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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
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Part 1

mental, in liaison with ISO, also take part in the work. ISO collaborates 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, Part2.
fask of technical committees is to prepare International Standards. Draft International Stand3
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.

drawn to the possibility that some of the elements of this document.may be the subject of paf
shall not be held responsible for identifying any or all such patent rights.

12 was prepared by Technical Committee I1SO/TC 184, dndustrial automation systems
Subcommittee SC 1, Physical device control.

consists of the following parts, under the general\title Industrial automation systems
— Physical device control — Data model for computefized numerical controllers:

Overview and fundamental principles
D: General process data
. Process data for milling
P: Process data for turning
1: Tools for milling machines

P1: Tools for turningimachines

Gaps in the numbering-were left to allow further additions. ISO 14649-10 is the I1SO 10303 Applica

Reference
after part 1

ISO 14649

Model (ARM)<for process-independent data. ISO 10303 ARMSs for specific technologies are ad
0.

is harmonized with ISO 10303 in the common field of Product Data over the whole life cycle.

the
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Introduction

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

2:2005(E)

ipment from

hundreds of different manufacturers. Immense volumes of product information must be transferred between the
various faC|I|t|es and machines. Today's d|g|tal communlcatlons standards have solved the problem of reliably

focuseg on programming the tool center path with respect to machine axes, rather than the’machining

respecl to the part. Second, the standard defines the syntax of program statements, but in most case
semantics ambiguous. Third, vendors usually supplement the language with extensions that are not co
limited [scope of ISO 6983.

ISO 14649 is a new model of data transfer between CAD/CAM systems and*CNC machines, which r
6983. It remedies the shortcomings of ISO 6983 by specifying machining processes rather than n
motion]| using the object-oriented concept of Workingsteps. Workingsteps correspond to high-leve
featurep and associated process parameters. CNCs are responsible-for translating Workingsteps to
and toql operation. A major benefit of ISO 14649 is its use of existing data models from ISO 10303. Ag
providds a comprehensive model of the manufacturing process;.it-can also be used as the basis for a b
directignal data exchange between all other information technology systems.

ISO 14
supers
feature
axis mptions, it will be running on different machine tools or controllers. This compatibility will sp
adaptations by postprocessors, if the new data- model is correctly implemented on the NC controllen
programns in ISO 6983 are to be used on,such controllers, the corresponding interpreters shall be abls
the different NC program types in parallel.

649 represents an object oriented, information and context preserving approach for NC-progrg
bdes data reduction to simple switching instrugtions or linear and circular movements. As it is

ISO T¢ 184/SC 1/WG 7 envisionsya gradual evolution from ISO 6983 programming to portable fe
programming. Early adopters of ISO” 14649 will certainly support data input of legacy “G and M codes”
through programs, just as modern controllers support both command-line interfaces and graphical usg
This wi|l likely be made easier-as open-architecture controllers become more prevalent. Therefore, ISO

not include legacy program‘statements, which would otherwise dilute the effectiveness of the standard.

Figure
manufg

1 of ISO 14649-1 shows the different fields of standardization between ISO 14649, ISO 103(
cturers with ‘respect to implementation and software development.

ocess chain
he machine
hd M code”
e computer-

, the language

brocess with
5 leaves the
vered in the

pplaces 1SO
nachine tool
| machining
axis motion
5 1ISO 14649
i- and multi-

mming, that
object- and

oriented and describes the machining operations executed on the workpiece, and not machin¢ dependent

are all data
s. If old NC
e to process

ature-based
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ce control — Data model for computerized numerical

controllers —

Part

12:

Process data for turning

1 Sc¢ope

This part of ISO 14649 specifies the technology specific data elements needed as,process data
Togethpr with the general process data described in ISO 14649-10, it describés’the interface
a computerized numerical controller and the programming system (i.e. CAM* system or sh
programming system) for turning. It can be used for turning operations on all types of machines incly

machin
involviri
axis op
this pa
These

The su
types r
are ref
referen
using t

2 N

The fol
only th
amend

1ISO 10
Part 11

1ISO 10
Part 21

ISO 10

e or lathe, or turning centers. In this version, feature and operation data“models for conventi
g only x and z movements, are covered. Features and operations for'the composite machining

for turning.
between
bp floor
ding turning
bnal turning,
including c-

eration will be covered in the later version of this document or in aseparate document. Also,
rt of ISO 14649 does not include any other technologies, like‘milling, grinding, contour cutti
echnologies will be described in other parts of the ISO 14649 series.

bject of the turning schema, which is described in this document, is the definition of technology
bpresenting machining features and processes for turning operation on lathes. Not included in
resentations, executable objects, and base classé€s which are common for all technologie

ced from ISO 10303’s generic resources and 1SO 14649-10. The description of process data
ne EXPRESS language as defined in ISO 10303-11. The encoding of the data is done using |

prmative references
owing referenced documents.are indispensable for the application of this document. For dated
ments) applies.

303-11:2004, Industrial automation systems and integration — Product data representation and

- Description methods: The EXPRESS language reference manual

303-21:2002, Industrial automation systems and integration — Product data representation and
. Implementation methods: Clear text encoding of the exchange structure

3035224: 2001, Industrial automation systems and integration — Product data representation an

e scope of

J“Z, or EDM.

specific data
this schema

5. They are
is done

SO 10303-21.

references,

b edition cited applies. For Undated references, the latest edition of the referenced document (ipcluding any

exchange —

exchange —

i exchange —

Part 2

4 Application protocol: Mechanical product definition for process planning using machining features

ISO 14649-1:2003, Industrial automation systems and integration — Physical device control — Data model

for com

puterized numerical controllers — Part 1: Overview and fundamental principles

ISO 14649-10:2003, Industrial automation systems and integration — Physical device control — Data model
for computerized numerical controllers — Part 10: General process data

ISO 14649-11:2004, Industrial automation systems and integration — Physical device control — Data model
for computerized numerical controllers — Part 11: Process data for milling

© 1SO 2005 — All rights reserved
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3 Terms and definitions

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

31

Roughing

machining

operation used to cut a part

NOTE 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.

3.2
Finishing
machining

NOTE The
required, cf.

4 Prog¢

41 Hea

The followi
within this

SCHEMA

(*
Vel
Dat
Aut
Con

(* *x

C* Tyq

(* *xH

REFERH
axi
bol
car
dir
ger

operation used to cut a par

finishing operation usually follows a roughing operation. The goal of finishing is to reach theysurface qualit
roughing.

tess data for turning

der and references

ng listing gives the header for the turning schema and the list/of types and entities, which are re
schema.

turning_schema;

sion : 15
e - 05.01.2005
hor : ISO TC184/SC1/WG7
tact :© Suk-Hwan Suh <shs@pestech.ac.kr>
Stefan Heusinger <Stefan.heusinger@isw.uni-stuttgart.de>

[AAXEAAIXTEAAXTEAAXT A AL AAEITETAXA A AXA A AXA A AAAAXA XXX AAXAAXAXAAXAXAAXTXAAXTXAAXTXAAXTXAXA XA XAXAddhi*x*k

es from machining)schema 1SO 14649-10 1

A A A A A A A A A AT A A A RA AT A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAXAAAAAAAAAAAAAAAAAdh A

NCE FROM machining_schema(
s2_placement_3d,
nded_clryve,

tesian_point,

ection,

H

erenced

)

eral_profile,

identiTier
in_process_geometry,
label,

length_measure,
linear_profile,
machine_functions,
machining_operation,
manufacturing_feature,
material,
open_profile,
partial_area definition,

© ISO 2005 — Al right

s reserved
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partial_circular_profile,
plane_angle_measure,
positive_length_measure,
positive_ratio_measure,
pressure_measure,
property_parameter,
rot_speed measure,
round_hole,

speed_measure,
taper_select,

technology,

hread,

ime_measure,
oleranced_length_measure,
wo5D manufacturing_ feature,
vee_profile,

workingstep);
(* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx *)
g* Types from milling_ schema 1SO 14649-11 *g
EE e e o e e e e B e e e e e e e e e e e e e e e e S e S e R e e e * *

REFHRENCE FROM milling_schema(
daptive_control,
pproach_retract_strategy,
rocess_model _list);

= Q) Q)

4.2 Mpnufacturing features for turning

4.21 eneral

The bage class of all features used for turning-is the turning feature. The turning feature is a subclass of the
twob5D_anufacturing_feature described in. 4SO 14649-10. The turning features described in this clausg are fully
harmoniged with ISO 10303 AP224. Featdres that can be obtained by turning operation, as well[ as milling
operation, such as round_hole and thread, are not described in this part of ISO 14649; but users can use these
features|by referencing ISO 14649-10:Also, foolpath_feature which is defined in ISO 14649-10 can be Used for the
toolpath|type features in turning.

4.2.2 Turning feature

The entity turning feature is the abstract base class for all features used for turning. The defined turning features
are claspified_geometric shapes that can be obtained by turning the cylindrical workpiece with 2-axi$ (x and z)
operation or 3<axis (x, z, and c) operation (Figure 1). In this version, features that can be obtained by 3-axis
operation@re'not included as stated in Clause 1.

© 1SO 2005 - All rights reserved 3
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<—>

direction of
tool support

Currently,
revolved_fi
diamond_K

NOTE: T
c

ENTITY
ABS
SUE

END_EN

423 Ou

4231

An outer_n
revolution
of revolutig

ENTITY
ABS
SUE

END_EN

4232 (

The outer |
complete r

Figure 1: AXis and motion nomenclature of turning operation

the following features are included: outer round (outer diameter, outer diameter te’) s
pature (revolved_flat, revolved_round, groove, general_revolution), knurl (straight_knurl diagon|
nurl, tool_knurl).

