
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4.8.2 Feedstop

Feedstop is a toolpath element with no feed motion. The spindle remains in the selected speed while the
execution of the subsequent toolpath is delayed for the specified time.

ENTITY feedstop  m0 *)
SUBTYPE OF (toolpath);
dwell: time_measure;

END_ENTITY;

dwgll: The time to stop the feed axis.

4.83 Trajectory
Supertype for all explicit trajectories.

ENTITY trajectory * m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(cutter_location_trajéeetory,
cutter_contact_trajectory, axis_trajectory))

SUBTYPE OF (toolpath);
its_direction: OPTIONAL BOOLEAN;
END_ENTITY;

its |direction: If true or omitted, the tookhas to be moved from the beginning td the end of

the referenced geometri¢ curve. Otherwise, it will be moved from the end
point to the start point of the referenced geometric curve.

4.84 Cutter location trajectory

Cugter location paths define a tool m@vement with respect to the tool center point. This is the poin{ where the
rotational axis of the tool leaves the tool tip.

ENTITY cutter_location_trajectory - m0 *)
SUBTYPE OF (trajecetory);
basiccurve: bounded_curve;
its_toolaxpss OPTIONAL bounded_curve;
surface_normal : OPTIONAL bounded_curve;
(*

Information proposition:
its toolaxis must have the same must have the same parameter range as$
basiccurve.
x

END _ENTITY;

basiccurve: A 3D curve defining the cartesian co-ordinates of the cutter location point in
the workpiece co-ordinate system or the local co-ordinate system of the
feature, respectively.

its_toolaxis: A 3D curve defining the toolaxis of the tool. The three co-ordinates of the
curve represent the three components of the vector in the workpiece co-
ordinate system or the local co-ordinate system of the feature, respectively.
If given, the parameterisation of the toolaxis curve must correspond to that
of the basiccurve. Note that this attribute will override any information
about the tool orientation given by the its tool direction attribute of the
workingstep.
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surface_normal:

A curve in space defining the surface normal. It has to be of the same type
and has to have the same parameterisation than the basiccurve.

4.8.5 Cutter contact trajectory

Cutter contact paths define a tool movement with respect to the cutter contact point.

basiccurve

its_toolaxi:

4.8.5.1

ENTITY cutter contact trajectory (* ml *)

REERRE ke R . — )\
SU L L DL UL (LLa JTSU ULy Ty

basliccurve:
its| toolaxis:

its| contact type: OPTIONAL contact type;

(*

Infprmal proposition:
its| toolaxis must have the same must have the same parameter range as

baslficcurve.
*)

END ENTITY;

Curve with surface normal

curve with surface normal;
OPTIONAL bounded curve;

A 3D curve defining the cartesian co-ordinates of the cutter contact poinf in
the workpiece co-ordinate system or the local co-ordinate system of |the
feature, respectively.

A 3D curve defining the toolaxis.ef the tool. The first co-ordinate represgnts
the yaw angle, the second carordinate the tilt angle in degrees. For [the
definition of tilt and yaw angles, see Section 5.2.2.3 of ISO 14649-11{ If
given, the parameterisation*of the toolaxis curve must correspond to that of
the basiccurve. Note that this attribute will override any information about
the tool orientation given by the its tool direction attribute of [the
workingstep.

Select typ¢ for definition of a curve~with surface normal. The bounded_pcurve is taken from AP42 and [the

curve_with

4.8.5.2

TYPE ¢urve with surface normal = SELECT (

boupded pcurvey
);
END TYPE;

| normal_vector is defiped-in this part of ISO 14649.

Curve'with normal vector

curve with normal vector

A bounded curve which has a second curve defining the surface normal.

80

ENTITY curve with normal vector; (* ml *)

basiccurve:

surface normal:

(*

bounded curve;
bounded curve;

Informal proposition:
basiccurve and surface normal must have the same parameter range

*)

END ENTITY;
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basiccurve: The reference to the geometric curve in the geometry description.

surface_normal: A 3D curve in space defining the surface normal. The three co-ordinates of
the curve represent the three components of the surface normal vector in the
co-ordinate system of the basiccurve. It has to be of the same type and has to
have the same parameterisation than the basiccurve.

4.8.5.3 Contact type

Contact type specifies how the cutter contact point is determined. Depending on the mode of milling — plane
milling, side milling or freeform milling — the cutter contact is desired at different locations of the tool} relative to
its motion.

TYPE contact_type = ENUMERATION OF (side, front);
END_TYPE;

Acgording to Figure 40 the interpretation of contact type is as follows:

sidp: Side milling. The cutter contact point is-focated at the circumfergnce of the
tool, perpendicular to the cutting direction. Whether the matefial can be
found on the left-hand or right<hand side of the cutter depeds on the
direction of the surface normal specified by the toolpath’s attribute
basiccurve.

front: End milling as used forcplane or freeform milling. The cutter contact point is
a point at the bottom.of the cutter. Note that such point is only properly
defined when the-cutter is inclined against the normal of the surface which it
passes. If this\is“not the case, as for most two5D milling opefations, the
tool’s forward-most contact point in the direction of the cyt shall be
regarded @s cutter-contact point.

"side" "front"
/ r Contact point ‘
regular case ‘ singular case
dirt;,\ctictm direction ‘ ‘ directipn

of cu N |

surface of cut ‘ of cqt

normal
surface |
normal |
-
Z
cutter contact point cutter contact point

Figure 40 — Contact type

4.8.6 Axis trajectory

AXxis trajectories do not directly define a tool movement, but rather the movement of the machine axis. They
are comparable to the GO0O/G01 commands of ISO 6983.
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They should not be used because the resulting NC programme will no longer be machine independent.

ENTITY axis_trajectory - m0 *)
SUBTYPE OF (trajectory);
axis_list: LIST [1:?] OF identifier;
commands: LIST [1:?] OF bounded_curve;

WHERE

WR1: SIZEOF(QUERY(cmd <* commands |
cmd\geometric_representation_item.dim <> 1)) = 0;
END_ENTITY;

axis_list: A list with axis names defining these axes which will be moved by, |the
trajectory.
commands A list of one-dimensional curves. The array contains one gurve per gxis

whose name is given by the respective index in the axisolist. The values
represent axis positions in units as defined for length-measure (for linear
axes) or planar_angle_measure (for rotary axes).

4.8.7 Paameterised path

This subtype of the toolpath entity is used to define help movements Jike-connectors, approach and| lift
movementg without giving the actual tool path. The movement is rather deseribed by a movement type and its
parameter$. The CNC itself then has to calculate the resulting toolpath€orthe actual tool.

This concgpt is especially useful when working with cutter contact trajectories for the milling operations.|As
cutter contact trajectories can only be used for motions on thedworkpiece surface itself there is a need|for
defining tlhe connecting movements between the individual toolpaths in an indirect way. Also, fhe
parameterised paths given here can be used to connect cutter contact and cutter location trajectories.

Note that ¢ven though the parameterised paths are mamed for their most frequent use they can be used|for
any portion) of a toolpath description just as any other form of toolpath. Their actual use is not indicated by [the
entity names but rather by the inherited its_type-attribute.

ENTITY parameterised_path - m0 *)
ABS[TRACT SUPERTYPE OF (ONEOF (approach_lift_path, connector))
SUB'YPE OF (toolpath);

END_ENTITY;

4.8.8 Cohnector

The connegtor entity:'defines a connection path between a lift and a following approach movement. This path
type if typically néeded to implement a rapid_movement operation but can also be used within a machirjing
operation fprreonnecting several cutting paths.

ENTITY connector G m1*)
ABSTRACT SUPERTYPE OF (ONEOF(connect_secplane, connect direct))
SUBTYPE OF (parameterised path);

END_ENTITY;

4.8.8.1 Connect two points via the security plane

The security plane connector moves the tool up to the security plane until the cutter location point reaches the
security plane, then linear to the projected starting point of the following movement and again from the
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security plane down to this starting point. This type of connection may be needed for unidirectional machining
of freeform surface. For bidirectional machining, a connect_direct between the preceding lift and the following
approach movement will be more efficient.

ENTITY connect_secplane G m1*)
SUBTYPE OF (connector);
up_dir: OPTIONAL direction;
down_dir: OPTIONAL direction;

END_ENTITY;

up__dir' qlnp(‘ifira'rinn of the direction of the upward movement If none is given, the
motion will be in tool direction.

doyvn_dir: specification of the direction of the downward movement. }f none is given,
the motion will be in tool direction.

Note: If this connector is used during a five-axis milling operation, it will interpolatethe tool directign between
thel previous and the next cut. In this case, the tool will retract in the tool direetion from the last point of the
prgvious cut (unless overridden by up_dir). On the security the tool will rotate to the new tool dirgction, and
thep it will move down in the tool direction (unless overridden by down_.dir) for the first point of tHe next cut.
No|change of the tool direction takes place during the lift and approach to and from the security plane.

4.88.2 Connect two points directly

The direct connector moves the tool in a straight line from the end point of the previous toolpath to {he starting
point of the next toolpath.

ENTITY connect_direct ml *)
SUBTYPE OF (connector);
END_ENTITY;

Note: If this connector is used during-a\five-axis milling operation, the connector may be used to| adjust the
tool direction between the previous and the next cut. The tool will rotate to the new tool direction|during the
lingar motion.

4.89 Approach and lift path

This subtype of parameterised path describes the lift and approach movement in terms of angles of tangential
moyvements. See ,also Section 4.8.1. The strategy will initiate the generation of toolpath baged on the
suirounding feature/ This entity, on the other hand, specifies a distinct path in cartesian space. It can be the
result of a path;generation based on an air strategy in which case the fix_point would lie in the retraft_plane of
the| associated operation.

ENTITY approach_lift _path G ml >
ABSTRACT SUPERTYPE OF (ONEOF (ap_lift_path_angle, ap_lift_path_tangent))
SUBTYPE OF (parameterised_path),;
fix_point: cartesian_point;
fix_point_dir: OPTIONAL direction;

END_ENTITY;

fix_point: The starting point for the approach movement or the destination for the lift
movement in the workpiece co-ordinate system, or the feature’s local co-
ordinate system, respectively. The reference point on the tool is the tool
center point (tcp), which is the point where the rotational axis of the tool
leaves the tip.
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fix_point_dir: The tool direction in fix_point as 3D vector in the workpiece co-ordinate
system, or the feature’s local co-ordinate system, respectively. If given, the
machine will attempt to interpolate between the tool direction in the fix
point and the tool direction in the start (approach) or end (lift) point of the
connecting toolpath during the approach/lift movement. If not given, the tool
direction will not be changed during the approach/lift movement.

4.8.9.1 Approach lift angle

Approach ¢r lift at an angle to the path using a linear approach (see figure).

fix_point

=17

Figure 41 — Linear approach with angle

ENTITY ap_lift_path_angle G m1*)
SUB'YPE OF (approach lift _path);
angfe: plane_angle_measure;
benfddist: positive length_measure;

END_ENTITY;

angle: Approach or lift angle.

benddist: The length of the angular approach angle.

4.8.9.2  Approach lift tangent

Approach or lift to the path using a tangential approach (see figure).
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dependent on the usage-to define another entity.
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Figure 42 — Tangential approach

ENTITY ap_lift_path_tangent G m1*)
SUBTYPE OF (approach_lift _path);
radius: positive length _méaslre;

END_ENTITY;

ius: The radius of the appreach movement.

Rules

e following rules are needed to ensure the consistency of the geometric, topological and te
del.

