INTERNATIONAL

ISO

STANDARD 14649-11

Second edition

2004-12-15

Industrial automation systems and
integration — Physical device contr
Data model for computerized numel
controllers —

Part 11:
Process data:for milling

Systémes d'automatisation industrielle et intégration — Com
des dispositifs;physiques — Modéle de données pour les con
numériquesdnformatisés —

Partie,11: Données des procédés relatifs au fraisage

ol —
rical

nande
tréleurs

=S —— Reference number
= — ISO 14649-11:2004(E)

© SO 2004


https://standardsiso.com/api/?name=baa304ec54ce3cac7e8740f8671826a6

ISO 14649-11:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=baa304ec54ce3cac7e8740f8671826a6

ISO 14649-11:2004(E)

Contents

oL =TV o PP PR
T e L d oo 1T o3 110 o PR PRPT
1 SEOPB T T T T T T T
2 NOIMALIVE FEfEIENCES ...oi ittt e snee e e s ee e ey oo
3 Terms and definitioNS ...t ae e g eaaees
4 General Process data........ooooeviiiiiiii N
4.1 Header and refErENCES . ......uuviiiiiiiiiiiiiit s S Tad e e e e e e e e e e e e e enens
4.2 Technology-specific machining operations ..o A0,
4201 NCfunctions for MilliNg ... A
4.202  Tool direction fOr MIlING .....coooii e e e
4,213  Milling machining OpPeration.........cccocvereeeii i i st
4214 Milling teChNOIOQY wevvvie e e e
4.25 Milling machine fuNCLIONS ... S e
oy T Y/ [T T Lo Y/ o =0 o 1= -4 T | o S R
4207  Freeform Operation.......cccccveereieeiiiciiiiieeee e ccssiieiee e DY ettt
4.208  TWOSD MIlliNG OPEIatiON ..uveiieiee i S e e e e e e s st e e e e e e e s s nnnaeeeeeeeeeanrnees
4209  Plane Milling ....ooooiiiiiiiiiieeeeeee 0
42010 Side MilliNG covveeiiiiiiiiiiii a0
42011 Bottom and Side MilliNg .....ocueeiiiiiei e
42012 Drilling type OPEration ........oeeiiiiiiiiiiiiiee s ettt e e e e e e e e e e snaee
42013 Drilling OPEIratioN ..ceeeiie i AT ettt e e e et e e e e e e e nb e b e e e e aanae
o = Yo ] g Yo I o] o<1 =14 T o] o FA PP TP TUURRPRRN
s T = ¥ Tod QT Y 1 o IR SSURRN
s T =T o oY o [ USRS
4217 Thread drilliNg ... e e e s s e e e e e s s atre e e e e e e sannnes
4.3 = o Lo IS Tod T=T0 0 = PPN
5 ConfOrmManCe rEQUITEMIBITS .....uuiiiieeeiiiiiiiiire e e e s s s st e e e e e e s s st r e e e e e s s ssantaeereeee e e s e annrnnneeaees
5.1 Conformance Class LBNTITIES .....ciiuiiiiiiiie e s
5.2 Conformance ClaSS 2 ENTITIES .. .uuiiiie i e s e e ae s
Anpex A (normative). EXPRESS [ISTING ..couiiiiiiiiii e
Anhex B (normative) Short Names Of ENtItIES ......uviiiiiii e
Anhex C (normative) Implementation method specific requirements .........cccccvvcviiiiiiee i,
Anhex D (informative) EXPRESS-G diagram ........cccoiiiiiiiiiiii e ee e e e e e sainnan e e e e e e
Anhex E'(informative) Sample NC ProgramimMesS ......ccccvuririeieeeiiiiiiieeeee e s s ssrrrre e e e e e e s s snnrnreeeeaeeeesnnns
E.] EXAMPIE .ttt
E.2 = 10 ] 1= 2SR
1o = PSSR SR 62

© 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=baa304ec54ce3cac7e8740f8671826a6

ISO 14649-11:2004(E)

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-govermpmental,
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Gaps in th

language bindings-according to 1ISO 10303 methods. Part 10 is the ISO 10303 Application Reference M(

(ARM) for

In_Nlaison with SO, also take part in the work. ISO collaboraies CloSely with
bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
fask of technical committees is to prepare International Standards. Draft International Standa
y the technical committees are circulated to the member bodies for voting~Publication as
bl Standard requires approval by at least 75 % of the member bodies casting a’vote.

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

11 was prepared by Technical Committee ISO/TC 184,
Subcommittee SC 1, Physical device control.

Industrial automation systems

d edition cancels and replaces the first edition (ISO 14649-11:2003), of which it constitutes a mi
consists of the following parts, under the_-general title Industrial automation systems {

— Physical device control — Data model for computerized numerical controllers:
Overview and fundamental principles

D: General process data

1: Process data for milling

P: Process data for turning

11: Tools for milling-xachines

P1: Tools for turning

e numbering of parts were left to allow further additions. The future Parts 2 and 3 will be

the

rds
an

drawn to the possibility that some of the elements of this document may’be the subject of patent

hnd

nor

hnad

future Parts
1ISO 10303

arocess mdependent data. ISO 10303 ARMs for specific technologles are added after Part 10.

AIMs for specmc technologles are added after Part 50

ISO 14649 is harmonised with ISO 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 1SO 14649, ISO 10303 and CNC
manufacturers with respect to implementation and software development.

© 1SO 2004 - All rights reserved
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Introduction

Modern manufacturing enterprises are built from facilities spread around the globe, which contain

1:2004(E)

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

respect to machine axes, rather than the machining process with respect to the(part. Second, th

uct dafa has been standardised by SO 10303. This leads to the possibility of using sfahdard data

inciple are
thines are

6983 limits
I path with
e standard

defjnes the syntax of program statements, but in most cases leaves the semanti¢cs ambiguous. Thind, vendors

usyally supplement the language with extensions that are not covered in the dimited scope of ISO 64

ISQ 14649 is a new model of data transfer between CAD/CAM systems ‘and CNC machines, whig
ISQ 6983. It remedies the shortcomings of ISO 6983 by specifying machining processes rather tha
too] motion, using the object-oriented concept of Workingsteps:{ Workingsteps correspond to
maghining features and associated process parameters. CNCsaresesponsible for translating Work
motion and tool operation. A major benefit of ISO 14649"is its use of existing data models
10303. As ISO 14649 provides a comprehensive model ofithe manufacturing process, it can also

83.

h replaces
n machine
high-level
ngsteps to
from 1SO
be used as

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

ISQ 14649 represents an object oriented, information and context preserving approach for NC-prg
thal supersedes data reduction to simple switchifg instructions or linear and circular movemen
object- and feature oriented and describes the “'machining operations executed on the workpiec|
maghine dependent axis motions, it will be rafining on different machine tools or controllers. This ¢
will| spare all data adaptations by postpracessors, if the new data model is correctly implemented

corntrollers. If old NC programs in ISO6983 are to be used on such controllers, the corresponding i
shall be able to process the different NC program types in parallel.

gramming,
[s. As it is
e, and not
bmpatibility
bn the NC-
nterpreters

ISQ TC184/SC1/WGT7 envisions) a gradual evolution from ISO 6983 programming to portable feature-based

refore, 1ISO 14649 does not include legacy program statements, which would otherwise
effectiveness of the'standard.

M codes”
j graphical
prevalent.
dilute the
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Industrial automation systems and integration — Physical
device control — Data model for computerized numerical
controllers —

Part 11:

Process data for milling
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Scope

S part of ISO 14649 specifies the technology-specific data elements needed @s” process data
jether with the general process data described in ISO 14649-10, it describes the interface
hputerised numerical controller and the programming system (i.e. CAM system or shop floor pr
tem) for milling. It can be used for milling operations on all types of>machines, be it milling
chining centers, or lathes with motorised tools capable of milling. Thevscope of this part does

D 14649.

b subject of the milling_schema, which is described in thispart of ISO 14649, is the definition of t
cific data types representing the machining process fér.milling and drilling. This includes bot
bform surfaces as well as milling of prismatic workpieces (also known as 2%D-milling). Not inclu
ema are geometric items, representations, manufacturing features, executable objects, and b3g
ch are common for all technologies. They are-feferenced from ISO 10303’'s generic resourcs
49-10. The description of process data is done<sing the EXPRESS language as defined in ISO
e encoding of the data is done using 1ISO 10303-21.

Normative references
b following referenced documents are indispensable for the application of this document.
brences, only the editiop-'cited applies. For undated references, the latest edition of the

ument (including any amendments) applies.

D 10303-11, Industrial-automation systems and integration — Product data representation and eX
t 11: Descriptiafhmethods: The EXPRESS language reference manual

10303-2%,\Industrial automation systems and integration — Product data representation and e
t 21: Implementation methods: Clear text encoding of the exchange structure

for milling.
between a
bgramming
machines,
hot include

other technologies, like turning, grinding, or EDM. These technologies will be described in further parts of

echnology-
h milling of
ded in this
se classes
s and ISO
10303-11.

For dated
referenced

change —

change —

3

Tarmes and definitions
HeHhsaha-oaeHHHoRS

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

3.1

Finishing
A milling operation used to cut a part. The finishing operation usually follows a roughing operation. The goal of
finishing is to reach the surface quality required, cf. roughing.

3.2
Ro

ughing

A milling operation used to cut a part. While the aim of roughing is to remove large quantities of material in a
short time, the surface quality is usually not important. The roughing operation is usually followed by a
finishing operation, cf. finishing.

© I1SO 2004 — All rights reserved
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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 milling_schema;

(*

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

*)
REFERH
(id
la
);
REFERH
(b

c
d

);

REFERE
1

p

T

);

REFERH
(n

m

m
m
m
p
p
p
r
r
s
t
t
t

REFERE
(

mil

entifier,
el

NCE FROM geometry_ schema
bunded_curve,
prtesian_point,

i rection

NCE FROM measure_schema
bngth_measure,
Dsitive_ratio _measure,
jme_measure

NCE FROM machining_schema
c function,
hchine_functions,
hchining_operation,
achining_tool,
bterial,
lane_angle_measure,
ressure_measure,
Foperty_parameter,
bt _direction,

Dt _speed_measure,
beed_measure,
bchnology,
bolpath_list,
bol_directyon);

| ing. cutting_tool);

NCE FROM support_resource_schema

NCE EROM milling_machine_tool_schema

(*15010303-41e3*)

(*15010303-42e3*)

(*15010303-41e3*)

(*1S014649-10%)

(*1S014649-111%)

4.2 Technology-specific machining operations

421 NC

functions for milling

The NC functions specific to milling technologies are described in the following subs clauses. These are

subtypes of entity nc_function defined in ISO 14649-10.

4211

This function is used to execute a pallet exchange.

Exchange pallet

© I1SO 2004 — All rights reserved
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ENTITY exchange pallet - m0 *)
SUBTYPE OF (nc_Tfunction);
END_ENTITY;
4.2.1.2 Index pallet

This function is used to place the pallet to the indicated position by the parameter index.