Lirning specific features; i.e., features which are not defined in AP224, but frequently used in comrmon/practice, such
rcular_face (including end_face and step_face) are described in Annex C of this document.

turning_feature

TRACT SUPERTYPE OF (ONEOF(outer_round, revolved_feature, knurl))
TYPE OF (two5D_manufacturing_ feature);

TITY;

er round

seneral

bund is a type of turning_feature that is anoutline or significant shape that is swept through a g
hbout an axis. Each outer_round is either an outer_diameter or an outer_diameter_to_shoulder.
n shall be the same as the z-axis of.the/feature.

outer_round

TRACT SUPERTYPE OF“(ONEOF (outer_diameter, outer_diameter_to_shoulder)]
TYPE OF (turning.feature);

TITY;

puter diameter

diameter is a subtype of outer_round that is a sweeping of an outline specified by a line segn
byolution about an axis. The line is finite in length and coplanar with the axis. The outer_diamete

houlder),
al_knurl,

as cut_in,

omplete
The axis

hent one
r (Figure

2) may ha

e g constant diameter around the axis of rotation (r\ylindnr; left fignrn), or it may he mpnrnd (N*

ne; right

figure). In case of the definition of a cylinder the diameter_at placement and the feature length are sufficient. A
cone describes a continual transition from one diameter to another diameter across a certain feature_length. For its
definition the additional attribute reduced_size is used. In other words, cone and cylinder, which are commonly
used on the shop floor, can be respectively represented by outer diameter or outer_diameter with taper as shown
in Figure 2.

© ISO 2005 — Al right

s reserved
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feature_length feature_length

Figure 2: Outer_diameter (left) and outer_diameter with taper (right)

ENTHTY outer_diameter

JUBTYPE OF (outer_round);

diameter_at placement : toleranced_length_measure;
fleature_length : toleranced_length_measure;
Heduced_size : OPTIONAL taper_select;
 |[ENTITY;

diametef_at_placement : This attribute describes the diameter atthe side of the feature, where the origin of

the co-ordinate system of the feature’s placement is defined.

feature_|

reduced

ength :

| size :

The length of the feature. Its lengttris measured along its rotation axis fr
the feature’s co-ordinate systemy to the leftmost point (negative value g
feature.

The optional attribute_reduced size makes it possible to distinguish bg
definition of cylinder~and cone. If omitted, the feature outer_diameter @
cylinder. A cone_can be described by one of the methods defined in ta|
which is defined jn ISO 14649-10. For defining a cone, it can be selectg
two possibilities: If a diameter _taper is used, this is the diameter of the op
of the feature’s placement co-ordinate system. If an angle taper is

describing the cone, this angle is the angle between the negative z-axis §
on the positive x-side of the z-axis defined by the intersection of the co

bm z = 0 of
f z) of the

btween the
escribes a
per_select,
d between
posite side
thosen for
nd the line
he with the

xz¥plane of the feature, extended to meet the z-axis. An angle gregter than 0

degrees and less than 90 degrees indicates a cone with increasing d
decreasing z-values, an angle between 0 degrees and —90 degrees indic4
with decreasing diameter for decreasing z-values.

ameter for
tes a cone

4.2.3.3 | Outer-diameter to shoulder

An outel ‘diameter to_shoulder is a type of outer round that is a sweeping of a shape one completg revolution
about an axis. The shape shall be specified by two lines that connect at a point and extend infinitely. The enclosed
angle shall be smaller than 180°.

NOTE: A turning specific feature which is frequently used on the shop floor,

outer_diameter_to_shoulder. Details for step_face are described in Annex C.2.

the step face can be represented by

© 1SO 2005 - All rights reserved 5
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defined by
vee_profile

profile_angle

placement

profile_radius

/

diameter_at

Figure 3: Outer_diameter_to_shoulder

ENTITY outer_diameter_to_shoulder
SUBTYPE OF (outer_round);
digmeter_at _placement : toleranced_length_measure;
v_ghape_ boundary : vee profile;

END_ENTITY;

diameter_at_placement : This attribute describes the diameter at the feature’s placement (cojordinate
system). The z co-ordinate is ‘the position where the two sides of the vep profile
come together.

v_shape_Houndary: An outline or shape that shall be revolved about an axis. The vee profile specifies
the revolved shape required by an outer_diameter_to_shoulder. The placgment of
the profile shall beralong the x-axis of the outer diameter to _shoulder at a $pecified
distance away/from the origin. The orientation of the y-axis of the vee_prdfile shall
be the same-as the x-axis of the outer_diameter _to _shoulder and the x-axis of the
vee_profile'shall be the same as the z-axis of the outer_diameter_to _shouldér.

4.2.4 Reyolved feature

4.2.41 General

A revolved featurexis”a subtype of turning feature that is a sweeping of a planar profile on complete revolution
about the p-axis>The planar profile shall be finite in length, coplanar with the axis of revolution, and shall not
intersect the-axis of revolution. The revolved_feature may be either an outer shape of a part or a volume femoval,
dependinglon” the material side Fach revolved feature is one of the following: general revolution | groove,
revolved_flat, or revolved _round.

ENTITY revolved feature
ABSTRACT SUPERTYPE OF (ONEOF (revolved _round, revolved flat, groove,
general_revolution))
SUBTYPE OF (turning_feature);
material_side : OPTIONAL direction;
radius : length_measure;
END_ENTITY;
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material_side: The material_side specifies the material removal direction; i.e., the direction towards
which the material moves as it is removed from the part. The material_side direction
is defined in the feature co-ordinate system.

radius: The distance from the axis of rotation to define placement of the profile that will be
swept about the axis. The value of this length_measure shall be greater or equal to
0.

4.2.4.2 | Revolved flat

The revolved_flat is a type of revolved_feature that is the sweeping of a straight line about an,axis.

NOTE: A turning specific feature which is frequently used on the shop floor, the circular_face can be représented by revolved_flat. Details

for this feature are described in Annex C.2.
defined by
linear_profile

paterial_side

profile_length

radius

Figure 4: Revolved flat

ENTHTY revolved flat

JUBTYPE OF (revolved_feature);
filat_edge_shape :( binear_profile;
END |ENTITY;

flat_edge shape: A linear profile that when revolved about an axis defines the shape of an jarea of the
part. The placement of the profile shall be along the x-axis of the revolved flat at a
distance specified by the inherited attribute radius away from the origin.|The z-axis
orientation of the linear_profile shall be the same as the y-axis of the reyolved_flat,
the x-axis and z-axis are independent of the orientation of the revolved_figt feature.

4.2.4.3 Revolved round

The revolved_round is a subtype of revolved_feature that is the sweeping of an arc about an axis.

© 1SO 2005 — All rights reserved 7
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‘

defined by
partlal circular_profile

radius

,/—
| ——
|
|

ENTITY
SUE
roy

END_EN

rounded_e

4244 (

The groove is a type of revolved_feature that'is’a narrow channel or depression that is swept through one ¢

revolution
shown in A

NOTE: A
r

-

o O

Figure 5: Revolved round

revolved_round
TYPE OF (revolved_feature);

hbout an axis. The face shape that has the groove applied to it is determined by the profile orien
igure 6.

commonly used feature in shep floor, such as cut_in, the shape that is obtained by applying a cutting tool, can be reprg
e groove feature. Refer to.Annex C.3 for the details. Standardized undercuts for shoulders (represented by the turn
ter_diameter_to_shouldery and threads (represented by thread) may be represented by restrictions on a squarg
bfining the groove’s shape.

material_side material_side

sweep\

sweep

nded_edge shape : partial_circular_profile;

TITY;

dge shape: This attribute specifies the arc that when revolved about an axis defines the shape of
an area of the part. The placement of the profile shall be along the x-ax|s of the
revolved_round at a distance specified by the inherited attribute radius away from
the origin. The z-axis orientation of the partial _circular_profile shall be the same as
the y-axis of the revolved round; the x-axis and y-axis are independent of the
orientation of the revolved_round feature.

sroove

omplete
tation as

bsented by
ng feature
b u_profile

X
[ ] | [ ¢ 21

radius
radius

Figure 6: Groove
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ENTITY groove
SUBTYPE OF (revolved feature);
sweep : open_profile;
END_ENTITY;

sweep: An outline or shape that shall be revolved about an axis. The open_profile specifies
the sweep shape required by a groove. The groove bottom condition can be
described by using the subtypes of open_profile defined in ISO 14649-10, such as
square_u_profile, rounded_u_profile, partial_circular_profile, and general_profile.
The placement of the profile shall be along the x-axis of the groove at a distance
specified by the inherited attribute radius away from the origin. The z-axis|orientation
of the open_profile shall be the same as the y-axis orientation of the grogve feature.
The x- and y-axis orientations of the open_profile are independent,afthe|orientation
of the groove feature. The groove feature may be defined on different faces of a part
depending on the orientation of the profile.

4.2.4.5 | General revolution

The gerjeral _revolution is a subtype of revolved feature that is an arbitrary ‘planar shape swept on¢ complete
revolutign about a z-axis. The arbitrary planar shape shall be finite in length, coplanar with the axis of|revolution,
and shall not intersect the axis of revolution. The general_revolution may be either an outer shape of ja part or a
volume femoval, depending on the material direction.

defined by

) ) general_profile
) material_side
outer_edge_profile -

Figure 7: General revolution

ENTHTY general{revolution

JUBTYPE OFK (revolved_feature);

quter _edge profile : general_profile;
END_|ENTI\FY;

outer_edge_profile: This attribute describes the shape of a general_revolution using a general_profile.
The placement of the profile shall be along the x-axis of the general_revolution at a
specified distance away from the origin. This distance is expressed with the attribute
radius inherited from the base class.
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https://standardsiso.com/api/?name=56c5612a42d468d246b429c2cbdaa169

ISO 14649-12:2005(E)

4.2.5 Knurl

4.2.5.1 General

A knurl is a type of turning_feature which is a scoring pattern consisting of a series of shallow cuts on a cylindrical
surface. In general special tools are used for applying knurls. Each knurl is assigned on the cylindrical surface of
the base feature. The entity knurl is the abstract base class for the following kind of knurls: straight knurl,
diagonal_knurl, diamond_knurl, and tool_knurl. The knurl’s placement (shown in the figures as co-ordinate system
with index “k”), which is inherited from the entity turning_feature, is relative to the placement of the base feature.

partial_profile base feature

/

tooth_depth Tillet

o

yN

nominal_diameter

majot_diameter

ENTITY knurl

ABSTRACT SUPERTYPE OF (ONEOF(straight_knurb, diagonal _knurl, diamond_knurl,

tool _knurl))

SUBTYPE OF (turning_Tfeature);

bage feature
partial_profile
toqth_depth
digmetral_pitch
rogt fillet
nunber_of teeth
major_diameter
nonminal_diameter
END_ENTITY;

base featyre :

partial_profile :

tooth_depth :

Figure 8: Knurl with basic parameters

> turning_feature;

OPTIONAL partial area_definition;
OPTIONAL toleranced_length_measure;
OPTIONAL toleranced_length_measure;
OPTIONAL #oleranced_length_measure;
OPTIONAL WNTEGER;

OPTIONAL ‘toleranced_length_measure;
OPTIONAL toleranced_length_measure;

A reference to a feature on which the knurl is applied.

