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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procqdures used to develop this document and those intended for its further maintenance-are
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed.for the
different ffypes of ISO documents should be noted. This document was drafted in accordance|with the
editorial rjules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention [is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detailg of
any patenf rights identified during the development of the document will be in the\ntroduction andl/or
on the ISQ list of patent declarations received. www.iso.org/patents

Any trade|name used in this document is information given for the convehience of users and does hot
constitutd an endorsement.

The comnjittee responsible for this document is Technical Committe€ ISO/TC 184, Automation systdgms
and integration, Subcommittee SC 1, Physical device control.

ISO 14649 consists of the following parts, under the general title Automation systems and integration —
Physical d¢vice control — Data model for computerized numerical controllers:

— Part 1} Overview and fundamental principles

— Part 10: General process data

— Part 1}1: Process data for milling

— Part 12: Process data for turning

— Part 13: Process data for wire électrical discharge machining (wire-EDM)
— Part 14: Process data for sinieelectrical discharge machining (sink-EDM)
— Part 1}11: Tools for milling machines

— Part 121: Tools forturning machines

— Part 401: Machine tool data for cutting processes [Technical Specification]

Gaps in npmbering were intentionally left in order to allow further additions. ISO 14649-10 is the
ISO 10303 Application Reference Model (ARM] for process-independent data. ISO 10303 ARMS for
specific technologies are added after ISO 14649-10. ISO 14649 is harmonized with ISO 10303 in the
common field of Product Data over the whole life cycle. ISO 14649-1 describes the different fields of
standardization between ISO 14649, ISO 10303 and CNC manufacturers with respect to implementation
and software development.
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Introduction

:2013(E)

ISO 14649-10 describes the general process data for numerical controlled machining and includes its
schema. The subject of this schema (called machining_schema) is the definition of data types, which
are generally relevant for different technologies (e.g. milling, turning, wire-EDM). It includes the
definition of the workpiece, a feature catalogue containing features, which might be referenced by
several technologies, the general executables and the basis for an operation definition. Not included in
this schema are geometric items and presentations, which are referenced from the generic resources
of ISO 10303, and the technology-specific definitions, which are defined in separate parts of ISO 14649.

spécific part (e.g. SO 14649-11 for milling). This part of ISO 14649 describes wire ElectricalD

M
for

Th
to

Th

ISj 14649-10 is not a stand-alone standard. Its implementation needs at least one additionatltg

chining (wire-EDM) and it defines technology-specific data types representing the machini
wire-EDM.

e main text of this part of ISO 14649 provides definitions and explanations ofithe data entit
brovide control data information to an EDM controller.

e EXPRESS forms of the entities are givenagain in Annex A without the éXplanatory textforin

Anpex B provides an alternative view of these entities, with the different figures showing

rey
the

Tw

In
dat
caj

resentations of different elements. These figures are purely informative: a detailed expl
entities in the figures is given in the corresponding text definitions in Clause 4.

0 examples of ISO 14649 files, providing illustrations of pessible uses, are given in Annex C an

chnology-
scharging
g process

es needed
formation.
graphical

hnation of

d AnnexD.

hddition, the schema uses machining features similar to ISO 10303-224. The description
a is carried out using EXPRESS language as defined in ISO 10303-11. The encoding of t
ried out using ISO 10303-21.

pf process
he data is
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Automation systems and integration — Physical device
control — Data model for computerized numerical
controllers —

Part 13:

Process data for wire electrical discharge machining |
EDM)

1 | Scope

This part of ISO 14649 specifies the technology-specific data element needed as process dat
EDM. Together with the general process data described in ISO 14649410, it describes the
between computerized numerical controller and the programming system (i.e. CAM system or

pr

Th
gri

2
Th

e scope of this part of ISO 14649 does not include tools(for any other technologies (e.g
Inding). Tools for these technologies are described in other parts of ISO 14649.

Normative references

'wire-

h for wire-
interface
chop-floor

gramming system) for wire-EDM. It can be used for wire-EDM eperations on this kind of fnachine.

. turning,

e following documents, in whole or in part,;are normatively referenced in this document and are
indispensable for its application. For dated\references, only the edition cited applies. Fo
references, the latest edition of the referenced document (including any amendments) applie§.

r undated

ISQ) 14649-10, Industrial automation systems and integration — Physical device control — Datq model for
computerized numerical controllers(—Part 10: General process data

3 | Terms and definitions

For the purposes of this. document, the terms and definitions given in ISO 14649-10 and the following apply.
3.1

rouighing

mgchining operation used to cut a part

Note 1 to_entry: While the aim of roughing is to remove large quantities of material in a short time, the surface
qualitydsiusually not important.