ENTITY index _pallet - m0 *)
SUBTRE—BF—Cre—Furetion)s
its_index: INTEGER;
END_ENTITY;
its |index: The parameter index value by which the destined position of the pallet is
indicated.

4.21.3 Index table

This function is used to place the rotation table to the indicated position bythe’parameter index.

ENTITY index_table * m0 *)
SUBTYPE OF (nc_function);
its_index: INTEGER;

END_ENTITY;

its |index: The parameter index value by which the destined position of the rotation
table is indicated.

4.211.4 Load tool

This function is used to load a tool that canlbe selected independent from the geometrical information.

ENTITY load_tool * m0 *)
SUBTYPE OF (nc_function);
its_tool: machining_tool;

END_ENTITY;
its |tool: The tool which has to be loaded.

4.201.5 Unload toeol

This functioA.is used to unload a tool.

ENTITY unload_tool * m0 *)
SUBTYPE OF (nc_function);
1ts_tool: OPTTONAL machining_tool;

END_ENTITY;

its_tool: The tool which has to be exchanged. In case of an operation where more
than one tool is in use at the same time this attribute has to be set.

4.2.2 Tool direction for milling

This is the base class of all tool orientations used for freeform machining. It is subtypes of entity tool_direction
defined in ISO 14649-10.

© 1SO 2004 — All rights reserved 3
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ENTITY tool_direction_for_milling ¢ m0 *)

ABSTRACT SUPERTYPE OF (ONEOF(three_axes_tilted_tool, five axes var_tilt_yaw,

five_axes_const_tilt_yaw))

SUBTYPE OF (tool _direction);
END_ENTITY;

4.2.2.1 Three axes tilted tool

In this mode of operation, the tool is tilted, so the tool direction is not parallel to any of the three machine axes.
However, the tool is clamped to fix the tool angle and motion is still only in the three linear axes. Unlike

five_axes |
ENTIT
SUB

its
END_EN

its_tool _di
4.2.2.2

Simultaned
adjusted s

ENTIT

SuB
END_EN

4.2.2.3

This is a special case of five_axes_var_tilt_yaw. The tgol is moved so that the tilt and yaw angles are const

in each pq
contact po
these valug

ENTIT
SuB
til
yaw

END_EN

tilt_angle:

yaw_angle

var_tilt_yaw the tilt and/or yaw angles are not variable.
three_axes_tilted_tool ¢ m0 *)
[YPE OF (tool direction_for_milling);

| tool _direction: direction;
TITY;

rection: The direction of the tool in absolute machine co-ordinates.

Five axes with variable tilt and yaw angles

us tool movements in five axes are used for machining. During motion, the tool direction
b as to follow the curve given in the toolpath instances.

five_axes var_tilt _yaw ¢ ml *)
'YPE OF (tool direction_for_milling);
TITY;

Five axes with constant tilt and yaw angles

int of the toolpath, relative to the co*ordinate system given by the surface normal in the cu

bs may be overridden if an explicit tool direction curve is specified for a toolpath.
five_axes_const_tiltyyaw ¢ m0 *)

'YPE OF (tool direction_for_milling);

k_angle: plane_angle_measure;

| angle: plane_angle_measure;

TITY;
The inclination of the tool in feed direction, measured against the surf
normal in the cutter contact point.
The rotation of the inclined tool around the surface normal, measu

ant
(ter

nt and the tangent in feed direction\Tilt and yaw are given as attributes of this entity. Note that

Ace

red

against the surface tangent in feed direction in the cutter contact point.

4.2.3 Milling machining operation

This is the base class of all operations described in this part of ISO 14649. It is a subtype of entity
machining_operation defined in ISO 14649-10. In case that feedrate_per_tooth of its_technology is chosen,
number_of effective_teeth of its_tool should be given.

ENTITY milling_machining_operation - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(milling_type operation,

dri

11ing_type operation))

SUBTYPE OF (machining_operation);
overcut_length: OPTIONAL length_measure;

WHERE

© 1SO 2004 — All rights reserved
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WR1: (EXISTS(SELF.its_technology.feedrate per_tooth) AND
EXISTS(SELF.its_tool .number_of effective teeth))
OR(NOT(EXISTS(SELF.its_technology.feedrate per_tooth)));

END_ENTITY;

overcut_length:

The overcut on the open side(s) of the feature. It is not allowed for manu-
facturing of features which are bounded by material on all sides, i. e. pockets.
In case of round_hole, this attribute is allowed only for through-bottom

holes. If the cutting_depth of drilling_type_operation specifies a conflicting
value, overcut_ length is ignored.

4.214 Milling technology

] )
-k
movement Nd_

1

1

1
overcut —P 4=

Fig. 1: Overcut

This entity defines the technological parameters of the milling operation. It is a subtype of entity fechnology
defined in 1SO 14649-10. Of the four alternatives for specifying speeds, exactly two must bg¢ given as
indjcated by the WHERE rules. If the attribute adaptive_control s invoked, some or all of these valyes may be

ignpred.

cutspeed:
spindle:

ENTITY milling_technology ¢ m0 *)
SUBTYPE OF (technology)s;

OPTIONAL speed_measure;
OPTIONAL rot_speed_measure;

feedrate_per_tooth: OPTIONAL length_measure;
synchronize_spindie_with_feed: BOOLEAN;
inhibit_feedrate_override: BOOLEAN;
inhibit_spindle_override: BOOLEAN;
its_adaptive control: OPTIONAL adaptive_control;
HERE
WR1: (EXISTS(cutspeed) AND NOT EXISTS(spindle))
OR (EXISTS(spindle) AND NOT EXISTS(cutspeed))
OR (EXISTS(its_adaptive_control));
WR2: (EXISTS(SELF.feedrate) AND NOT EXISTS(feedrate per_tooth))
OR (EXISTS(feedrate per tooth) AND NOT EXISTS(SELF.feedrate))

OR (EXISTS(its_adaptive_control));

END_ENTITY;

cutspeed:

spindle:

© I1SO 2004 — All rights reserved

Cutting speed of the tool, the speed of spindle converted into a linear speed.

Rotational speed of the tool. As defined for rot_speed_measure, positive
values indicate tool rotation in mathematical positive direction of the ¢ axis,
i. e. counter-clockwise motion if looking from the tool holder to the
workpiece. Note that usual cutting tools require clockwise motion so the
value of this attribute will typically be negative.


https://standardsiso.com/api/?name=baa304ec54ce3cac7e8740f8671826a6

ISO 14649-11:2004(E)

feedrate_per_tooth: Feed of the tool expressed as a distance.
synchronize_spindle_with_feed:

If true, cutting speed and feed of the tool is synchronised. Therefore, the
pitch of tap can be kept constant at the bottom of a hole when cutting speed
is being decelerated and accelerated.

inhibit_feedrate_override: If true, the feedrate override through the operating panel or by adaptive
control systems is not allowed.

inhibit_spipdle_override: If true, the spindle speed override through the operating panel-or by adaptive
control systems is not allowed.

its_adaptivie_control: Any kind of vendor specific adaptive control strategy.

4.2.4.1 Adaptive control

This entity| defines the vendor-specific adaptive control strategy. At a latér time, the specific nature of fthe
adaptive control algorithm and further parameters can be specified in appropriate subtypes.

ENTITY adaptive control; G ml >
END_ENTITY;

4.2.5 Milling machine functions

The entity flescribes the state of various functions of.the machine, like coolant, chip removal, etc. to be applied
during the fime span of an operation. It is a subtype_of entity machine_functions defined in ISO 14649-10.

ENTITY milling_machine_functions - m0 *)
SUB'YPE OF (machine_functions);
cooflant: BOOLEAN;
coofant_pressure: OPTIONAL pressure_measure;
misk: OPTIONAL BOOLEAN;
thrpugh_spindle_coolant: BOOLEAN;
thrpugh_pressure: OPTIONAL pressure_measure;
axigs_clamping: LIST [0:?] OF identifier;
chip_removal : BOOLEAN;
oriegnted _spindle _stop: OPTIONAL direction;
its| process/model: OPTIONAL process _model _list;
other_ funetions: SET [0:?] OF property parameter;

END_ENTITY;

coolant; If true, the coolant is activated.

coolant_pressure: Optional specification of the pressure of the coolant system. Only valid if
coolant is true.

mist: If true, activate mist coolant. Default is false. Only valid if coolant is true.

through_spindle_coolant: If true, activate coolant through the spindle. Default is false.

6 © 1SO 2004 — All rights reserved
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through_pressure:

axi

chi

s_clamping:

p_removal:

oriented_spindle_stop:

its |

oth

4.2

Fo
likg

its |

4.2

Sp
avg

ini|

its

4.2
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Pressure  of coolant through the spindle. Only valid if
through_spindle_coolant is true.

Describes which axes are to be clamped, e.g. X,Y,A. Note that this
information is machine dependent and should be avoided.

If true, activate chip removal.

If specified, the spindle will stop in the given direction relative to the
machine zero position of C-axis in case a spindle stop occurs during or at the

[process_model:

er_functions:

5.1 Process model list

its_list:
END_ENTITY;

list:

5.1.1 Process model

ENTITY process_model;
ini_data_file:
its_type:

END_ENTITY;

 data_file:
|type:
.6 ~Milling type operation

ENTITY process _model list; ¢ ml *)

end of the workingstep.
Optional information for process control.

Optional list of other functions of generic type.

each workingstep, one or more process models may be started. These-are modules for procgss control
chatter avoidance, thermal compensation, etc.

LIST [1:?] OF process _model;

List of process models for the current workingstep

pcial machine-specific functions to make_ the machining process more secure and accurate. (¢.g. chatter
idance, thermal compensation, ...)

¢ ml>)
label;
label ;

A filename including path of the file containing the initialisation |data of the
process model.

The type of process model (e.g. chatter avoidance| thermal
compensation, ...)

This is the base class of all operations for milling. It includes all necessary attributes to describe technology
and strategy. It is a subtype of entity milling_machining_operation.

In general, there are two types of machining operations: roughing and finishing. The roughing is to remove all
material from the original raw piece surface down to the bottom or side of the feature minus the finishing
allowance in multiple passes. The finishing will then remove the finish allowance to yield the final surface of
the feature. In case of pre-cast features, e.g. pre-cast holes and pockets, roughing operation need to be one
pass. This special condition is considered in the 242D milling strategy with the attribute allow_multiple_passes.

ENTITY milling_type operation - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(freeform_operation, two5D milling_operation))
SUBTYPE OF (milling_machining_operation);

© I1SO 2004 — All rights reserved
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approach: OPTIONAL approach_retract_strategy;
retract: OPTIONAL approach_retract_strategy;
END_ENTITY;
approach: Optional information about approach (plunge) strategy to reach the first cut.

retract:

4.2.6.1

Base clasj
relative to
determined

If multiple layers are cut, as specified by allow_multiple_passes, this
strategy will also be used to move from one layer to the start point of the
next layer.