This optional attribute can be used for limiting the area, the knurl is applied on. If
omitted, the length of the base_feature is used.

The depth from the crest of a tooth to the point where two teeth intersect.

diametral_pitchr=

root_fillet :

number_of teeth :

major_diameter :

10

Theratioof therormimal—diarmetertothemomber of teethrimthecircomfererce.

The attribute root fillet specifies the dimension of a radius between teeth on a
knurling tool.

The number of teeth in the circumference produced on the part surface. The
number_of teeth need not be specified for a particular knurl. If nominal_diameter
and diametral_pitch are also given, this attribute has to hold the quotient of
norminal_diameter to diametral_pitch.

The size of the part before a knurl is applied to it.
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nominal_diameter : The size of the part after a knurl has been applied.

4.2.5.2 Straight knurl

A straight_knurl is a type of knurl in which the knurl scoring is parallel to the axis of the scored surface (z-axis). In
Figure 9, x, z and x,, z, indicate the placement of the base_feature and knurl, respectively.

Figure 9: Straight knurl

ENTHTY straight_knurl
JUBTYPE OF (knurl);
END_[ENTITY;

4.2.5.3 | Diagonal knurl

A diagohal _knurl is a type of knurl which makes it possible-to define helical cuts at an angle about the axis of a
surface.

Figure 10: Diagonal knurl

ENTHTY diagonal_knurl

JUBTYPE<OF (knurl);

Helix angle : plane_angle _measure;
END_|ENKITY;

helix_angle: The helix_angle specifies the angle the knurl pattern makes with the orientation axis
of an applied to surface.

4.2.5.4 Diamond knurl

A diamond_knurl is a special knurl with two helical cuts on its surface. The angles of the two helixes are basically
independent from each other.
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ENTITY diamond_knurl
SUBTYPE OF (knurl);
helix1l_angle : plane_angle_measure;
helix2_angle : OPTIONAL plane_angle measure;
END_ENTITY;
helix1_angle: This attribute specifies the angle of the first scratch against the z-axis.

helix2_angle: The angle of the second helical cut. If helix2_angle is not given, the ang

4.2.5.5 Tool knurl

A tool_knuyl is the general knurl pattern that cannot be represented by any of above. A tool knurl is only d

special too|

ENTITY tool knurl

SUE
END_EN

4.3 Mac

4.3.1 Tuning workingstep

A single tu
however, i
turning ope
operation g

9-12:2005(E)

KERXX

Figure 11: Diamond knurl

second scratch shall be calculated by the controller as: 180° - helix1_angle.

s, the user_defined_turning_tool for knurls defined in ISO 14649-121.

TYPE OF (knurl);
TITY;

hining workingstep-for‘turning

ning feature_may be made using a machining_workingstep from 1ISO 14649-10. On a turning wg

is oftensthe case that several connected turning features can be made simultaneously by
ration,<and, for efficiency, should be made that way. A machining_workingstep is not able to pe
ver a\list of features. Therefore, the turning_workingstep has been defined that allows a single g

to be appli

the featura plnr‘nmnnf The inherited attribute its Qpr*'nlr-mp refers to the first feature of the feature

bd-tona list of connected features. The connected features have to be ordered by decreasing z-

e of the

one with

rkpiece,
a single
rform an
peration
alues of

ist. The

operation might be a contouring operation using the_contour_turning strategy defined in 5.4.

ENTITY turning_workingstep
SUBTYPE OF (workingstep);
its_features : LIST [2:?] OF manufacturing_feature;
its_operation : turning_machining_operation;

its_effect

OPTIONAL in_process_geometry;

END_ENTITY;

12
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its_operation :

its_effect :
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This attribute describes a list of at least two manufacturing_features upon which the
turning_workingstep operates. It is used to connect several features to perform a
contouring operation.

The operation which will be performed upon the list of manufacturing features. The
operation must be a member of the manufacturing_feature's list of operations.

The change to the geometry of the workpiece effected by the operation. A CAM
system can use this attribute to describe the predicted effect of this operation on the
geometry of the workpiece. If given, the controller can compare the geometry
change described by this attribute with the geometry change predicted by its internal

4.4 Mpchining operations for turning

4.41 General

algorithm. TSO 14649 does not describe how closely the two geometries fhust match
in order for the controller to be considered to be in conformance.

In this sgction all machining operations and technology specific data are introdused which will be needed for turning.

4.4.2 Turning technology

44.21

This ent

in ISO 14649-10 of this standard. The feed rate for_the” x- and z-axis is defined through the feedrate

alternati

General

ty defines the technological parameters of the turning operation. It is a subtype of entity technolc

ely by the feed per_revolution, which is inherited from the entity’s upper class. If its_adaptive

gy defined
property or
_control is

invoked] some or all of the values from turning .technology may be ignored.

ENT

pindle_speed

I
9
S
1
S

WHERE

END_[ENTITY;

TY turning_technology
UBTYPE OF (technology);

eed_per_revolution
ync_spindle_and-z_ feed
nhibit_feedrate override
nhibit_spindle override
ts_adaptive control

speed_select;

OPTIONAL feed_per_rev_type;
BOOLEAN;

BOOLEAN;

BOOLEAN;

OPTIONAL adaptive_control;

WR1: (EXISTS(SELF.feedrate) AND NOT EXISTS(SELF.feedrate_per_revolution)) OR
(NOTAEXISTS(SELF.feedrate) AND EXISTS(SELF.feedrate per_revolution));

spindle_speed :

feed_per_revolution :

sync_spindle_and_z_feed:

© I1SO 2005 — All rights reserved

The attribute spindle_speed makes it possible to select between constant spindle
speed and constant speed at the surface.

This optional attribute makes it possible to define the feed rate alternatively to the
inherited feedrate from the entity technology in millimetre per revolution.

If true, feed rate in z and spindle speed shall be synchronised. Therefore, the pitch of
tap can be kept constant at the beginning or the end of a thread when feed rate is

13
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inhibit_feedrate_override :

inhibit_spindle_override :

its_adaptive_control : Any kind of vendor specific adaptive control strategy.
4.4.2.2 Speed select
This type is used for selecting the mode of speed control for the lathe spindle. In generalliwo possibilities

be conside
The secon
meter per 5

TYPE <
END_TY

44.23

With this €
position of

ENTIT

END_EN

rot_speed

44.2.4

If this entity fordefinimgthe speedisTthosemn, the spindite speedshattbeadapted-imthe - way that thespe

being accelerated or decelerated. If false, feed rate in z and spindle speed are

controlled independently.

If true, the feed rate override through the operating panel or by adaptive control

systems shall not be allowed. If false, the feed rate override through the operating

panel or by adaptive control systems shall be allowed.

If true, the spindle speed override through the operating panel or by adaptive control

systems shall not be allowed. If false, the spindle speed override through the

operating panel or by adaptive control systems shall be allowed.

C

rot

¢

red. In the first case a constant spindle speed is given; this speed is measured in revolutions pe
d case is used for keeping the speed at the surface of the workpiece canstant; the unit of this
econd.

peed_select = SELECT (const_spindle_speed, conhst cutting speed);
PE;

onst spindle speed

htity, a constant rotational speed of the spindle can be given. The speed shall be kept constan{
the diameter.

const_spindle_speed;

have to
r second.
speed is

at each

_speed : rot_speed_measure;
TITY;
Constant speed of the spindle. As defined for the property rot speed measure,
positive values indicate counterclockwise rotation as viewed from the positive¢ z-axis.
onst cutting speed

d at the

surface is constant. This means that the smaller the diameter of the machined surface is the higher is the spindle
speed and vice versa.

ENTITY const _cutting_ speed;

speed : speed_measure;
max_speed : OPTIONAL rot_speed_measure;

END_ENTITY;

14
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speed : A constant speed at the surface of the workpiece. The speed means the tangential
velocity at the tool tip while removing material. Positive values indicate
counterclockwise rotation as viewed from the positive z-axis.

max_speed : With this optional attribute the maximal rotational speed can be limited. While
decreasing the diameter of the machined surface, the spindle speed has to be
raised. For very small radii the spindle speed becomes very high and is limited by
the capabilities of the lathe. If max_speed is given, it should always be positive as
the rotational speed will be limited by the absolute value of max_speed.

4.4.2.5 | Feed select

This type is used to define the feed measure as velocity or as propagated distance per revolution.

TYPH feed_select = SELECT (feed_velocity_type, feed_per_rev 'type);
END_[TYPE;

4.4.2.6 | Feed velocity type

This typg is used to specify the feed in meters per second.

TYPH feed velocity type = speed _measure;
END_[TYPE;

4.4.2.7 | Feed per rev type

This type is used to specify the feed in millimeter per revolution.

TYPH feed_per_rev_type ‘= REAL;
END_[TYPE;

4.4.3 Turning machine functions

4.4.3.1 | General

This enfiby-deseribes—the-state-of-various—functions—of-the-machinelike-coolant—chip—remeoval—ete—telbe applied
during the time span of an operation. It is a subtype of entity machine_functions defined in ISO 14649-10. Note that
some attributes of turning_machine_functions are the same as those of milling_machine_functions defined in ISO
14649-11.

