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Foreword

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

collaborates closely with the International Electrotechnical Commission (IEC) on all matters

of

electrotechnical standardization.

vdting. Publication as an International Standard requires approval by at least 75 % of the miember bod
cgsting a vote.

Infernational Standard ISO 10303-515 was prepared by Technical Committee ISQ/TC 184, Industr
aytomation systems and integration, Subcommittee SC4, Industrial data.

This International Standard is organized as a series of parts, each published separately. The parts of IS
19303 fall into one of the following series: description methods, integrated resources, applicati
prptocols, abstract test suites, implementation methods, and conformance testing. The series are describj
in{ISO 10303-1.

Alcomplete list of parts of ISO 10303 is available from the internet:
http://www.nist.gov/sc4/editing/step/titles/

Annexes A and B form a normative part of this part of [SO 10303. Annexes C and D are for informati
orly.

Draft International Standards adopted by technical committees are circulated to the member -bodies for

CS

al
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Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and exchange

of

product data. The objective is to provide a neutral mechanism capable of describing product data
throughout the life cycle of a product, independent from any particular system. The nature of this
description makes it suitable not only for neutral file exchange, but also as a basis for implementing and

sharing product databases and archiving.

This International Standard is organized as a series of parts, each published separately. The parts of 1§
19303 fall into one of the following series: description methods, integrated resources, applicati
inferpreted constructs, application protocols, abstract test suites, implementation methods, a

alplication interpreted constructs series.

Ah application interpreted construct (AIC) provides a logical grouping of interpréted constructs th
sTports a specific functionality for the usage of product data across multiple application contexts. /

inferpreted construct is a common interpretation of the integrated reseurces that supports shar
information requirements among application protocols.

This document specifies the application interpreted construct fer<a consistent set of geometric a
stfuctural entities for the definition of Constructive Solid Geom¢fry(CSG). The geometric information
cqnveyed by solid models, and the structural information is communicated through acyclic graphs.

cqnformance testing. The series are described in ISO 10303-1. This part of ISO 10303 is a member of the

bn
hd
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Industrial automation systems and integration —
Product data representation and exchange —
Part 515:

Application interpreted construct:

(onstructive solid geometry

1| Scope

This part of ISO 10303 specifies the interpretation of the integrated resdurces to satisfy requirements for
representation of product shape using constructive solid geometry.

The following are within the scope of this part of ISO 10303:
— solid primitives;
EXAMPLE 1 - sphere, right circular cone, right'Circular cylinder, and torus are types of solid primitives.

— regularised boolean operations of unidn, intersection, and difference on solid primitives, manifgld
brep and other solids;

EXAMPLE 2 - manifold solid breps, extruded face solids, revolved face solids, solid replicas, and half-
space solids are other types\of solids.

— extruded face solids’and swept face solids to define new primitive shapes;
— boolean results generated by applying operators to solids.
The following.afe outside the scope of this part of ISO 10303:

— 2D geometric entities;

— self-intersecting geometry;

— evaluation of constructive solid geometry models to generate B-rep models.
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2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of ISO 10303. For dated references, subsequent amendments to, or revisions of, any
of these publications do not apply. However, parties to agreements based on this part of ISO 10303 are
encouraged to investigate the possibility of applying the most recent editions of the most recent editions
of the normative documents indicated below. For undated references, the latest edition of the normative
ddcument referred to applies. Members of ISO and IEC maintain registers of currently valid Internatierjal
Standards.

/IEC 8824-1:1995, Information technology — Abstract Syntax Notation One (ASN.1):
Specification of basic notation.

ISO 10303-1:1994, Industrial automation systems and integration — Product dat@representation apd
exchange — Part 1: Overview and fundamental principles.

ISO 10303-11:1994, Industrial automation systems and integration — Preduct data representation apd
exchange — Part 11: Description methods: The EXPRESS language reference manual.

ISO 10303-41:1994, Industrial automation systems and integration — Product data representation apd
exchange — Part 41: Integrated generic resources: Fundamentals of product description and suppoft.

ISO 10303-42:1994, Industrial automation systems and-integration — Product data representation apd
hange — Part 42: Integrated generic resources: Géometric and topological representation.

0 10303-43:1994, Industrial automation systems and integration — Product data representation apd
hange — Part 43 Integrated generic resaurces: Representation structures.