NoteZtoentry—Theroughing operationrisustatly fotowed by the finishing {323 operation:

3.2

finishing

machining operation whose aim is to reach the tolerance of the feature required

Note 1 to entry: The finishing operation is usually preceded by the roughing (3.1) operation and followed by the
surface finishing (3.3) operation.

3.3
surface finishing
machining operation whose aim is to reach the required surface quality

Note 1 to entry: The surface finishing operation is usually preceded by the finishing (3.3) operation.

© IS0 2013 - All rights reserved
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4 Process data for wire-EDM

4.1 Header and references

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

SCHEMA wi
(*

Version 5

re edm schema;

of Feb 28, 2003

Author: Gabor Erdos <gabor.erdos@epfl.ch>
Modified by: Willy Maeder <wmaeder@cadcamation.ch>

Jacques H
*)
REFERENCH
(
bounded d
cartesian
direction
identifieq
label,
length msg
machine f
machining
machining
machining
material,
pressure |
property |
speed med
plane ang
technolog
machining
toolpath |
);

ichard <i-tech@eig.unige.ch>
FROM machining schema (*ISO 14649-10%)

urve,
| point,
4

’

asure,
unctions,

| operation,
| feature,

| tool,

measure,
parameter,
sure,

le measure,
Y

| strategy,
list

4.2 Manufacturing features for wire-EDM

4.2.1 G¢g

The wire{
technolog
machining

4.2.2 Gg
The most §
in many ¢
by the fact

The gener

neral

EDM features defined in this subclause are the features that are specific for wire-E
, and are not defined in 1SO 14649-10. The base class for all wire-EDM features is
F_feature, defined in 1S0.14649-10.

neral_path

reneral 4-axiSwire-EDM operation is a manufacturing feature described by aruled surface,
ises a curve’based feature description is sufficient. The general_path feature is characteris
that the'tool movements are curve driven.

hl_path feature can be specified in two ways:

DM
he

put
red

a) by one curve, an optional side angle and an optional transition type;

b) defined by two synchronized curves.

ENTITY general path

SUPERTYPE OF (ONEOF (general single path, general twin path))
SUBTYPE OF (machining feature);

END ENTITY;

4.2.3 General_single_path

The general_single_path (see Figure 1) is defined by a general 2D or 3D curve with a slope angle
specification and some specific parameters. The 2-axis wire-EDM operation, which is very usual, is a
particular case of general_single_path where the slope angle is equal to 0 degrees.

© ISO 2013 - All rights reserved
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ENTITY general single path

SUBTYPE OF (general path);

feature principal boundary: bounded curve;

slope: OPTIONAL plane angle measure;

transition types: OPTIONAL EDM transition;

END ENTITY;

feature_principal_boundary: The outline or shape that forms the principal edge of the general_path.
When travelling along the curve base as defined by its sense, the mate-
rial lies on the left side of the curve according to the axis2_placement_3d

orientation (i.e. when projecting the curve in the local xy plane). It is the

axis2_placement_3d inherited from the machining_feature that defines

= ; — —1TO— rs>
<Tbl_no_borders> IF “x_-3” “</Tbl_no_borders>" “” </Tbl_no_lborders>

slope: Optional angle of the border of the general_path measured agalinst the
local z-axis. Default is 0 degree. Implicitly a secondary-¢curve bpund-
ary is defined: this is done by extending a line from/each pointjon the
principal boundary curve, at the specified angle,intil it intersects the
secondary local plane at the distance depth,aleng the negative(local
z-axis. The shape of this implicit secondary boundary is also ggverned
by the transition_types.

transition_types: The type of transition between nonttangent segments.

Key
1 featuréwprincipal_boundary
a slope

depth

Figure 1 — General_single_path

4.2.4 General_twin_path

The general_twin_path is defined by two general 2D or 3D curves. The two curves are synchronized by
the curve parameterization. This means that the side wall is defined by connecting the points on the
principal and the secondary boundary curves corresponding to the same parameter value with a line.
The depth attribute defined in the machining_feature is not useful for this definition and is ignored.