By default, the NC controller decides about the approach strategy. It may

ing
coincides with the end point of cutting for the preceding operation] If
its_toolpath is given, this attribute will be ignored.

Optional information about retract strategy after finishing_the last cut. |By
default, the NC controller decides about the retract strategy’ It may dedide
not to use any retract movement at all if the end point 6f cutting coincifes
with the start point of cutting for the next operation. If its_toolpath is given,
this attribute will be ignored.

Approach retract strategy

for the approach (plunge) and retract strategy. All approach/and retract strategies are defiped
the start or end point of the cutting operation, whether this*is explicitly given in the operatior) of
by the NC controller. The resulting start point of the approach or end point of the retract movemient

are definedl to be the start and end point of the current operation. The feed rate on the approach or retfact

path is thelfeed rate specified for the related start or end pointyrespectively, of cutting.

ENTITY approach_retract_strategy < ml *)
ABSTTRACT SUPERTYPE OF (ONEOF (plunge strategy, air_strategy, along_path));
tool orientation: OPTIONAL  di¥rection;

END_ENTITY;

tool_orientation: Only for machines with five-axis positioning capabilities. This specified [the
tool orientation at the beginning or end, respectively, of the approach or
retract/movement.

4.2.6.2 Plunge strategy

This is the|base class for@all approach movements which include cutting of material. This is typically the case

for pocketing operations<where the approach to the depth of the first cutting layer or between cutting laylers

requires th

All plunge
movement

cutting opeétatter;

motion.

e removalefimaterial in order to create the approach path.
moyermments are guaranteed to occur within the boundaries of the underlying feature. All plupge
5 Wil “start the start point of the

at the retract plane valid for the current operation. They

O aAPPTOAa 9Je O Cl O v

ENTITY plunge_strategy G ml >
ABSTRACT SUPERTYPE OF (ONEOF (plunge_toolaxis, plunge_ramp, plunge_helix,
plunge_zigzag))

SUBTYPE OF (approach_retract_strategy);

END_ENTITY;

4.26.2.1

Plunge in t

Plunge tool axis

he direction of the tool axis.
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Note: If the milling tool itself is unable to cut it's way into the layer, a plunge drilling operation with a separate
tool is required. As each operation can have only one tool, this will require the definition of a preceding
drilling_type_operation. In this case, no plunge strategy should be given for the milling_type operation, and
the cut_start_point of both the milling_type_operation and the drilling_type_operation must coincide.

ENTITY plunge_toolaxis G m1*)

SUBTYPE OF (plunge_strategy);
END_ENTITY;

® Starting_point

- N/ _ . Retract_plane

Starting_point

Fig. 2: Plunge tool axis

4.26.2.2 Plunge ramp

P

=l

nge on a linear path-which forms an angle with the feature surface.
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Y
e
Starting_point
X
Z
\ / Retract_plane
X i jangle
Starting_point
Fig. 3: Plunge ramp
ENTITY plunge_ramp G ml >
SUB'YPE OF (plunge_strategy);
anglle: plane_angle_measure;
END_ENTITY;
angle: The angle of the ramp moyvement versus the surface in the end point of [the
approach. Note: start and:end point can be calculated from the restriction$ in
Section 4.2.6.2.
4.2.6.2.3 | Plunge helix
Plunge mgvement forming a helix. The path-is defined by specifying the radius and grade of the helix. A
circular mgvement can be specified by setting grade to zero.
ENTITY plunge_helix ¢ ml *)
SUB'YPE OF (plunge_strategy);
radjius: length_measure;
angfe: plane_angle_measure;
END_ENTITY;
radius: Radius of the helical movement.
angle: The angle of the helical movement versus the surface in the end point of the
approach. Note: start and end point can be calculated from the restrictions in
Section 4.2.6.2.
10
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4.26.2.4 Plunge zigzag

Starting_point

Fig. 4: Plunge helix

/ Retract_plane

Plunge movement using a zigzag motion. This is similarto the ramp-type movement, except|the cutter
ch@nges direction if it touches a feature boundary or if.the/path length would exceed the specified width of the

ziggag pattern.
ENTITY plunge_zigzag
angle:

width:
END _ENTITY;

SUBTYPE OF (plunge_strategy);

plane_angle_measure;
léngth _measure;

*—e

X Starting_point

¢ ml )

© I1SO 2004 — All rights reserved
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Fig. 5: Plunge zigzag

Retract_plane
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angle:

width:

The angle of the movement versus the surface in the end point of

the

approach. Note: start and end point can be calculated from the restrictions in

Section 4.2.6.2.

The with of the zigzag path perpendicular to the direction of the descent.

4.2.6.3  Air strategy

This is the

Unlike the
movement
of the cutt
point lies &
surface no

Note that f
plane of th

ENTIT
ABS

suB
END_EN

4.2.6.3.1

The mover

base class for all approach or retract movements through the air.

plunge_strategy types these movements are not limited to the inside of the feature. All of th

t the intersection of two planes, as may be the case for bottom_and_side_milling operations,
mal is deemed to be the intermediate direction between the two normals.

£Se

5 shall take place in a plane which is defined by the normal of the machined feature and the tangent
ng path in the start or end point, respectively, of the related cutting movement. If the start’or ¢nd

the

br side milling operations, e. g. for the milling of a contour, the resulting movements will be in thg xy
e machine co-ordinate system.
air_strategy ¢ ml *)
RACT SUPERTYPE OF (ONEOF (ap_retract _angle, ap_retract_ tangent))
YPE OF (approach_retract_strategy);
TITY;
Approach retract angle
hent is heading towards the start or from the end peint-in an angle to the surface. For plane mill

ng,

this may typically be an angle of O degrees in order to move straight from outside the workpiece into [the
material.
ENTITY ap_retract_angle < ml *)
SUB'YPE OF (air_strategy);
angfe: planexangle_measure;
trayel _length: length measure;
END_ENTITY;
angle: Approach or lift angle versus the surface in the end point of the approach or
the start point of the lift, respectively.
travel_length: The length of the angular approach. After travel length has been reached,
the tool will proceed to the retract plane using the shortest connection and
vice versa.
12 © 1SO 2004 — All rights reserved
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Tangent of the
cutting path

I -
Starting_point
X

Starting_point

Fig. 6: Approach retract angle
4.206.3.2 Approach retract tangent

Th¢ movement is heading towards the start or from the end point in a~curve. The motion start or ¢nds in the
retfact plane valid for the current operation. If the specified radius for this motion is smaller than the distance
to the retract plane as specified in the attribute retract_plane of.the current operation, the remaining path will
be [executed in linear motion perpendicular to the retract plane.

ENTITY ap_retract_tangent ¢ ml *)
SUBTYPE OF (air_strategy);

radius: length_measure;
END_ENTITY;

radius: The radius«0bthe approach or retract movement.

Tangent of the
cutting path

l - —
Starting_point
X !

Starting_point

Fig. 7: Approach retract tangent
4.2.6.4 Along path

Approach or lift movement on a general path. This should be used if full control of the tool orientation during
approach is required or for other special purposes.
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ENTITY along_path G ml *)
SUBTYPE OF (approach_retract_strategy);
path: toolpath_list;

END_ENTITY;

path: Specification of a general path for approach or lift movement. Note that the
path is specified in a special co-ordinate system. The origin is the start or
end point of the cutting operation, the axes are oriented like the local co-
ordinate system of the feature.

Y
Starting_point -
X

X

Starting_point

Fig. 8: Along path
4.2.7 Frgeform operation

Derived frgm the milling type operation, this is the €lass of operations for freeform milling. Note that only sgme
Hi-Tech NC controllers today will not be able' to machine a freeform surface without specifying explicit
toolpaths.

ENTITY freeform_operation * m0 *)
SUB'YPE OF (milling_typé operation);
its| machining_stratéegy: OPTIONAL freeform_strategy;

END_ENTITY;

its_machining_strategy: Description of the strategy to be used when executing the operation. In gase
the attribute its_toolpath of the supertype operation is specified, the strategy
is for information only.

4.2.7.1 Freeform strategy

The following entities define the strategy used for milling a freeform surface. If this entity is used, the toolpath
is defined only by means of the milling strategy and the tolerances. The CNC itself has to calculate the
resulting toolpaths out of these values.

If the toolpath and the freeform strategy are defined, the attribute "freeform_strategy"” is for information only.

ENTITY freeform_strategy ¢ ml *)
ABSTRACT SUPERTYPE OF (ONEOF(uv_strategy, plane_cc_strategy,
plane_cl_strategy, leading_line_strategy));
pathmode: pathmode_type;
cutmode: cutmode_type;
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its milling_tolerances: tolerances;
stepover: OPTIONAL length_measure;
END_ENTITY;
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pathmode: The feed direction.

cutmode: The stepover direction.

its_milling_tolerances: The tolerance values to be used during creation of the toolpaths.
stepover: ThedistarcebetweermtwoTeightoring—tootpaths—Hgiver,

4.2

Th

4.2

Th
the
bid

4.2

calculated by use of its_milling_tolerances will be ignored.

7.1.1 Pathmode type
e pathmode used in milling. This can be forward (or unidirectional) milling or zigzag(or bidirectior
TYPE pathmode_type = ENUMERATION OF (
forward,

zigzag

END_TYPE;

7.1.2 Cutmode type

b cutting mode used in milling. This can be climb or conventional. In unidirectional mode, climb
stepover motion is directed to the left of the feed direction if tool rotation is counter-clg

rectional mode, the cutmode type refers to the first cut only.
TYPE cutmode_type = ENUMERATION OE™(

climb,

conventional
END_TYPE;

7.1.3 Tolerances

The¢ tolerances which are) associated with the free form operation. This does not refer to t
manufacturing tolerandes but specifies two parameter which are needed if the NC controllers
too|paths for free-fofm) surfaces. Through these values the stepover distance between the toolpa|
derjived.
ENTITY €olerances; G ml >
chordal_tolerance: length_measure;
scallop_height: length_measure;

ENB_ENTITY;

e stepover

al) milling.

means that
ckwise. In

he general
generates
ths can be

chordal_tolerance: Geometric error resulting from a linear approximation of a curve.

scallop_height: Height of the grooves caused by the tool radius (C in the figure).

© I1SO 2004 — All rights reserved
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Scallop__
height 7

i L

Y T AY [« 1
/" chordal tolerarige
Fig. 9: Scallop height and chordal tolerance
4.2.7.1.4 | UV strategy
Milling follgws the parameter lines in the local (u,v) coordinate system.
ENTITY uv_strategy ¢ ml >

SUB['YPE OF (freeform_strategy);

foryard_direction: direction;

sideward_direction: direction;

END_ENTITY;

Fig. 10: UV strategy

forward_direction: The direction used in the first cut.

sideward_direction: I'he direction In which the second cut Is offset from the Tirst.
4.2.7.1.5 Plane cutter contact strategy

The paths are generated by intersecting the target surface with parallel planes. The result of these
intersections form the cutter contact paths.