10303-202:1996, Industrial automation systems and integration — Product data representation apd
hange — Part 202: Application'protocol: Associative draughting.

10303-511: 1999, Industrial automation systems and integration — Product data representation apd
hange — Part 511: Application interpreted construct: Topologically bounded surface.

10303-512: 1999, Industrial automation systems and integration — Product data representation apd
hange — Part'$12: Application interpreted construct: Faceted boundary representation.

10303<514: 1999, Industrial automation systems and integration — Product data representation apd
hange>— Part 514. Application interpreted construct: Advanced boundary representation.
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3 Terms, definitions and abbreviations

3.1 Terms defined in ISO 10303-1

For the purpose of this part of ISO 10303, the following terms defined in ISO 10303-1 apply:

—application;

— application context;

— application protocol (AP);
— implementation method;
— integrated resource;

— interpretation;

— product;

— product data.

32 Terms defined in ISO 10303-202
3.p.1

application interpreted construct (AIC)

a Jogical grouping of interpreted construets that supports a specific function for the usage of product data

adross multiple application contexts

[IBO 10303-202:1996 definition 3.7.1]

3|13 Abbreviations

For the purposes’of this part of ISO 10303, the following abbreviations apply:

AICY application interpreted construct

AP application protocol

CSG  constructive solid geometry
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4 EXPRESS short listing

©ISO

This clause specifies the EXPRESS schema that uses elements from the integrated resources and contains
the types, entity specializations, and functions that are specific to this part of ISO 10303.

E

NOTE 1 - There may be subtypes and items of select lists that appear in the integrated resources that are not
imported into the AIC. Constructs are eliminated from the subtype tree or select list through the use of the

KPRESS Specification:

U9

U9

U9

'HEMA aic csg;
E FROM aic_advanced brep;
E FROM aic faceted brep;

E FROM geometric model schema

(block,

boolean operand,
boolean operator,
boolean result,

box domain,
boxed half space,
csg primitive,
csg_select,

csg _solid,
extruded face solid,
half space solid,
revolved face solid,
right angular wedgey,
right circular coney
right circular cylinder,
solid replica,
sphere,

torus) ;

aic_advanced brep
aic_faceted brep

ISO 10303-514
ISO 10303-512

-- ISO 10303-5

-- ISO 10303-5

-- ISO 10303-4%

NOTE2%'The schemas referenced above can be found in the following parts of ISO 10303:

implicit interface rules of ISO 10303-11. References to eliminated constructs are outside the scope of the-A]C.
In some cases, all items of the select list are eliminated. Because AICs are intended to be implemented in

context of an application protocol, the items of the select list will be defined by the scope of the applicatipn
protocol.

c

PTOICITIC_TTodet _Schemma

ISO1030342
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4.1 Fundamental concepts and assumptions

The following entities are intended to be independently instantiated in the application protocol schemas

that use this AIC:
— aic_csg
412 aic_csg entity definition: csg_shape representation
Alcsg_shape_representation is a three-dimensional shape_representation that represents the shape|of
a product using constructive solid geometry operations and techniques. The solid objects'may be either
salid primitives, swept face solids, half-space solids, faceted B-rep solids (consistent with ISO 10303-51D),
orladvanced B-rep solids (consistent with ISO 10303-514).
NOTE - An application protocol that uses this AIC may ensure that the shape representation entity|is
instantiated as a csg_shape_representation.
EXPRESS Specification:
*
ENTITY csg shape representation
SUBTYPE OF (shape representation);
WHERE
WR1: SELF.context of items\
geometric representation context.coordinate space dimension = 3;
WR2: SIZEOF (QUERY (it <* SELF.items |
SIZEOF (['AIC CSG.CSG _SOLID',
'AIC_CSG.MAPPED ITEM', 'AIC CSG.AXIS2 PLACEMENT 3D',
'AIC_CSG.SOLID REPLICA', 'AIC CSG.REVOLVED FACE SOLID',
'"AIC_CSG.EXTRUDED FACE SOLID'] * TYPEOF (it)) <> 1)) = 0;
WR3: SIZEOF (QUERY (mit<* QUERY (it <* SELF.items |
'AIC_CSG.MAPPED ITEM' IN TYPEOF (it)) |
NOT ('AIC CSG.CSG_SHAPE REPRESENTATION' IN
TYPEOF (mi\mMapped item.mapping source.mapped representation)))) = 0
WR4: SIZEOF (QUERY (sr <* QUERY (it <* SELF.items |
VAIC_CSG.SOLID REPLICA' IN TYPEOF (it)) |
SIZEOF (['AIC CSG.CSG SOLID', 'AIC CSG.REVOLVED FACE SOLID',
'AIC_CSG.EXTRUDED FACE SOLID'] *
TYPEOF (sr\solid replica.parent solid)) = 0)) = 0;
WR5: ' SIZEOF (QUERY (it <* SELF.items |
NOT ('AIC CSG.AXIS2 PLACEMENT 3D' IN TYPEOF (it)))) > 0
END ENTITY;
END SCHEMA; -- aic _csg