ENTITY general twin path
SUBTYPE OF (general path);

© IS0 2013 - All rights reserved 3
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feature principal boundary: bounded curve;
feature secondary boundary: bounded curve;
END ENTITY;

feature_principal_boundary: The outline or shape that forms the principal edge of the gen-
eral_path. When travelling along the curve base as defined by its
sense, the material lies on the left side of the curve according to the
axis2_placement_3d defined in the machining_feature (see Figure 2).
IF “x_+3” “<Tbl_no_borders>" “” <Tbl_no_borders> IF “x_-3” “</Tbl_no_
borders>" “” </Tbl_no_borders>

feature_secondary_boundary: The outline or shape that forms the secondary edge of the general

path.
Key
1 featyre_principal_boundary
2 featyre_secondary_boundary
a depth

Figure 2 — General_twin_path

4.2.5 G¢gneral>path_pocket
This is thé_ahstract base class for wire-EDM packets Derived from this hase class are closed pockets

and open pockets. The geometry of the pocket is defined with a general path. The pocket may possess
one or more bosses.

ENTITY general path pocket

ABSTRACT SUPERTYPE OF (ONEOF (general path closed pocket, general path open pocket))

SUBTYPE OF (machining feature);

its hole: SET [0:?] OF general path;

END ENTITY;

its_hole: Optional list of general_path entities which define the outline of the holes. This defines
one or more parts of the pocket which are not cut during manufacturing of the pocket.
When cutting the pocket the hole(s) is(are) cut simultaneously. IF “x_+3” “<Tbl_no_bor-
ders>" “” <Tbl_no_borders> IF “x_-3” “</Tbl_no_borders>" “” </Tbl_no_borders>

4 © IS0 2013 - All rights reserved
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4.2.6 General_path_closed_pocket

Derived from the class general_path_pocket, a general_path_closed_pocket (see Figure 3) is a general_
path_pocket that is surrounded by material everywhere along its circumference.

ENTITY general path closed pocket
SUBTYPE OF (general path pocket);
feature boundary: general path;

END ENTITY;
feature_boundary: The shape that describes the principal and secondary edges of the pocket. It is an
enclosed area that has completely closed profile curves. The general_path entity

ifi i rders>

» un

<Tbl_no_borders> IF “x_-3" “</Tbl_no_borders>" " </'I"bl_no_b01:de1:s>

a depth

Eigure 3 — General_path_closed_pocket

4.2.7 General_path-opén_pocket

Derived from the-class general_path_pocket class, a general_path_open_pocket is a general_path_
pogket which is’hot a general_path_closed_pocket. The wall_boundary specifies the limit of the pocket
frgm the opengide.

ENTITY general path open pocket
SUBTYRE YOF (general path pocket);
opgridoundary: general path;

11 A DT TAONAT | ESREN
wa —eeuhRaoTy—+ O e R e ¥Ea T JSd=a=rza

END ENTITY;

© IS0 2013 - All rights reserved 5
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open_boundary: The shape that describes the principal and secondary edges of the pocket. The

general_path entity specifies the volume required by the pocket. When travelling
along the curve base as defined by its sense, the material lies on the left side of the
curve according to the axis2_placement_3d defined in the machining_feature. IF
“x_+3” “<Tbl_no_borders>" “” <Tbl_no_borders> IF “x_-3" “</Tbl_no_borders>" " </
Tbl_no_borders>

wall_boundary: Optional general_path entity which describes the shape of the pocket from the open

Key
1 opdn_boundary
2 wall_boundary

4.2.8 Ruled surfaces

The descr
are neces
horizonta

The final

side. Note that it is necessary to define this contour only if it differs from the side
wall obtained by connecting the start and end points of the open_boundary with

straighttimes{see Figure=)-

Figure 4 — General_path_open_pocket

ption of theshape by ruled surfaces (see Figure 5) is used when normal vectors of the surfafes
bary for.€he' calculation of the wire offset, e.g. when the calculation of the offset in the two
planeSis not accurate enough.

sHape of the cut is descrlbed by a list of ruled surface The entlty reglon surface llst whiich

is a subtyp

yIr
surfaces. The normal vector of the surface defmes the direction away from the materlal

© ISO 2013 - All rights reserved
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Ke}

4.3

4.3
Th

1
region_surface_list
Figure 5 — Ruled surfaces
b Additional types and entities
.1 General
s subclause includes some further types andentities that are used in the declaration of the

fedtures described above.

4.3

Th
the

.2 EDM_transition

b entity EDM_transition is used in the context of the general_path class declaration. In the
general_path class is defined'by one curve (feature_principal_boundary) and a wall angle

transition has to be specifiedin order that the shapes of the angles are correctly defined.

TYH
ENI

Th

E EDM transition/=-ENUMERATION OF (constant radius, conical, sharp);
TYPE;

b conical transitien signifies that the secondary boundary curve is defined as the offset cy

principal boundary curve. The constant radius transition defines the secondary curve by k

CoJ

ner radius ¢onstant on the principal and secondary boundary curves (see Figure 6).

machining

rase when
slope) the

rve of the
peping the

i}

/2

i J

a) Feature_principal_boundary conical

e
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= > =]

it N o

b) Feature_principal_boundary constant radius

c) Feature_principal_boundary sharp

Figure 6 —'EDM_transition types

4.4 Maghining operation for wire-EDM

4.4.1 Gegneral

Inthis sub¢lause,all machining operations and technology-specificdataneeded for wire-EDM are introduded.