.1 dependent_instantiable representation_item

b dependent_instantiable_representation_item rule specifies that all instances of representatio

RULE depenrdent_instantiable representation_item FOR (representation_ite
HERE
WR1:081ZEOF (QUERY (ri <* representation_item |
NOT (SIZEOF (USEDIN (ri, "%)) >= 1))) = 0;
END\RULE;

chnological

n_item are

m);

4.9

.2 dependent_instantiable_shape_representation

The dependent_instantiable_shape_representation rule specifies that all instances of shape_representation
are dependent on the usage to define another entity.

RULE dependent_instantiable_shape representation FOR (shape_representation);

WHERE
WR1: SIZEOF (QUERY (sr <* shape_representation |
NOT (SIZEOF(USEDIN(sr, "")) >= 1))) = 0;
END_RULE;
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4.9.3 geometric_representation_item_3d

The geometric_representation_item_3d rule specifies that every geometric_representation_item must be
founded within a geometric_representation_context that has a dimensionality of 3 except for use in defining
the pcurve entity. This rule constrains all geometry to be three dimensional. The pcurve entity is an exception

because it

must be founded in a 2 dimensional context which is the parameter space of a surface.

RULE geometric_representation_item_3d FOR (geometric_representation_item);

WHERE

WR1Eg

(ol lwd=ia] nlll 4ol | =io \VARY £ -1 x __coometics
L]

END_R(

4.10 End

END_S(

5 Conf

Conformatri

SHZEOF—(QUERY—(g+i geemetrie

NOT( (dimension_of (gri) = 3) OR

(SIZEOF (bag_to_set (USEDIN (gri, "")) -

(gri, "REPRESENTATION_SCHEMA."+ = 0)))) =
LE;

of schema

HEMA; (* machining_schema *)

Drmance requirements

ce to this part of ISO 14649 includes satisfying the\xrequirements stated in this part,

requirements of the implementation methods supported, and the“relevant requirements of the norma

references
For require

This part g

ments with respect to implementation methods,see Annex C.

f ISO 14649 provides a number of options that may be supported by an implementation. Th

options shall all be supported by six classes of conformance.

the
ive

£Se

These conformance classes are characterized_as follows:

e confofmance class 1 — cOmO: Minimum set of curve geometry and minimum set of
manufacturing data;

e conformance class 2 - ¢cOmOm1.: Class 1 plus full set of manufacturing data, especially
manufacturing features;

e confoqmance class.3— s0cOmOm1: Class 2 plus minimum set of surface geometry;

e conformancetclass 4 — s0s1cOclmOml: Class 3 plus full curve and surface geometry;

e confomance class 5—- t0t1lsOcOmOm1l: Class 3 plus topological information;

e conformance class 6 — t0t1s0s1cOclimOml: Class 4 plus topological information.

The identifiers for the respective data sets (m0/ml1, c0/cl, s0/sl1, t0/tl) can be found in the expanded

EXPRESS

86

listing in Appendix A for each member of the data set in order to facilitate implementation.
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An implementation of conformance class 1 of this part of ISO 14649 shall support the following entities and

related constructs:

address
approval
approval_status
axis_trajectory

operation
optional_stop
ordinal_date
parameterised_path

axis2_placement_3d person

I La &l el
U_QlJl Ll IC_\.’L‘I \"AYd 'JCI DUl I_GI IU_GUUI Coo
b spline_curve with_knots placement
bounded_curve plane
calendar_date point
cartesian_point polyline

composite_curve
composite_curve_segment

cutter_location_trajectory
date
date_and_time
descriptive_parameter
direction
display_message
elementary_surface
executable

eedstop
geometric_representation_context
geometric_representation_item
local_time
machine_functions
machining_operation
machining_tool
machining_workingstep
nc_function
numeric_parameter

Conformance@lass 2 entities

ted constructs:

program_stop
program_structure
project
property_parameter
rapid_movement
rational_b._Spline_curve
representation_item
return_ home
set_dark

setup

surface

technology
three_axes

tool _direction
toolpath
toolpath_list
trajectory
trimmed_curve
two_axes
wait_for_mark

week of year and_day date
workingstep
workpiece_setup

implementation of conformance class 2 of this part of ISO 14649 shall support the following 4

address block
and_expression boolean_expression
aryg i c_tapcn boss

ap_lift_path_angle
ap_lift_path_tangent
approach_lift_path
approval

approval_status
assignment
axis_trajectory
axis2_placement_3d

b _spline_curve

b _spline_curve with_knots
binary_boolean_expression
blind_bottom_condition
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bounded_curve
calendar_date
cartesian_point
catalogue_thread
chamfer

channel
circular_closed_profile

circular_closed_shape profile

circular_offset
circular_omit
circular_path
circular_pattern

ntities and
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closed_pocket

closed _profile
comparison_equal
comparison_expression
comparison_greater
comparison_greater_equal
comparison_less
comparison_less_equal
comparison_not_equal
complete_circular_path
composite curve

machining_workingstep
manufacturing_ feature
material
multiple_arity boolean_expression
nc_constant
nc_function
nc_variable
ngon_profile
non_sequential
not_expression
numeric parameter

COmpos
compoy
conicd
conned
conned
conned
coordi
counts
counts
curve
curve |
cutten
cutteyn
date
date_a
defing
descri
diamet
direct
displa
edge_ 1
elemer
execut
feedst
flat_ |
flat_s
flat_
genera
genera
genera
generg
generg
genera
genera
generg
geomet
geomet

ite_curve_segment
nd_feature

L1_hole_bottom

t_direct

t_secplane

tor
nated_universal time offset
rbore_hole

rsunk_hole

lwith_normal_vector
_contact_trajectory
_location_trajectory

ind_time

d_thread
ptive_parameter
er_taper

[ion

ly_message

round

tary_surface

fable

Lop

ole_bottom

lot_end_type
ith_radius_hole_bottom
Ll _closed _profile

Ll _outside_profile

LI _path

1l _pattern
L1_pocket_bottom_condition
1l _profile

LI _profite floor
L1_shape“profile

'rig \representation_context
[I7iC  representation_item

hole b

ofttom condition
TCTOTT C OO T T T oTT

offset vector
open_pocket

open_profile
open_slot_end_type
operation

optional_stop
or_expression
ordinal_date

parallel
parameterised_path
partial_area_definition
partial_circular_path
partial_cireular_profile
partial_ecixcular_shape profile
person
person._and_address
placement

plkanar_face
planar_pocket_bottom condition
planar_profile_floor
plane

plus_minus_value

pocket

pocket bottom_condition
point

polyline

profile

profile_feature
profile_floor
program_stop
program_structure
project
property_parameter
radiused_pocket bottom_condition
radiused_slot_end_type
rapid_movement
rational_b spline_curve

recetanarllar clocad-nrofilae
L~ A=

if_statement
in_process_geometry
limits_and_fits
linear_path
linear_profile
local_time
loop_slot_end_type
machine_functions
machined_surface
machining_feature
machining_operation
machining_tool

88

rcoTtorgou ol _CcTrootou— P i

rectangular_closed_shape_profile
rectangular_offset
rectangular_omit
rectangular_open_shape_profile
rectangular_pattern

region

region_projection
region_surface_list
replicate_feature
representation_item
return_home
right_circular_cylinder

© 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=a610f3277ead2916b7b35b886649ddcd

round_hole
rounded_end
rounded_u_profile
selective
set_mark

setup
setup_instruction
shape_profile

ISO 14649-10:2004(E)

tool_probing
tool_radius_probing
toolpath
toolpath_feature
toolpath_list
toolpath_speed
touch_probe
touch_probing

slot trajectory
slot_end_type transition_feature
specification travel path

An

specification_usage constraint
spherical_cap
spherical_hole_bottom
square_u_profile

step

surface
surface_texture_parameter
technology

tee profile

thread

three axes
‘through_bottom_condition
through_pocket_bottom condition
through_profile_floor
toleranced_length_measure

tool _direction
tool_length_probing

j Conformance class 3 entities

rel

ted constructs:

address
and_expression
angle_taper
ap_lift_path_angle
ap_lift_path_tangent
approach_lift-path
approval
approval_status
assignment
axis_trajectory
axis2. placement_3d
b_spline_curve

b~ spline curve with knots

trimmed_curve

two_axes
two5D_manufacturing_feature
unary_boolean_expression
vee profile

wait_for_mark

week of year and(day date
while_statement
woodruff_slot.end_type
workingstep

workpiece

workpiece complete_probing
workpiece probing
workpiece_setup

workplan

XOY_expression

implementation of conformance class.3_of this part of ISO 14649 shall support the following €

catalogue_thread
chamfer

channel
circular_closed_profile
circular_closed_shape profile
circular_offset
circular_omit
circular_path
circular_pattern
closed_pocket

closed _profile
comparison_equal
comparison_expression

b _spline_surface

b _spline_surface_with_knots
binary_boolean_expression
blind_bottom_condition
block

boolean_expression

boss

bounded_curve
bounded_pcurve
bounded_surface
calendar_date
cartesian_point

© I1SO 2004 — All rights reserved

comparison_greater
comparison_greater_equal
comparison_less
comparison_less_equal
comparison_not_equal
complete _circular_path
composite_curve
composite_curve_segment
compound_feature
conical_hole_bottom
connect_direct
connect_secplane

ntities and
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connector
coordinated_universal_time offset
counterbore_hole
countersunk_hole

curve
curve_with_normal_vector
cutter_contact_trajectory
cutter_location_trajectory
date

date_and_time
defined_thread

operation

optional_stop
or_expression
ordinal_date

parallel
parameterised_path
partial_area definition
partial_circular_path
partial_circular_profile
partial_circular_shape profile
pcurve

definitional_representation
descriptive_parameter
diameter_taper

direction

display_message

edge_round
elementary_surface
executable

feedstop

flat_hole_bottom
flat_glot_end_type

flat WJith_radius_hole bottom
genergl_closed_profile
general_outside_profile
genergl_path

genergl_pattern
genergl_pocket_bottom_condition
general_profile
general_profile_floor
general_shape profile
geometric_representation_context
geometric_representation_item
hole_hottom_condition
if_statement
in_prgcess_geometry
limitgs_and fits

linear path

linear profile

local |[time
loop_slot _end type
machine_functions
machined_surface
machining_feature
machining_operation
machining_teol

machining Workingstep
manufgcturing_ feature
mater el

person
person_and_address

placement

planar_face
planar_pocket bottom condition
planar_profile_floor

plane

plus_minus_value

pocket

pocket bottom_condition

point

polyline

profile

profile_feature

profile.floor

progran stop

program_structure

project

property_parameter
radiused_pocket bottom_condition
radiused_slot_end_type
rapid_movement
rational_b_spline_curve
rational_b spline_surface
rectangular_closed_profile
rectangular_closed_shape_profile
rectangular_offset
rectangular_omit
rectangular_open_shape_profile
rectangular_pattern

region

region_projection
region_surface_list
replicate_feature
representation_item
return_home
right_circular_cylinder

rorndhaola
oottt

multiple_arity boolean_expression
nc_constant
nc_function
nc_variable
ngon_profile
non_sequential
not_expression
numeric_parameter
offset_vector
open_pocket
open_profile
open_slot_end_type