ENTITY turning_machine_functions
SUBTYPE OF (machine_functions);
coolant - BOOLEAN;
coolant_type : OPTIONAL coolant_select;
coolant_pressure - OPTIONAL pressure_measure;
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axis_clamping
chip_removal
oriented_spindle_stop
its_process_model
other_functions

tai

1 _stock

steady_rest

fol

low _rest

END_ENTITY;

LIST [0:?] OF identifier;
OPTIONAL BOOLEAN;

OPTIONAL direction;

OPTIONAL process_model list;

SET [0:?] OF property_ parameter;
OPTIONAL BOOLEAN;

OPTIONAL BOOLEAN;

OPTIONAL BOOLEAN;

coolant :

coolant_type :

coolant_prgssure :

axis_clamq

chip_remo

oriented_s

its_process
other_func

tail_stock :

steady_rest :

follow_rest:

4432 (

ing :

al :

5 model :

ions :

—

Thisisto d

pindle_stop :

oolant'select

escribe the type of coolant. It is one of three types; flood, mist and through tool.

If true, the coolant shall be activated. If false, the coolant shall not be activated.

Optional specification of the type of the coolant. Only valid if coolant is)true.

Optional specification of the pressure of the coolant system. Only valid if cpolant is

true.

Describes which axes are to be clamped, e.g. x, z, c. Note that this inforn
machine dependent and should be avoided.

This attribute is used to define if the machine has additional capabilities for
or removing chips. If the attribute is set to irue) the chip removal system
activated. If it is false, the chip removal system shall not be activated.

If specified, the spindle will stop in thé.given direction relative to the mach
position of the c-axis in case a spindle stop occurs during or at the en
workingstep. This option is especially used for complete machining, i.e. if
operation is applied.

Optional information for pracess control.

Optional list of other fanctions of generic type.

If true, the tail stock of the lathe shall be used to provide a fixture at the er
part opposite.from the chuck. If false, the tail stock of the lathe shall not be u

If true, the steady rest of the lathe shall be used to make long and delicate
turnings. If false, the follow rest of the lathe shall not be used.

[ftrue, the follow rest of the lathe shall be used to keep slender workpig
flexing and climbing the tool. If false, the follow rest of the lathe shall not be v

nation is

breaking
shall be

ine zero
d of the
B milling

d of the
ed.

spindle

tce from
sed.

TYPE coolant_select

END_TYPE;

16

= ENUMERATION OF (flood, mist, through tool);
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4.4.4 Turning machining strategy

4441 General

This entity is used as abstract supertype for the description of the strategy used for creating a turning toolpath. It is
a subtype of entity machining_strategy defined in ISO 14649-10. All directions defined in subtypes are related to
the workpiece co-ordinate system.

NOTE: Milling and drilling type strategies such as two5d_milling_strategy and drilling_type_strategy are not described in this document.
Although they are not defined as the subtypes of turning_machining_strategy, the user can use them by referencing the respective
operations defined in ISO 14649-11.

ENTHTY turning_machining_strategy
ABSTRACT SUPERTYPE OF (ONEOF (unidirectional_turning, bidirectienal turning,
thread_strategy, contour_turning, grooving_strategy,

explicit _turning_strategy));

vercut_length OPTIONAL length_measure;
Ilow_multiple_passes : OPTIONAL BOOLEAN;

utting_depth LIST[0:?] OF length_measure;
ariable_feedrate OPTIONAL positive_ratio_measure;
END_|ENTITY;

< 000

overcut |length : The over travel length on the open‘side(s) of the feature. It is not allowed for
manufacturing of features which are.bounded by material on all sides, e.g| grooves.

overcut_length
Z
Figure 12: Overcut length of the tool

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 ar¢ removed
sequentially, taking into account the list of cutting depth. If false, this is the special
roughing operation for pre-cast features with one pass. Default is true.

cutting_gdepth : If the material to be removed is too thick to be removed in a single pass] it must be
removed in several passes. Each entry of the optional cutting_depth lisf| stands for
the thickness (not the total depth) that shall be removed in the respective|pass (until
al-materialto—be—removed—s |cn|uvcd). Hre—numberof-etements—n—the list is not
required to be equal to the number of passes. If the cutting depth list is empty, the
number of passes and the depth of each pass shall be implementation dependent. If
there are more passes than list entries, the last entry shall be used for the remaining
passes. If there are more list entries than passes, the surplus entries shall be
ignored. If allow_multiple_passes is false and a cutting_depth list is given, only the
first entry shall be used.

variable_feedrate : The changed feed rate for the cutting of subsequent layer with respect to the current
feed rate. For instance, 0.8 means that the feed rate for the second and third layer
cut are respectively 0.8 = f, and 0.8 * 0.8 * f, where f is the feed rate given as
feedrate or feed_per_revolution of turning_technology.
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4.4.4.2 Unidirectional turning

Unidirectional_turning means turning in a linear fashion, i.e. going from one side to the other, then lifting the tool
and going back to the starting point of feed movement. The starting point has always to be outside of the contour.
As shown in Figure 13 solid bold lines mean removal of material and the dashed lines are rapid movements. After
the approach of the tool (1), the cutting begins in the feed direction (2). By reaching the end position the tool shall
be lifted up to a desired height (3); the back path is executed in rapid feed. The starting point for the next cutting is
reached by movmg the tool in a stepover _feed usually perpend|cular to the feed d/rectlon (4) The length of the
componen jnherited
from the u )per class) After the last cut the tooI shall be moved correspondlng to the retract strategy (8)-@nd then
the retract rapid movement will be done (6). Especially for roughing operations, the tool might follow uneven feature
outlines whilst feed movement before moving in back path direction.

I_helght tool 2
t tract ool
/7 retrac N

o 1 b N
, ‘approach , 4 = \approach
" A
2 4y '6 rz Y
retract / N !_lift_height

3,

(a) feed direction: —z (b) feed direction: -x

Figure 13: Unidirectional turning

ENTITY unidirectional_turning
SUBTYPE OF (turning_machining strategy);
fegd_direction : OPTIONAL direction;
bagk path_direction OPTIONAL direction;
lift _direction QPTIONAL direction;
stgpover_direction OPTIONAL direction;
litt_height OPTIONAL length_measure;
litt_feed OPTIONAL feed_select;
stgpover_feed OPTIONAL feed_select;
END_ENTITY;

feed_direction : This optional attribute describes the main direction of tool movement for removing
material. If this value is not specified, the feed _direction shall be parallel to the z-axis
and points to smaller values of z.

back_path_direction : The direction of the tool movement to go back where the infeed movement for the
next feed movement starts.

lift_direction : The direction of the tool movement from feed_direction to the back path_direction. If
omitted, the lift_direction shall be perpendicular to the feed_direction.

stepover_direction : The direction of the tool movement from back_path_direction to the feed_direction. If
omitted, the stepover _direction shall be perpendicular to the back _path_direction.

lift_height : This property specifies the length of the lift movement. If not given, the stepover
movement shall occur to the retract_plane of the corresponding operation.
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lift_feed : Feed rate for a lift movement. If omitted, the feed of turning_technology is used.

stepover_feed : This optional attribute makes it possible to define a feed rate for the
stepover_direction.

4.4.4.3 Bidirectional turning

Turning [in both directions of an axis as shown in Figure 14. Bidirectional_turning means that cutting.is-started from
one side¢, e.g. after the approach (1). On reaching the other side via the toolpath (2) the cutting fool moves
downwafds (3) and then back to the first side, while also removing material (4). Note that special [tools are needed
for bi-difectional turning (neutral tools). These tools must be able to cut their way in the stepover direction (3) and
backwarnd direction (4) too. For example a tool, used for grooving, which blade is along the,front side is|not able to
cut sideyvays. For bidirectional turning, direction (4) shall be opposite to direction (2) (turned’180 degreep).

1
2 , “approach P ] “approach

(a) feed direction: —z (b) feed direction: -x

Figure 14: Bidirectional turning

ENTHTY bidirectional_tunning

qUBTYPE OF (turning(machining_strategy);
fileed_direction > OPTIONAL direction;
qtepover_direction : OPTIONAL direction;
dtepover_feed - OPTIONAL feed select;

END_[ENTITY;

feed_dirpction : The direction of the first tool path for the cutting operation. If this value is not
specified, it shall be parallel to the z-axis and points to smaller values of z

Al fion - Tk P~ H C PN £ 4l + I —mavaermant frara 0 $ 1 ET N +h navxt+
Stepove _Jnoouurt . TS Unmcuuult Ur uic tUUln TITUVETTICTIU TTUTTT UTTC TUUT Al (U uaic TTITAL I.UOI path. If

omitted, it shall be perpendicular to the feed_direction.

stepover_feed : This optional attribute specifies the feed rate of stepover_direction if different to the
feed specified by turning technology.
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4.4.4.4 Contour turning

This entity is a subtype of turning_machining_strategy. This strategy is to cut along feature’s outline or profiles
(Figure 15). Mainly, contour turning is used for roughing of pre-casted workpieces and finish cutting of features.
The contour turning can be executed over a list of features (see furning_workinstep detailed in 4.3).

lift_height back_path_direction

lift_direction s
- stepover_direction
e e

DRNEE)

Figure 15: Contour turning

bction. If

ENTITY contour_turning
SUBTYPE OF (turning_| machlnlng strategy);
fegd_direction : OPTIONAL direction;
b 1ck_path_d| rection : OPTIONAL direction;
lift _direction : OPTIONAL direction;
stgpover_direction : OPTIONAL direction;
lift_height : OPTIONAL length_measure;
litt_feed : OPTIONAL«feed_select;
stgpover_feed : OPTIONAL feed_select;
variable_stepover_ feed : OPTIONAL positive_ratio _measure;
END_ENTITY;
feed_direction : This optional attribute describes the main direction of tool movement for removing
material. If this value is not specified, the feed _direction shall be parallel to the z-axis
and-points to smaller values of z.
back_path| direction : The direction of the tool movement to go back where the next feed movement starts.
lift_directiop : The direction of the tool movement from feed_direction to the back path_direction. If
omitted, the lift_direction shall be in direction of the surface normal of the fegture end
point where the lift motion is initiated.
stepover_direction - The direction of the tool movement from back path direction to feed dir
omitted, the stepover_direction shall be perpendlcular to the back (_path_ direction.
lift_height : This property specifies the length of the stepover movement. If not given, the
stepover movement shall occur to the retract_plane of the corresponding operation.
lift_feed : Feed rate for a lift movement. Default is the feed of turning_technology.

stepover_feed :

20

This optional attribute makes it possible to define a feed rate
stepover_direction.

for the

© 1SO 2005 — All rights reserved
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variable_stepover_feed : The changed stepover feed of subsequent layer with respect to the current
stepover_feed. For instance, 0.8 means that the stepover feed for the second and
third layer cut are respectively 0.8 * f, and 0.8 = 0.8 * f, where fis the stepover_feed
given as an attribute of contour_turning.

