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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 nor
mally 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 tha
confmittee International organizations, governmental and non governmental, in liaisomywit
ISQ, also take part in the work ISO collaborates closely with the International Electrotechnic
Cothmission (IEC) on all matters of electrotechnical standardization

Drglft International Standards adopted by the technical committees are circulatédyto the membey
bodlies for voting Publication as an International Standard requires apprdval’ by at least 75
of the member bodies casting a vote

A cpmplete list of parts of SO 10303 is available from Internet:
<http://www nist gov/sc4/editing/step/titles/>

Thip part of ISO 10303 is a member of the application fnterpreted constructs series

Angexes A and B form an integral part of this paxt of ISO 10303 Annexes C, D and E are fof
infgrmation only
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Introduction

ISO 10303 is an International Standard for the computer interpretable representation and ex
change 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
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nature of this description makes it suitable not only for neutral file exchange, but also as
s for implementing and sharing product databases and archiving

t International Standard is organized as a series of parts, each published separately Th
s of ISO 10303 fall into one of the following series: description methods, generi¢ resources
[ication interpreted constructs, application protocols, abstract test suites{ himplementatiof
hods, and conformance testing The series are described in ISO 103031 This part o
10303 is a member of the application interpreted construct series

application interpreted construct (AIC) provides a logical grouping of interpreted construct
supports a specific functionality for the usage of product data across multiple applicatio1
exts An interpreted construct is a common interpretatidn of the integrated resources tha
orts shared information requirements among application protocols

b document specifies the application interpreted .dénstruct for the definition of a boundarsj
esentation solid with planar faces and implicit topology This is the final draft of a 500 serie

edition of this AIC

i
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In

dustrial automation systems and integration

Product data representation and exchange

Part 512 :
Application interpreted construct:

Fa

Thi
the

Thd

4o d
11UAULIVILL

Scope
 part of ISO 10303 specifies the interpretation of the generic resources fnyorder to satisf

following requirements:

for the description of a three dimensional shape by means @fy’a boundary representation
model with planar faces and implicit straight line edges;

for the composition of one or more such shapes as a faceted_brep_shape_representation|
following are within the scope of this part of IS0 10303:

3D geometry;

B reps;

B rep models;

faceted B reps;

polyloops;

unbounded geometry;

use of topology to bound geometric entities;

geometric transformations

-

=

The following are outside the scope of this part of ISO 10303:

2D geometry;
curves;
explicit edge definitions;

surfaces other than planes;
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offset curves and surfaces

Normative references

@ISO
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following normative documents contain provisions which, through reference in this tex
ktitute provisions of this part of ISO 10303 For dated references, subsequent amendmient
or revisions of, any of these publications do not apply However, parties to agreement
bd on this part of ISO 10303 are encouraged to investigate the possibility of applying th
t recent editions of the normative documents indicated below For undated-references, th
st edition of the normative document referred to applies Members of [SO aud"TEC maintaif
sters of currently valid International Standards

/IEC 8824 1: 1995, Information technology Open systems interconnection Abstract synta
tion one (ASN 1) Part 1 : Specification of basic notation

10303 1: 1994, Industrial automation systems and integration Product data representatio
exchange Part 1 : Quverview and fundamental principles

10303 11: 1994, Industrial automation systems awd integration Product data represent
and exchange Part 11 : Description methods:¥The FEXPRFESS language reference manua

TR 10303 12: 1997, Industrial automation systems and integration  Product data repre
Lation and exchange Part 12 : Description methods: The EXPRESS 1 language referenc

mapual

ISO
tio
an
ISO
tio
tati
ISO

tio

10303 41: 1994, Industrial wutomation systems and integration Product data represent
and exchange Part 41 yIntegrated generic resources: Fundamentals of product descriptio
support

10303 42: 1994 ~ndustrial automation systems and integration  Product data represent
and exchange \Part /2 : Integrated generic resources: Geometric and topological represe
n

10303%43: 1994, Industrial automation systems and integration  Product data represent
and exchange Part 43 : Integrated generic resources: Representation structures