TOTT

rounded_end
rounded_u_profile
selective
set_mark

setup
setup_instruction
shape_profile
slot
slot_end_type
specification
specification_usage constraint
spherical_cap
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spherical_hole_bottom
square_u_profile

step

surface

surface_texture_ parameter
technology

tee profile

thread

three_axes
through_bottom_condition
through pocket bottom condition

ISO 14649-10:2004(E)

touch_probe
touch_probing

trajectory
transition_feature
travel _path
trimmed_curve

two_axes
two5D_manufacturing_feature
unary_boolean_expression
vee profile
wait_for_mark

5.4

An

through_profile_floor
toleranced_length_measure
tool _direction

tool _length_probing

tool _probing

tool _radius_probing
toolpath

toolpath_feature
toolpath_list
toolpath_speed

Conformance class 4 entities

rel

implementation of conformance class 4 of this part of ISO%14649 shall support the following €

ted constructs:

address

and_expression
angle_taper
ap_lift_path_angle
ap_lift_path_tangent
approach_lift_path
approval

approval_status
assignment
axis_trajectory

axisl placement
axis2_placement_3d

b _spline_curve

b spline_curve\with_knots
b _spline_surface

b _spline_surface with_knots
bezier_culrve
bezierlsurface

binarxy. boolean_expression
blind _bottom condition

week of year and day date
while_statement
woodruff_slot_end_type
workingstep

workpiece
workpiece_complete. ‘probing
workpiece_probing
workpiece_setup

workplan

XOr_expression

circular_closed_shape profile
circular_offset
circular_omit
circular_path
circular_pattern
closed_pocket

closed _profile
comparison_equal
comparison_expression
comparison_greater
comparison_greater_equal
comparison_less
comparison_less_equal
comparison_not_equal
complete _circular_path
composite_curve
composite_curve_segment
compound_feature

conic
conical_hole_bottom

block connect direct
boolean_expression connect_secplane
boss connector

bounded_curve
bounded_pcurve
bounded_surface
calendar_date
cartesian_point
catalogue_thread
chamfer

channel

circle
circular_closed_profile
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ntities and

coordinated_universal_time_offset

counterbore_hole
countersunk _hole

curve
curve_with_normal_vector
cutter_contact_trajectory
cutter_location_trajectory
date

date_and_time
defined_thread
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definitional_representation
descriptive_parameter
diameter_taper
direction
display_message
edge_round
elementary_surface
ellipse

executable

feedstop

flat_hole bottom

partial_area definition
partial_circular_path
partial_circular_profile
partial_circular_shape profile
pcurve

person

person_and_address

placement

planar_face
planar_pocket_bottom condition
planar profile floor

flat_glot _end_ type

flat WJith_radius_hole bottom
genergl_closed_profile
general_outside_profile
general_path

genergl_pattern
genergl_pocket_bottom_condition
general_profile
general_profile_floor
general_shape profile
geometric_representation_context
geometric_representation_item
hole_hottom condition

hyperhola

if_statement

in_prgcess_geometry
limitg_and_fits

line
linear path

linear profile

local |time
loop_glot_end_type
machine_functions
machined_surface
machining_feature
machining_operation
machining_tool
machining_workingstep
manufacturing_ feature
material

multiple_arity_boolean_expression

nc_constant
nc_function
nc_variable
ngon_profike
non_segquential
not_expression

plane

plus_minus_value

pocket

pocket bottom_condition
point

polyline

profile

profile_feature
profile_floor

program_stop
program_structure

project

property_parameter
quasi_uniform_curve
quasi_uniform_surface
radiused_pocket bottom_condition
radiused_slot_end_type
rapid_movement
rational_b_spline_curve
rational_b spline_surface
rectangular_closed_profile
rectangular_closed_shape profile
rectangular_offset
rectangular_omit
rectangular_open_shape_profile
rectangular_pattern

region

region_projection
region_surface_list
replicate_feature
representation_item
return_home
right_circular_cylinder
round_hole

rounded_end
rounded_u_profile
selective

cot maal
T 1<

numer Fe—parameter
offset_vector
open_pocket
open_profile
open_slot_end_type
operation
optional_stop
or_expression
ordinal_date
oriented_surface
parabola

parallel
parameterised_path

setup
setup_instruction
shape_profile

slot

slot_end_type
specification
specification_usage constraint
spherical_cap
spherical_hole_bottom
spherical_surface
square_u_profile

step
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surface

surface_of linear_extrusion
surface_of revolution
surface_texture parameter
swept_surface

technology

tee profile

thread

three_axes
through_bottom_condition
through pocket bottom condition
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trajectory
transition_feature
travel_path
trimmed_curve

two_axes
two5D_manufacturing feature
unary_boolean_expression
uniform_curve
uniform_surface

vector

vee profile

An

through_profile_floor
toleranced_length_measure
tool _direction

tool _length_probing
tool _probing

tool _radius_probing
toolpath
toolpath_feature
toolpath_list
toolpath_speed
touch_probe
touch_probing

Conformance class 5 entities

implementation of conformance class 5 of this part of 1SO 14649 shall support the following €

rel

ted constructs:

address

advanced_brep_shape_ representatio

n
advanced_face
and_expression

angle_taper
ap_lift_path_angle
ap_lift_path_tangent
approach_lift_path

approval

approval_status

assignment

axis_trajectory
axis2_placement_3d

b splinelecurve

b _spline/curve_with_knots

b _spline_surface
b_spline_surface with_knots
binary boolean expression

wait_for_mark

week of year and_day date
while_statement
woodruff_slot_end_type
workingstep

workpiece
workpiece_complete/probing
workpiece_probing
workpiece_setup

workplan

XOor_expression

circular_closed_profile
circular_closed_shape profile
circular_offset
circular_omit
circular_path
circular_pattern
closed_pocket
closed_profile
closed_shell
comparison_equal
comparison_expression
comparison_greater
comparison_greater_equal
comparison_less
comparison_less _equal
comparison_not_equal
complete _circular_path
composite_curve
composite curve segment

blind_bottom_condition
block
boolean_expression
boss

bounded_curve
bounded_pcurve
bounded_surface
calendar_date
cartesian_point
catalogue_thread
chamfer

channel
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compound_feature
conical_hole_bottom
connect_direct
connect_secplane
connected_face_set
connector

ntities and

coordinated_universal_time_ offset

counterbore_hole
countersunk_hole

curve
curve_with_normal_vector
cutter_contact_trajectory
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cutter_location_trajectory numeric_parameter

date offset vector
date_and_time open_pocket
defined_thread open_profile
definitional_representation open_shell
descriptive_parameter open_slot_end_type
diameter_taper operation

direction optional_stop
display_message or_expression

edge ordinal_date

edge_curve oriented closed shell
edge_loop oriented_edge

edge_round oriented_face
elementary_surface orineted_open_shell
executable oriented_path

face parallel

face_hound parameterised_path

face_ guter_bound partial_area_definition
face_gurface partial_circular_path
faceted_brep partial_circular_profile
feedstop partial_circularcshape profile
flat_hole bottom path

flat_glot_end_type pcurve
flat_With_radius_hole bottom person

foundg¢d_item person_andvaddress
genergal _closed profile placement
general_outside_profile planar_face

genergl_path planar _pocket_bottom condition
genergl_pattern pkanar_profile_floor
genergl_pocket bottom_condition plane

general_profile plus_minus_value
general_profile_floor pocket

genergl_shape profile pocket_bottom_condition
geometric_representation_context point
geometric_representation_item polyline
hole_hottom_condition poly loop

if_statement profile
in_prgcess_geometry profile_feature
limitg_and fits profile_floor

linear path program_stop
linear_profile program_structure

local [time project

loop property_parameter
loop_glot_end_type radiused_pocket bottom_condition
machine_functions radiused_slot_end_type
machined_surface rapid_movement

machining \Feature rational_b spline_curve
machining:operation rational_b_spline_surface
mach i H-Hg—teet rectangtHar—closed—profFiHe
machining_workingstep rectangular_closed_shape_profile
manifold_solid_brep rectangular_offset
manufacturing_ feature rectangular_omit
mapped_item rectangular_open_shape_profile
material rectangular_pattern
multiple_arity boolean_expression region

nc_constant region_projection
nc_function region_surface_list
nc_variable replicate_feature
ngon_profile representation_context
non_sequential representation_item
not_expression representation_map
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return_home

right _circular_cylinder
round_hole
rounded_end
rounded_u_profile
selective

set_mark

setup
setup_instruction
shape_profile

shape representation
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tool_probing
tool_radius_probing
toolpath
toolpath_feature
toolpath_list
toolpath_speed
topological_region
topological_representation_item
touch_probe
touch_probing
trajectory

slot

slot_end_type

solid_model

specification
specification_usage constraint
spherical_cap
spherical_hole_bottom
square_u_profile

step

surface
surface_texture_parameter
technology

tee profile

thread

three_axes
‘through_bottom_condition
through_pocket_bottom condition
through_profile_floor
toleranced_length_measure
tool _direction
tool_length_probing

transition_feature
travel_path

trimmed_curve

two_axes
two5D_manufacturing feature
unary_boolean_expression
vee_profile

vertex

vertex_loop

vertex_point
wait_for . mark

week of (year and_day date
whilelsStatement
woodruff_slot_end_type
workingstep

workpiece
workpiece_complete_probing
workpiece_probing
workpiece_setup

workplan

XOr_expression
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5.6 Conformance class 6 entities

An implementation of conformance class 6 of this part of ISO 14649 shall support the following entities and
related constructs:

address

advanced_brep_shape_ representatio
n

advanced_face

and_expression

conic
conical_hole_bottom
connect_direct
connect_secplane
connected_face_set

angle rtapet
ap_lift_path_angle
ap_lift_path_tangent
approgch_lift_path

approyal

approvyal_status

assignment

axis_trajectory

axisl [placement

axis2 [placement_3d

b _spline_curve

b _spline_curve with_knots

b _spline_surface

b _spline_surface with_knots
bezier _curve

bezier _surface

binary boolean_expression
blind|bottom condition
block
boolean_expression
boss
bounded_curve
bounded_pcurve
bounded_surface
calendar_date
cartegian_point
catalggue_thread
chamfer

channgl
circle
circular_closed_profile
circular_closed_shape profile
circular_offset

circular_omit

circular_path
circular_pattern

closed pocket

closed profile

coordinated_universal_time_offset
counterbore_hole
countersunk_hole

curve
curve_with_normal_vector
cutter_contact_trajectonry
cutter_location_trajectory
date

date_and_time
defined_thread
definitional_répresentation
descriptive/parameter
diameter_taper

direction

display.message

edge

edge“curve

edge_loop

edge_round
elementary_surface

ellipse

executable

face

face_bound

face outer_bound
face_surface

faceted brep

feedstop

flat_hole_bottom
flat_slot_end_type
flat_with_radius_hole_bottom
founded_item

general_closed profile
general_outside_profile
general_path
general_pattern

general pocket bottom condition

closed_shell
comparison_equal
comparison_expression
comparison_greater
comparison_greater_equal
comparison_less
comparison_less_equal
comparison_not_equal
complete_circular_path
composite_curve
composite_curve_segment
compound_feature

96

general_profile
general_profile_floor
general_shape_profile
geometric_representation_context
geometric_representation_item
hole_bottom condition
hyperbola

if_statement
in_process_geometry
limits_and fits

line

linear_path
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linear_profile
local _time

loop
loop_slot_end_type
machine_functions
machined_surface
machining_feature
machining_operation
machining_tool
machining_workingstep
manifold solid brep