4.4.45 Thread strategy

4.4.4.51 General

The thrgad_strategy is a subtype of turning_machining_strategy for cutting a thread.

cd3

Figure 16: Thread strategy

ENTHTY thread_strategy

qUBTYPE OF (turning_machining strategy);
qut_in_amount_function : thread_cut_depth_type;
threading_direction Anthreading_direction_type;
path_return_angle : OPTIONAL plane_angle_measure;
lift_height : OPTIONAL positive_length _measure;
END_|ENTITY;

cut_in_gmount_functien; The attribute specifies the amount of cut-in depth.
threading_direction): The attribute specifies the pass-pattern of machining a thread.
path_return<angle : The path_return_angle specifies the angle for the lift movement measufed against

the positive z-axis of the thread.

lift_height : This optional attribute specifies the height of the back path movement over the
major_diameter of the thread.

4.4.4.5.2 Thread cut depth type
This entity describes the cutting depth for each pass. It is one of three types; constant _depth, variable_depth, and

constant_removal_amount (Figure 17). If the constant _depth is used, the first entry of the cutting depth list will be
used. If the variable_depth is used, the list of cutting depth is used. If there are more passes than entries, the last

© ISO 2005 — Al rights reserved 21


https://standardsiso.com/api/?name=56c5612a42d468d246b429c2cbdaa169

ISO 14649-12:2005(E)

entry will be used for remained pass. If there are more entries than passes, other cutting depths are ignored.
constant_removal amount is to keep the same material removal volume for each of cut. If
constant_removal_amount is selected, the actual cutting depth is determined by the CNC. In this case the first
entry in the list for cutting_depth is applied for the first cut. If the list for cutting_depth is empty, the chosen depths
are implementation dependent.

cutting depth cutting depth cutting amount
constant constant
variable
- 1 N: number of passes 1 N: number of passes - 1 N: nimbef of passeg
a) constant_depth b) variable_depth c) constant_removal_amount

Figure 17: Thread cut depth type for threading

TYPE thread_cut_depth_type = ENUMERATION OF (constant depth, variable_depth,
congtant_removal _amount);
END_TYPE;

4.4.4.5.3 |Threading direction type

This entity [describes the pass pattern of machining a thread: There are five directions to be distinguished.
\'
1
V 2 ' !
4

(a) left (b)(right (c) center (d) left_zigzag (e) right_ziggag

Figure 18: Threading direction type

TYPE threadingy'direction_type = ENUMERATION OF (left, right, center, left_zigzag,
right_zigzag);
END_TYPE;

44.4.6 Grooving strategy

4.4.4.6.1 General

The grooving_strategy is a subtype of turning_machining_strategy. It is used for cutting any kind of grooves which
can not be machined with contouring operations.
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ENTITY grooving_strategy
SUPERTYPE OF (multistep_grooving_strategy)
SUBTYPE OF (turning_machining_strategy);
grooving_direction : OPTIONAL direction;

travel _distance

END_ENTITY;

grooving_direction :

: OPTIONAL length_measure;

This optional attribute is used to specify the direction of the plunge movement. If
omitted, the material_side of the associated groove shall be applied.

travel_d

4.4.4.6.2

The mu
groove
cutting

ENTI

[«

{
END |

stance :

ENTLTY;

Multistep grooving strategy

Figure~19: Grooving strategy, including multistep grooving strategy

TY multiStep_grooving_strategy
UBTYPE\.OF (grooving_strategy);
etract distance : length_measure;

The optional attribute travel distance specifies the length of the tool movement to
the next path on the operation’s retract plane. If omitted, the actual(travel distance
may be chosen depending on the tool. Refer also to Figure 19.

tistep_grooving_strategy is a subtype of grooving strategy. This strategy )is used where the depth of the
s too deep, so it is impossible to cut the groove with a single cut.-Fhe depth of each step s given by
epth defined in 4.4.3.

travel distance

M retract_distance

5

)

retract_distance :

© I1SO 2005 — All rights reserved

If retract_distance is a positive value, the tool shall be retracted this value between
steps to enable chip breaking in opposite direction of grooving direction. If
retract_distance is zero, tool motion shall stop briefly (long enough for the spindle to
turn more than a quarter but less than a half revolution) between steps to break the
chip. If retract_distance is negative, the tool shall be retracted to the retract plane
between steps to clear the groove of chips.
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4.4.4.7 Explicit turning strategy

Any turning strategy which cannot be described using any of the above given strategies can be specified using

explicit_turning_strategy. In this case, an exact definition of all movements needs to be given in the
its_toolpath of the entity workingstep.

ENTITY explicit_turning_strategy
SUBTYPE OF (turning_machining_strategy);
END_ENTITY;

attribute

4.4.5 Tumning machining operation

4451 General

This is the|base class of all operations for turning. It includes all necessary attributes tocdescribe technology and

cutting strategy. It is a subtype of entity machining operation defined in |ASO 14649-10.

If the

turning_m43chining_operation is referenced by a turning_workingstep, the inherited attribute start _point refgrs to the

first feature in the list of the associated turning features.

In general{ there are two types of machining operations: roughing and finishjng. The roughing is to remove all
material fr¢m 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 finishing allowance to yield the final form of the|feature.

Turning_miachining_operation is one of the following: facing, grooving, contouring, threading, or knurling.

NOTE: Milling and drilling type operations such as milling, drilling, boring, centerdrilling, reaming (which can be done by turning operation

tdrning_machining_operation, the user can use them by referencing.the respective operations defined in ISO 14649-11.

ENTITY turning_machining_ operation
ABSTRACT SUPERTYPE OF (ONEOF(facling, grooving, contouring, threading,

knufling))

SUBTYPE OF (machining_operation);

approach : OPTIONAL approach_retract_strategy;
retract =~ OPTIONAL approach_retract_strategy;

it3g_machining_strategy ,=” OPTIONAL turning_machining_strategy;
END_ENTITY;

as well as milling operation) are not described in this document. Although they are not defined as the sybtypes of

approach : Optional information about approach strategy to reach the first cut. If multiple layers

have to be cut, as specified by the attribute allow_multiple_passes, this
shall also be used to move from the back path movement to the start poi
next layer. Note that approach_retract_strategy is referenced from ISO 1464

By default, the NC controller determines the approach strategy. It may deci

strategy
nt of the
D-11.

e not to

use any Appmar‘h movement at all if the start pnint of mn‘ting caincides withl the end

point of cutting for the preceding operation. If its_toolpath is given, this attribute shall

be ignored.

retract : Optional information about retract strategy after finishing the last cut. By default, the
NC controller determines the retract strategy. It may decide not to use any retract
movement at all if the end point of cutting coincides with the start point of cutting for
the next operation. If its_toolpath is given, this attribute shall be ignored. Note that

approach_retract_strategy is referenced from ISO 14649-11.

its_machining_strategy : Description of the strategy to be used while executing the turning operation
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4.4.5.2 Facing

4.4.5.21 General

This entity describes a turning operation for face machining, which is used to describe machining of a plane surface
on the end wall of a workpiece. The position of the feature is given through the attribute feature placement. A
plane face can also be obtained by cutting off the end of the workpiece (cutting off is dealt in a corresponding
4.4.5.3).

|feed direction

Figure 20: Facing (radial and axial tool movement)

ENTHTY Ffacing

BSTRACT SUPERTYPE OF (ONEOF(facing_rough, facing_ finish))
UBTYPE OF (turning_machining_operation);

Ilowance : OPTIONAL length_measurej

END_|ENTITY;

Q (N I>

allowange : The allowance\is a depth of material which shall be left on top of the surface defined
by the associated manufacturing feature (in the direction of the surface ngrmal). The
remaining.material will be removed by the finishing operation.

4.4.5.2.2 Facing rough

This turping operationis”used for roughing operation for facing. This operation makes it possible to [remove all
material| until the allowance measured from the feature’s position is reached, disregarded specjal surface
requirenients.

ENTITY facing_rough

SUBTYPE OF (facing);
WHERE

WR1: EXISTS(SELF.allowance) AND (SELF.allowance >= 0.0);
END_ENTITY;
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4.4.5.2.3 Facing finish

This turning operation is used as finishing operation for facing. It makes it possible to remove all material until the
feature’s position is reached, applying an appropriate strategy to maintain the given tolerances. If allowance is
given, other special operations like grinding shall be applied for removing the material left.

ENTITY facing_finish
SUBTYPE OF (facing);
END_ENTITY;

44.5.3 Grooving

4.4.5.3.1 |General

This entity| describes a turning operation for machining a groove. Grooving is a plunge<cut operation njainly for
making a pottom surface. For machining the side or wall of the groove, other operations (such as fa¢ing and
contouring) may be necessary.

\

i

Figure 21-Grooving

ENTITY grooving
ABYTRACT SUPERTYPE OF (ONEOF(grooving_rough, grooving finish, cutting_in))
SUBTYPE OF (turning_machining_operation);
dwgll : OPTIONAL dwelNl' select;

allowance : OPTIONAL #ength_measure;

END_ENTITY;

dwell: This is used to select the unit of dwell that the tool stays at the bottom of groove. It
could be either time (seconds) or number of workpiece revolutions. If omitted, this
attribute shall be implementation dependent.

allowance The allowance is a depth of material which shall be left on top of the surfacg defined

by the associated manufacturing feature (in the direction of the surface norn|1al). The
rpmaining material shall he removed hy the finiching operation

4.4.5.3.2 Grooving rough

Roughing operation for grooving. This operation makes it possible to remove all material until the allowance
measured from the features position is reached, disregarded special surface requirements.
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TY grooving_rough

SUBTYPE OF (grooving);
WHERE
WR1: EXISTS(SELF.allowance) AND (SELF.allowance >= 0.0);

END_

ENTITY;

4.4.5.3.3 Grooving finish

This turmng operation is used for f|n|sh|ng groovmg It makes |t pOSSIb|e to remove all material unt|l the feature’s

position ds

special (

4.4.5.3.4

This ent
In this ¢
most as
compardg
and axig

peratlons I|ke grlndmg shall be applled for removmg the material Ieft

TY grooving_finish
UBTYPE OF (grooving);

 [ENTITY;

Cutting in

ty describes a turning operation for cutting into the material at a.certain position without moving
pse the shape of the groove is dependent on the used tool.~The groove machined by this ope
wide as the tool. Since the requirements on the geometry .of‘grooves machined by cutting_in op

tively low, no roughing and finishing for cutting_in is distinguished. Figure 22 shows the cutting |

| direction.