172

| €~ A e~ Y &

ISO 10303 202: 1995, Industrial automation systems and integration Product data representa

tion and exchange Part 202: Application protocol: Associative draughting

3 Terms, definitions and abbreviations
31 Terms defined in ISO 10303 1
For the purposes of this part of ISO 10303, the following terms defined in ISO 10303 1 apply
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application;
application context;

application protocol;

implementation method;
integrated resource;
interpretation;

product data;

32 Terms defined in ISO 10303 42

For[the purposes of this part of ISO 10303, the following tefins defined in ISO 10303 42 apply

arcwise connected;

boundary;

boundary representation solid model (B)rep);
bounds;

coordinate space;

curve;

orientable;

surface;

topological sense

33 Terms defined in ISO 10303 202

For the purposes of this part of ISO 10303, the following term defined in ISO 10303 202 ap
plies

331

application interpreted construct (AIC)

a logical grouping of interpreted constructs that supports a specific functionality for the usage
of product data across multiple application contexts
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34 Other definitions

341

faceted B rep shape representation

as AVA AN AN Fataral - | - Wal AN a .lA: ll:lll l.: -'A

is r¢quired to have planar faces and implicitly defined edges

manifold faceted B rep

an frcwise connected faceted solid such that, for a very small sphere, centredcat’any point o
the|boundary of the solid, the interior of the sphere is divided into precisely Two regions On
of these regions is inside the solid, the other is outside

=

14

343
polyloop

a lgop on a planar face consisting of linear segments The edge geometry and topology i
impflicitly defined by a list of cartesian points

=2

35 Abbreviations

For[the purposes of this part of ISO 10303, thefollowing abbreviations apply

AIC  Application Interpreted Consbtuct
AH Application Protocol
B tep Boundary representatipiinsolid model

4 | EXPRESS short listing

72

Thip clause specifies the EXPRESS schema that uses elements from the integrated resource
and| contains_the types, entity specializations, and functions that are specific to this part o

[SO 10303

=

NOTE There may be subtypes and items of select lists that appear in the integrated resourceg

that are not impnv-h;r] mitothe ATC Consetruects are eliminated from the an]’\f“] pe tree or select hig

through the use of the implicit interface rules of ISO 10303 11 References to eliminated constructs
are outside the scope of the AIC In some cases all items of the select list are eliminated Because
AICs are intended to be implemented in the context of an application protocol the items of the
select list will be defined by the scope of the application protocol

This application interpreted construct provides a consistent set of geometric and topological
entities for the definition of manifold solid models with planar faces and implicitly defined edges
and vertices The faces of the B rep models are bounded by poly_loops and each face is required
to have an explicit outer bound
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The highest level entity in this AIC is the faceted _brep_shape _representation A faceted_
brep_shape_representation is a shape_representation (see: ISO 10303 41) consisting of
faceted_breps and mapped_items defined as transformed copies of faceted_breps

EX

P RESS specification:

*)
SCH

Us

Us

RE]

Us

Us

Us

(*

L
o

L
o

L
o

L
o

L
o

EMA aic faceted brep;

FERENCE FROM geometric model schema(msb shells);

FROM geometry schema

(axis2 placement 3d

cartesian point

cartesian transformation operator 3d
elementary surface

plane);

FROM geometric model schema
(brep with voids

faceted brep

manifold solid brep);

FROM topology schema
(closed shell
connected face set
face bound

face outer bound

face surface

oriented closed shell
poly loop);

FROM representation schema(mapped item);

FROM product property representation schema(shape representation);

NOTE 1 The connected face_set entity is explicitly interfaced (i e included in the USE FROM

hists) to allow rules 1n the Taceted_brep_shape representation entity to access attributes of this
entity For the use of this AIC this entity shall only be instantiated as one of its subtypes

NOTE 2 The entity manifold_solid brep is explicitly interfaced to enable compilation of the
function msb_shells The entity elementary_surface is explicitly interfaced to allow faceted_
brep_shape_representation to access attributes of this entity For the use of this AIC these
entities shall only be instantiated as one of their subtypes