4.4.2 Wjre_edm_machining_operation

The wire Jedmsmiachining_operation classes define the machining process for a limited area of the
workpiecd, iexthe contents of a machining workingstep. This entity is inherited by the machining_
workingstlep-class defined in 1SO 14649-10. This class defines additional information needed hy the
wire-EDM machining. It is a subtype of entity machining_operation defined in ISO 14649-10.

ENTITY wire edm machining operation

SUBTYPE OF (machining operation);

offset length: OPTIONAL length measure;

approach: OPTIONAL wire edm approach retract strategy;
retract: OPTIONAL wire edm approach retract strategy;
thread point: LIST OF [1:2] OF cartesian point;

cut end point: OPTIONAL cartesian point;

END ENTITY;

8 © IS0 2013 - All rights reserved
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Optional offset value defining the distance of the wire centre from the boundary
curve of the feature. The controller based on the required tolerance and surface
quality can determine this value. When travelling along the boundary curve of the

feature based as defined by its sense, the offset curve lies on the left side o
curve (see Figure 7). [F “x_+3” “<Tbl_no_borders>" “” <Tbl_no_borders> IF
Tbl_no_borders>"“” </Tbl_no_borders>

fthe
“x_-3"“</

approach: Defines the wire movement from the thread_point to the cut_start_point. If this is
not defined the wire will start from the end point of the previous machining_work-
ingstep.

reffract: Defines the wire movement from the cut_end_point to the thread_point: if

thijead_point:

cuf_end_point:

4.4.3-) Wire_edm_machining_strategy

defined the wire will stop at the cut_end_point.

Defines the starting point of the cutting process. This point defines the thr
hole’s position where the wire can be threaded. In the case oftthe four axis
EDM operation the inclined threading hole can be defined bytwo points. T
point is defined in the xy plane (z = 0) while the second point is defined in
plane (z = -depth) of the feature coordinate system (see Figure 7).

Optional point defined on the principal boundary eutve that specifies the
of the cutting operation. If it is not defined the cut_start_point is consider¢
end point

(see Figure 6).

offset

cut_start_point

thread_point

cut_end_point

Figure 7 — Wire_edm_machining_operation

this is not

eading
wire-
he first
the xy

bnd point
d as the

4.4.3.1 General

The wire_edm_machining_strategy class specifies the strategy to be used when executing the operation.
When it is specified it will modify the final offset toolpath generation method or gives a hint for an
auxiliary operation like fixation or slug removal. It is a subtype of entity machining_strategy, defined in

ISO 14649-10.

ENTITY wire edm machining strategy
ABSTRACT SUPERTYPE OF (ONEOF (backmotion,cut_through,slug_removal))
SUBTYPE OF (machining strategy);

END ENTITY;

© IS0 2013 - All rights reserved
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4.4.3.2 Backmotion

If the backmotion strategy is specified it defines that the wire tool should move backwards on the feature
contour curve, starting from the cut_end_point towards the cut_start_point along the negative sense of
parametrization. This strategy can be applied on features having closed contour curves (see Figure 8).

ENTITY backmotion
SUBTYPE OF (wire edm machining strategy);
END ENTITY;

Figure 8 — Backmotion strategy

4.4.3.3 Cut_through

The cut_through strategy specifies that the operation will cut a slug. This strategy signifies that the sjug
might have to be fixed before this operation starts in order to avoid the fall out of the slug causing a shjrt
circuit. THe wire tool should start moving from the-cut_end_point towards the cut_start_point along the
positive s¢nse of parametrization. This strategy, can be applied to features having closed contour curyes

(see Figure 9).
ENTITY cyt through

SUBTYPE (F(wire edm machining strabedy):
END ENTITY;

r
il |||
il iy

Figure 9 — Cut_through strategy

4.4.3.4 Slug removal

The slug_removal strategy defines that the operator should remove the slug. The machining_operation
having slug_removal strategy usually follows an operation having cut_through strategy. The wire should
not move during this operation. This strategy can be applied to features having closed contour curves.
It might signify to the controller that the wire should be cut before this operation and re-threaded after.