Figure 22: Cutting in (radial and axial direction)

If a shaft has a radial‘cut in the tool must not be moved in axial direction (i.e. perpendicular to the
|_strategy is_applied and attribute travel length is set, it will be ignored. The cutting in operation can be

grooving
used for
face by
workpie

both, the-eutting into the material and the cutting off. As mentioned in 4.4.5.2.1 it is possible to
cutting-off'the end of a shaft. For that the cutting in operation has to be done up to the cs
te. In'this case the tool tip must be able to reach this center (intersection between the x and z ax

liven, other

sideways.
ration is at
eration are
in in radial

feed). If a

generate a
nter of the
s).

ENTI

TY cutting_in

SUBTYPE OF (grooving);
WHERE
WR1: NOT(EXISTS(SELF.allowance));

END_|

ENTITY;

© I1SO 2005 — All rights reserved
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4.4.5.3.5 Dwell select

This type is used to select the unit of dwell, that the tool stays at the bottom of groove. It could be either time
(seconds) or number of workpiece revolutions. For instance, depending on the dwell_select type, value of 1.5
means the tool has to stay for 1.5 seconds, or one and a half revolutions at the bottom.

TYPE dwell_select = SELECT (dwell_time, dwell_revolution);
END_TYPE;

4.4.5.3.6 |Dwell time

This type i$ used to specify the time that the tool stays at the bottom of a groove in seconds.

TYPE dwell_time = time_measure;
END_TYPE;

4.4.5.3.7 |Dwell revolution

This type i$ used to specify the number of workpiece revolutions that.the tool stays at the bottom of a groov

©

TYPE dwell_revolution = REAL;
END_TYPE;

4454 (Gontouring

4.4.5.4.1 |General

This operation may be used for turning-of outer_round and general_revolution. 1t has to be distinguished petween
roughing and finishing operations~Contouring makes it possible to turn the contour of a given feature.

Figure 23: Contouring
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ENTITY contouring
ABSTRACT SUPERTYPE OF (ONEOF(contouring_rough, contouring_finish))
SUBTYPE OF (turning_machining_operation);
allowance : OPTIONAL length_measure;

END_ENTITY;

allowance : The allowance is a depth of material which shall be left on top of the surface defined
by the associated manufacturing feature (in the direction of the surface normal). The
remaining material shall be removed by the finishing operation.

4.4.5.4.2 Contouring rough

This tufning operation is used for contour roughing. It makes it possible to remove of all material until the
allowan¢e measured from the position of the feature is reached, disregarded special surfagce‘requirements.

ENTHTY contouring_rough

qUBTYPE OF (contouring);

WHERE

WR1: EXISTS(SELF.allowance) AND (SELF.allowance = 0.0);
END_|ENTITY;

4.4.5.4.3 Contouring finish

This turping operation is used for contour finishing. It Mmakes it possible to remove all material until the feature’s
positionIs reached, applying an appropriate strategy-to maintain the given tolerances. If allowance is given, other
special ¢peration like grinding shall be applied ford#emoving the material left.

ENTHTY contouring_Ffinish
qUBTYPE OF (contouring)s
END_[ENTITY;

4.4.5.5 | Threading

4.45.5.1 General

This opegration.is used for turning threads. It has to be distinguished between roughing and finishing pperations,
leading {o higher surface quality.

ENTITY threading
ABSTRACT SUPERTYPE OF (ONEOF(threading_rough, threading finish))
SUBTYPE OF (turning_machining_operation);
allowance : OPTIONAL length_measure;

END_ENTITY;
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allowance :

4.45.5.2

The allowance is a depth of material which shall be left on top of the surface

defined

by the associated manufacturing feature (in the direction of the surface normal). The

remaining material shall be removed by the finishing operation.

Threading rough

Roughing operation for turning threads. This operation makes it possible to remove all material until the allowance

is reached,

disregarded special surface requirements.

ENTIT
SUE
WHERE
WR]
END_EN

4.45.53

This turnin
position is

ENTIT
SUE
END_EN

4456 K
This operz
between rg

ENTIT
SUE
END_EN

threading_rough
TYPE OF (threading);

: EXISTS(SELF.allowance) AND (SELF.allowance >= 0.0);
TITY;

Threading finish

 operation is used for finishing a thread. It makes it possible_to' remove all material until the

threading_finish
TYPE OF (threading);
TITY;

(nurling

tion is used for machine knurls. Knurling is done with special tools. It has not to be distir
ughing and finishing operations.

knurling
TYPE OF (turming_machining_operation);
TITY;

feature’s

reached, applying an appropriate strategy to maintain the given tolerances. If allowance is givén, other
special opgration like grinding shall be applied for removing the materialleft.

guished
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Annex A:
(normative)

EXPRESS expanded listing

The following section shows the EXPRESS listing of ISO 14649-12: Process Data for Turning.

SCHHMA turning_schema;

(*

Version : 15

Date : 05.01.2005

Author : 1SO TC184/SC1/WG7

Jontact : Suk-Hwan Suh <shs@postech.ac.kr>

Stefan Heusinger <stefan.heusinger@isw.uni-stuttgart.de>

*)
(* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
(* Types from machining_schema 1SO 14649-10
(* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

REFHRENCE FROM machining_schema(
xis2_placement_3d,
ounded_curve,
artesian_point,
irection,
eneral_profile,
dentifier,
n_process_geometry,
abel,

ength_measure,
inear_profile,
achine_functionsg;
achining_operation,
anufacturing (Feature,
aterial,

pen_profile;

artial -area_definition,
artialocircular_profile,
laneyangle_measure,
ositive_length_measure,

ositive ratio measure
E E 5

O O 0O OO

pressure_measure,
property_parameter,
rot_speed_measure,
round_hole,

speed_measure,
taper_select,

technology,

thread,

time_measure,
toleranced_length_measure,
two5D_manufacturing feature,

© I1SO 2005 — All rights reserved

31


https://standardsiso.com/api/?name=56c5612a42d468d246b429c2cbdaa169

ISO 14649-12:2005(E)

vee_profile,

workingstep);
(* AEEAAA A AA A AR A A AR A AR A A AR A AR A A AR A AR A A AR A AAAAAAAAAAAAXAAAAAAAAAAXAAAAXAAAXAAAAKX *)
(* Types from milling_ schema 1SO 14649-11 *)
(* aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa *)

REFERENCE FROM milling_schema(
adaptive_control,
approach_retract_strategy,
process model list

);

(* * Turning features * ™

ENTITY turning_feature
ABSTRACT SUPERTYPE OF (ONEOF(outer_round, revolved feature knurl))
SUBTYPE OF (two5D_manufacturing_ feature);

END_ENTITY;

ENTITY outer_round
ABYTRACT SUPERTYPE OF (ONEOF (outer_diameter, outer_ diameter_to_shoulder))
SUBTYPE OF (turning_Tfeature);

END_ENTITY;

ENTITY outer_diameter
SUBTYPE OF (outer_round);
digmeter_at _placement : toleranced_length_measure;

fegture_length : toleranced:-length_measure;
redquced_size : OPTIONAL:taper_select;
END_ENTITY;

ENTITY outer_diameter_to_shoulder
SUBTYPE OF (outer_round);
digmeter_at placement-: toleranced_ length _measure;
v_shape_ boundary : vee profile;

END_ENTITY;

ENTITY revolved feature
ABSTRACT-SUPERTYPE OF (ONEOF (revolved_round, revolved_flat, groove,
generad \revolution))

SUBTYPE OF (turning_feature);
matertal—side—ORPTHONAL—diFee

radius : length_measure
END_ENTITY;

ENTITY revolved flat
SUBTYPE OF (revolved feature);
flat_edge_shape : linear_profile;
END_ENTITY;

ENTITY revolved round
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SUBTYPE OF (revolved feature);
rounded_edge _shape : partial_circular_profile;
END_ENTITY;

ENTITY groove
SUBTYPE OF (revolved feature);
sweep : open_profile;
END_ENTITY;

ENTHTY general _revolution
UBTYPE OF (revolved_feature);
uter_edge profile : general_profile;
END_|ENTITY;

ENTHTY knurl

BSTRACT SUPERTYPE OF (ONEOF(straight_knurl, diagonal_knur¥, diamond_knurl,
tool_knurl))

UBTYPE OF (turning_ feature);

ase_feature > turning_feature;

artial_profile : OPTIONAL partial_area_definition}

ooth_depth > OPTIONAL toleranced length_measure;

iametral_pitch : OPTIONAL toleranced_length/measure;

oot _Ffillet : OPTIONAL toleranced length measure;

umber_of teeth : OPTIONAL INTEGER;

ajor_diameter : OPTIONAL toleranced length_measure;

ominal_diameter : OPTIONAL toleranced:xlength_measure;

END_|ENTITY;

3 59 = 0O

ENTHTY straight_knurl
qUBTYPE OF (knurl);
END_[ENTITY;

ENTHTY diagonal_knurl

qUBTYPE OF (knurl);

Helix_angle : plane -angle_measure;
END_|ENTITY;

ENTHTY diamond{knurl

JUBTYPE(OF (knurl);

Helixlc-angle : plane_angle_measure;

Hel ¥kx2-angle : OPTIONAL plane_angle_measure;
END_[ENTITY;

ENTITY tool knurl
SUBTYPE OF (knurl);
END_ENTITY;