16 © 1SO 2004 — All rights reserved
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Cutter contact point

Fig. 11: Plane cutter contact strategy
ENTITY plane_cc_strategy ¢ ml*)
SUBTYPE OF (freeform_strategy);
its _plane normal: direction;
END_ENTITY;
its |plane_normal: The normal of the planes used for interséction with the target surface.
4.207.1.6  Plane cutter location strategy
The paths are generated by intersecting the target surface, offset by the cutter radius, with planes| The result
form the cutter location paths. This strategy makes sense with'ball end and bullnose cutters.
ENTITY plane_cl_strategy  ml *)
SUBTYPE OF (freeform_strategy);
its_plane normal: direction;
END_ENTITY;
Cutter location point
=
Fig. 12: Plane cutter location strategy
its_plane_normal: The normal of the planes used for intersection with the target surface.

4.2.7.1.7 Leading line strategy

The toolpaths are calculated by projecting a curve on the workpiece surface along the Z-axis of local
coordinate system. The curve is given as an attribute.

© I1SO 2004 — All rights reserved
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ENTIT

its_line

Fig. 13: Leading line strategy

leading_line_strategy ¢ ml *)

SUBI'YPE OF (freeform_strategy);
its| line: bounded_curve;
END_ENTITY;
its_line: The curve used to calculate the toolpaths:
4.2.8 Twp5D milling operation

This is the

ENTIT
ABS
bot
SuUB
its

END_EN

its_machining_strategy:

4281

This is the

ENTIT
ABS

base class of all operations for 2%2D milling derived from milling_type_operation.

two5D _milling_operation

FTRACT SUPERTYPE OF (ONEOF(plane(milling, side_milling,
tom _and_side_milling))

'YPE OF (milling_type_ operation);

| machining_strategy: OPTIONAL two5D milling_strategy;
TITY;

¢ m0 *)

the attribute its_toolpath of the supertype operation is specified, the strat
is for information only.

Two5D milling_strategy

base class,of all strategies used for creating 2%2D milling toolpaths

two5D _milling_strategy
TRACT SUPERTYPE OF (ONEOF (unidirectional, bidirectional,

¢ ml )

Description of the strategy to be used when executing the operation. In c

ase
2497

contour_parallel, bidirectional _contour, contour_bidirectional,
contour_spiral, center_milling, explicit_strategy));

ove

allow _multiple passes:

rlap: OPTIONAL positive_ratio_measure;

OPTIONAL BOOLEAN;

END_ENTITY;

overlap:

18

The overlap in the path between two neighbouring cutting movements as

percentage of the tool diameter.
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R

_ _ overlap_

movement

Eia_14: Overlan
) d

allow_multiple_passes: Optional flag only for roughing workingsteps. If true, this-is the standard

roughing operation with multiple passes, i. e. several layers of material are
removed sequentially, taking into account the maximum cutting depth. If
false, this is the special roughing operation for presCast features with one
pass. Default is true.

4.28.1.1 Unidirectional milling

Milling in a linear fashion, i.e. going from one side to the other, thenklifting the tool and going back to the
starting point. In this way, the cutting mode (conventional or climb’ cutting) is not changed llke it is in
bidjrectional milling. The step over direction is automatically derived from feed_direction and cutmodle.

first_direction
_—
feed for cut

cmmmmmmmme>
Rapid traverse

Fig. 15: Unidirectional milling

ENTITY unidirectional G ml >
SUBTYPE OF (two5D_milling_strategy);
feed_direction: OPTIONAL direction;
cutmode: OPTIONAL cutmode_type;

END_ENTITY;

feed direction: Feed direction of the milling operation. The attribute cutmodg, if given,
takes precedence over this attribute.

cutmade- anprifipq whether conventional or climb ml'rfing should be used| Default is
conventional.

4.2.8.1.2 Bidirectional milling

Milling in a zigzag fashion, i.e. going from one side to the other and back. For further describing the strategy of
milling, it may be specified, which are the first and second directions for zigzagging. The cutting mode
(conventional or climb cutting) is alternated.
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—

feed for cut 2

Rapid traverse

Fig. 16: Bidirectional milling

ver

ENTITY bidirectional G ml >
SUBPHRE—S—CEweSb—mi-HHRg—SErategy)=
feef direction: OPTIONAL direction;
stepover_direction: OPTIONAL left_or_right;
its| stroke_connection_strategy: OPTIONAL stroke_connection_strategy;
END_ENTITY;
feed_direction: Feed direction of the first toolpath of the milling operation.
stepover_direction: Stepover direction of the zigzag operation.
its_stroke_lconnection_strategy: Specification of the behaviour of the tool betweenstrokes.
4.2.8.1.3 | Left orright
Specificatipn of the step over direction relative to the feed direction.
TYPE left_or_right = ENUMERATION OF (left, raght);
END_TYPE;
4.2.8.1.4 | Stroke connection strategy
Enumeratdr describing the behaviour of the tool between strokes in bidirectional milling.
TYPE gtroke connection_strategy~= ENUMERATION OF
(straghtline, lift_shift_plunge, degouge, loop back);
END_TYPE;
4.2.8.1.5 | Contour parallel milling
Milling in several paths follewing the contour of the feature. A typical strategy for pocket milling. The step o
direction (qutside_in or inside_out) is automatically derived from rotation_direction and cutmode.
/N
Fig. 17: Contour parallel milling
ENTITY contour_parallel G ml >
SUBTYPE OF (two5D_milling_strategy);
rotation_direction: OPTIONAL rot _direction;
cutmode: OPTIONAL cutmode_type;

END_ENTITY;

20
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rotation_direction: Direction of the spiral (clockwise or counterclockwise) as seen from the top
of the feature. The default is counterclockwise. The attribute cutmode, if
given, takes precedence over this attribute.

cutmode: Specifies whether conventional or climb cutting should be used. Default is
conventional. The cutmode refers to the functional walls of the contour
which are produced by side milling, i. e. the outer contour of of pocket and
possible bosses.

4.218.1.6  Bidirectional and contour milling

Milling of the contour in bidirectional fashion first, then one final contour-parallel path on the very outside of the
feafure.

Fig. 18: Bidirectional and eentour milling

ENTITY bidirectional_contour G m1*)
SUBTYPE OF (two5D_milling_strategy);
feed _direction: OPTIONAL direction;
stepover_direction: OPTIQNAL left or_right;
rotation_direction: ORJIONAL rot _direction;
spiral_cutmode: ORTIONAL cutmode_type;

END_ENTITY;

feefd_direction: Feed direction of the first toolpath of the milling operation. The attribute
first_cutmode, if given, takes precedence over this attribute.

stepover_direction: Stepover direction of the zigzag operation.

rotgtion_direction; Direction of the spiral (clockwise or counterclockwise) for the final cut as
seen from the top of the feature. The default is counterclockwise. The
attribute spiral_cutmode, if given, takes precedence over this attribute.

spifal.“cutmode: Specifies whether conventional or climb cutting should be used ¢n the final
cut, Default is conventional, The cutmode refers to the functional walls of
the contour which are produced by side milling, i. e. the outer contour of
pocket and possible bosses.

4.2.8.1.7 Contour and bidirectional milling

Milling of a contour parallel path on the very outside of the contour first, then bidirectional milling of the
remaining center.
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Fig. 19: Contour and bidirectional milling
ENTIT Pnnfnllr_hidirnhfinn:\l (* ml *)
SUB'YPE OF (two5D_milling_strategy);

fee
ste
rot
spi

l direction:
pbover_direction:
ation_direction:
ral _cutmode:

END_ENTITY;

feed_direc

ion:

stepover_direction:

rotation_direction:

spiral_cutn

4.2.8.1.8

Contour s
is atruly s
over direct

ENTIT
SUB

node:

contour_spiral

OPTIONAL direction;

OPTIONAL left_or_right;
OPTIONAL rot _direction;
OPTIONAL cutmode_type;

Feed direction of the first toolpath of the zigzag operation. The attribute

first_cutmode, if given, takes precedence over this.attribute.

Stepover direction of the zigzag operation.

Direction of the spiral (clockwise or-¢eunterclockwise) for the final cuf as

seen from the top of the featurey The default is counterclockwise.
attribute spiral_cutmode, if givenstakes precedence over this attribute.

The

Specifies whether conventional or climb cutting should be used. Defaulf is
conventional. The cutmode refers to the functional walls of the contour

which are produced hy-side milling, i. e. the outer contour of pocket
possible bosses.

Contour spiral milling

¢ ml )

[YPE OF (twoS5bHhmilling_strategy);

hnd

iral milling is similar to contour parallel milling, with the exception, that in this case the milling path
piral path rather than concéntric paths which are connected by a orthogonal movement. The gtep
on (outside_in or inside_out) is automatically derived from rotation_direction and cutmode.

een

tis
our

rotation_direction: OPTIONAL rot_direction;
cutpode: OPTIONAL cutmode_type;
END_ENTITY;
rotation_direction: The direction of the spiral path (clockwise or counterclockwise) as s
from the top of the feature. The default is counterclockwise. The attriljute
cutmode, If given, takes precedence over this attribute.
cutmode: Specifies whether conventional or climb cutting should be used. Defaul
conventional. The cutmode refers to the functional walls of the cont
which are produced by side milling, i. e. the outer contour of of pocket and
possible bosses.
4.2.8.1.9 Center milling
This entity describes a milling strategy along the center of the feature. This is used e.g. for milling along the
center of a slot.
22
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3 >

Fig. 20: Center milling

ENTITY center milling ml *)

4.2

An
exf

SUBTYPE OF (two5D_milling_strategy);
END_ENTITY;

.8.1.10 Explicit_strategy

two5D strategy which can not be described using any of the above given types-can be spe
licit. In this case, an exact definition of all movements needs to be given in thelattribute its_too

entity workingstep.

4.2

En

axi

allpwance_bottom:

ENTITY explicit_strategy G ml >
SUBTYPE OF (two5D_milling_strategy);
END_ENTITY;

.9  Plane milling
ity to describe the milling of a plane. This is the supertype for roughing and finishing operations.
ENTITY plane _milling - m0 *)

SUBTYPE OF (two5D_milling_operation);

by the feature’s depth. As a result, several layers will be manu

surface defined by the associated manufacturing feature.

ified using
path of the

ABSTRACT SUPERTYPE OF (ONEOF(plane’rough_milling, plane_finish_milling))

axial_cutting_depth: OPTIONAL length_measure;
allowance_bottom: OPTIONAL length_measure;
END_ENTITY;
pl_cutting_depth: The cutting depth in the direction of the tool axis. This can be given to

specify a maximal cutting depth smaller than the material remowval required

actured. If

omitted, the selected cutting depth will be implementation dependent.

The allowance is a layer of material which will be left on top of the plane

) the given

4.29.1 <Plane rough milling
Rolghing operation for milling. All material inside the manufacturing feature will be removed usin
took-exeeptferthe-allowance—botom:
ENTITY plane_rough _milling - m0 *)
SUBTYPE OF (plane_milling);
WHERE

WR1: EXISTS(SELF.allowance_bottom) AND (SELF.allowance_bottom >= 0.0);

END_ENTITY;

© I1SO 2004 — All rights reserved
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4.29.2

Plane finish milling

Finishing operation for milling. All material inside the manufacturing feature will be removed, applying an
appropriate strategy to maintain the given tolerances. If allowance_bottom is given, other special operation
like grinding shall be applied for removing the material left.