NOTE 3 The schemas referenced above can be found in the following parts of ISO 10303
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geometric model_schema ISO 10303 42
geometry_schema ISO 10303 42
topology_schema ISO 10303 42
representation_schema ISO 10303 43

product _property representation_schema I[SO 10303 41

41 Fundamental concepts and assumptions

The following entities are intended to be independently instantiated in the applicatiofi)protocdl
schg¢mas that use this AIC:

axis2_placement_3d;
brep_with_voids;
cartesian_point;
cartesian _transformation_operator_3d;
closed _shell;
direction;
face_bound;
face_outer_bound;
face_surface;

faceted _brep;
mapped_item;
oriented closed _shell;

plane;

poly_Toop;

representation_map

An application protocol that uses this AIC shall require that a shape_representation entity
is instantiated as a faceted_brep_shape_representation
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aic_faceted_brep schema entity definition:
faceted_brep_shape_representation

The faceted_brep_shape_representation is a type of shape representation in which the rep

res ntation items aro cpar;a“caf;nnc of facotad }\Pﬂp ontitice  Thooo differ from tho maore ganavﬂ)]

B re¢p in having only planar faces and implicit edge geometry

EXIPRESS specification:

*)

ENTITY faceted brep shape representation
EUBTYPE OF (shape representation);

WHERE
VR1

YR2

VR3

VR4

: SIZEOF (QUERY (it <* items |

: SIZEOF (QUERY (it <* items |

: SIZEOF (QUERY (fbrep <* QUERY ( itlx* items |

: SIZEOF (QUERY (fbrep <* QUERY ( it <* items |

NOT (SIZEOF([ AIC FACETED BREP FACETED BREP
AIC FACETED BREP MAPPED ITEM
AIC FACETED BREP AXIS2 PLACEMENT 3D ] *
TYPEOF(it)) 1)) 0;

SIZEOF([ AIC FACETED BREP FACETED BRER
AIC FACETED BREP MAPPED ITEM ] * TYPEOF(it)) 1)) > 0;

AIC FACETED BREP FACETED BREP "IN TYPEOF(it))
NOT (SIZEOF (QUERY (csh <* msb”shells(fbrep) |
NOT (SIZEOF (QUERY (fcs <*¥ .csh\connected face set cfs faces
NOT (( AIC FACETED BREP FACE SURFACE 1IN TYPEOF (fcs)) AND
(( AIC FACETED BREP,  PLANE 1IN TYPEOF

(fcs\face surface face geometry)) AND
( AIC FACETED BREP) CARTESIAN POINT 1IN TYPEOF (

fcs\face surface face geometry\

elementary surface position location))))))

0))) 0))) 0;

AIC<{FACETED BREP FACETED BREP IN TYPEOF(it))
NOT\(SIZEOF (QUERY (csh <* msb shells(fbrep) |
NOT (SIZEOF (QUERY (fcs <* csh\connected face set cfs faces
NOT (SIZEOF (QUERY (bnds <* fcs bounds |

AIC FACETED BREP FACE OUTER BOUND IN TYPEOF(bnds)))
1)) AR AR o-

WR5E :

WR6

WR7

=777 3

SIZEOF (QUERY (msb <* QUERY (it <* items |
AIC FACETED BREP MANIFOLD SOLID BREP 1IN TYPEOF(it)) |
AIC FACETED BREP ORIENTED CLOSED SHELL IN
TYPEOF (msb\manifold solid brep outer))) O0;

: SIZEOF (QUERY (brv <# QUERY (it <* items |

AIC FACETED BREP BREP WITH VOIDS 1IN TYPEOF(it)) |
NOT (SIZEOF (QUERY (csh <* brv\brep with voids voids
csh\oriented closed shell orientation)) 0))) 0;

: SIZEOF (QUERY (mi <* QUERY (it <* items |

AIC FACETED BREP MAPPED ITEM IN TYPEOF(it)) |
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NOT ( AIC FACETED BREP FACETED BREP SHAPE REPRESENTATION 1IN
TYPEOF (mi\mapped item mapping source mapped representation))))
0;

END ENTITY;

(*

Formal propositions:

A%%

mapped_items and axis2_placement_3ds only

A%%

(Se¢ also WRT)

A%%

surfface for each face shall be a plane, and each plane shall use)a cartesian_point for itg
locdtion

W
W

of the oriented subtype

A%%

shall be an oriented_closed_shelllwith orientation value FALSE

A%%

the|mapping_source attribute shall be a faceted _brep_shape_representation

EX DI - L it
I Tvlno spPelLIITatIUIL.