10 © IS0 2013 - All rights reserved
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ENTITY slug removal
SUBTYPE OF (wire edm machining strategy);
END ENTITY;

4.4.3.5 Wire_edm_machine_functions

The entity describes the state of various functions of the machine (e.g. coolant) to be applied during the
time span of an operation. It is a subtype of entity machine_functions, defined in ISO 14649-10.

ENTITY wire edm machine functions

SUBTYPE OF (machine functions);

coolant: BOOLEAN;

CO’laut_tJL SsSTre PR FONAT pressuremeasurey

loyer nozzle: BOOLEAN;

upper nozzle: BOOLEAN;

othher functions: SET [0:?] OF property parameter;
END ENTITY;

co¢lant: If true, the coolant is activated. IF “x_+3” “<Tbl_no_borders>" ““<Tbl_no_|porders>
[F “x_-3” “</Tbl_no_borders>" “” </Tbl_no_borders>

coglant_pressure: Optional specification of the pressure of the coolant system. Only valid if|coolant is

true.
lower_nozzle: If true, lower nozzle is activated. Only valid if coolant is true.
upper_nozzle: If true, the upper nozzle is activated. Only-valid if coolant is true.

other_functions: = Optional list of other functions of generic type.

4.4.3.6 Wire_edm_technology

This entity defines the technological parameters of the wire-EDM operation. It is a subtypg¢ of entity
tedhnology defined in ISO 14649-10. Since the number of technology parameters are machine flependent
th¢ technology will be derived from independent parameters. Most of the wire-EDM machifes use an
expert system or technology tables to.défine the spark generator parameters from the followjing data:

— | material of the wire (its_wire_material of wire_tool entity)
— | diameter of the wire (its.diameter of wire_tool entity)

— | material of the workpiece (its_material of workpiece entity)
— | cutting height (its’ geometry of workpiece entity)

— | final surface quality (roughness)

ENTITY winrevedm technology

SUBTYPECQF (technology);

smdll”'¢orner strategy: OPTIONAL BOOLEAN;

other)generator parameters: OPTIONAL SET [0:?] OF property parameter;

END_ENTITY;

small_corner_strategy : If true, the special strategy to handle the small radius corners is acti-
vated. IF “x_+3” “<Tbl_no_borders>" “” <Tbl_no_borders> IF “x_-3" “</

Tbl_no_borders>" “” </Tbl_no_borders>

other_generator_parameters: Set of other property parameters of the generator of generic type.

© IS0 2013 - All rights reserved 11
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444 W

ire_edm_approach_retract_strategy

4.4.4.1 General

Base class

for the approach and retract strategy. All approach and retract strategies are defined relative

to the start or end point of the cutting operation. The start point of the approach or end point of the
retract movement are defined to be the thread point of the operation.

ENTITY wire edm approach retract strategy

ABSTRACT

SUPERTYPE OF (ONEOF (along path strategy, linear strategy, arc strategy));

its technology: OPTIONAL wire edm technology;

technolog
END ENTIT

its_technd

technolog

4442 |

The along
the thread
This class

ENTITY all
SUBTYPE (
path: tog
END_ ENTIT
path: S}

T

y switch point: OPTIONAL LIST [1:2] OF cartesian point;

Y;

logy: Optional technology setting for the approach/retract path. If it is pot'set
the technology specified for the main cutting is used. IF “x_+3” <Tbl_no|
borders>" “” <Tbl_no_borders> IF “x_-3” “</Tbl_no_borders>""“2</Tbl_np_
borders>

y_switch_point: Specifies the point where the technology specified fonthe approach/retrpct

movement should switch to the technology of the mrain cut. Only valid if
its_technology is specified.

\long_path_strategy

path strategy (see Figure 10) specifies the movement of the wire from the thread_point|(to
_point) to the start point (from the end point) of the cutting operation with a list of tool paths.
can describe an arbitrary approach or retract strategy.

ong path strategy

F (wire edm approach retract strategy|\

lpath list;

Y7

pecifies the path of the wire IF “x_+3"<Tbl_no_borders>" “” <Tbl_no_borders> IF “x_-3" “<

bl_no_borders>" “” </Tbl_no_borders>

offset
Biibe,

cut_start_point

thread_point

cut_end_point

Figure 10 — Along_path_strategy

4.4.4.3 Linear_strategy

The approach/retract path connects the thread point with the start/end point of the cutting operation
with a linear segment (see Figure 11).

ENTITY 1i

near strategy

SUBTYPE OF (wire edm approach retract strategy);

END ENTIT

12

Y;
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\O!
_f'\_'lva"\
o\ —
o s
AN ~
K" s
’b‘ urnRcTL
\Q ——
[s)
7]
<
(7]
(%)
thread_point cut_start_point
V Q,.-—@"‘—
cut_end_point

Figure 11 — Linear_strategy

4.4.4.4 Arc_strategy

The approach/retract path connects the thread point with the start/end point of the cutting|operation
with a linear-arc segment. The arc segment is tangential to the main cutSycurve (see Figure 1P).