ENTITY plane_finish_milling

¢ m0 *)

SUBTYPE OF (plane_milling);
END_ENTITY;

4.2.10 Si

Entity to de

ENTIT

ABS
SUB

axi
rad
all

END_EN

axial_cultti

radial_cutt

allowance |

4.2.10.1

Roughing
given tool,

ENTIT
SUB
WHERE

WR1}
END_EN

4.2.10.2

Finishing @

scribe a side milling process during which material is removed along the flank of the tool.

side_milling * mO )
TRACT SUPERTYPE OF (ONEOF(side_rough milling, side_ finish_milding))
[YPE OF (two5D_milling_operation);

bl _cutting_depth: OPTIONAL length_measure;

pperation for side milling. All_material inside the manufacturing feature will be removed using
except for the allowance_side:

side_rough_milldng
[YPE OF (side_m#dTing);

¢ m0 *)

EXISTS(SELFLallowance_side) AND (SELF.allowance_side >= 0.0);
TITY;

Side finish milling

peration for side milling. All material inside the manufacturing feature will be removed, applying

jal_cutting_depth: OPTIONAL length_measure;

bwance_side: OPTIONAL length_measure;

TITY;

ng_depth: The cutting depth in the direction of the toel axis. See plane milling.

ng_depth: The cutting depth perpendicular to.the tool axis. This can be used to li
the chip thickness. If radial_cuttingy depth is smaller than the radial mate
removal required by the feature, this will cause the execution of
operation in several layers.

side: The allowance is a layer-of material which will be left on side of the surf]
defined by the associated manufacturing feature.

Side rough milling

mit
rial
the

ace

the

an

appropriate strategy to maintain the given tolerances. If allowance_side is given, other special operation
grinding shall be applied for removing the material left.

ENTITY side_finish_milling

¢ m0 *)

SUBTYPE OF (side milling);
END_ENTITY;

4.2.11 Bottom and side milling

Entity to describe a combined bottom and side milling process.

24
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ENTITY bottom_and_side milling - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(bottom_and_side rough milling,
bottom_and_side_finish_milling))

SUBTYPE OF (two5D_milling_operation);

axial_cutting_depth: OPTIONAL length_measure;

radial_cutting_depth: OPTIONAL length_measure;

allowance_side: OPTIONAL length_measure;

allowance_bottom: OPTIONAL length_measure;

END_ENTITY;
axial_cutting_depth: The cutting depth in the direction of the tool. See plane milling.
radial_cutting_depth: The cutting depth perpendicular to the tool, used in side milling. See side
milling.

allpwance_side: The allowance is a layer of material which will be left on side of the surface

defined by the associated manufacturing feature.

allpwance_bottom: The allowance is a layer of material which will be left on top of the plane
surface defined by the associated manufacturing feature.

4.2111.1 Bottom and side rough milling

Rolghing operation for a combined bottom and side milling wotkingstep. All material inside the mahufacturing
feature will be removed using the given tool, except for the allewance_side and allowance_bottom.

ENTITY bottom_and_side rough milling - m0 *)
SUBTYPE OF (bottom_and_side_milling);

HERE
WR1: EXISTS(SELF.allowance_side)-AND (SELF.allowance_side >= 0.0);
WR2: EXISTS(SELF.allowance_bottom) AND (SELF.allowance_bottom >= 0.0);

END_ENTITY;

4.2111.2 Bottom and side finish milling

Finishing operation for a combined bottom and side milling workingstep. All material inside the manufacturing
feature will be removed, applying an appropriate strategy to maintain the given tolerances. If allowance_side
ang allowance_bottom are, given, other special operation like grinding shall be applied for removing the
material left.

ENTITY bottom and_side_ finish_milling * m0 *)

SUBTYPENOF (bottom_and_side milling);
END_ENTATY ;

4.20124Dxilling type operation

ThisTis The base class Tor all operations concerned with drilling a nole, reaming, sinking, etc. 11 is a subtype of
entity milling_machining_operation. Cutting of a thread is included here also. The base class provides all
necessary attributes to describe technology and strategy for drilling type operations. In case of pre-cast holes,
the predrilling can be operated before the finish drilling by means of specifying a drilling depth (and an
appropriate tool) which is smaller than that of the feature. Subsequent drilling operations can specify the
attribute previous_diameter appropriately to allow for the already removed material.

The start point is given by the inherited attributes retract plane and cut_start point. If cut_start _point is
omitted, the centre of the underlying feature will be used instead. From there the tool will advance with drilling
feed along the local z axis. Using the prescribed strategy, the tool will drill to the depth of the associated
feature, for through holes applying an inherited attribute overcut length. For pre-drilling operations, the
attribute cutting_depth can be used to reduce the depth of a cut to an amount smaller than the hole’s depth.
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On retract, the tool will return to the retract plane using the drilling feed, or — if specified — the feed_on_retract
given by drilling_type_strategy.

Note that all geometric information in these operations is given in the local co-ordinate system of the
underlying feature.

through-bottom hole drilling in pre-drilled hole

retract plr-mn

_____ 4\_____ —______fetactplane
| A
1 'y “~A “cutting_depth
I depth of | I of pre-drilling
1 feature / MoV LN operation
I AT
I : :
. /T
14 i o
I | overcut_length i «—» ! previous’diameter
A V! R

<—» diameter of feature
(equals diameter of tool)

—> drilling feed

— —— 2> feed_on_retract

Fig. 21: Drilling type operation

ENTITY drilling_type operation - m0 *)
ABS[TRACT SUPERTYPE OF (ONEOF(drilking_operation, boring_operation,
back boring, tapping, thread driFting))

SUB'YPE OF (milling_machining-@peration);

cutging_depth: OPTIONAL length_measure;
preyvious_diameter: QPTIONAL length_measure;
dwell_time_ bottom: OPTIONAL time_measure;
feef_on_retract: OPTIONAL positive_ratio_measure;

its| machining_strategy: OPTIONAL drilling_type strategy;
END_ENTITY;

cutting_depth: The depth of the cut of this operation, which may differ from the depth of
the hole as such. The NC controller will not check if cutting_depth violates
the boundaries of the associated hole feature. If omitted, the total depth of
the feature will be drilled. In case of center drilling operation, [the
cutting_depth is measured from the lowest point of the cutting tip to [the
highqu pninf of the hole In other cases_it is measured from the erning
point of cylindrical part of the tool.(Or, tapered cylindrical part in case of
tapered drill.)

previous_diameter: If the operation is performed on a pre-drilled or pre-cast hole, this value, if
given, specifies the diameter of the existing hole. It thus describes the
amount of material which the tool as to remove and is for information only.
dwell_time_bottom: Possible dwell time at the bottom of the hole.

feed _on_retract: Feed used for retract to the retract_plane as ratio of the drilling feed. If not
specified, the drilling feed is used.
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its_machining_strategy: Description of the strategy to be used when executing the operation. In case
the attribute its_toolpath of the supertype operation is specified, the strategy
is for information only.

Note: A drilling operation cannot only be used with holes but with all sorts of features. For example, a plunge
drilling operation would be associated with a pocket. In that case, however, depending on the type of tool, the
bottom of the feature may be violated if the entire depth of the feature is drilled (compare Fig. 21). To avoid
this, a smaller cutting_depth can be specified explicitly. Also, it may be advisable for non-rotary features to
explicitly specify the inherited attribute cut_start_point.

4.212.1 Drilling type strategy

This is the specification of a dedicated strategy for drilling. For drilling, this mainly refersyto a yariation of
cutting speed and feed along the movement of the tool.

ENTITY drilling_type_strategy; - m0 *)
reduced_cut _at start: OPTIONAL positive_ratio_measure;
reduced feed at start: OPTIONAL positive_ratio _measure;
depth_of _start: OPTIONAL length_measure;
reduced_cut_at_end: OPTIONAL positive_ratio.measure;
reduced_feed_at _end: OPTIONAL positive_ratho _measure;
depth_of _end: OPTIONAL length_meaSure;

HERE

WR1: EXISTS(depth_of_start) OR NOT (EXISTS(reduced_cut_at_start)
OR EXISTS(reduced_feed_at_start));
WR2: EXISTS(depth_of _end) OR NOT (EXISTS(reduced cut at end)
OR EXISTS(reduced _feed _at_end));
END_ENTITY;

reduced_cut_at_start. Reduced cutting<speed at the beginning of the cut as a percenfage of the
programmed-.value.

reduced_feed_at_start: Reduced;feed at the beginning of the cut as a percentage of the pfogrammed
value,

depth_of start: DPepth to which the reduced values at the start are valid.

reduced_cut_at_end. Reduced cutting speed at the end of the cut as a percentage of the

programmed value.
reduced_feed_at-end: Reduced feed at the end of the cut as a percentage of the programined value.

depth_of _end: Depth from which the reduced values at the end are valid.

4.2113 Drilling operation

Base class for drilling operation concerned with drilling, center drilling, counter sinking, and multistep drilling.
ENTITY drilling_operation ¢ m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(drilling, center_drilling, counter_sinking,
multistep_drilling))

SUBTYPE OF (drilling_type_operation);
END_ENTITY;

4.2.13.1 Drilling

Workingstep for drilling a regular hole.
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ENTITY drilling - m0 *)
SUBTYPE OF (drilling _operation);
END_ENTITY;

4.2.13.2 Center drilling
Workingstep for centering a hole.
ENTITY center_drilling - m0 *)

SUBTYPE OF (drilling_operation);
END_ENHHRY-

4.2.13.3 [ounter sinking
Workingstep for counter sinking a hole.

ENTITY counter_sinking (&m0 *)
SUB'YPE OF (drilling_operation);
END_ENTITY;

4.2.13.4 Multistep drilling

Workingstep for drilling of deep holes in multiple steps.

ENTITY multistep _drilling * m0 *)
SUBTYPE OF (drilling_operation);
retfjact_distance: length_measure;
firgt _depth: length_measure;
depkh_of step: length_measure;
dwel I_time_step: OPTIONAL timeyfeasure;

END_ENTITY;
retract_disfance: If retract_distance is a positive value, the tool is retracted this value betwgen

steps to enable chip breaking. If it is zero or negative, the tool is retracted to
the retract plane between steps to clear the hole of chips.

A N
1 1

— Gy 7 m
feed for tut

I 1
AR SN '

1
]
1
Rapid traverse I
|

i 4\ ! |
Tool retract to the retract_plane chip breaking
Fig. 22: Multi-step drilling
first_depth: Depth of the first step.
depth_of_step: Depth of each additional step (repeated until the depth of the hole is
reached).
dwell_time_step: Dwell time between steps.