(*

WRI1: The geometric_representation_context of the csg shape representation shall have a
coordinate space dimension equal to three.
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WR2: The items in a csg_shape_representation shall be either of type csg_solid,
solid_replica, mapped_item, revolved face solid, extruded face solid or axis2 placement 3d.

WR3: The mapping_source of any mapped_item in the items set of a csg_shape_representation
shall be of type csg_shape_representation.

WR4: The parent_solid of any solid_replica in the items set of a csg_shape_representation shall be
either of type csg_solid, revolved face solid or extruded_face_solid.

WRS: There shall be at least one element in the items set of a csg_shape representation, which.is 1ot
of type axis2_placement_3d.

Infformal Propositions:

IH1: Any instance of solid_model used directly, or indirectly, as first_operand ot second_operand pf
a boolean_result to define csg_solid in the items set of a csg_shape_representation shall be either pf
type extruded_face_solid, revolved_face_solid, manifold_solid_brep, orisolid_replica. If it is of
type solid_replica, its parent_solid shall be of type csg_solid, extruded\face_ solid, revolved_-
face solid or manifold_solid_brep.

IR2: Any instance of manifold_solid_brep used directly, or indirectly, as first_operand or
second_operand of a boolean_result to define a csg_solid occurring in a csg_shape_representatio
shall be compatible with either the rules defined for its use*iiran advanced_brep_shape -
representation or, the rules defined for its use in a faceted_brep_shape representation. In particular
edch face shall either be of type advanced_face or, in the case of a faceted_brep, shall be a face -
surface bounded by poly_loops and with a planeZas face geometry.

=]



https://standardsiso.com/api/?name=4a42facfad84c30498e0468a81a29ae0

©ISO ISO 10303-515:2000(E)

Annex A
(normative)

Short names of entities

T'l“]ﬂ A1 pvrovadesthe chortnamesof entittesanecifredanthicnart oFfISO 102303 R eagiirermentson-t e
FOv SPaft-otro1T939I—

AS£acaEa T oy o4 TOCS T T oo T o O S O T T o ar o S potTo oS CEEANCAS Ao 2ea 2 esizadls aavis an

ude of the short names are found in the implementation methods included in ISO 10303.

Table A.1 - Short names of entities

Entity names Short names

CSG_SHAPE REPRESENTATION CSSHRP
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Annex B
(normative)

Information object registration

B.1 Document identification

T«L provide for unambiguous identification of an information object in an open system, the object identifjer
{ iso standard 10303 part(515) version(1) }

is|assigned to this part of ISO 10303. The meaning of this value is defined in ISO/IEC 8824-1 and|is
dgscribed in ISO 10303-1.

Bl2 Schema identification

T¢ provide for unambiguous identification of the aic_csg schema inan‘epen system, the object identifjer

{ iso standard 10303 part(515) version(1) object(1) aic-csg(1) }

1
—_—

isfassigned to the aic_csg schema (see clause 4). The meaning of this value is defined in ISO/IEC 8824
arld is described in ISO 10303-1.
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Annex C
(informative)

EXPRESS-G diagrams

Figure C.1 through Figure C.15 correspond to the EXPRESS generated from the short listing given in
clause 4 using the interface specifications of ISO 10303-11. The diagrams use the EXPRESS-G graphical
nqtation for the EXPRESS language. EXPRESS-G is defined in annex D of ISO 10303-11.