ENTITY arc strategy

SUBTYPE OF (wire edm approach retract strategy);
radius: positive length measure;

ENIp ENTITY;

radius: The radius of the approach/retract movement. [F“x_+3” “<Tbl_no_borders>" “” <Thl_no_bor-
ders> IF “x_-3” “</Tbl_no_borders>" “” </Tbl, nexborders>

offset
Jas

2

oy, e S5
+ thread point :/(ft cut_start_point

cut_end_point

Figure 12 — Arc_strategy

4.4.5 A Wire_tool

This class describes the properties of the wire used in wire-EDM machining. It is a subtype of entity
machining_tool defined in ISO 14649-10.

ENTITY wire tool

SUBTYPE OF (machining tool);

its wire material: material;

its diameter: length measure;

its tension: OPTIONAL tension measure;

its_speed: OPTIONAL speed measure;

other parameters: SET [0:?] OF property parameter;
END ENTITY;
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its_wire_material:

its_diameter:
its_tension:

its_speed:

other_parameters:

The material of the wire. IF “x_+3” “<Tbl_no_borders>" “” <Tbl_no_borders> IF
“x_-3” “</Tbl_no_borders>" “" </Tbl_no_borders>

The diameter of the wire.
Optional tension value applied to the wire.
Optional speed value specifying the wire feeding velocity.

Optional set of parameters of generic type.

14
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Annex A
(informative)

EXPRESS listing

The following EXPRESS is the whole schema of this part of ISO 14649.

ISO 14649-13:2013(E)

SCHEMA wire edm schema;
(*
Vefsion 5 of Feb 28, 2003

Author: Gabor Erdos <gabor.erdos@epfl.ch>

Modlified by: Willy Maeder <wmaeder@cadcamation.ch>
Jag¢ques Richard <i-tech@eig.unige.ch>

*)
REFERENCE FROM machining schema (*ISO 14649-10%)
(
boynded curve,
cagtesian point,
difection,
idgntifier,

lakpel,

lejgth measure,
ma¢hine functions,
ma¢dhining operation,
ma¢dhining feature,
ma¢hining tool,
maferial,

pr¢ssure measure,
pr¢perty parameter,
spged measure,

plgne angle measure,
te¢hnology,
ma¢hining strategy,
to¢lpath list

(* KA AR AR A AR A AR AR A AR A AR A A A A REI A A A A A AR AN A A A A AR IR A A AR A A AR AR A A KKK *)

(*|Type definitions *)
(* R R i S S b I S b S b S S I b S R A S SR R S b b b I S b S S Sh S b S b Sh b b S b S Sb I 2b b S b S 3 *)

TYFE EDM transition =_ENUMERATION OF (constant radius, conical, sharp);

EN) TYPE;
TYFE tension measux€ = REAL;
ENIp TYPE;

(* Tk ok ko k ok k k kA K APk Ak Ak Ak Ak kk k kA kA kA kA kkkkkkkkkkkkkk ok k ok k ok ok ok kk k& *)

(* |[Machining_f€ature *)

(* KA AR AR A AR AT A A A AR A AR A A A AR AR A A A AR A AR A AR AR A AR A A A AR A AR AR AR X kK *)
ENTITY gehgéral path

SUFPERTYRENOF (ONEOF (general single path, general twin path))
SUBTYPE \OF (machining feature);

ENIp ENTITY;

ENTFfYr—gererat— Luglcipcu_h

SUBTYPE OF (general path);

feature principal boundary: bounded curve;
slope: OPTIONAL plane angle measure;
transition types: OPTIONAL EDM transition;
END ENTITY;

ENTITY general twin path

SUBTYPE OF (general path);

feature principal boundary: bounded curve;
feature secondary boundary: bounded curve;
END ENTITY;

ENTITY general path pocket

ABSTRACT SUPERTYPE OF (ONEOF (general path closed pocket, general path open pocket))

SUBTYPE OF (machining feature);
its hole: SET [0:?] OF general path;
END ENTITY;

© IS0 2013 - All rights reserved
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ENTITY general path closed pocket

SUBTYPE OF (general path pocket);

feature boundary: general path;

END ENTITY;

ENTITY general path open pocket

SUBTYPE OF (general path pocket);

open boundary: general path;

wall boundary: OPTIONAL general path;

END ENTITY;