ISO 14649-10:2004(E)

profile_floor
program_stop
program_structure
project
property_parameter
quasi_uniform_curve
quasi_uniform_surface
radiused_pocket_bottom_condition
radiused_slot_end_type
rapid_movement

rational b spline curve

manufacturing_ feature
mapped_item

material

multiple_arity boolean_expression
nc_constant

nc_function

nc_variable
ngon_profile
non_sequential
not_expression
numeric_parameter
offset vector
open_pocket
open_profile

open_shell
open_slot_end_type
operation

optional_stop
Or_expression
ordinal_date
oriented_closed_shell
oriented_edge
oriented_face
orineted_open_shell
oriented path
oriented_surface
parabola

parallel
parameterised_path
partial _area definition
partial_circular_path
partial_cirecular_profile
partial_ci¥cular_shape profile
path

pcurve

person
person_and_address

NnEIacaoamant
T

rational_b spline_surface
rectangular_closed_profile
rectangular_closed_shapeprofiile
rectangular_offset
rectangular_omit
rectangular_open_shape_profil
rectangular_pattérn

region

region_projection
region_surface list
replicate_feature
representation_context
represéntation_item
representation_map
return_home
right_circular_cylinder
round_hole

rounded_end

rounded_u_profile

selective

set_mark

setup

setup_instruction
shape_profile
shape_representation

slot

slot_end_type

solid_model

specification
specification_usage constraingt
spherical_cap
spherical_hole_bottom
spherical_surface
square_u_profile

step

surface

surface_of linear_extrusion

ciirfaca of raoavolution
=4~ (=22 otV T

D

pProcemc

planar_face
planar_pocket_bottom condition
planar_profile_floor
plane

plus_minus_value

pocket
pocket_bottom_condition
point

polyline

poly loop

profile

profile_feature

© I1SO 2004 — All rights reserved

A= \"A B=n = pvy

surface_texture_parameter
swept_surface

technology

tee_profile

thread

three_axes
through_bottom_condition
through_pocket_bottom condition
through_profile_floor
toleranced_length_measure
tool _direction
tool_length_probing
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tool_probing
tool_radius_probing
toolpath
toolpath_feature
toolpath_list
toolpath_speed
topological_region
topological_representation_item
touch_probe
touch_probing
trajectory

_surface

vector

vee_profile

vertex

vertex_loop
vertex_point
wailt_for_mark

week of year and_day date
while_statement
woodruff_slot_end_type
workingstep

transition_feature
travel_path

trimmgd_curve

two_axes

two5D |manufacturing_ feature
unary |boolean_expression
uniform curve

uniform

workpiece
workpiece_complete_probing
workpiece_probing
workpiece_setup

workplan

Xor_expression
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Annex A
(normative)

EXPRESS expanded listing

The following EXPRESS is the whole schema given in clause 5. In the event of any discrepancy. between the
shgrt form and this expanded listing, the expanded listing shall be used. The two-character (abels used for
eac¢h entity indicate to which conformance class an entity belongs; please refer to Chapter 5¢

SCHEMA machining_schema;
(*

Version of April 30, 2004
Author: 1SO TC184/SC1/WG7

)

REFERENCE FROM approval_schema (A4S0 10303-41e3*)
( approval,
approval_status);

REFERENCE FROM date_time_schema (*1S0 10303-41e3*)
( date_and_time,
date);
REFERENCE FROM person_organization/schema (*1S010303-41e3%*)
( person,
address);

REFERENCE FROM support_resource_schema (*1S010303-41e3%*)
( bag_to_set,
identifier,
label,
text);

REFERENCE FROM ‘measure_schema (*1S010303-41e3%*)
( length_méasure,

parameter_value,

planeangle_measure,

positive_length_measure);

REFERENCE FROM product property_representation_schema (*15S010303-41e3%)
(" shape_representation);

REFERENCE FROM representation_schema (*1S010303-43e2%*)
( definitional _representation);

REFERENCE FROM geometry_schema (*1S010303-42e3%*)
( trimming_select,
trimming_preference,
transition_code,
trimmed_curve,
composite_curve,
composite_curve_segment,
axis2_placement_3d,
bounded_curve,
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bounded_surface,
cartesian_point,
circle,

conic,

curve,

direction,
elementary_surface,

plane,
polyline
)
REFERENCE FROM topology_schema (*1S010303-42e3%*)
( efige, edge_curve, edge_toop, face, toop):
REFERENCE FROM geometric_model schema (*1S010303-42e3%*)
( block,
right_circular_cylinder
)
REFERENCE FROM aic_advanced_brep (*1S010303-514*)
(aflvanced_brep_shape_ representation
)
(* AAFAAAAAAAAAAAAXAAA XXX ** *)
(* AEAFAAA A AKX A AAA A AR LA AAAAAA XA AAAAAAXAAXAAAAXAXAAXAAAAXAAAXAAAAXTAAXAAAAAAX *)
- *)
(* General types and definitions *)
- *)
(* AAFAAAXAAAAAAAAAAAAKXK * *)
(* AEAFAXAAAAXAAAAAAXAXAAAXAAAAXAAAAAAAAAXAAAAXAAAXAAIAFTAAAXAAAAXAAAXAAAAXAAX *)
(e 2 )
(* Measure units *)

(* EEAFEXAXTEAAXAEAAXAEAAXAEAAXAEAAXAAXAXAAXAXAAAXA ALK ALTAAXAXAAXAXAAXAXAAXAXAAXAAAXAAAXAXAd*x *)

ENTITY toleranced_length_measure; ¢ ml *)
thepretical_size: positive length_measure;
implicit_tolerance: talerance_select;

END_ENTITY;

TYPE tolerance_select = SELECT(plus_minus_value, limits _and_fits);
END_TYPE;

ENTITY plus_minus_value; G m1*)
upper_limit: positive length _measure;
lower_ limik: positive_ length_measure;
sighificant/digits: INTEGER;

END_ENTITY

ENTITY Rimits and fits: C-ml *)
deviation: length_measure;
grade: length_measure;
its_fitting_type: OPTIONAL fitting_type;

END_ENTITY;

TYPE fitting_type = ENUMERATION OF (shaft,hole);

END_TYPE;

TYPE speed_measure = REAL;

END_TYPE;

TYPE rot_speed _measure = REAL;
END_TYPE;
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TYPE pressure_measure = REAL;

END_TYPE;

K AAEAAAAA A AR A A AA A AR A AAA A AR A AAAAARAAAAAAAAAAAAAAXAAAAAAAXAAAXAAAAXX *)
(* Other general types *)
G *)
TYPE rot_direction = ENUMERATION OF (cw,ccw);

END_TYPE;

TYPE Shape_tolerance — tengun_measure,
END_TYPE;

(* AEEAAAAAA A AAAAAAAAAAAAAXAAXAXAAAAXAAXAXAAAAAAXAAAAAAAAAAAAAAXAAAAAXX *)

(* AEEAAAAAAAAAAAAAAAAAAAAXAAAXAAAAAAAAAAAAAAAAAAAAXAAAAAAAXAAAAAXA *)

(* Informal proposition:

its_id shall be unique withingthe part programme.
*

(G *)
(* PROJECT *)
C* )
(* AEAEAAAAAA A AAAAAAAAAAAAAXAAXAXAAAAAAAXAAAXAAAAAAAAAAXAAAAXAAARL XXX X *)
- g )
ENTITY project; (* m0 *)

its_id: identifier;

main_workplan: workplan;

its_workpieces: SET [0:?] OF workpiece;

its_owner: OPTIONAL person and_address;

its release: OPTIONAL date_and_time;

its_status: OPTIONAL approval;

END_ENTITY;
ENTITY person_and_address; - m0 *)
its_person: person;
its address: OPTIONAL address;
END_ENTITY;
(* AE A A A A A A A AT AT AT A AL AAATAAAAAAAAAXAXAXAAAXAAAAXAAXAAAAAAAIAIAXAAAAAAIAAA XXX KX *)
(Galialalaiaiaioe oy *)
(G *)
(* Workpiecenyand manufacturing feature *)
C* )
(e )
(e )
ENTATY workpiece; G m1*)
its id: identifier;
its _material: OPTIONAL material;
global_tolerance: OPTIONAL shape_tolerance;
its_rawpiece: OPTIONAL workpiece;
its_geometry: OPTIONAL advanced_brep_shape_representation;
its_bounding_geometry: OPTIONAL bounding_geometry_select;
clamping_positions: SET [0:?] OF cartesian_point;
END_ENTITY;
K AKAEAAAAA XA AAAAAA A AAXAAAAAAAXAAAAXAAAAAAAAAXAXAAAAAAXAXAAXAAAAXAAAXAAAAXK *)
(* Material *)
(* xxxxxxxxxxxxxxx -k)
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ENTITY material; G ml >
standard_identifier: label;
material_identifier: label;
material_property: SET [0:?] OF property parameter;

END_ENTITY;

(* FEEAEXEAXAEAAEITEAAAEXAAXAEAAXAEAAXA XXX AXXAAXAXAAXAXAAXAXAAXTAAXAXAAXAAAI XA XA XA XAhAdhi*d*x *)

(* Property parameter *)

(* AEAE A A A A AA A AAAAAAXAAAXAAAAXAAAXAAAAXAAXAXAAAAAAXAAAAAAAXAAAAAAAAAAAAAX *)

ENTITY property_parameter - m0 *)
SUPERTYPE OF (ONEOF (descriptive_parameter,numeric_parameter));
parameter_name: label;

END_ENTITY;

ENTITY descriptive_parameter .m0 *)
SUB['YPE OF (property_parameter);
desgriptive_string: text;

END_ENTITY;

ENTITY numeric_parameter * m0 *)
SUB'YPE OF (Property_parameter);
its| parameter_value: parameter_value;
its| parameter_unit: label;

END_ENTITY;

(* EEAFEXAEXEAXAEAAXAEAAXTEAAXAEAAXAAAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAEAIARAA XA AAAAAAAAXAd* *)

(* Bounding geometry *)

(* AEAFA A A A AA A AAAAAAXAAAAAAAXAAXAXAAAAAAXAXAAAAAAXAAAAAAAAAAAAAXAAAAAAX *)

TYPE bounding_geometry_select =

SELECT (block, right_circular_cylinder, G m1*)
advanced_brep_shape representatian);  tl1 >
END_TYPE;
(* AAFAAXAAAXAAAXAAAXAAALAAAXAAAXAATAXX *)
(* Manufacturing feature *)

(* AEAFA A A A AA A AAAAAAAAAA AT AXTAAXAAAAXAAXAXAAAXAAAAAAAAAAXAAAAAAAXAAAAAAX *)

ENTITY manufacturingCFeature G ml >
ABSTRACT SUPERTYPE“OF (ONEOF(region, two5D_manufacturing_feature,
trapsition_feature));

its| id: identifier;

its| workpiece: workpiece;

its| operations: SET [0:?] OF machining_operation;
END_ENTITY
(* R o s N M M R B B B NN NN R B T B N NN B T T 0 B NN NN T T 0 B NN NN BT T 0 B NN AN NI A AT *)
G *)
- *)
(* Catalogue of manufacturing feature *)
- *)
(* AAEAAAAAAAXAAXAAXAAXAAXAAAAAAAAIAXAAXAAAAAAAXAAAAAAXAAAAAAhAAhAAAAAhAhAikX *)
G *)
(* AAEAAEAAAXAAXAAXAAXAAXAAXAAAXAAXAAAAXAAXAAXAAAAAAAXAAAAXAAAAAAAAhAAAAAhAhAhkX *)
(* Region *)
G *)
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ENTITY region G ml >
ABSTRACT SUPERTYPE OF (ONEOF (region_surface list, region _projection,
topological_region))