R1: The items attribute of the representation supertype shall contain faceted_brepsq,

R2: At least one item in the items set shall be a faceted_brep entity, ér\a’ mapped_item)

R3: For each faceted_brep in the items set: the faces shall be face=surfaces, the associated

NOTE 1 The call to function msb_shells in WR3 and WR4 is correct since although the generi
type of the argument ‘fbrep is representation_item dbrep has been selected by QUERY to be
subtype of manifold_solid _brep

=4

14

Iél: An explicit outer bound shall be specified for each face of the faceted_brep

5: For each manifold_solid_brep in theitems set the outer shell attribute shall not b
R6: If the manifold_solid_brep is@lso a brep_with_voids then each shell in the voids sef

R7: If a mapped_item is included in the items set then the mapped_representation of

NOTE 2 1If a cartesian_transformation_operator_3d is included as
mapped_item mapping _target with an axis2_placement_3d that corresponds to the original cd
ordinate system~as’'mapped _representation mapping origin then the resulting mapped_itenh
is a transforified copy of the faceted_brep_shape_representation The precise definition of th
transformatien including translation rotation scaling and if appropriate mirroring is given b
the transformation operator

1%

-

*)
END SCHEMA; end AIC FACETED BREP SCHEMA
(*
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Annex A

(normative)

Short names of entities

Talle A 1 provides the short names of entities specified in this part of [SO 10303 Requireniénts
on the use of the short names are found in the implementation methods included in 180O- 10303

Table A1 Short names of entities

‘ Entity name ‘ Short name ‘
| FACETED_BREP_SHAPE REPRESENTATION | FBSR |
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Annex B

(normative)

Information object registration

Bl Document identification

To
ideq]

is a
and

To
the

is 4

ISO

rovide for unambiguous identification of an information object in an open syster) the objec
tifier

{ iso standard 10303 part(512) version(1) }

ksigned to this part of ISO 10303 The meaning of this value is¢defined in ISO/IEC 8824 1
is described in ISO 10303 1

D Schema i1dentification

rovide for unambiguous identification of the aic.fagéted brep in an open information system
object identifier

{ iso standard 10303 part(512) yersion(1) object(1) aic faceted brep(1) }

ssigned to the aic_faceted_brep scliema (see 4) The meaning of this value is defined ij
/IEC 8824 1, and is described in_ISO 10303 1

@ISO

T

10
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Annex C

(informative)

Computer interpretable listings

Thi

sp
ava

@

If ¢}
184

L annex provides a listing of the EXPRESS entity names and corresponding short nates ag
ified in this Part of ISO 10303 without comments or other explanatory text Thigjannex i
lable in computer interpretable form and can be found at the following URLs:

Short names: http://www mel nist gov/div826/subject/apde/snr/
EXPRESS: http://www mel nist gov/step/parts/part512f

lere is difficulty accessing these sites contact ISO Central Secretariat or contact the ISO T
SC4 Secretariat directly at: scdsec@cme nist gov

NOTE The information provided in computer interpretaplesform at the above URLs is informa
tive The information that i1s contained in the body of thig\part of ISO 10303 is normative

11
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Annex D

(informative)

EXPRESS G diagrams

Fig
clay
gra
103

ires D 1 through D 2 correspond to the EXPRISS generated from the short listing given if
se 4 using the interface specifications of ISO 10303 11 The diagrams use the EXPRIESS
hical notation for the EXPRESS language EXPRIESS G is defined in annex*D of IS(]
D3 11