NOTE - The following select types: curve_on_surface, founded item_select, geometric_set select, measurg -
value, reversible_topology, reversible topology item, transformation, trimming_select, vector or“direction gre
interfaced into the AIC expanded listing according to the implicit interface rules of ISO 10303+11. These selgct
types are not referenced by other entities of this part of ISO 10303.
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............................

context_type

*representation_context

""""""""""""""" context_identifier

1

©ISO

context_of_items
e > parametric_
(INV)representations_in_context S[1:?] representation
R context
representation —< label
@)
*geometric_ = o———mmemeee—
representation_ .
G dimension) count
context ) . o UImien=ig2 LOUnt
coordinate_space_dimension
O o)
shape_representation definitional_
representation
faceted_brep_ | csg_shape_
shape_representation representation 1,9 (6)

advanced_brep_
shape_representation

mapped_item

.........................................

*mapped_
representation . mapping_source
representatlon_map
12
*mapping_origin i (INV)map_usage S[1:7]
items S[1:?]
____________________________ representation_item —
Iabel .......... name T ? mapping_target |
topologieal _

representatlon item

2,44

11,58
connected_face_
set

7,30
face_bound

<representation_item

| founded_item_select i

et e ke

founded_item

geometric
© 10,50
loop
10,32
path

| s )

composite_curve_

5,56

segment

10

\ face /

T
10,49
edge

Figure C.1 — AIC expanded listing diagram in EXPRESS-G: 1 of 15

+ 10,52
vertex
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o—{ 2,44 (1) )
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. 343
placement

3,28

geometric_ t
representation_item vector
I 1 4,48
_ ' _curve
(DER)dim
/ 2 4o N\ 11.54
T,L7

poTTTTTTTTeemmeees Q seEmmmm Y
i dimension_count '

surface

2,16 (10,12)

point

coordinates L[1:3]

i length_measure |

_____________________________

plane_angle
measure

positive_length_ 4
measure

— Etrimming_select

—Ci

parameter_value |

T

Sk

solid_model

12,36
boolean_result

o 1241
sphere

T

+ 12,35
block

‘ 13,42
torus

13,38
right_angular_wedge

13,39
right_circular_cone

, 13,40
right_circular_cylinder

‘ 14,37
half_space_solid

)

7,31
face_surface

10,33
vertex_point

ek

3,53
cartesian_transformation_operator

7,47
surface

3,25
direction

5 )

© 10,29
edge curve

, 10,57
poly loop

ok

Figure C.2 — AIC expanded listing diagram in EXPRESS-G: 2 of 15
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2,2
cartesian_point

location

placement

343 (2)

©ISO

(3,19 (7,11,13) )

e

..................

 laxis2_placement |

(DER)p.L[2:2]

axis2_placement_3d

axis2_placement_2d

axis :

axisl_placement

3,1(8,12,13)

(DER)z

(DER)p L[3:3] refy direction

i *ref_direction,*axis

....................................

*direction ||

( 353(215) )

axisl

*direction_ratios L[2:3]

) @)

e

cartesian_

(DER)u L[3:3] axis3
i ( 3,25 (2) >

transformation_operator

scale !

cartesian_
transformation_operator_3d

orientation
O
i axis2
local_origin

(DER)scl

/ 2,2

\ 3,10 (11)

12

\_ cartesian_point /

Figure C.3 — AIC expanded listing diagram in EXPRESS-G: 3 of 15
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points L[2:?]

polyline

curve — bounded_curve

2,2
cartesian_point

5,45 5,46
b_spline_curve composite_cufve

4,5 (7,14)
*pnt

i positive_length_measure

.............................................

line

: : popsssessesssssee e S position
i length_measure : . : .
; ength_measure i i iaxis2_placement o conic

------------- T radius 1

! positive_length_measure P~ circle

--------- — semi_axis_l

positive_length_measure jg  — = | _
o i elllpse

i semi_axis_2 I

i positive_length_measure i,

: : semi_axis
i positive_lengthtmeasure i il hyperbola b_

: semi_imag_axis

' *focal_dist

parabola

Figure C.4 — AIC expanded listing diagram in EXPRESS-G: 4 of 15
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self_intersect

I—O

composite_curve

r‘nmanifn cune

(DER)closed_curve
L0

O

(DER)n_segments

©ISO

(DER)basis_
surface S[0:2]

on_surface

(TR S—
\ 7 \77 /

*segments L[1:?]