SUBTYPE OF (manufacturing_feature);

feature_placement: OPTIONAL axis2_placement_3d;

END_ENTITY;

ENTITY region_projection ml *)
SUBTYPE OF (region);
proj_curve: bounded_curve;
proj dir: direction;
depth: toleranced_length_measure;

END_ENTITY;

ENTITY region_surface_ list @l *)
SUBTYPE OF (region);
surface_list: LIST [1:?] OF bounded_surface;

END_ENTITY;

ENTITY topological_region (¢ to t1|*)
SUBTYPE OF (region, open_shell);

HERE

WR1: SIZEOF(QUERY(it <* SELF.cfs_faces |
NOT("MACHINING_SCHEMA . ADVANCED_FACE" IN TYPEJE(it)))) = 0;

END_ENTITY;
(* wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww *)
(* 2.5D manufacturing feature *)

(* EEAEEAEXEAXAAAAEAAXAEAAXAEAAXAAAXAAAXAAXAXAAXAXAALERAXAXAAXAXAAXAXAAXAXAAAXAAAAAAXA*d*x *)

ENTITY two5D_manufacturing feature G ml >
ABSTRACT SUPERTYPE OF (ONEOF(machining_feature, replicate feature,
compound_feature))

SUBTYPE OF (manufacturing feature);

feature_placement: axis2_placement_3d;
END_ENTITY;
(* AEAEKAAAAAAAAAAAAAARERAE A AAXAAAAAAAXAAXAAAAXAXAAXAAAAXAAAXAAAAXAAAXAAAAAAX *)
(* Machining feature *)
* xx *
( )
ENTITY machining_feature G ml*)

ABSTRACT.‘'SUPERTYPE OF (ONEOF(planar_face, pocket, slot, step, round_hole,
toolpath_ feature, profile_feature, boss, spherical _cap, rounded end,

thread))

SUBIYPE OF (two5D_manufacturing_ feature);

depth: elementary_surface;
END “ENTITY;
- *)
(* Planer face *)

(* EEAEXEAEXEAAEAAXAAAXTEAAXTEAAXAAXAXA XXX AAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAAAAXAAAXAXAd*X *)

ENTITY planar_face G m1 *)
SUBTYPE OF (machining_ feature);
course_of _travel: linear_path;
removal_boundary: linear_profile;
face_boundary: OPTIONAL closed_profile;
its_boss: SET [0:?] OF boss;

(*Informal propositions:
- The entire profile lies in the local xy plane.
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- The profile is not self-intersecting.
*

END_ENTITY;
(* KA EEAAAAAA A A AT AAAAAA A AT AT A AAAAAA A A A AAAAAAA A AAAAAAAAAAAAAAAA AL AXK *)
(* Pocket *)
G *)
ENTITY pocket ¢ ml *)

ABSTRACT SUPERTYPE OF (ONEOF(closed pocket, open_pocket))
SUBTYPE OF (machining feature);

its| boss: SET [0:?] OF boss;
slope: OPTIONAL plane_angle_measure;
bottom_condition: pocket_bottom_condition;
plapar_radius: OPTIONAL toleranced_length_measure;
orthogonal_radius: OPTIONAL toleranced_length_measure;
END_ENTITY;
ENTITY closed_pocket ¢t ml *)
SUB'YPE OF (pocket);
feagture_boundary: closed profile;

(*Ipformal propositions:
-| The entire profile lies in the feature®s local xy_plane.
The profile is closed and not self-intersecting<

*

END_ENTITY;

ENTITY open_pocket G m1*)
SUB'YPE OF (pocket);
opeh_boundary: open_profile;
wall_boundary: OPTIONAL open(profile;

(*Ipformal propositions:

The entire open_boundary profikle lies in the local xy plane.
The profile are is not self-intersecting.

Together the two open_profiltes form a closed profile.
—-|wall_boundary is for information only.

*

END_ENTITY;

ENTITY pocket _bottom condition G ml >
ABS[TRACT SUPERTYPECQF
(ONEOF (through_pecket_bottom_condition, planar_pocket_bottom_condition,
radjused_pocket bottom_condition, general_pocket bottom condition));
END_ENTITY;

ENTITY through_pocket_bottom condition ¢ ml *)
SUB['YPE\OF (pocket_bottom_condition);
END_ENTATY;

ENTITY planar_pocket bottom_condition G ml >
SUBTYPE OF (pocket_bottom_condition);

END_ENTITY;

ENTITY radiused_pocket bottom_condition ¢ ml *)
SUBTYPE OF (pocket bottom condition);
floor_radius_center: cartesian_point;
floor_radius: toleranced_length_measure;

END_ENTITY;

ENTITY general_pocket bottom condition ¢ ml >

SUBTYPE OF (pocket_bottom_condition);
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shape: region;
WHERE

WR1: SI1ZEOF(shape\manufacturing_feature.its_operations) = 0;
END_ENTITY;

(* AEAE A A A A A A A AAAAAAAAAXAAAAXAAXAXAAAAXAAXAXAAAAAAAAAAAAAAAAAAAAXAAAAAAX *)

(* Slot *)

(* FEEAEXEAEITIAAEITEAAAITEAAXA XXX EAAXAEAXAAXXAAXAXAAXAXAALAXAAXTAAXAXAAXAAAI XA XT XA XAXhAdhi*d*x *)

ENTITY slot G m1 *)
SUBTYPE OF (machining feature);
course_of travel: travel path;
swept_shape: open_profile;
end_conditions: LIST[0:2] OF slot_end_type;
HERE

WR1: ( ( SIZEOF(QUERY (it <* SELF.end_conditions |
("MACHINING_SCHEMA_LOOP_SLOT_END_TYPE® IN TYPEOF(it)) )) = 1)
AND
(S1ZEOF(end_conditions) = 1) )
OR
(SI1ZEOF(end_conditions) <> 1);

*

Informal propositions:

- The entire travel_path lies in the local xy<{plane.

- The travel _path is not self-intersecting:

*)
END_ENTITY;
ENTITY slot_end_type - ml>)

ABSTRACT SUPERTYPE OF (ONEOF (woodruff slot_end type, radiused slot _end_type,
flat_slot_end_type, loop_slot end) type, open_slot _end type));

END_ENTITY;

ENTITY woodruff_slot _end_ type ¢ ml *)
SUBTYPE OF (slot_end_type);
radius: toleranced_length_measure;

END_ENTITY;

ENTITY radiused_slotyend type G ml *)
SUBTYPE OF (slot-end type);

END_ENTITY;

ENTITY flatislot_end_type G m1*)
SUBTYPEOF (slot_end_type);
corner\‘radiusl: toleranced_length_measure;
corper_radius2: toleranced_length_measure;

END ENTITY;

ENTITY loopn-—clot aond $+uno £ _m1 X\
|=10 man am TOopP—STotT—cToa—Ty T C T

SUBTYPE OF (slot_end type);
END_ENTITY;

ENTITY open_slot_end_type G m1*)
SUBTYPE OF (slot_end_type);
END_ENTITY;

(* EEAEEAEXEAXAAAAEAAXAEAAXAEAAXA XXX XXX AAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAAAAAAAAAAX* *)

(* Step *)

(* AEEAAAAAA A AAAAAAAAAAAAAXAAAAAAAAAAAAAXAAAXAAAAAAAXAAAAAAAXAAAAAAX *)

ENTITY step ¢ ml *)
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SUBTYPE OF (machining_feature);

open_boundary: linear_path;
wall_boundary: OPTIONAL vee profile;
its_boss: SET[0:?] OF boss;

(*

Informal propositions:

- The entire linear_path lies in the same plane.
*

END_ENTITY;
(s )
(* Profile feature *)

(* EEAFEXAXTEAXTEAAXAEIAAXTEAAXAEAAXAEAXAA XXX AAXAALAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAAAXAXAX)Ad*X *)

ENTITY profile feature G ml >
ABSTRACT SUPERTYPE OF(ONEOF(general_outside_profile, shape_profile))
SUB'YPE OF (machining_feature);

profile_swept_shape: linear_path;
END_ENTITY;
ENTITY general_outside profile G ml *)
SUBTYPE OF (profile_feature);
feagture_boundary: profile;
(*

Infprmal propositions:
- The entire profile lies in the local xy plane
- The profile is not self-intersecting.

*)
END_ENTITY;
ENTITY shape profile G ml *)

ABS[TRACT SUPERTYPE
OF(DNEOF(general_shape_profile,partial_circular_shape_profile,
circular_closed_shape profile,rectangular_open_shape profile,
rectangular_closed_shape_ profile))

SUB'YPE OF (profile_feature);

flopr_condition: profite_select;
rempval _direction: dixection;
END_ENTITY;

TYPE profile_select =
SELECT (through_prefile_floor, profile _floor);

END_TYPE;

ENTITY through.profile_floor; ¢ ml *)

END_ENTITY;

ENTITY profile_floor G m1*)
ABSTRACT SUPERTYPE OF(ONEOF(general _profile_floor, planar_profile floor));
fIOJI_I au;uo: CPT:CI’“}AL TTuimeT ;\;_Pal aIIICtCI ;
start _or_end: BOOLEAN;

END_ENTITY;

ENTITY general_profile_floor G ml >
SUBTYPE OF (profile_floor);
floor: face;

END_ENTITY;

ENTITY planar_profile_floor G ml >
SUBTYPE OF (profile_floor);
floor: plane;

END_ENTITY;
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ENTITY general_shape profile ¢ ml *)
SUBTYPE OF (shape profile);
profile_boundary: profile;

END_ENTITY;

ENTITY partial_circular_shape_profile - ml *)
SUBTYPE OF (shape_ profile);
open_boundary: partial_circular_profile;

END_ENTITY;

ENTITY circular_closed_shape_profile G m1CH)
SUBTYPE OF (shape_ profile);
closed_boundary: circular_closed profile;

END_ENTITY;

ENTITY rectangular_open_shape_profile < ml *)
SUBTYPE OF (shape_ profile);
open_boundary: square_u_profile;

END_ENTITY;

ENTITY rectangular_closed_shape_profile c ml *)
SUBTYPE OF (shape profile);
closed_boundary: rectangular_closedhprofile;

END_ENTITY;

(* EAEAEXEAEXEAAEAAXAEAAXAEAAXAAAXAAXAXAAXAXAAXAXAAXAXAAAAAIAAAXAAXAXAAAXAAAAAAAAAXAd*X *)

(* Round hole *)

(* AEEAAAAAAAAAAAAAXAAAXAAAAXAAAXAAAAXAAALXAAAAAAAAAAAAXAAAAAAAXAAAAAAX *)

ENTITY round_hole ¢ ml *)
SUBTYPE OF (machining_feature)’;
diameter: toleranced length_measure;
change_in_diameter: OPTIONAL taper_select;
bottom_condition: hole_bottom _condition;

END_ENTITY;

TYPE taper_select £
SELECT (diamete€x-taper, angle taper);
END_TYPE;

ENTITY diameter_taper; ¢ ml *)
final_diameter: toleranced_length _measure;
END_ENTATY;

ENT1TY angle_taper; ¢ ml *)
angle: plane_angle_measure;

END_ENT LTV -
CND ey

ENTITY hole_bottom_condition < ml *)
ABSTRACT SUPERTYPE OF (ONEOF (blind_bottom_condition,
through_bottom_condition));

END_ENTITY;

ENTITY through_bottom_condition ¢ ml *)