ENTITY turning_workingstep
SUBTYPE OF (workingstep);
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34

its_features
its_operation

LIST [2:?] OF manufacturing_feature;
turning_machining_operation;

its_effect OPTIONAL in_process_geometry;
END_ENTITY;
(* ***** Turning technology *******ddkiridrddtdhrtdrddtddddrdhrtdrdhrdrtdrtrx *)

ENTITY turning_technology
SUBTYPE OF (technology);

spindle_speed : speed_select;
fegd_per_revolution : OPTIONAL feed_per_rev_type;
sync_spindle_and_z feed - BOOLEAN;
inhibit _feedrate override : BOOLEAN;
inhibit _spindle override : BOOLEAN;
itsg_adaptive control : OPTIONAL adaptive_control;
WHERE
WR1: (EXISTS(SELF.feedrate) AND NOT EXISTS(SELF.feedrate_pervrevolution))|OR
(NOT EXISTS(SELF.feedrate) AND EXISTS(SELF.feedrate_per_revolution));
END_ENTITY;
TYPE gpeed_select = SELECT (const_spindle_speed, const _cutting speed);
END_TYPE;
ENTITY const_spindle_speed;
rof_speed : rot_speed_measure;
END_ENTITY;
ENTITY const _cutting speed;
speged : speed_measure;
max_speed : OPTIONAL rot_speed.measure;
END_ENTITY;
TYPE feed _select = SELECT )(feed velocity type, feed per_rev_type);
END_TYPE;
TYPE feed _velocity)type = speed _measure;
END_TYPE;
TYPE feed ‘per_rev_type = REAL;
END_TYRE;

ENTITY turning_machine_functions
SUBTYPE OF (machine_functions);
coolant

coolant_type
coolant_pressure
axis_clamping
chip_removal

: BOOLEAN;

OPTIONAL coolant_select;
OPTIONAL pressure_measure;
LIST [0:?] OF identifier;
OPTIONAL BOOLEAN;
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oriented_spindle_stop
its_process_model
other_functions
tail_stock

steady rest
follow_rest

 ENTITY;

END

ISO 14649-12:2005(E)

OPTIONAL direction;

OPTIONAL process_model _list;

SET [0:?] OF property_parameter;
OPTIONAL BOOLEAN;

OPTIONAL BOOLEAN;

OPTIONAL BOOLEAN;

TYPE coolant_select = ENUMERATION OF (flood, mist, through tool);

END

* Hxkkik M AEXEEAEAEXAAAXIXAXAXAAXAAAIAXAXAXAAAXAXAAIAIAIAXAAAXAAAIIAIXAAIXAAAAX)
( Turning strategy

ENTHTY turning_machining_strategy
ABSTRACT SUPERTYPE OF (ONEOF (unidirectional_turning, bidirectional_turni

thread_strategy, contour_turning, grooving_strategy,
explicit_turning_strategy));
gvercut_length : OPTIONAL length_measure;
gllow_multiple _passes - OPTIONAL BOOLEAN;
qutting_depth : OPTIONAL LIST[0:?] OF length_measure;
Variable_feedrate : OPTIONAL positive_ratio-Nmeasure;
END_|ENTITY;
ENTHTY unidirectional_turning
qJUBTYPE OF (turning_ machlnlng strategy);
fileed_direction : OPTIONAL direction;
tack_path_dlrectlon : OPTIONAL dire€tion;
lift_direction - OPTIONAL direction;
qtepover_direction : OPTIONAL direction;
lift_height - OPTIONAL1ength _measure;
lift_feed : OPTIONAL feed_select;
qtepover_feed : OPTIONAL feed_select;
END_|ENTITY;
ENTHTY bidirectionalturning

(0 (N =sh (N

END |

ENTI

TYPE;

UBTYPE OF (turning_machining_strategy);
eed_direction - OPTIONAL direction;
tepover_direction : OPTIONAL direction;
tepover_feed : OPTIONAL feed_select;
ENTITY;

TY~ contour turnlng

LRTVDE l’\l_ Hao—mae hi

stepover_direction

stepover_feed
variable_stepover_feed
END_

© IS0 200

rn
JOUDT I T = \I.ullllllu T CTT

feed _direction
back path_direction

n atyratan
||l||\_.4 SCT ul.\.,uy},

OPTIONAL direction;

OPTIONAL direction;

OPTIONAL direction;

OPTIONAL direction;

OPTIONAL length_measure;
OPTIONAL feed_select;

OPTIONAL feed select;

OPTIONAL positive_ratio_measure;

ift_direction

ift_height
ift _feed

ENTITY;

5 — All rights reserved
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ENTITY thread_strategy
SUBTYPE OF (turning_machining_strategy);
cut_in_amount_function : thread_cut_depth_type;

threading_direction : threading_direction_type;

path_return_angle : OPTIONAL plane_angle_measure;

lift_height : OPTIONAL positive_length_measure;
END_ENTITY;

TYPE thread cut_depth_type = ENUMERATION OF (constant_depth, variable_depth,

constant removal amount);

END_TY

TYPE 1
rig
END_TY

ENTIT
SUH
SUH
grd
Tra

END_EN

ENTIT
SUE
ret

END_EN

ENTIT
SUE
END_EN

(* * X

ENTITY
ABS
knu
SUH
apy
ret
its

PE;

nt_zigzag);
PE;

grooving_strategy

ERTYPE OF (multistep_grooving_ strategy)
TYPE OF (turning_machining_strategy);
oving_direction : OPTIONAL direction;
lvel distance : OPTIONAL length_measure;
TITY;

multistep_grooving_strategy
TYPE OF (grooving_strategy);
ract_distance : length_measure;
TITY;

explicit_turning_strategy
TYPE OF (turning_machining\strategy);
TITY;

** Turning operations

turning_machifring_operation
TRACT SUPERTYPE OF (ONEOF(facing, grooving, contouring, threading,
rling))
TYPE OF~(machining_operation);
roach : OPTIONAL approach_retract_strategy;
ract : OPTIONAL approach_retract_strategy;
machining_strategy : OPTIONAL turning _machining_strategy;

TITV-

b

hreading_direction_type = ENUMERATION OF (left, right, center, deft zigzag,

END_E

ENTITY facing
ABSTRACT SUPERTYPE OF (ONEOF(facing_rough, facing_finish))
SUBTYPE OF (turning_machining_operation);
allowance : OPTIONAL length_measure;

END_ENTITY;

ENTITY facing_rough
SUBTYPE OF (facing);

36
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WHERE
WR1: EXISTS(SELF.allowance) AND (SELF.allowance >= 0.0);
END_ENTITY;

ENTITY facing_finish
SUBTYPE OF (facing);
END_ENTITY;

ENTITY grooving
ABSTRACT SUPERTYPE OF (ONEOF(grooving rough, grooving finish, cutting.in))
JUBTYPE OF (turning_machining_operation);
dwell : OPTIONAL dwell_select;
dllowance : OPTIONAL length_measure;
END_|ENTITY;

ENTHTY grooving_rough

qUBTYPE OF (grooving);

WHERE

WR1: EXISTS(SELF.allowance) AND (SELF.allowance >= 0.0);
END_|ENTITY;

ENTHTY grooving_finish
JUBTYPE OF (grooving);
END |ENTITY;

ENTHTY cutting_in

JUBTYPE OF (grooving);

WHERE

WR1: NOT(EXISTS(SELF.allowance));
END_|ENTITY;

TYPH dwell_select = SELECT: (dwell_time, dwell_revolution);
END_[TYPE;

TYPH dwell_time Z-time_measure;
END_|TYPE;

TYPH dwelarevolution = REAL;
END_|TYRE:

ENTITY contouring
ABSTRACT SUPERTYPE OF (ONEOF(contouring_rough, contouring_finish))
SUBTYPE OF (turning_machining_operation);
allowance : OPTIONAL length_measure;

END_ENTITY;

ENTITY contouring_rough
SUBTYPE OF (contouring);
WHERE
WR1: EXISTS(SELF.allowance) AND (SELF.allowance >= 0.0);
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END_ENTITY;

ENTITY contouring_finish
SUBTYPE OF (contouring);
END_ENTITY;

ENTITY threading
ABSTRACT SUPERTYPE OF (ONEOF(threading_rough, threading_ finish))
SUBTYPE OF (turning machining operation);

all
END_EN

ENTITY
SUE

WHERE
WR]

END_EN

ENTITY
SUE
END_EN

ENTIT
SUE
END_EN

END_S(

owance : OPTIONAL length_measure;
TITY;

threading_rough
TYPE OF (threading);

: EXISTS(SELF.allowance) AND (SELF.allowance >= 0.0);
TITY;

threading_finish
TYPE OF (threading);
TITY;

knurling
TYPE OF (turning_machining_operation)s;
TITY;

HEMA; (* turning_schema *)
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Annex B:
(informative)

EXPRESS-G diagram

The following section shows the EXPRESS-G figures of this part of ISO 14649 : Process Data for Turning.
According to the notation of EXPRESS-G the used symbols and their respective meaning are listed in brief.

Schema Schema name
Entity Entity nange
Simple type Predefined type like boolean,
real, or string
i_ _____ [; e_ﬁ_néé _ty_p_e _____ 1: User defined types
:_ _____ E _n_lj-r,;e_r;ti_o-n_ o _i- 1: Enumeration like [left, right]
L _____ 1
. Reference target from other pages.

@hlsPage#. RefNo# (FrOmPage#....)) Q RefNo will be unique within thig page.

) Refers to the page where e.g. gn

—O@oPage#. RefNom Name entity will be found.

Relationship for attributes.

———————————— Relationship for optional attribufes.