( 54500 )

closed_

I
( er’fgce )i—:s’g ©)

degree

2,2
cartesian_point

control_points_
list L[2:?]

curve

b_spline_curve

(INV)using_curves B[1:?]

cartesian_point,

(DER)control_points
A[O:upper_index.
on_control_points]

composite_curve_
segment

same_sense
o————

2,2

—

O

(DER)upper_index_
on_control_points

transition "
parent_

curve

..................................

i “b_spline_curve_form

oot {reeees

curve_form

——— O~ self_intersect

rational_b_spline_curve

*weights_data L[2:?]

O

(DER)weights A[0:upper_index_on_control_points]

bezier_curve

*knot_multiplicities L[2:7]

O

*knots L[2:7]

b_spline_curve_

with_knots

uniform_curve

-

knot_spec ;
—

i parameter_value i

(DER)upper index on_knots

14

quasi_uniform_curve

Figure C.5 — AIC expanded listing diagram in EXPRESS-G: 5 of 15
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N 6,26 (4)
i curve_on_surface :

- )

:n.ufa\.,c_\.,t.u vT 5 3
composite_curve_ pcurve T
on_surface
6,27 (4)
*curve_3d 418 basis_
| rf

curve surrace

*associated_ fereromeermoeenooaereoeennoaaas .

geometry L[1:2] i i pcurve_or_surface ! NJ7,17
surface

...........................................

*master_representation :
o preferred_surface <%
curve_representationv: :

...........................................

(DER)basis_surface S[1:2]
7,17 *reference_to_curve
surface
1,9
definitional_representation

Figure C.6 — AIC expanded listing diagram in EXPRESS-G: 6 of 15
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7,21 (10,11)

C Gaa |

Same.

face

*face_element

*bounds S[1:7]

©ISO

sense

face_surface

O

face_geometry

oriented_face

orientation l

7,31 (2)

advanced_face

bound

(DER)(RT)bounds S[1:?]

orientation

(o) Grand—
loop

face_outer_bound

7,17 (2,5,6,14)

—q

surface

face_bound

8,34
elementary_surfacy 1

~

L

swept_surface

1

5

sarface_of linear_

extrusion

extrusion_axis

X

surface_of _revolution

]

axis_position

3,6 3,19
vector axisl_placement

(DER)axis_line

4.5
line

! 9,55
bounded_surface

swept_curve 418
" curve
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axis2_placement_3d elementary_surface

degenerate_toroidal_

O—I

select_outer

P ———
surface

conical_surface | | cylindrical_surface || plane | | spherical_surface ||, toroidal_surface
Lradlus radius l
! positive_length_measure | | positive_lengthmeasure :
*radius poT
L4 length_measure major_radius
semi_angle -------------------------------------- :
L plane_angle_measure: : positive_length_measure iHr—

Figure C.8 — AIC expanded listing diagram in EXPRESS-G: 8 of 15
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9,55 (7)

bounded_surface

control_points_list L[2:?] L[2:?]
2,2
cartesian_point )

—O u_degree

—O u_closed

—o v_closed
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....................................

b_spline_
surface_form

(DER)control_points
A[O:u_upper] A[0:v_upper]

surface_form

b_spline_surface

self_intersect

—oO

2,2
cartesian_point

(DER)u_upper

——O (DER)v_upper

—— O v_degree

b_spline_surface_

bezier_surface

uniform_sdrface

rational_b_spline_
surface

with_knots

*u_multiplicities L[2:?]
 —————O)

quasi_uniferm_surface

*v_multiplicities L[2:7]

*v_knots L[2:?]

o parameter_value

knot_‘spec

(DER)knot_u_upper

O

(DER)knot_v_upper
O

O—
*weights_data L[2:?] L[2:?]