SUBTYPE OF (hole_bottom_condition);
END_ENTITY;
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ENTITY blind_bottom _condition G ml *)
ABSTRACT SUPERTYPE OF (ONEOF(flat_hole bottom, flat with_radius_hole_bottom,
spherical_hole_bottom, conical_hole_bottom))

SUBTYPE OF (hole_bottom_condition);

END_ENTITY;

ENTITY flat_hole_bottom G ml *)
SUBTYPE OF (blind _bottom condition);
END_ENTITY;

ENTITY flat with_radius_hole_bottom G ml *)
SUBTYPE OF (blind bottom condition);
corper_radius: toleranced_length_measure;
END_ENTITY;
ENTITY spherical_hole_bottom G ml ¥
SUB'YPE OF (blind _bottom condition);
radjius: toleranced_length_measure;
END_ENTITY;
ENTITY conical_hole_bottom G ml >
SUB'YPE OF (blind _bottom condition);
tip]angle: plane_angle_measure;
tip| radius: OPTIONAL toleranced_length_measure;
END_ENTITY;
C* R )
(* Toglpath feature *)

(* EEAFEXAEXEAXAEAAXAEAAXAEAAXAAAXAAAXA XXX AXAXAAXAXAAAXAAXAXAAXAXAEAIAKRAAXAAAAAAAAAXAdX *)

ENTITY toolpath_feature G ml*)
SUB'YPE OF (machining_ feature);

END_ENTITY;
(* KEAFAXAAAXAXAXAAXAAXAAXAAXAAAAAXAAAIAAAXAAXAAAAAAhAAhAhAAhAAhAAhAhkhhhhhkAhhhiikik *)
(* Boss *)
- <t )
ENTITY boss G m1*)
SUB['YPE OF(machining_feature);
its| boundary: closed_profile;
slope: OPTIONAL plane_angle measure;
(*

Infprmal propositions:
- The entire_profile lies in the same plane.

- The profdale is not self-intersecting.
*

END_ENTITY
(* R o s N M M R B B B NN NN R B T B N NN B T T 0 B NN NN T T 0 B NN NN BT T 0 B NN AN NI A AT *)
(* Spherical_cap *)
(* nnnnnnnnnnnnnnnnnnnnnnnn *)
ENTITY spherical_cap G m1*)
SUBTYPE OF (machining_ feature);
internal_angle: numeric_parameter;
radius: numeric_parameter;
END_ENTITY;
K AEAEAAAAAAAAAXAAXAAXAAXAAAAAAAXAAXAAXAAXAAAAAAAXAAXAAAAAAAAhAAhAhkAhkAhAhAikXx *)
(* Rounded_end *)
(* nnnnnnnnnnnnnnnnnnnnn *)
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ENTITY rounded_end G ml >
SUBTYPE OF (machining_feature);
course_of _travel: linear_path;
partial_circular_boundary: partial_circular_profile;

END_ENTITY;

(* FEEAEXEAEITIAAEITEAAAITEAAXA XXX EAAXAEAXAAXXAAXAXAAXAXAALAXAAXTAAXAXAAXAAAI XA XT XA XAXhAdhi*d*x *)

(* Compound feature *)

(* AEAE A A A A AA A AAAAAAXAAAXAAAAXAAAXAAAAXAAXAXAAAAAAXAAAAAAAXAAAAAAAAAAAAAAX *)

ENTITY compound_feature G ml %)
SUPERTYPE OF (ONEOF(counterbore_hole, countersunk_hole))
SUBTYPE OF (two5D_manufacturing_ feature);
elements: SET [2:?] OF compound_feature_select;

HERE
WR1: SIZEOF(QUERY(e <* elements |
SI1ZEOF(e\manufacturing_feature.its_operations) <> 0)) = ©;

END_ENTITY;

[TYPE compound_feature _select = SELECT(
machining_feature, transition_feature

END_TYPE;

ENTITY counterbore_hole G ml >
SUBTYPE OF (compound_feature);
HERE
WR1: SI1ZEOF(elements) =2;
WR2: (SIZEOF(QUERY ( it <* SELF.elements |
(("MACHINING_SCHEMA _ROUND_HQLE*® IN TYPEOF(it))) )) = 2);
WR3: SELF.elements[1].diameter-theoretical_size <>
SELF.elements[2] .diameter. theoretical_size;
END_ENTITY;

ENTITY countersunk_hole G ml >
SUBTYPE OF (compound\feature);
HERE
WR1: SI1ZEOF(eleméents) =2;
WR2: (SIZEOF(QUERY ( it <* SELF.elements |
(("MACHENING_SCHEMA_ROUND_HOLE™®™ IN TYPEOF(it))) )) = 2);
WR3: SELF.elements[1l].diameter.theoretical_size <>
SELF.elements[2] -diameter.theoretical_size;
WR4: NOT EXISTS(SELF.elements[1].change in_diameter) AND
EXISTS(SELF.elements[2].change_in_diameter);
END_ENTITY;

(* AAEXEAETEAAEAAAEAAXAAAXAAAXAAAXAAAXAAAXAAXAAAXAXAAXAXAAXAAAXAXAAXAXAAAAAAXAAAXAX* *)

(X Doanlicatn Fontiieyn X
C o rcocc—rcotor T 7
G *)
ENTITY replicate_feature ¢ ml *)

ABSTRACT SUPERTYPE OF (ONEOF(rectangular_pattern, circular_pattern,
general_pattern))

SUBTYPE OF (two5D_manufacturing feature);

replicate_base_feature: two5D manufacturing_feature;

END_ENTITY;

ENTITY circular_pattern G m1*)
SUBTYPE OF(replicate_feature);
angle_increment: plane_angle_measure;
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number_of feature: INTEGER;
relocated base feature: SET[0:?] OF circular_offset;
missing_base_feature: SET[0:?] OF circular_omit;

base feature diameter: OPTIONAL toleranced_length_measure;
base feature rotation: plane_angle measure;

END_ENTITY;

ENTITY circular_offset; - ml *)
angular_offset: plane_angle_measure;
index: INTEGER;

END_ENTITY;

ENTITY circular_omit; ¢ ml *)
index: INTEGER;

END_ENTITY;

ENTITY rectangular_pattern und *)
SUB['YPE OF(replicate_feature);
spaging: toleranced_length_measure;
its| direction: direction;
numper_of _rows: OPTIONAL INTEGER;
numper_of columns: INTEGER;
row| spacing: OPTIONAL toleranced_length_measure;

row| layout_direction: OPTIONAL direction;
relpcated base feature: SET[0:?] OF rectangular offset;
misging base_ feature: SET[0:?] OF rectangularx_omit;

WHERE
WR1E

(SELF.number_of rows > 1 )

AND EXISTS(SELF.row_spacing)

AND EXISTS(SELF.row_layout direction)

)

END_ENTITY;

ENTITY rectangular_offset; ¢ ml *)
offget _direction: direction;
offget distance: léngth_measure;
row| index: INTEGER;
column_index: INTEGER;

END_ENTITY;

ENTITY rectangularComit; G ml*)
row| index: INTEGER;
column_index: INTEGER;

END_ENTITY;

ENTITY general_pattern ¢ ml *)
SUBN'YRE* OF(replicate_feature);
repHeate—locations: HSH P22} oF—ads2placemenrt—=36d:

END_ENTITY;

(* EEAEXEAEXEAAAAAEAAXAEAAXAEAAXA XXX XXX AAXAAXAXAALAXAAXAXAAXAXAAXAXAAXAXAAAAAAAAAAAd*X *)

(* Transition feature *)

(* AEEAAAAAA A AAAAAAAAAAAAAXAAXAXAAAAXAAXAXAAAAAAXAAAAAAAXAAAAAAAXAAAXAXX *)

ENTITY transition_feature ¢ ml *)
ABSTRACT SUPERTYPE OF (ONEOF(chamfer, edge_round))
SUBTYPE OF (manufacturing_feature);

first_feature: machining_feature;
second_feature: machining_feature;
END_ENTITY;
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ENTITY chamfer G ml >
SUBTYPE OF (transition_feature);
angle_to plane: plane_angle_measure;
first_offset_amount: toleranced_length_measure;
END_ENTITY;
ENTITY edge_round ¢ ml *)
SUBTYPE OF (transition_feature);
radius: toleranced_length_measure;
first offset amount: OPTIONAL toleranced length measure;
second_offset_amount: OPTIONAL toleranced_length_measure;
END_ENTITY;
(* AAEAEAAAXAAXAAXAAXAAXAAXAAAXAAXAAAIAXAAXAAXAAAAAXAAXAAXAAXAAXAAAAAXdhAhhAhAhiikik *)
(* Tread *)
C* %)
ENTITY thread ¢ ml *)

ABSTRACT SUPERTYPE OF(ONEOF(catalogue_thread, defined_ thread))
SUBTYPE OF(machining_feature);

partial_profile: partial_area_definition;
applied_shape: SET[1:?] OF machining, feature;
inner_or_outer_thread: BOOLEAN;
qualifier: OPTIONAL descriptive/parameter;
fit class: descriptive_parameter;
form: descriptive_parameter;
major_diameter: length_measure;
number_of threads: numeric_paramneter;
thread_hand: descriptive_parameter;

HERE

WR1: ("MACHINING_SCHEMA.ROUND_HOLE® IN TYPEOF(applied_shape))
OR ("MACHINING_SCHEMA.CIRCULAR_CLOSED SHAPE_PROFILE" IN
TYPEOF(applied_shape))
OR ("MACHINING_SCHEMA.BOSS" IN TYPEOF(applied_shape));

END_ENTITY;

ENTITY partial_area _definition; G m1*)
effective_lengthC length_measure;
placement: axis2_placement_3D;
maximum_lengthy: OPTIONAL length_measure;

END_ENTITY;

ENTITY catalogue_ thread G ml *)
SUBTYPE OF (thread);
doecumentation: specification;

END ENTITY;

ENHH——speeiFiecations i)
constraint: SET [0:?] OF specification_usage constraint;
specification_id: text;
specification_description: OPTIONAL text;
specification_class: OPTIONAL text;

END_ENTITY;

ENTITY specification_usage_constraint; c ml *)
element: text;
class_id: text;

END_ENTITY;
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ENTITY defined_thread G ml *)
SUBTYPE OF (thread);
pitch _diameter: length_measure;
minor_diameter: OPTIONAL length_measure;
crest: OPTIONAL length_measure;
END_ENTITY;
G *)
(* Profile *
(* AEAEKAXAAAAAAAAAAAAAAAAAAXAAAAAAAXAAXAXAAAXAAAXAAAAXAAAXAAAAXAAAXAAAAAAX *)
ENTITY profile  ml *)
ABSTRACT SUPERTYPE OF(ONEOF(closed profile, open_profile));
platement: OPTIONAL axis2_placement_3d;
END_ENTITY;
ENTITY open_profile - ml1'™x)
ABS[TRACT SUPERTYPE OF
(ONEOF (linear_profile, square_u_profile, rounded_u_profile, tee profile,
vee| profile, partial_circular_profile, general_profile))
SUB'YPE OF(profile);
END_ENTITY;
ENTITY linear_profile ¢ ml *)
SUB'YPE OF (open_profile);
profile_length: numeric_parameter;
END_ENTITY;
ENTITY square_u_profile G m1*)
SUB'YPE OF (open_profile);
widgh: toleranced_length measure;
firgt _radius: toleranced_length measure;
firgt_angle: plane_angle_measure;
secpnd_radius: toleranced -length_measure;
secpnd_angle: plane_angle measure;
END_ENTITY;
ENTITY rounded_u_profile ¢ ml *)
SUB'YPE OF (open_profile);
widgh: toleranced_length_measure;
END_ENTITY;
ENTITY tee_profile ¢ ml *)
SUB'YPE OF (opén) profile);
firgt_angle: plane_angle_measure;
secpnd_angdet plane_angle_measure;
crogs_bar-width: toleranced_length_measure;
crogs_bar- depth: toleranced_length_measure;
radjus;: toleranced_length_measure;
wideh= toleranced—length—measure;
first offset: toleranced_length_measure;
second_offset: toleranced_length_measure;
END_ENTITY;
ENTITY vee_profile G m1*)

SUBTYPE OF (open_profile);

profile_radius: toleranced_length_measure;

profile_angle: plane_angle_measure;

tilt_angle: plane_angle_measure;
END_ENTITY;
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ENTITY partial_circular_profile G ml *)
SUBTYPE OF (open_profile);
radius: toleranced_length_measure;
sweep_angle: plane_angle_measure;

END_ENTITY;

ENTITY general_profile ¢ ml >
SUBTYPE OF (open_profile);
its_profile: bounded_curve;
(*

Informal propositions:
- The entire profile lies in the local yz plane.