(* KA AR AR A A A A A A AR A A A A A A AR A KA IR A A A A KA A A A A A AN A R AR A AR A A AR A A ARk kK *)
(* Wire tool *)

(* AR AR AR AR A KA A KA AR AR AR AR A A AR AR AR AR A A A A AR AR AR AR AR AR AR AR AR AR AR Xk kK *)

ENTITY wixe—tool

SUBTYPE (F (machining tool);

its wire Jmaterial: material;

its diamgter: length measure;

its tensilon: OPTIONAL tension measure;

its speed: OPTIONAL speed measure;

other parameters: SET [0:?] OF property parameter;

END ENTITY;

(* KRR KR AKA A AR AR AR AR AR AR AR AR AR AR AR AR A A AR A A A A A A A A A Ak A Ak A hk Ak hkrkxkxk *)

(* Wire-HDM Machining strategy *)

(* Ak hkhkhkAhkhkhkkhhkhkhhkhhkhrhhkhhkhhhkhhkhrhhkkhhkhrhhkhkhkhrhkhkkhhhrhhkkhkhkrhkkhkkhhkhrhhkhhxkxk*k *)
ENTITY wilre edm machining strategy

ABSTRACT [SUPERTYPE OF (ONEOF (backmotion,cut through,slug removal))
SUBTYPE (F (machining strategy);

END ENTITY;

ENTITY bgckmotion

SUBTYPE (F (wire edm machining strategy);

END ENTITY;

ENTITY cyt through

SUBTYPE (F (wire edm machining strategy):;

END_ENTITY;

ENTITY sllug removal

SUBTYPE (F(wire edm machining strategy);

END ENTITY;

(* Ak hhkhk Ak hkhkhkhhkhkhk kb hkrhkhhkhkhhkhkr kb hkhrhhkrhkhhkhkrhkdkhhkrhkhhrkhkhhhrkhhkkkk *)

(* wire gdm approach retract strategy *)

(* dhhkhkhArhhhkhkhhhkhhhhhhhhrhhrhhhrhkrhdrhrhr xRN Frhkrhkrhkrhkrhkrhrhrhrkxk *)
ENTITY wilre edm approach retract stragegy

ABSTRACT [SUPERTYPE OF (ONEOF (along path strategy, linear strategy,
its techrjology: OPTIONAL wire edm ¢technology;

technology switch point: OPTIONALNRIST [1:2] OF cartesian point;
END ENTITY;

ENTITY allong path strategy

SUBTYPE (F (wire edm approalch) retract strategy);

path: todlpath list;

END ENTITY;

ENTITY lijnear strategy

SUBTYPE (F (wire edm/approach retract strategy);

END ENTITY;

ENTITY aryc strategy

SUBTYPE (F (wire 'edm approach retract strategy);

radius: fositiyve length measure;

END_ ENTITYg

arc_strategy));

(* KKk ke ok kL K S ok Sk e ke de ok ok ok ke ok Sk ok ok Sk ok ok e ok Sk ok ok ok e ok ke ok ok Sk ok ok e ke Sk ok ok ok ke ok e ok Sk e ok ok e ke e ok ke ok k)
(* Wire-EDM operation ¥*)

(* KA AR AR A A A A A A AR AR A A A A AR AR AR A A A A AR A I A A A A AN A R AR A AR A A A AR A A ARk kK *)
ENTITY wire edm machining operation

SUBTYPE OF (machining operation);

offset length: length measure;

approach: OPTIONAL wire edm approach retract strategy;

retract: OPTIONAL wire edm approach retract strategy;

thread point: cartesian point;

cut end point: OPTIONAL cartesian point;

END ENTITY;

(* ;*********************************************************** *)

(* Wire-EDM technology *)
(* Nk hkhkhkhkhkhhkhkhhkhkhk kb hkrhkhhkhkhhkhkr kb hkhhkhkhk kb hkrkhhkhkhkrhkhkhrkhkhhhkrkhhkkkk *)

ENTITY wire edm technology
SUBTYPE OF (technology);

16
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small corner strategy: OPTIONAL BOOLEAN;
other generator parameters: OPTIONAL SET [0:?] OF property parameter;
END ENTITY;

(* Ak hkhkhkhk A hkhhkhhkhh Ak hhkhkhkrhkhkhkhhkhh A hhkrkhhkrhkhkhkhhkhkhkrhkkrkhhkrhkkhkhkkkkxk*k *)

(* Wire-EDM technology machine functions *)

(* dhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhhkhhkhhhhhkhhkhkhkhkhkhhkhhhkhkhhkhkhhhhhhrk *)
ENTITY wire edm machine functions