Relationship supertype <-> subtype
(inheritance).
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(ABS)two5D_manufacturing_feature

14

1,1(1) 4 (ABSjuming feature |

diameter_at_placement
_q (ABS) outer_round ‘ 4# toleranced_length_measure ‘

——Q outer_diameter feature_length toleranced_length_measure‘

I OI taper_select |
reduced—size

5 diameter_at_placement
g outer_diameter_to_ /—C| toleranced_length_measure
shoulder

vee_profile

v_shape_boundary
material_side

direction

O

—d (ABS)revolved_feature |
radius

1 length_measure
rounded_edge_shape

—q revolved_round }—4 partial_circular_profile

flat_edge_shape
q revolved_flat ”—CI linear_profile

sweep

outer_edge_profile
—q general_revolution }—4 general_profile

base_feature

O( 1, 1, turning_feature >

O (ABS)knurl , partial_profile C|

partial_area_definition

tooth depth

toleranced_length_measure

p—

diametral pitch

toleranced length measure

root_fillet

toleranced length measure

INTEGER

major_diameter

toleranced_length_measure

nominal diameter

toleranced_length measure

1

1

number_of_teeth Ci
. 1

1

1

straight knurl
helix_angle
diagonal knurl g plane_angle measure

helix1_angle
,,,,,,,,,,,,,,,,,,,,, plane_angle measure

[
o tool knurl | e d plane angle measure

helix2_angle

diamond knurl

Figure B.1 EXPRESS-G diagram (1 of 4)
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‘ (ABS)workingstep

‘ its_features L[2:?]

It

manufacturing_feature ‘

‘ turning_workingstep

L
S

ﬁ turning_machining_operation ‘
its_operation

in_process_geometry ‘

its_effect

‘ (ABS)technology

L1

rot_speed

const_spindle_speed

}—(# rot_speed_measure ‘

ﬁ

PR 1
sSpmare—speea

Ol | speed_select
feedrate_per_revolution

const_cutting_speed

speed

sync_spindle_and_z_feed

o@, 2, feed_per_rev_type)

turning_technology

inhibit_feedrate_override

q BOOLEAN ‘ ‘

BOOLEAN ‘ ‘

inhibit_spindle_override

C‘ BOOLEAN

its_adaptive_control

feed_per_rev_type ‘

(ABS)machine_function ‘

ll

turning_machine_function

coolant

9 _BOOLEAN ||
OI coolant_select ! ‘

coolant_type ; :
[flood, mist, through_tool]

pressure_measure ‘

coolant pfessure

C{ identifier

axis_clamping L[0:?]

4 BOOLEAN ‘

chip_removal

direction

oriented_spindle_stop

its_process_model

property parameter

other_functions SET[0:?]

BOOLEAN

tail_stock

steady_rest

process_model ‘

|
# BOOLEAN ‘
|

O

BOOLEAN

follow_rest

( 2,1(444444) >

J©<2, 3, feed_per_rev_type)
feed select
T@(Z, 4, feed_velocity_typeﬁ

speed_measure ‘

_bpeed_measure ‘

max_speed

C

C

2,2(2) —

!
2,4(2) >_,—8 feed_per_rev_type —# REAL ‘ ‘
2,3(2) >—O feed_velocity_type %q speed_measure ‘
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(ABS)machining_operation

approach

')

(AB

©< approach_retract_strategy (Part 10) >

retract

S)turning_machining_operation

OC approach_retract_strategy (Part 10) >

its_machining_strategy

OC 4, 1, turning_machining_strategy )

0 By

1
Tength_measure |

allowance

1

facing_rough

g
B

time

facing_finish

q (ABS)grooving [

1

dwell_time rot_speed |

dwell_type
dwell_select

speed_mleasure

length_measure |

revolution

allowance

—

grooving_rough ‘

R

grooving_finish ‘

G |

g

length_measure

(ABS)contouring

allowance

contouring_rough

contouring_finish ‘

(ABS)threading

g

length_measure

allowance

threading.rough ‘

M“M

threading_finish

knurling
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Figure B.3 EXPRESS-G diagram (3 of 4)
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(ABS)turning_machining_strategy ]

overcut_length

length_measure |

allow_multiple_passes

BOOLEAN \ \

cutting_depth L[0:?]

<:| length_measure |

variable_feedrate

CI positive_ratio_measure |

feed_direction

... . . oBzzoooootoo 2 CI direction |
unidirectional ! back path_direction R |
turning ESSy [ UITCCLION [
lift_direction
direction |
stepover_direction
direction |

lift_height

length_measure

lift_feed

2, 15 feed_select

stepover_feed

2, 1, feed_select

/&\/&\J.LJ_LJ_L
N

feed_direction

—O bidirectional_turning%--

—O0

contour_turning

&

direction |

stepover_direction

direction |

stepover_feed

2,1, feed_select )

ittt = Meed_direction
9 direction |
1 back_path_direction
g direction |
—— lift_direction
T direction |
stepover_direction
direction |

JLJ_/(Z\J_L

lift_height

length_measure

lift_feed

stepover_feed

2,1, feed_select )
)

2, 1, feed_select

variable_stepover_feed

thread_strategy

positive_ratio_measure ‘

cut_in_amount_function

4

. '
d thread_cut_depth_type[ I

[constant_depth, variable_depth, constant_removal_amount]

threading direction

cithreading_direction_type[ i

[left, right, center, left_zigzag, right| zigzag]

path_return_angle

CI plane_angle_measure |

lift_height

CI length_measure |

grooving_direction £|

SroOViRE-StERtesy

direction |

travel_distance
ﬂl length_measure |

length_measure |
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Figure B.4 EXPRESS-G diagram (4 of 4)
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Annex C:
(informative)

Turning specific features

C.1 General

compliant

.e., fully

ith ISO 10303 AP 224. These features are taken as standard for STEP-NC data model, for thg sake of

Turning fef/tures defined in the main text of this document are referenced from AP 224 of ISO 10303;

complianc
features, s
be formally

Lich as circular_face and cut_in, which are often used in the industrial practice. Thus, these feat

turning_fegtures are given.

C.2 Circu

ar face

C.2.1 General

A circular |
rotation ax
(Figure C.1
figure). Oth

NOTE: T
re

ENTIT
SUH
dig

face is a plane face in radial direction. It can be used to.déscribe plane surfaces perpendicul
is with special surface requirements. How the circular face looks like depends on its lower
). If the lower diameter is omitted or zero, the face will be the end wall of the workpiece (end_

TYPE OEV(turning_Tfeature);
Imeter-at_placement : toleranced_length_measure;

with the existing standard 1ISO 10303 AP 224. In addition to these features, there existturning specific

pures can

implemented by the vendor. In Annex C, definition of turning specific features_and relationghip with

ar to the
Hiameter
face; left

erwise it is a kind of transition (step_face; right figure).between two features.

hese two kinds of circular_face (end_face and step _face)ccah be represented by revolved_flat and outer_diameter_to shoulder,

spectively.
5 5
§ g |5
& o | g
2 § |=

77777 ) EI I ) -f_jl E|
oy 2 &
2 z |8
: s |t
8 8
xel T
Figare C.1 : Circular face (left: end face; right: step face).
circular_face;

lower_diameter : OPTIONAL toleranced_length_measure;

transition - OPTIONAL hnffnm_frnneifinn;

its_condition : OPTIONAL face_ radiused;

(* Informal proposition : IT lower _diameter is not omitted, it has to be lower

than diameter_at placement.

*

END_ENTITY;

diameter_at_placement : This attribute describes the diameter at the side of the feature, where the

44

the coordinate system of the feature’s placement is defined.
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lower_diameter : The optional property lower _diameter is the smaller diameter of the feature. If this
parameter is omitted or zero, no boss will be left around the center of the rotation
axis. In this case the property transition will not be evaluated.

transition : This optional attribute describes the shape of the transition at the lower diameter
(bottom) of the feature, such as bottom_transition as defined in C.2.3.

its_condition : This optional attribute makes it possible to define the shape of the surface, such as
face_radiused as defined in C.2.2. If omitted, a straight wall perpendicular to the z-
axis is assumed.

C.2.2 Fhce radiused

This entjty makes it possible to describe a circular face with a radiused shape. It is obvious that the agplied circle

(or ellipge) has to be symmetrical to the z-axis.

X_radius

X_radius|

. 7

offset > <

offset

Figure C.2 : Circular face with radiused shape.

ENTHTY face radiused;

qffset : length_measure;

4 radius : toleranced_length measure;

¥ _radius : OPTIONAL toleranced_length _measure;
END_|ENTITY;

offset : This attribute gives the distance between the placement of the wall and the center of
the ellipse. Because the workpiece rotates, the shape will be symmetrical referring to
the z-axis. Thus, only the distance in direction of z is given. If this radius points from
the outside to the surface, the shape will be concave, in the other cage convex.
Positive values are pointing in positive z-direction.

z_radiug: The attribute z_radius is the radius of the ellipse’s semi axis, which is pafallel to the
z-axis. If this radius points from the outside to the surface, the shgpe will be
concave, in the other case convex. Positive values are pointing in |positive z-

directiomn.

x_radius : The optional attribute x _radius is the radius of the ellipse’s semi axis, which is
parallel to the x-axis. If omitted or both radii are equal, the ellipse builds as special
case a circle.
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C.2.3 Bottom transition

This entity is the abstract base class for the actual description of the transition at the bottom of a turning feature.
Two bottom transitions are foreseen: a slope and a round.

ENTITY bottom_transition;
ABSTRACT SUPERTYPE OF (ONEOF(bottom_transition_slope,
bottom_transition_round));

END_ENTITY;

C.2.31 BtLttom_transition_sIope

This entity
The shape
The origin

ENTIT
SUH
ang
fin

END_EN

angle_to N

first_offset|:

C.2.3.2 Bottom_transition_round

This entity
The shape

describes the linear transition from the vertical to the horizontal part at the bottom of-a turning
of the slope is determined by its offset in the horizontal and its angle against the bottom of the
bf the coordinate system is at the point where the z-axis intersects the plane of thetwall.

Figure C.3 : Slope at the bottom.

bottom_transition_slope;

TYPE OF (bottom_transition);

le_to_bottom : plane_angle_measures;

st _offset : toleranced_lengthy measure;

TITY;

ottom : This attribute’ describes an angle that is 180 degree minus the angle betv
slope andithe bottom of the feature.
This attribute defines the distance between the wall and the bottom along thg

describesthe curved transition from the vertical to the horizontal part at the bottom of a turning
of the curve is determined by two offsets and its radius.

feature wall

46

second_offset
AN
rad/Us

feature bottom

irst_offset

Figure C.4 : Round between bottom and wall.

feature.
feature.

een the

Z-axis.

feature.
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