- The profile is not self-intersecting.
*

END_ENTITY;

ENTITY closed _profile G ml *)
ABSTRACT SUPERTYPE OF
(ONEOF (rectangular_closed_profile, circular_closed_profile, ngon_profile,
general_closed _profile))
SUBTYPE OF(profile);

END_ENTITY;

ENTITY rectangular_closed_profile < ml *)
SUBTYPE OF(closed profile);
profile_width: toleranced_length_measure;
profile_length: toleranced_length_measure;

END_ENTITY;

ENTITY circular_closed_profile G m1*)
SUBTYPE OF(closed profile);
diameter: toleranced length_measure;

END_ENTITY;

ENTITY ngon_profile ¢ ml >
SUBTYPE OF(closed profile);
diameter: toleranced_length_measure;
number_of sides: INTEGER;
circumscribed_or_across_flats: BOOLEAN;

END_ENTITY;

ENTITY general _(elosed profile G ml >
SUBTYPE OF(Celosed_profile);
closed _profile_shape: bounded_curve;

END_ENTITYS

(* nnnnnnnnnnnnnnnnnnnnnnnnn *)

(* JTravel path *)

(* AAAAAAA AR A AAA A AR A AAAAAAXAARAAAAAAAAAAAAAAXAAAAXAAAXAAAAXAAAXAAAAXAAK *)

ENTITY travel_path G ml *)
ABSTRACT SUPERTYPE OF(ONEOF(general_path, linear_path, circular_path));
placement: OPTIONAL axis2_placement_3d;

END_ENTITY;

ENTITY general _path G ml >
SUBTYPE OF(travel_path);
swept_path: bounded_curve;

END_ENTITY;

ENTITY linear_path G ml >

SUBTYPE OF(travel_path);
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distance: toleranced_length_measure;
its _direction: direction;
END_ENTITY;

ENTITY circular_path G m1*)
ABSTRACT SUPERTYPE OF(ONEOF(complete circular_path, partial_circular_path))
SUBTYPE OF(travel path);

radius: toleranced_length_measure;

END_ENTITY;

ENTITY complete circular path  ml *)
SUB'YPE OF(circular_path);

END_ENTITY;

ENTITY partial_circular_path G ml ¥
SUB'YPE OF(circular_path);
sweep_angle: plane_angle_measure;

END_ENTITY;

(* AEAFA A A A AA A AAAAAAXAAAXAAAAXAAAXAAAAXAAAXAAAAAAXAAAAAAAAAAAAAAXAAAAAAX *)

(* Surface texture parameter *)
(* KEFAAAAAA R EI A AAA AR A A A A AAAAAA A A EAAAAAAARA A A AAAAAARAAAAAAAAAAXTLAAAX *)

ENTITY surface_ texture_ parameter; ¢ ml *)
its| value: parameter_value;
parameter_name: label ;
meaguring_method: identifier;
parameter_index: OPTIONAL identifier;
applied_surfaces: SET [1:?] OF machined_surface;
END_ENTITY;
ENTITY machined_surface; ¢ ml *)
its| machining_feature: machiningxfeature;
surface_element: bottom eor-side;
END_ENTITY;

TYPE hottom_or_side =
ENUMERATION OF (bottom, (side, bottom and_side);

END_TYPE;

C* & )

(* AAFAAXAAAXAAAXAAALAKEAXAAAXAAA A AKX *)

G *)

(* Exegcutable *)

G *)

(* AAFAAXAAAIAKAAALAAAXAA A XA AL XXX *)

(* AAFAAAXFTEAAAXAAALAAAXAAAXAAA AKX *)

ENTITY—exeeutable E—mo—=)
ABSTRACT SUPERTYPE OF (ONEOF( workingstep, nc_function,program_structure));
its id: identifier;

*

Informal proposition:
its_id shall be unique within the part programme.

*

END_ENTITY;

(* R S e o e S R R R R e e S S e S R R R S S R R R R R R R R R S R R R *)
(* Workingstep *)
G *)
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ENTITY workingstep - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF (machining_workingstep, rapid_movement,
touch_probing))

SUBTYPE OF (executable);
its_secplane: elementary_surface;
END_ENTITY;

(* FEEAEXEAEITIAAEITEAAAITEAAXA XXX EAAXAEAXAAXXAAXAXAAXAXAALAXAAXTAAXAXAAXAAAI XA XT XA XAXhAdhi*d*x *)

(* Machining workingstep *)

(* AEAE A A A A AA A AAAAAAXAAAXAAAAXAAAXAAAAXAAXAXAAAAAAXAAAAAAAXAAAAAAAAAAAAAAX *)

ENTITY machining_workingstep G m0 %)
SUBTYPE OF (workingstep);
its_feature: manufacturing_feature;
its_operation: machining_operation;
its_effect: OPTIONAL in_process_geometry;

END_ENTITY;

ENTITY in_process_geometry; G m1*)
as_is: OPTIONAL advanced_brep_shapesrepresentation;
to _be: OPTIONAL advanced_brep_shape”representation;
removal : OPTIONAL advanced_brep_shape_representation;

HERE

WR1: EXISTS (as_is) OR EXISTS (to_be) OR EXLSTS (removal);
END_ENTITY;

(* wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww *)
(* Rapid movement *)

(* EEAEEAEXEAXAAAAEAAXAEAAXAEAAXAAAXAAAXAAXAXAAXAXAALERAXAXAAXAXAAXAXAAXAXAAAXAAAAAAXA*d*x *)

ENTITY rapid_movement - m0 *)
SUPERTYPE OF (return_home)
SUBTYPE OF (workingstep, OPERATION);

END_ENTITY;
ENTITY return_home - m0 *)
SUBTYPE OF (rapid_movement);

END_ENTITY;

* xx *)

(* Touch probing *)

(* wwwwwwwwwwwwwwwwwwwwwwwwwww *)
ENTITY touch probing ¢ ml *)

ABSTRACT SUPERTYPE OF (ONEOF (workpiece probing, workpiece complete probing,
tooedprobing))

SUBTYPE OF (workingstep, OPERATION);
measured_offset: nc_variable;

END_ENT LTV -
Dy

ENTITY workpiece_probing ¢ ml *)
SUBTYPE OF (touch_probing);
start_position: axis2_placement_3d;
its_workpiece: workpiece;
its_direction: direction;
expected_value: toleranced_length_measure;
its_probe: touch_probe;
END_ENTITY;
ENTITY touch_probe; G ml >
its id: identifier;
END_ENTITY;
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ENTITY workpiece_complete probing
SUBTYPE OF (touch_probing);

its_workpiece: workpiece;
probing_distance: toleranced_length_measure;
its_probe: touch_probe;
computed_offset: offset_vector;
END_ENTITY;
ENTITY offset vector; * ml *)
trapslate: LIST [3:3] OF nc_variable;
rotate: OPTIONAL LIST [3:3] OF nc_variable;
WHERE

WR1E (SIZEOF(QUERY(i <* translate | NOT EXISTS(i.initial_value))) =0)
AND (NOT EXISTS(rotate) OR (SIZEOF(QUERY(i1 <* rotate |

NOT EXISTS(i.initial_value))) = 0));

END_ENTITY;

ENTITY tool _probing ¢ ml >
ABSTRACT SUPERTYPE OF (ONEOF (tool length_probing, toolcradius probing))
SUB['YPE OF (touch_probing);

offget: cartesian_point;

max| wear: length_measure;

its| tool: machining_tool;
END_ENTITY;

(* EEAFEAAXEAAEAAXAEAAXAEAAXAEAAXAAAXAAAXAAXAXAAXAXAAXAXAAXAXAAXAXAEAIARAAXAAAXAAAAAAXAd* *)

(* maghining_tool *)

(* AEAFA A A A AA A AAAAAAXAAAAAAAXAAXAXAAAAXAAAXAAAAAAXTAAAAAAAAAAAAAAXAAAAAhX *)

ENTITY machining_tool * m0 *)
ABSTRACT SUPERTYPE;
its| id: label;

END_ENTITY;

ENTITY tool_length_probing < ml *)
SUB'YPE OF (tool _probing);

END_ENTITY;

ENTITY tool _radius_prebing
SUB[N'YPE OF (toolCprobing);

END_ENTITY;

C* 5X )

(* NC|function *)

(* AAFAAAXAFTEAAAXAAALAAALAAAXAA A AKX *)

ENTITY—e—Funetion Moy
ABSTRACT SUPERTYPE SUBTYPE OF (executable);

END_ENTITY;

ENTITY display_message - m0 *)
SUBTYPE OF (nc_function);
its_text: text;

END_ENTITY;

ENTITY optional_stop - m0 *)
SUBTYPE OF (nc_function);

END_ENTITY;

116 © 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=a610f3277ead2916b7b35b886649ddcd

ISO 14649-10:2004(E)

ENTITY program_stop - m0 *)
SUBTYPE OF (nc_Tfunction);

END_ENTITY;

ENTITY set_mark  m0 *)
SUBTYPE OF (nc_Tfunction);

END_ENTITY;

ENTITY wait_for_mark - m0 *)
SUBTYPE OF (nc_function);
its channel: channel ;

END_ENTITY;

(* KEEEAAAAAA A A A A AR A A A A A AT A AAAAA A A A A AAAAAA A A AAAAAARAAAAAAAAAA AL AXKX *)

(* Program structure *)

* X

( )

ENTITY program_structure  m0 *)

ABSTRACT SUPERTYPE OF (ONEOF(workplan, parallel, non_sequential, selective,
if_statement, while_statement, assignment))
SUBTYPE OF (executable);

END_ENTITY;

(* KEEEAAAAAA A A A A AR A A A A AT A A AAAAA A A A A AAAAA A A A AAAAARIT A AAAAAAAAAAAXKX *)

(* Workplan *)

(G * *)
ENTITY workplan - m0 *)