Note: If more complex drilling operations are needed, e. g. for special tools, this can be specified by an explicit
toolpath definition in the workingstep’s its_toolpath attribute.
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4.2.14 Boring operation

Base class for boring operation concerned with boring and reaming. The spindle orientation at the bottom
should be given.

ENTITY boring_operation  mo *)
ABSTRACT SUPERTYPE OF (ONEOF(boring, reaming))
SUBTYPE OF (drilling_type_operation);
spindle_stop_at bottom: BOOLEAN;
depth_of_testcut: OPTIONAL length_measure;
waiting position: OPTIONAL cartesian point;
END_ENTITY;

spipdle_stop_at_bottom: Possible spindle stop at the bottom of the hole. )If th¢ attribute
oriented_spindle_stop in the workingstep’s technology. is-set, thi§ will cause
an oriented spindle stop.

depgth_of _testcut: Depth of a testcut after which the hole is measuired.

wajting_position: A waiting position for the tool i.e. to alow/measuring. The tool|moves out
of the hole along the tool axiscuntil it reaches the plape of the
waiting_position. It then moves to,theowaiting position itself.

4.2114.1 Boring
Wqrkingstep for boring a hole.
ENTITY boring * m0 *)

SUBTYPE OF (boring_operation);
END_ENTITY;

AN | A
feed for cut '
\ \
Rapid traverse @'
Spindle_off Spindle_off &
orientation
Fig. 23: Hole boring
4,217 Rearmng
Workingstep for reaming a hole.
ENTITY reaming - m0 *)

SUBTYPE OF (boring_operation);
END_ENTITY;

4.2.15 Back boring

Workingstep for back boring a hole. Backboring is the cutting of the back plane of a through bottom hole. After
the tool is positioned at the start point, the spindle stops at the direction_of_spindle_orientation specified as an
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attribute of milling_cutting_tool. The tool is shifted in the opposite of direction_of spindle_orientation in order
to path through the hole with rapid traverse. At the bottom of the hole, it returns to the cutting position for the
shifted value and the spindle starts to rotate. In special tools whose cutting edge can be hidden inside the tool
body, the spindle will stop after passing through the hole and will reverse its direction. The attribute
oriented_spindle_stop of its_maching_functions is required and will cause an oriented spindle stop which is
needed for collapsible backboring tools.

ENTITY back_boring * m0 *)
SUBTYPE OF (drilling_type_operation);

WHERE
WR1: EXISTS(SELF.its machine_ functions.oriented_spindle_stop):

END _ENTITY;

Spindle
orientation
®— N
: ]
I
feed for cut | :
____________ L
: 1
Rapid traverse Y N —
1
w V)
Spindle Spindle_off &
onCW orientdfion

Fig. 24: Hole backboring

Note: If mgre complex boring operations are needed, e.g.or special tools, this can be specified by an expjicit
toolpath ddfinition in the workingstep's its_toolpath attribute.

4.2.16 Tapping

Workingstep for tapping (or threading) ashole. This is performed with a special cutter which is rotated and
moved alopg the tool axis.

ENTITY tapping G m0 *)
SUBN'YPE OF (drilling-type_operation);
compensation_chuck: BOOLEAN;

END_ENTITY;

compensatjon_chuck: If true, a compensation chuck shall be used for tapping the hole.

4.2.17 Thijead dfilling

Workingstep Tor thread drilling a hole. This INVOIVES a helical movement o1 the tool. It IS sometimes also called
"thrilling”, short for "thread drilling". A helical movement may be needed for the forward movement or not. The
feed per revolution is calculated from the thread of the hole. The pitch of the helical movement corresponds to
the pitch of the thread. The feedrate is the relative speed between tool tip and material along the helical path.

ENTITY thread drilling - m0 *)
SUBTYPE OF (drilling_type_operation);
helical_movement on_forward: BOOLEAN;

END_ENTITY;

helical_movement_on_forward: Specifies if the helical movement is needed for the forward operation as well.
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4.3 End Schema

5

END_SCHEMA; (* milling_schema *)

Conformance requirements

ISO 14649-11:2004(E)

Conformance to this part of 1ISO 14649 includes satisfying the requirements stated in this part, the
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list
def
foll

5.1

An

uirements of the implementation methods supported, and the relevant requirements of the

erences.

conformance class 1 — ¢OmO:

conformance class 2 - cOmOm1:

conformance class 3— s0cOmOm1:
conformance class 4 — s0s1cOclmOml:

conformance class 5 — t0t1s0cOmOm:

Conformanceé' class 1 entities

an

related\constructs:

back ‘boring
boring

requirements with respect to implementation methods see Annex C.

bse conformance classes are characterized as follows:

Minimum set of curve geometry and minimum
manufacturing, data;

Class 1 plus full set of manufacturing data, es
manufacturing features;

Class 2 plus minimum set of surface geometr

Class 3 plus full curve and surface geometry;

Class 3 plus topological information;
conformance class 6 — t0tls0slcOclmOml: Class 4 plus topological information.

e identifiers for the respective ‘data sets (m0/m1, c0/cl, s0/s1, t0/t1) can be found in the

ng in Appendix A for each™member of the data set in order to facilitate implementation. As

ned in this part of 1ISO14649 belong to one of m0 or m1, the list of conformance class 2 desciibed in the
bwing section is the same- with the list for class 3, class 4, class 5, and class 6.

implementation of conformance class 1 (m0) of this part of ISO 14649 shall support the follow

freeform_operation

normative

S part of ISO 14649 provides a number of options that may be supported by an/implementation. These
options shall all be supported by six classes of conformance.

set of

pecially

EXPRESS
all entities

ng entities

index pallet

boring_operation
bottom_and_side Ffinish_milling
bottom_and_side_milling
bottom_and_side_rough_milling
center_drilling
counter_sinking

drilling

drilling_operation
drilling_type operation
drilling_type strategy
exchange pallet
five_axes_const_tilt_yaw
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index_table

load_tool
milling_machine_functions
milling_machining_operation
milling_technology
milling_type_operation
multistep_drilling
plane_finish_milling
plane_milling

plane_rough _milling
reaming
side_finish_milling
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side_milling three_axes_tilted_tool
side_rough_milling tool _direction_for_milling
tapping two5D _milling_operation
thread drilling unload_tool

5.2 Conformance class 2 entities

An implementation of conformance class 2 (m1) of this part of ISO 14649 shall support the following entities
and related constructs:

adapt- VC_\.’UI Itl U: =uad_tuu=

air_strategy milling_machine_functions
along [path milling_machining_operation
ap_retract_angle milling_technology
ap_retract_tangent milling_type operation
approgch_retract_strategy multistep_drilling

back horing plane_cc_strategy
bidirectional plane_cl_strategy
bidirectional_contour plane_finish_milling
boring plane_milling
boring_operation plane_rough_mii®Ping
botton_and_side_finish_milling plunge_helix
bottom_and_side milling plunge_ranp
botton_and_side_rough milling plunge_strategy
centerf_drilling plunge“doolaxis
centery_milling plunge: zigzag
contoyr_bidirectional process_model
contoyr_parallel process_model list
contoyr_spiral reaming

countgr_sinking side_finish_milling
drilling side_milling
drilling_operation side_rough_milling
drilling_type operation tapping

drilling_type_ strategy thread drilling
exchange_pallet three_axes_tilted_tool
expligit_strategy tolerances
five_axes_const_tilt_yaw tool_direction_for_milling
five_4dxes var_tilt_yaw two5D _milling_operation
freef@rm operation two5D _milling_strategy
freefQrm_strategy unidirectional
index[pallet unload_tool

index|table uv_strategy
leading_line_stratégy
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(normative)

ISO 14649-11:2004(E)

EXPRESS listing

The following EXPRESS is the whole schema given in clause 6. In the event of any discrepancy between the
short form and this expanded listing, the expanded listing shall be used. The two-character labels used for

eac¢h entity indicate to which conformance class an entity belongs; please refer to Chapter 5.

SCHEMA milling_schema;

(*

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

)

(identifier,
label

( bounded_curve,
cartesian_point,
direction

);

REFERENCE FROM measure_schema
( length_measure,
positive_ratio _measure,
time_measure

);

( nc_function,
machine_functions,
machining_operation,
machining_tool;
material,
plane_angle measure,
pressure)measure,
propekrty_parameter,
rot~direction,
rotYspeed_measure,
speed_measure,
technology,

toolpnath lList
& Pat -

REFERENCE FROM geometry_schema

REFERENCE FROM machining_sehema

REFERENCE FROM support_resource_schema

(*15010303-41e3*)

(@1S010303-42e3%*)

(*15010303-41e3*)

(*1S014649-10%)

tool_dirEction);

REFERENCE FROM milling_machine_tool schema

(milling_cutting_tool);

(*1S014649-111%)

(* AEAEAAAAAA A AAAAAAAAAAAAAXAAXAXAAAAAAXAAAAXAAAXAAAAAAAXAAAAAAAXAAAAAAX *)

G *)
G *)
(* Types defined in process data for milling 1SO 14649-11 *)
G *)

(* AEEAA A A AA A AAAAAAAAAAAAAXAAAXAAAAXAAXAXAAAXAAAAAAAAAAXAAAAAAAXAAAAXAX *)

(*
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G *)

(* NC functions for milling *)

(* KAEEEAAAAAAA A A A AR AAA A A AT A AAAAAA A A AAAAAAAA A AAAAAARAAAAAAAAAAAAAAK *)

ENTITY exchange pallet - m0 *)
SUBTYPE OF (nc_Tfunction);

END_ENTITY;

ENTITY index _pallet - m0 *)
SUBTYPE OF (nc function);
its| index: INTEGER;

END_ENTITY;

ENTITY index_table - m0 %
SUB'YPE OF (nc_Tfunction);
its| index: INTEGER;

END_ENTITY;

ENTITY load_tool - m0 *)
SUB'YPE OF (nc_Tfunction);
its| tool: machining_tool;

END_ENTITY;

ENTITY unload_tool - m0 *)
SUB'YPE OF (nc_Tfunction);
its| tool: OPTIONAL machining_tool';

END_ENTITY;

(* AEF A A A A A A A AT A A A A A AATAT AT A AAAAAAXAXAXAAAXAAAAXAXAAITAXAAAIAIAIAXAAAXAIAAXAAIXAXKX *)

(* Technology-specific Tool direction seftect *)

(* AAFAAXAAXAAAXAAAXAAALAAAXAAAXAAAXAXAK ok *)

ENTITY tool _direction_for_milling - m0 *)

ABSTRACT SUPERTYPE OF (ONEOF(Cthree_axes_tilted _tool, five axes var_tilt_yap,
five_axes_const_tilt _yaw))
SUB['YPE OF (tool _direction);

END_ENTITY;

ENTITY three_axes_tilted:tool - m0 *)
SUB'YPE OF (tool danection_for milling);
its| tool_direction: direction;

END_ENTITY;

ENTITY five _axes var_tilt yaw G ml >
SUBTYPE @F.'(tool _direction_for_milling);