SUBTYPE OF (machine functions);

coolant: BOOLEAN;

coolant pressure: OPTIONAL pressure measure;
lower nozzle: BOOLEAN;

upper nozzle: BOOLEAN;

other—functions+—SET 021 OF pronerty oarametbers
ENIp ENTITY;

ENIp SCHEMA; (*wire edm schema *)

© IS0 2013 - All rights reserved 17
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Annex B
(informative)

EXPRESS-G

The figures in this annex show the graphical representations of different elements:

igure B.1 shows the wire tool structure;

:

igure B.2 shows the wire-EDM machining operation structure;

:

— Figur¢ B.3 shows the wire-EDM machining strategy and the wire-EDM feature reference;

e B.4 shows the EDM machine functions and the general path structure;

e B.5 shows the single path, double path and retract strategies;

e B.6 shows the EDM machine technology and the general path pocket;

e B.7 shows more detailed strategies;

e B.8 shows the open pocket definition and the tension definition;

= c c = c =
—~ —~ —~ —~ —~ —~

e B.9 shows the closed pocked definition.

These figyres are purely informative: a detailed explanation of the entities in the figures is given in the
correspor{ding text definitions in Clause 4.
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( machining_schema.machining_tool )

wire_tool

- - - Cx machining_schema.material
its_wire_material

— ﬂ machining schema.length_measure
its_diameter

- ; / 8, 3, tension_measure
its_tension \

CI machining schema.speed_measure

its_speed

machining_schema.property_parameter
othey_parameters S[0:7] ﬂ & property-p

Figure B.1 — Express-G diagram 1
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( machining_schema.machining_operation )

ire_edm_machining_operation

offsetlength (x machining_schema.length_measure )

WC 5,5, (ABS)wire_edm_approach_retract_strategy:.
WC 5,5, (ABS)wire_edm_approach_retract strategy

thread_point Cx machining_sehema.cartesian_point )

)

Cx machining_schema.cartesian_point )

cut_end_point

Figure B.2 — Express-G'diagram 2
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C machining_schema.machining_strategy )
@)
(ABS)wire_edm_machining_strategy
1
backmotion cut_through slug_removal

C

machining_schema.m@achining_feature

)

C

6)9;-(ABS)general_path_pocket

)

Figure B.3 — Express-G diagram 3
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( machining_schema.machine_functions )
Boolean l
coolant
od machining schema.pressure_measure )

wire_edm_machine_functions

coolant_pressure

lower_nozzle

upper_nozzle

other_functions S[0:?]

C machining_schema.property_parameter )

C machining_schema.machining feature )

C

4,1(6,9,8) )

4,2(8)

| (general_path

C

5)1, general_single_path ) C

5,5, general_twin_path

Figure B.4 — Express-G diagram 4
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51, (4
feature_principal_boundary (X machining_schema.bounded_curve )
eneral_single_path -
g gle_p slope q machining_schema.plane_angle_measure )
— d EDM_transition ‘ ‘
transition_types
51, (4

general_twin_path

q machining_schema.bounded_curve

feature_principal_boundary

q machining_schema.bounded_curve

feature_secondary_boundary

( 5,5 (2 2) )

(ABS)wire_edm_appreach retract_strategy

technology_switch_point L[1:2]

. q 6, 4, wire_edm_technology
ilts_technology

machining_schema.cartesian_point

along_path_strategy | ( 7,7, linear_strategy ) (

7,8, arc_strategy

Figure B.5 — Express-G diagram 5
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( machining_schema.technology )

C 6,4(7,7) )

@) @)
o |
small_corner_strategy
wire_edm_technolog! y
( hachining_schema.property_parameter D other_generator_parameters S[077]
( 6,9 (3) )
O
( , 1, general_path ) its.boss S[07] I (ABS)general _path-pocket
1
( 9, 10, general_path_closed_pocket ) ( 8,11, general_path_open_pocket )
Figure B.6 — Express-G diagram 6
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( 76(5 )

along_path_strategy path CI machining_schema.toolpath_list )
(376 )
C ) radius arc_strategy

positive_length_measure

Figure B,7 — Express-G diagram 7

open_boundary 4,1, general_path )

general_path_open_pocket

M (M)

wall_boundary % 2 general_path )

( 8,3 (1) )

| Real | b—{ tension_measure

Figure B.8 — Express-G diagram 8

© IS0 2013 - All rights reserved 25


https://standardsiso.com/api/?name=9d69f9d70dc9618752bd606946785067

ISO 14649-13:2013(E)

( 9,10 (6) )

( 4, 1, general_path ) general_path_closed_pocket

feature_boundary

Figure B.9 — Express-G diagram 9
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