1%

NOTE 1 The following select types are interfaced into the AIC expanded listing according to th
implicit interface rules of ISO 10303 11 These select types are not used~by other entities in thi
part of ISO 10303

T

geometric_set_select;
pcurve_or_surface;
shell;

trimming select;

vector_or_direction

NOTE 2 The implicit interface rules-0f TSO 10303 11 also introduce some entities whose instantiaj
tion is prohibited by rules on the faceted _brep_shape_representation These entities are markedl

7 x” in the EXPRESS G diagrams

NOTE 3 To avoid congestion in the figures some derived attributes are omitted in Figures D 1 and
D2

12
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coordinate_ faceted.
space_dimension brep_shape._
. representation
geometric_ Y
. representation |
solid_model] O—————— context shape_
T representation
context_ context_
type identifier T
. name
manifold_ representation representation
solid brep _context context_ mappefl_
of_items ‘ .
representation
items
S[1 7] )
mapping_
obigin |representation
representation -map
faceted_ brep_with_ _item mapping. mapping|
brep voids target source
outer . name d
voids mapped.-
14(2) S[0 7] item
—q ¢losed oriented_
shell - closed _shell (l) (l)
closed_ . :
shell_ orientation topologlca-l_ geometrlc-_
S i element representation representation
— 'qhell _item _item
S Al connected_ |
63 B face_set 1
cfs_faces : T\;GIZEO_I'__(_)IT::
S[1 7] 1 direction i
open._ 112 |
_C
. placement, 0 - AXISL O
open._ 29 ) . S Lo 1 scale
shell face_bound 23 direction axis2 1 :
elemen surface O---~
orfiented 25 direction_ (g i | cartesian_‘
L 11—* - 26 ratios L[2 3] . [transformation
opben-she loop face_surface ! —operator  |—
(L rientation 27 . point |
edge 15(2) 1 axis3
5 P wo N
8 =TT 0
ath +-1 cartesian_
79 fr-—mmm—— o transformation
' ' trimming_! q cartesian_ _operator_3d
= L select point | L[3 3]
* excluded by rule on (DER) local origin

faceted_brep_shape_representation

Figure D 1

coordinatesi (I)

L[1 3]

aic_faceted brep, EXPRESS G diagram 1 of 2

13
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____________ 5= edge_start
1 1 [ ] ) %
tireversible_ ——( edge 1 1 vertex *
1 1 T edge_en
' topology ! edge. g
LLLL T""_J element 29
- orlented_
11 1 %
L Ieversib]e_ ! edge
! :tO] ology_ltem: edge_list orientation
R ik B L[l 7] path_
28 = th * :)M oriented._
q P ————Q path *
1 4 closed_shell (Lorientation
1 3 open _shell fTééO}flét}j_c_“u 74 (1)
? 26 (1) |1 setgselect |
same_sense
—( face —C si?‘(f:’g(_:e 15 placement
- - ]
ele?fli_ntT lface_geometry i ip::i;::cgr:
oriented_ oo ;J{ T T axis2_
29 (1) face 7 o——— | placement
bé)ﬁn%s (Lorientation surface 23 (1) ‘J;
P b d * osition axis2_
g ace_boun elementary _ placement_3d
orientation surface ref_ | \
25 (1) o) direction! | axis
bound plane ! !
11
face_outer_ ) ]
o bound p L[3 3]
l (DER)
poly_loop * implicitly interfaced element
excluded by rules
polygon
L[3 7]
12 \ location

14

@ISO

cartesian_point

Figure D 2

aic_faceted brep, EXPRESS G diagram 2 of 2
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Annex E

(informative)

AIC conformance requirements and test purposes

E

Any

req

Coi
EX

for

shape_representation

Thd

representation:

| AIC conformance requirements: faceted B rep

197}

application protocol that uses this AIC may require conformance to the AICSconformanc
lirements defined below when instantiating a faceted _brep_shape_repregentation

formance to this AIC means that all the defined types and entity types.defined in the Al