END_ENTITY

ENT I TY—Five—axes—eonst—tiHt—yaw E—mo—)
SUBTYPE OF (tool dlrectlon _for_milling);
tilt_angle: plane_angle_measure;
yaw_angle: plane_angle_measure;

END_ENTITY;

G *)

(* Base class for technology specific operation and strategy *)

(* EAEXEAEXEAAAAAAAXAEAAXEAAXA XXX XXX AAXAAXAXAAXAAAXAXAAXAXAAXAXAAXAXAAXAAAXAAAXAXAX* *)

ENTITY milling_machining_operation G m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(milling_type operation,
drilling_type_operation))
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SUBTYPE OF (machining_operation);
overcut_length: OPTIONAL length_measure;
WHERE
WR1: (EXISTS(SELF.its_technology.feedrate per_tooth) AND
EXISTS(SELF.i1ts_tool .number_of effective_ teeth))
OR(NOT(EXISTS(SELF.its_technology.feedrate per_tooth)));
END_ENTITY;

(* EAEAEEAEXEAXAAAXAAAXAEAAXAXAXAAXAXAAXAXAAXAXAAXAXAAAXAAXAXAAXAXAAXAXAAAXAAAXAAAAAAXAd*X *)

(* Milling technology *)

(* AEAE A A A A AA A AAAAAAXAAAAAAAXAAAXAAAAXAAXAAAAAAAAXAAAAAAAXAAAAAAXAAAdAhX *)

ENTITY milling_technology  m0CH)
SUBTYPE OF (technology);
cutspeed: OPTIONAL speed_measure;
spindle: OPTIONAL rot_speed_measure;
feedrate per_tooth: OPTIONAL length_measure;
synchronize_spindle_with_feed: BOOLEAN;
inhibit_feedrate_override: BOOLEAN;
inhibit _spindle_override: BOOLEAN;
its_adaptive _control: OPTIONAL adaptive_control;
HERE
WR1: (EXISTS(cutspeed) AND NOT EXISTS(spindle))
OR (EXISTS(spindle) AND NOT EXISTS(cutspeed))
OR (EXISTS(its_adaptive_control));
WR2: (EXISTS(SELF.feedrate) AND NOT EXISTS(feedrate per_tooth))
OR (EXISTS(feedrate_per_tooth) ANDONOT EXISTS(SELF.feedrate))
OR (EXISTS(its_adaptive_control));

END_ENTITY;
ENTITY adaptive control; G ml >
END_ENTITY;
(* AE A A A A A A A A AT A A A A AAATAATAAAXAARAIIXAXAAAXAAAAXAXAXAAAXAAAAXAIAXAAAXAAAXAXIXAXKX *)
(* Milling machine functiens *)
C* < )
ENTITY milling_machine>functions - m0 *)
SUBTYPE OF (machine_functions);
coolant: BOOLEAN;
coolant_pressure: OPTIONAL pressure_measure;
mist: OPTIONAL BOOLEAN;
through_spindle_coolant: BOOLEAN;
through pressure: OPTIONAL pressure_measure;
axisceclamping: LIST [0:?] OF identifier;
chiparemoval : BOOLEAN;
oriented_spindle_stop: OPTIONAL direction;
its_process_model: OPTIONAL process_model _list;
othor functionc - ST I0-27 O neyannriv/, naramnt gy -
orereT o e oo eI I propeTeypoitiiieee
END_ENTITY;
ENTITY process_model_list; G m1*)
its_list: LIST [1:?] OF process_model;
END_ENTITY;
ENTITY process_model; G ml *)
ini_data_fTile: label;
its_type: label;
END_ENTITY;
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(* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx *)
(* Milling type operation *)

(* EEAEEAEXEAAEIAAXAEAAXAEAAXAEAAXAAXAXA XXX AAXAAAXAALAXAAXAXAAXAXAALAXAAXAXAAXAAAAAAXAXAd*x *)

ENTITY milling_type operation - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(freeform_operation, two5D milling_operation))
SUBTYPE OF (milling_machining_operation);

approach: OPTIONAL approach_retract_strategy;
retract: OPTIONAL approach_retract_strategy;
END_ENTITY;
x> )
(* approach retract strategy *)

(* AEAFAAAAAA A AAAAAAAAAAAAAXAAXAAAAXAAAAXAAAXAAAXAAAAXAAAXAAAAXAAAXAAAAAAX *)

ENTITY approach_retract_strategy - mlp¥)
ABSTRACT SUPERTYPE OF (ONEOF (plunge_strategy, air_strategy, alang_path));
tool _orientation: OPTIONAL direction;

END_ENTITY;

ENTITY plunge_strategy < ml *)

ABSTRACT SUPERTYPE OF (ONEOF (plunge_toolaxis, plunge_ramp, plunge_helix,

plupge zigzag))
SUB'YPE OF (approach_retract_strategy);

END_ENTITY;

ENTITY plunge_toolaxis G m1*)
SUB'YPE OF (plunge_strategy);

END_ENTITY;

ENTITY plunge_ramp ¢ ml *)

SUB'YPE OF (plunge_strategy);
angle: plane_angle_measure;

END_ENTITY;

ENTITY plunge_helix ¢ ml *)
SUB'YPE OF (plunge_strategy);
radjius: Fength_measure;
angfe: plane_angle_measure;

END_ENTITY;

ENTITY plunge_zigzag G m1*)
SUB'YPE OF (plunge strategy);
angfe: plane_angle_measure;
widgh: length_measure;

END_ENTITY;

ENTITY aix® strategy G m1*)

ABSTRACT SUPERTYPE OF (ONEOF (ap retract angle, ap retract tangent))
SUBTYPE OF (approach_retract_strategy);

END_ENTITY;

ENTITY ap_retract _angle G ml >
SUBTYPE OF (air_strategy);
angle: plane_angle_measure;
travel _length: length_measure;

END_ENTITY;

ENTITY ap_retract_tangent G ml *)
SUBTYPE OF (air_strategy);
radius: length_measure;

END_ENTITY;
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ENTITY along_path G ml >
SUBTYPE OF (approach_retract_strategy);
path: toolpath_list;

END_ENTITY;

G *)

(* Freeform operation *)

(* EAEAEEAEXEAXAAAXAAAXAEAAXAXAXAAXAXAAXAXAAXAXAAXAXAAAXAAXAXAAXAXAAXAXAAAXAAAXAAAAAAXAd*X *)

ENTITY freeform operation (* m0 *)
SUBTYPE OF (milling_type operation);
its_machining_strategy: OPTIONAL freeform_strategy;

END_ENTITY;
(G *)
(* Freeform strategy *)

(* FTEAEXEAEITEIAAEITEAAXITAAXA XXX EAAXA XXX AXXAAXAXAAXAXAAXTXAAXTXAAXATXAAXAAAI XA X XA dhAXxRAL* *)

ENTITY freeform_strategy ¢ ml >
ABSTRACT SUPERTYPE OF (ONEOF(uv_strategy, plane_cc_strategy,
plane_cl_strategy, leading_line_strategy));
pathmode: pathmode_type;
cutmode: cutmode_type;
its milling_tolerances: tolerances;
stepover: OPTIONAL length _measure;

END_ENTITY;

TYPE pathmode_type = ENUMERATION OF (
forward,
zigzag

END_TYPE;

TYPE cutmode_type = ENUMERATION OF (
climb,
conventional
);

END_TYPE;

ENTITY toleranges; G ml >
chordal_tolerance: length_measure;
scallop_height: length_measure;

END_ENTITYS

ENT 1 TYY~UVv_strategy ¢ ml *)
SUBTYPE OF (freeform_strategy);
forward_direction: direction;

crdaward dsyractson - diroctiaon-
SToOCThorr o O c o TrortT T T T CTTOTrT;

END_ENTITY;

ENTITY plane_cc_strategy ¢ ml *)
SUBTYPE OF (freeform_strategy);
its _plane normal: direction;

END_ENTITY;

ENTITY plane_cl_strategy G m1*)
SUBTYPE OF (freeform_strategy);
its_plane normal: direction;

END_ENTITY;
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ENTITY leading_line_strategy ¢ ml *)
SUBTYPE OF (freeform_strategy);
its line: bounded_curve;

END_ENTITY;

A AAEA A A A A AT A A A A AA AT AAAAAAAAAXAAAAAAAXAAAAAAAAAAAAAAAAAAAAA LA AAAdX *)

(* two5D milling operation *)

(* FTEAEEAEITEAAEITEAAAAAXAEAAXAEAAXA XXX AXXAAXAXAAXAXAAXAXAAXTXAAXAXAAXAAAXAXAXTXAXAXAdhi*d*x *)

ENTITY two5D_milling_operation - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(plane milling, side milling,

bottom_and_side_milling))

SUB'YPE OF (milling_type operation);

its| machining_strategy: OPTIONAL two5D _milling_strategy;
END_ENTITY;

c* )
(* twg5D_milling_strategy *)

(* EEAFEAEXEAXAAAAEAAXAAAXAAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAAXAAAXAAXAXAAAAAAAAXAAKX *)

ENTITY two5D_milling_strategy G ml >
ABSTRACT SUPERTYPE OF (ONEOF (unidirectional, bidirectional,
congour_parallel, bidirectional_contour, contour_bidirectional,
congtour_spiral, center_milling, explicit_strategy))

overlap: OPTIONAL positive_ratiosmeasure;
allpw multiple passes: OPTIONAL BOOLEAN;
END_ENTITY;
ENTITY unidirectional G m1*)
SUB'YPE OF (two5D_milling_strategy);
fee@_direction: OPTIONAL direction;
cutmode: OPTIONAL cutmode_type;
END_ENTITY;
ENTITY bidirectional G ml *)
SUB'YPE OF (two5D_milling_strategy);
fee@_direction: ORTIONAL direction;
stepover_direction: OPTIONAL left_or_right;

its| stroke_connection (strategy: OPTIONAL stroke_ connection_strategy;
END_ENTITY;

TYPE left_or_right(="ENUMERATION OF (left, right);
END_TYPE;

TYPE g$troke connection_strategy = ENUMERATION OF
(straghtbine, lift_shift_plunge, degouge, loop_back);
END_TYPE;

ENT I TY—eonrteur—paratel i)
SUBTYPE OF (two5D_milling_strategy);
rotation_direction: OPTIONAL rot _direction;
cutmode: OPTIONAL cutmode_type;
END_ENTITY;
ENTITY bidirectional_contour G ml >
SUBTYPE OF (two5D_milling_strategy);
feed_direction: OPTIONAL direction;
stepover_direction: OPTIONAL left_or_right;
rotation_direction: OPTIONAL rot_direction;
spiral_cutmode: OPTIONAL cutmode_type;
END_ENTITY;
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ENTITY contour_bidirectional G ml >
SUBTYPE OF (two5D_milling_strategy);
feed_direction: OPTIONAL direction;
stepover_direction: OPTIONAL left_or_right;
rotation_direction: OPTIONAL rot_direction;
spiral_cutmode: OPTIONAL cutmode_type;

END_ENTITY;