O
(DER)weights A[0:u_upper] A[0:v_upper]

Figure C.9 — AIC expanded listing diagram in EXPRESS-G: 9 of 15
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____________________________________ e, ( ace_boun >

| list_of_reversible_ i, I O.5set_0f_rever.sible_§
| topology_item " | (L .. topology_item = /" 75
""""""""""""""""""" face
L0:?]  : reversible | S[0:7] [ 11.24 \
——< itopology_item O \_ closed_shell
( 10,33 (2) ) l
11,23
open_shell
. edge_start,edge_end
vertex_point o= vertex edge
ON®) T
vertex_
geometry
10,29 (2) 10,49 (1) *edge_
10,52 (1) 1 element
edge_ l
eomet i
216 g ry edgé<curve oriented_edge
point TF
J; same_
4,18 sense
( 10,50 (1) ) ( curve :
(DER)(RT)edge_start,(RT)edge_end orientation
10,20 (7)
vertex_loop ]
loop_vertex D (DER)(RT)
loop . . edge_list
1 orientation L[l:?]U
oriented_path
*path_ .
element Eflg_s]—JSt
poly_loop 110,57 (2) ) edge_loop  [o— path
polygon L[3:?]U (DER)ne
22

CUC ST POt ( 10,32 (1) )

Figure C.10 — AIC expanded listing diagram in EXPRESS-G: 10 of 15
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cfs_faces S[1:?]
connected_face_set 7,21
11,24 (10) \  face

(s ) =T
11,58 (1)
(DER)(RT)

l cfc f
closed_shell |5 open_snett ets—faeesStH7y
*open_shell_
element
i shell i

orientation orientation
—0 O—

oriented_open_shell

oriented_closed_shell

voids S[1:?]
brep_with_voids [o———————7— faceted \brep

outer
|
solid_model O—<2L1,54 (2)) manifold_solid_brep
L 1
*parent_solid 0 A o
solid_replica €sg_solid swept_face_solid
¢ ) tree_root_ N ¢
transformation expression swept_face
I— FpTTTTTTm T
i 7,8
) 3,10 . lCSg_SG'GCt 1 face surface
cartesian_transformation_ —
operator_3d l A

revolved_face_solid

extruded_face_solid

axis angle (DER)axis_line

*extruded _direction depth

Figure C.11 — AIC expanded listing diagram in EXPRESS-G: 11 of 15
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......................................................

L i csg_select | < iesg_primitive |

boolean_result centre
12,36 (2) P
operator O—
12,41 (2) sphere

: boolean_operator: |
b T ((12.35(2) = block ~ P
first_operand

..................................

3,1 position
(axisz_placement_:ad )
solid_model i positive_length_measure O—X

14,11 LN i y
half_space_solid i positive_lengtirmeasure o~ |

second_
operand

13,12
right_angular_wedge
13,15
torus
13,13
right_circular_cone
13,14
right_circular_cylinder

............................

Figure C.12 — AIC expanded listing diagram in EXPRESS-G: 12 of 15
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( 1315012 )

torus

(1342(2)\ (1314(12)\ (134002 )
L

right_circular_cylinder

- position
position 319 . 3,19
axis1 p,Iacement axisl_placement

*maijor height ) A ;
[AIUS | pooeemeeeeeme oo [l positivesfength_measure |
—O positive_length_measure
*minor_ T radius P & :
radius / N S "
! positive_length_measure; posmve_length_measure i
right_circular_cone 113,39 (2) ) right~angular_wedge 113,38 (2) )
O ®)

13,13 (12) 13,12 (12)

position / 3.19 position | 31
\axisl_placement axis2_placement_3d

— < positive_length_measure

*radius _: : y R L b L LR L EL R LR
—C length’ measure : : . :
L Shgh_heasure ; < positive_length_measure :

.........................................

— . plane_angle_measure |
semi_an@ley® f---eeeees e

Figure C.13 — AIC expanded listing diagram in EXPRESS-G: 13 of 15
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<14,11 (12)) C 14,37 (2) )

half_space_solid

b f
boxed_half_space ase Sryce .
~ surface

enclosure
—&———O
agreement_flag
box_domain
corner
‘ 2,2
cartesian_point
xlength
—Q positive_length_measure |
ylength R e L L LY .
— <4 positive_length_measure |
zlength

I B g
* positive_length_measure

Figure C.14 — AIC expanded listing diagram in EXPRESS-G: 14 of 15

23


https://standardsiso.com/api/?name=4a42facfad84c30498e0468a81a29ae0

ISO 10303-515:2000(E)

©ISO

............................

3,53
C:artesian_transformation_operator --------------------------

functionally_defined_
transformation

name l l description
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