SUBTYPE OF (program_structure);
its_elements: LIST[0:?] OF executahle;

its_channel: OPTIONALZchannel ;
its_setup: OPTIONAL setup;
its_effect: OPTIONAL in_process_geometry;
HERE
WR1: SIZEOF(QUERY(it <*~its_elements | it = SELF)) = 0;
END_ENTITY;
ENTITY channel; - m0 *)
its_id: identifién;
END_ENTITY;
ENTITY setupj  m0 *)
its_id: identifier;
its _origin: OPTIONAL axis2_placement_3d;
its_secplane: elementary_surface;
its-workpiece_setup: LIST [0:?] OF workpiece_setup;
(*
Informal proposition:
H—its—erigin—is—heot—set;—the—defarHt—For—the—origin
of the setup is identical with the machine origin.
*
END_ENTITY;
ENTITY workpiece_setup; ¢ m0 *)
its_workpiece: workpiece;
its_origin: axis2_placement_3d;
its _offset: OPTIONAL offset_vector;
its _restricted _area: OPTIONAL restricted _area_select;
its_instructions: LIST [0:?] OF setup_instruction;
END_ENTITY;
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TYPE restricted _area_select = SELECT (

bounded_surface, (* 1S0 10303-42 *)
bounding_geometry select);

END_TYPE;

ENTITY setup_instruction; G ml *)
description: OPTIONAL text;
external _document: OPTIONAL identifier;

WHERE
WR1: EXISTS (description) OR EXISTS (external_document);

END_ENTITY;

ENTITY parallel  ml *)
SUBI'YPE OF (program_structure);
brapches: SET [2:?] OF executable;

END_ENTITY;

ENTITY non_sequential (BFm1 *)
SUBI'YPE OF (program_structure);
its| elements: SET[2:?] OF executable;

END_ENTITY;

ENTITY selective ¢ ml *)
SUB'YPE OF (program_structure);
its| elements: SET[2:?] OF executable;

END_ENTITY;

ENTITY if_statement G m1*)
SUB'YPE OF (program_structure);
condition: boolean_expression;
trug_branch: executable;
false branch: OPTIONAL executable;

END_ENTITY;

ENTITY while_statement G ml >
SUB'YPE OF (program_structure);
congition: boelean_expression;
body: executable;

END_ENTITY;

ENTITY assignment G ml >
SUB['YPE OF (program _structure);
its| lvalue: nc_variable;
its| rvalue: rvalue;

END_ENTITY;

ENTITY ne ‘variable; ¢ ml *)
its| name: LABEL ;
inisad—vadues SPTHONAL—NUMBER=

END_ENTITY;

ENTITY nc_constant; G m1*)
its_name: LABEL ;
its value: OPTIONAL NUMBER;

END_ENTITY;

TYPE rvalue = SELECT(nc_constant, nc_variable);
END_TYPE;
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ENTITY boolean_expression

ABSTRACT SUPERTYPE OF(ONEOF(unary_boolean_expression,

binary boolean_expression, multiple_arity boolean_expression,

comparison_expression));

m

*)

END_ENTITY;

ENTITY unary_boolean_expression ¢ ml *)
ABSTRACT SUPERTYPE OF(not_expression)
SUBTYPE OF (boolean_expression);
operand: boolean_expression;

END_ENTITY;

ENTITY not_expression G ml %)
SUBTYPE OF (unary_boolean_expression);

END_ENTITY;

ENTITY binary_boolean_expression G ml *
ABSTRACT SUPERTYPE OF(Xxor_expression)
SUBTYPE OF (boolean_expression);
operandl: boolean_expression;
operand2: boolean_expression;

END_ENTITY;

ENTITY Xor_expression - ml *)
SUBTYPE OF (binary_boolean_expression);

END_ENTITY;

ENTITY multiple_arity_boolean_expression ¢ ml *)
ABSTRACT SUPERTYPE OF(ONEOF(and_expression, or_expression))
SUBTYPE OF (boolean_expression);
operands: LIST [2:?].0OF boolean_expression;

END_ENTITY;

ENTITY and_expression G m1*)
SUBTYPE OF (multiple_arity-boolean_expression);

END_ENTITY;

ENTITY or_expression ¢ ml *)
SUBTYPE OF (multipTe: arity boolean_expression);

END_ENTITY;

ENTITY comparisen_expression G ml >

comparison_less_equal))
SUBTYPE OF (boolean_expression);

operandl: nc_variable;
opérand2: rvalue;
END “ENTITY;

ABSTRACT SUPERTYPE OF(ONEOF(comparison_equal, comparison_not_equal,
comparison)greater, comparison_greater_equal, comparison_less,

ENTITY comparison_equal
SUBTYPE OF (comparison_expression);
END_ENTITY;

ENTITY comparison_not_equal
SUBTYPE OF (comparison_expression);
END_ENTITY;

ENTITY comparison_greater (* ml *)

SUBTYPE OF (comparison_expression);
END_ENTITY;
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ENTITY comparison_greater_equal ml *)
SUBTYPE OF (comparison_expression);

END_ENTITY;

ENTITY comparison_less ¢ ml *)
SUBTYPE OF (comparison_expression);

END_ENTITY;

ENTITY comparison_less _equal ¢ ml *)
SUBTYPE OF (comparison_expression);

END_ENTITY;

(7 2

(* TAFAAAAAAAAAAXX *)

C* )

(* Operation *)

C* )

* KX H¥XX *

S A 2

ENTITY OPERATION ¢ m0 *)

ABSTRACT SUPERTYPE OF (ONEOF (machining_operation, rapid_movement,
touch_probing));
its| toolpath: OPTIONAL toolpath_list;
its| tool _direction: OPTIONAL tool _direction;
END_ENTITY;

ENTITY toolpath_list; * m0 *)
its| list: LIST [1:?] OF toolpath;
END_ENTITY;

ENTITY tool _direction - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF (two_axes, three_axes));
END_ENTITY;

ENTITY two_axes - m0 *)
SUB'YPE OF (tool _direction);
END_ENTITY;

ENTITY three_axes - m0 *)
SUB'YPE OF (tool _direction);
END_ENTITY;

(* AEAFAAAAAA XA AAAK AR LT AAAAAAXAAAAAAAXAAXAAAAAXAAXAAAAXAAAXAAAAXAAAXAAAAXXX *)
(* Maghining operation *)

(* EAR A TR R R S e o e R e e *)

ENTITY machining_operation (* mO *)
ABSTRACT SUPERTYPE

SUBIFYRE—OF (ORERATION);

its_id: identifier;
retract_plane: OPTIONAL length_measure;
start_point: OPTIONAL cartesian_point;
its_tool: machining_tool ;
its_technology: technology;
its_machine_functions: machine_ functions;

(*

Informal proposition:
IT attribute SELF\operation.its_toolpath exists, then attributes
its _machining_strategy, retract plane and start_point, if present, are for

information only.
*

END_ENTITY;
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(* R R S SR S R S S R S S S SR S R SR R R R AR SR R R SR R S SRR R SR AR S SR R S R R R SRR R SRR S R R R R R *)

(* Technology *)

(* AEAE A A A A AA A AAAAAAAAAAAAAXAAAXAAAAXAAXAAAAAAAAXAAAAIAAAAAAAAAAAAAAAAX *)

ENTITY technology (* m0 *)
ABSTRACT SUPERTYPE;
feedrate: OPTIONAL speed_measure;
feedrate reference: tool reference point;

END ENTITY;

TYPE tool_reference point = ENUMERATION OF (tcp, ccp);
END_TYPE;

* ok x)
(* Machine functions *)
(* AEAEKAIXAAAAAAAAAAXALAAAAAAAXAAAAAAAXAAXAAAAXAAAXAAAAAAAXAAAAAAAXAKATA ALK *)

its_machine_functions: OPTIONAL machine_functions;
END_ENTITY;

(* wwwwwwwwwwwwwwwwwwwwwwwwwww *)
(* Toolpathi type *)

(* AEAEAA A AL I A AAAAAAAAAAAAAXAAXAXAAAAAAXAXAAAAAAXAAAAAAAXAAAAAAAXAAAXAAX *)

TYPE €o0lpath_type = ENUMERATION OF (
approach,
lift,

ENTITY machine_functions - m0 *)
ABSTRACT SUPERTYPE;

END_ENTITY;

(* AE A A A A A AA A AT A A A A AAATAXAAAAXAAAAXAXAXAAAXAAAAXAXAXAAAAAITAXAIAXAAAAIAAXIIXXXKX *)

C* * )

C* )

(* Toolpath *)

C* )

(* AE A A A A A AA AT AT A A A AAAATATATXAAAXAAAAXAXAXAAAAAAAXAIAXAAAAAIAIAXAIAXAAAAAAXAIXAXKX *)

C* R )

ENTITY toolpath  m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(feedstop, trajectory, parameterised_path));
its _priority: BOOLEAN;
its_type: toolpath_type;
its_speed: OPTIONAL toolpath_speedprofile;
its_technology: OPTIONAL technology;

7aYalalaVaVal
CTOTTTC T TS

non_contact,
contact,
trajectory_ path
)

END_TYPE;

(* nnnnnnnnnnnnnnnnnnnnnn *)
(* Toolpath speedprofile *)

(* AEEAA A A AA A AAAAAAAAAAAAAXAAXAXAAAAAAXAXAAAXAAAXAAAAAAAXAAAAAAAXAAAAAAX *)

TYPE toolpath_speedprofile = SELECT (
toolpath_speed,
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positive_ratio_measure,
speed_name
)

END_TYPE;

ENTITY toolpath_speed; ¢ ml >

speed: b_spline_curve;
WHERE

WR1: speed\geometric_representation_item.dim = 1;
*

Informal proposition:

- speed shall have only values greater than zero.
*

END_ENTITY;

TYPE gpeed_name = ENUMERATION OF(RAPID);

END_TYPE;

(* KEF A AAAAA A AT A A AR AAA A AT AT A AAA AR A A A A AAAAAA A A AAAAAARAAAAAAAAIAALAAAAKX *)

(* Feedstop *)

- P %)

ENTITY feedstop * m0 *)
SUB'YPE OF (toolpath);
dwelll: time_measure;

END_ENTITY;

(* EEAFEXAEXEAXAEAAXAEAAXTEAAXAEAAXAAAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAEAIARAA XA AAAAAAAAXAd* *)

(* Trajectory *)

(* AEAFA A A A AA A AAAAAAXAAAAAAAXAAXAXAAAAAAXAXAAAAAAXAAAAAAAAAAAAAXAAAAAAX *)

ENTITY trajectory * m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(cutter—location_trajectory,
cutter_contact_trajectory, axis trajectory))

SUB'YPE OF (toolpath);

its| direction: OPTIONAL BOOLEAN;
END_ENTITY;
(* AEF A A A A A A AT AT A A A A AAAA AT AL AL A AAXAXAXAAAXAAAAXAXAXAAAAAAAXAIAXAAAAAAXAAIXXXKX *)
(* Cutter location trajectory *)
* *x *
( )
ENTITY cutter_location_trajectory - m0 *)

SUBI'YPE OF (trajectory);

basjccurve: bounded_curve;

its| toolaxis: OPTIONAL bounded_curve;

surface \normal : OPTIONAL bounded_curve;

(*

Inf-\rm—\-l-;nn nropocsition-
T o C o T P T opoSTeror—

its_toolaxis must have the same must have the same parameter range as

basiccurve.
*

END_ENTITY;

- *)
(* Cutter contact trajectory *)
(* AEAEKAAAAAA KA AAAAAA XA AAAAAAXAAXAAAAAXAAXAXAAAXAXAAXAAAAXAAAXAAAAAAAXAAAAXAAK *)
ENTITY cutter_contact_trajectory ¢ ml *)
SUBTYPE OF (trajectory);
basiccurve: curve_with_surface normal;
122
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