ENTITY contour_spiral G ml >
SUBTYPE OF (two5D milling strategy);
rotation_direction: OPTIONAL rot_direction;
cutmode: OPTIONAL cutmode_type;

END_ENTITY;

ENTITY center_milling ¢ ml >
SUBTYPE OF (two5D_milling_strategy);

END_ENTITY;

ENTITY explicit_strategy ¢ ml >
SUBTYPE OF (two5D_milling_strategy);

END_ENTITY;

(* AEAEAAAAAALAAAAAAALAAAAAAAXAAAAAAAXAAXAAAAXAAAXAAAAXAAEAXAAAAXAAAXAAAAAAK *)

(* plane_milling, side milling, bottom_and side/milling *)

C* * )

ENTITY plane_milling - m0 *)

ABSTRACT SUPERTYPE OF (ONEOF(plane_wxough_milling, plane_finish_milling))
SUBTYPE OF (two5D_milling_operation);

axial _cutting _depth: OPTIONALIength_measure;
allowance_bottom: OPTIONAL length_measure;

END_ENTITY;

ENTITY plane_rough _milling - m0 *)
SUBTYPE OF (plane _milling);

HERE

WR1: EXISTS(SELF.altowance_bottom) AND (SELF.allowance_bottom >= 0.0);
END_ENTITY;

ENTITY plane_fiaish_milling - m0 *)
SUBTYPE OFC¢plane _milling);

END_ENTITY;

ENTITY ¢side_milling - m0 *)

ABSTRACT SUPERTYPE OF (ONEOF(side_rough _milling, side_finish_milling))
SUBTYPE OF (two5D_milling_operation);

axial_cutting_depth: OPTIONAL length_measure;
rFacHal—eutting—depth= ORHONAL—lergth—measures
allowance_side: OPTIONAL length_measure;

END_ENTITY;

ENTITY side_rough_milling  m0 *)
SUBTYPE OF (side_milling);

WHERE

WR1: EXISTS(SELF.allowance_side) AND (SELF.allowance _side >= 0.0);
END_ENTITY;

ENTITY side_finish_milling - m0 *)

SUBTYPE OF (side milling);
END_ENTITY;
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ENTITY bottom_and_side milling - m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(bottom_and_side_rough_milling,
bottom_and_side_finish_milling))

SUBTYPE OF (two5D_milling_operation);

axial_cutting _depth: OPTIONAL length_measure;
radial_cutting_depth: OPTIONAL length_measure;
allowance_side: OPTIONAL length_measure;
allowance_bottom: OPTIONAL length_measure;

END_ENTITY;

ENTITY bottom_and_side rough milling - m0 *)
SUB['YPE OF (bottom_and_side milling);

WHERE

WR1E EXISTS(SELF.allowance_side) AND (SELF.allowance_side >= 0.0);
WR2F EXISTS(SELF.allowance_bottom) AND (SELF.allowance bottom >= 0:0);
END_ENTITY;

ENTITY bottom_and_side_ finish_milling ¢t m0 *)
SUB['YPE OF (bottom_and side milling);
END_ENTITY;

(* FTEAAXAXTEAAAEAAAEAAXTEAAXA XXX XXX AXXAAXAXAAXAXAAXAXAALTXAAXAXAAXTAAXT XA XA XAXTANAA)id* *)

(* Drilling type operation *)

(* AEAFAAAAAAXAAAXAAAAXAAXAXAAAAXAAXAXAAAAXAAXAAAAAAAAAAAAAAAETIAK AKX AAdAX *)

ENTITY drilling_type operation * m0 *)
ABSTRACT SUPERTYPE OF (ONEOF(drilling_operation, boring_operation,
back_boring, tapping, thread_drilling))

SUB'YPE OF (milling_machining_operation)j

cutking_depth: OPTIONAL length_measure;
preyious_diameter: OPTIONAL length_measure;
dwel l_time_bottom: OPTIONAL time_measure;
feef _on_retract: OPTIONAL:positive_ratio_measure;
its| machining_strategy: OPTIONAL drilling_type strategy;
END_ENTITY;
(* AEAFAAA A AKX A AAAAAA LA AAAAARARARAEXAAAA XA AXAAAAAAAXAAAAXAAAXAAAAAAAXAAAAAAX *)
(* Drilling type strategy *)
- ¥ )
ENTITY drilling_type,'strategy; * m0 *)
reduced_cut_atistart: OPTIONAL positive_ratio_measure;
redluced feed_&at start: OPTIONAL positive_ratio _measure;
depkth_of start: OPTIONAL length_measure;
reduced_eut’ at_end: OPTIONAL positive_ratio_measure;
reduced \feed_at_end: OPTIONAL positive_ratio_measure;
depth_of _end: OPTIONAL length_measure;
WHERE

WR1: EXISTS(depth_of start) OR NOT (EXISTS(reduced cut at start)
OR EXISTS(reduced_feed_at_start));
WR2: EXISTS(depth_of _end) OR NOT (EXISTS(reduced_cut_at end)
OR EXISTS(reduced_feed_at_end));
END_ENTITY;
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(* EAEAEXEAAEXEAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAXAhh*k *)

(* Drilling operation *)
G *)
ENTITY drilling_operation ¢ m0 *)

ABSTRACT SUPERTYPE OF (ONEOF(drilling, center_drilling, counter_sinking,
multistep_drilling))
SUBTYPE OF (drilling_type_operation);

END_ENTITY;

ENTITY drilling * m0 *)
SUBTYPE OF (drilling_operation);

END_ENTITY;

ENTITY center_drilling @ *)
SUBTYPE OF (drilling_operation);

END_ENTITY;

ENTITY counter_sinking - m0 *)
SUBTYPE OF (drilling_operation);

END_ENTITY;

ENTITY multistep_drilling  m0 *)
SUBTYPE OF (drilling _operation);
retract_distance: length_measure;
first_depth: length_measure;
depth_of step: length_measure;
dwell_time_step: OPTIONAL time measure;

END_ENTITY;

(* AEAEKAXAAAAXAAAAAAAXAAAAAAAXAAAXAAAAXAAARXRAAAXAAXAAAAXAAAXAAAAXAAAXAAAAAXX *)

(* Boring operation *)

* *AxAkIAkIkAXhhX *k *

( )

ENTITY boring_operation * m0 *)

ABSTRACT SUPERTYPE OF (ONEOF(boring, reaming))

SUBTYPE OF (drilling_type operation);

spindle_stop_at bottom: BOOLEAN;

depth_of_testcut: OPTIONAL length_measure;

walting_position( OPTIONAL cartesian_point;
END_ENTITY;

ENTITY boring - m0 *)
SUBTYPE OF) (boring_operation);
END_ENTITY{

ENT I TY-xreaming ¢ m0 *)
SUBTYPE OF (boring_operation);
END ENTITY;

ENTITY back_boring - m0 *)
SUBTYPE OF (drilling_type operation);
WHERE
WR1: EXISTS(SELF.its_machine_functions.oriented_spindle_stop);
END_ENTITY;

ENTITY tapping - m0 *)
SUBTYPE OF (drilling_type_operation);
compensation_chuck: BOOLEAN;

END_ENTITY;
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ENTITY thread drilling
SUBTYPE OF (drilling_type_operation);

helical _movement on_forward: BOOLEAN;

END_ENTITY;

END_SCHEMA; (* milling_schema *)

¢ m0 *)

42
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Annex B
(normative)

Short names of entities

Entity names Short names
ADAPTIVE_CONTROL ADPCNT
AIR_STRATEGY ARSTR
ALONG_PATH ALNPTH
AP_RETRACT_ANGLE APRTAN
AP_RETRACT_TANGENT ARRTTN
APPROACH_RETRACT_STRATEGY APRTST
BACK_BORING BCKBRN
BIDIRECTIONAL BDRCTN
BIDIRECTIONAL_CONTOUR BDRCNT
BORING BORING
BORING_OPERATION BRNOPR
BOTTOM_AND_SIDE_FINISH_MILLING BASFM
BOTTOM_AND_SIDE_MILLING BASM
BOTTOM_AND_SIDE_ROUGH_MILLING BASRM
CENTER_DRILLING CNTDRL
CENTER_MILLING CNTMLL
CONTOUR-BIDIRECTIONAL CNTBDR
CONTOUR_PARALLEL CNTPRL
CONTOUR_SPIRAL CNTSPR
COUNTER_SINKING CNTSNK
DRILLING DRLLNG
DRILLING_OPERATION DRLOPR
DRILLING_TYPE_OPERATION DRTYOP
DRILL II\I(?._TVDF_QTDATIZ(?.V DRTYST
EXCHANGE_PALLET EXGPLL
EXPLICIT_STRATEGY EXPSTR
FIVE_AXES CONST_TILT_YAW FACTY
FIVE_AXES VAR _TILT_YAW FAVTY
FREEFORM_OPERATION FRFOPR
FREEFORM_STRATEGY FRFSTR
INDEX_PALLET INDPLL
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Entity names Short names
INDEX_TABLE INDTBL
LEADING_LINE_STRATEGY LDLNST
LOAD_TOOL LDTL
MILLING_MACHINE_FUNCTIONS MLMCFN
MILLING_MACHINING_OPERATION MLMCOP
MILLING TECHNOLOGY MLLTCH
MILLING_TYPE_OPERATION MLTYOP
MULTISTEP_DRILLING MLTDRL
PLANE_CC_STRATEGY PLCCST
PLANE_CL_STRATEGY PLCLST
PLANE_FINISH_MILLING PLFNMILz
PLANE_MILLING PLINMLL
PLANE_ROUGH_MILLING PLRGML
PLUNGE_HELIX PLNHLX
PLUNGE_RAMP PLNRMP
PLUNGE_STRATEGY PLNSTR
PLUNGE_TOOLAXIS PLNTLX
PLUNGE_ZIGZAG PLNZGZ
PROCESS_MODEL PRCMDL
PROCESS_MODEL_LIST PRMDLS
REAMING RMNG
SIDE_FINISH_MILLING SDFENML
SIDE_MILLING SDMLL
SIDE_ROUGH\MILLING SDRGML
TAPPING TPPNG
THREAD_ DRILLING THRDRL
THREE_AXES_TILTED_TOOL TATT
TOLERANCES TLRNCS
TOOL_DIRECTION_FOR_MILLING TDFM
TWOS5D_MILLING_OPERATION TWMLOP
TWOS5D_MILLING_STRATEGY TWMLST
UNIDIRECTIONAL UNDRCT
UNLOAD_TOOL UNLTL
UV_STRATEGY UVSTR
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Annex C
(normative)

Implementation method specific requirements

The implementation method defines what type of exchange behavior is required to this part of ISO 14649.
Conformance to this part of ISO 14649 shall be realized in an exchange structure. The file format shall be
eng¢oded according to the syntax and EXPRESS language mapping defined in ISO 10303-21 and annotated

listing defined in Annex A of this part of ISO 14649. The header of the exchange structure shall‘ideptify use of
thig part of ISO 14649 by the schema name 'milling_schema'.
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Annex D
(informative)

EXPRESS-G diagram
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(s )
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