PRESS listing form are supported The only legitimate use, within. the context of this AI(),
. geometric or topological entity instance is for the purpose of defining a faceted_brep_

following entities are instantiable as part of the definition of a faceted_brep_shape_

axis2_placement_3d;

brep_with_voids;

cartesian_point;

cartesian _transformation_operator_3d;
closed _shell;

direction;

face_boundy

face_auter_bound;

faee_surface;

faceted _brep;
mapped_item;
oriented_closed _shell;
plane;

poly_loop;

15
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representation_map

E 2 Test purposes for faceted B rep AIC
Thi Obbtlull dbﬁllbo bUllfUl TITATIUC t\,ot l_}LlL PUOLO \Ad hlbh ALTT wt}yluyllwt\, fUL thb f(,bk/k/tbd B LL/I.I ALIﬂ
The criteria are based on the constructs found in clause 4 of this part of ISO 10303

Thd

Thd

-

NOTE For any AP using this AIC further test purposes may be required for the ‘top leyel "entit
which is a type of shape_representation The AP will also require to establish a product contexp
for these test purposes

2 1 faceted_brep_shape_representation
following test purposes are derived from the definition of this en{ity:

FB1: representation as shape_representation as
faceted_brep_shape_representation (see E 3 1)

FB2: faceted _brep _shape_representation with“context as geometric_context with
items as faceted_brep (see E 3 1)

FB3: faceted _brep _shape_representatien with context as geometric_context with
items as mapped_item (see E 3 4)

FB4: faceted _brep_shape_representation with context as geometric_context with

items as two or more items as-faceted_brep, or mapped_item, or axis2_placement _|
3d, including at least one«axis2_placement_3d (see E 3 4)

D 2 faceted\brep

following testrpurposes are derived from the definition of this entity:

FB5: facéted_brep with outer (voids absent) as closed_shell (NOT oriented_closed_
shell subtype ) (see E 3 1)

FB6: faceted _brep and brep_with _voids subtvpe with outer as closed_shell and voidg

as a SET of one oriented_closed_shell (voids present) (see E 3 2)

FB7: faceted_brep and brep_with_voids subtype with outer as closed_shell and voids
as a SET of more than one oriented_closed_shell (voids present) (see E 3 2)

E23 oriented _closed shell

The following test purpose is derived from the definition of this entity and the constraints
imposed on the faceted _brep_shape_representation:

16
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FBS8: oriented_closed_shell with orientation FALSE (see E 3 2)

E24 closed _shell

Th

imp

Thd

imp

Thd

imp

L£o1] M 4 4 M M| M 1L 41 A PN S R N fod A | 4 M
TOTTOWTITE— tCST paTpPoOSC— 15— aCTTVveU ITONT CIre GCHITtIOT O GITES™ CITCItY  aIrar oIre COITStTatire

osed on the faceted_brep_shape_representation:

FB9: closed_shell with cfs_faces as a SET of more than one face_surface (depE 3 1)

D 5 face_surface

following test purposes are derived from the definition of this engity and the constraint
osed on the faceted_brep_shape_representation:

FB10: face_surface with face_geometry as plane (se<tl 3 1)
FB11: face_surface with same_sense TRUE (see E 3 1)

FB12: face_surface with same_sense FALSE (see E 3 3)

D 6 face

following test purposes are derivedifrom the definition of this entity and the constraint
osed on the faceted_brep_shapeirepresentation:

FB13: face as face_surface with bounds as SET of one face_bound as face_outer._
bound with orientation” TRUE (see E 3 1)

FB14: face as face_surface with bounds as SET of one face_bound as face_outer._
bound with bound as poly_loop and orientation FALSE (see E 3 3)

FB15: face as face_surface with bounds as SET of at least two face_bounds (including
one face’outer_bound) with bound as poly_loop and orientation TRUE (see E 3 3

FB16: face as face_surface with bounds as SET of at least two face_bounds (including

one face_outer_bound) with bound as poly_loop and orientation FALSE (see E 3 3)

E27 surface

The following criteria are derived from the definition of this entity and the constraints imposed
on the faceted_brep_shape_representation:

FB17: surface (as elementary_surface) as plane with position as axis2_placement_
3d with axis present (see E 3 1)

17


https://standardsiso.com/api/?name=4094f01dc7e368ae3a53c1102333589f

ISO 10303 512:1999(E) ©ISO

FB18: surface (as elementary_surface) as plane with position as axis2_placement_
3d with axis absent (see E 3 3)

FB19: surface (as elementary_surface) as plane with position as axis2_placement_
3d with ref_direction present (see E 3 1)

Thd

and

Tes
at t
sen
con

FB20: surface (as elementary_surface) as plane with position as axis2_placement_
3d with ref_direction absent (see E 3 3)

D 8 cartesian_transformation_operator_3d

following criteria are derived from the definitions of this entity, the mapped_item entity,
the constraints imposed on the faceted_brep_shape_representation:

FB21: mapped_item with mapping_target as cartesian_transformation_operator_

3d (see E 35)

FB22: cartesian_transformation_operator as cartesian_transformation_operator!
3d with scale as REAL not equal to 1 0 (see E 3,5)

3 Test cases for faceted Birep AIC
3 1 Test case fbl
case fb1 is the most basic test ease consisting of a single solid tetrahedron with one vertex

he origin of the coordinate system All geometry is explicitly defined with no defaults and n
e reversals required The'definition of the outer shell is provided by the tetrashell_instance

14

ext using the original.patameters

311 ATM test purposes covered
FB1: representation as shape_representation as faceted_brep_shape_representation;

FB2¢ faceted_brep_shape_representation with context as geometric_representation_contex|

with items as faceted_brep;

18

FB5: faceted_brep with outer (voids absent) as closed_shell (NOT oriented_closed_shell
subtype);

FB9: closed_shell with cfs_faces as a SET of more than one face_surface
FB10: facesurface with face_geometry as plane;

FB11: facesurface with same sense  TRUE;
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FB13: face as face_surface with bounds as SET of one face_bound as face_outer_bound with
orientation  TRUE;

FB17: surface (as elementary_surface) as plane with position as axis2_placement_3d with
axis present;

Thd
Thd
adj
facs

defi

*)
TES

FB19: surface (as elementary_surface) as plane with position as axis2_placement_3d.‘with
ref_direction present

312 Postprocessor input specification

test case is a faceted _brep_shape_representation consisting of a single faceted _brep
faceted _brep is in the form of a solid tetrahedron with one vertexyat the origin and th
cent edges along the coordinate axes All faces are defined by pély_loops and are of typ
_surface with the surface geometry defined by a plane A shitable set of dimensions i
ned in the EXPRESS 1 specification below that gives the demplete specification

197}

197}

3121 EXPRESS I specification: tbrep_1

I CASE example fbrep 1; WITH aic faceted brep;
FALIZATION

PDCAL

shell object : closed shell’ ;

tetrahedron : faceted.brep ;

fbsrl : faceted brep\shape representation ;
its units : named-unit ;
prodl context i r<presentation context ;

END LOCAL;
CALL tetvashell instance ; uses default values so no WITH
IMPGRT (shell object := @tetrashell; ) ;
END\EGALL;
Tt umits = Tength wnitO =t it CmiTtt metre’ )
prodl context := geometric representation context
(’context 1’ ’context for tetrahedron’ 3) ||

global unit assigned context ( [its units] ) ;
tetrahedron := faceted brep (’tetrahedron’ shell object) ;

fbsrl := faceted brep shape representation
(’fbsri1’ [tetrahedron] its context );

19
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END REALIZATION;

END
(*

TEST CASE;

E

Tes
Thd

NOTE 1 This test case uses the most simple form of tetrashell_instance context with default value
to define shape

24

NOTE 2 Global length units assigned as mm in global_units_assigned_context

313 Postprocessor verdict criteria
FB1: All WRs on faceted _brep_shape_representation shall be-verified

FB2: model created shall contain no vertices,
model shall contain no edges,

model shall contain no curves,

length units correctly interpreted,
global_unit_assigned_context correctly interpreted

FB5: faceted_brep entity shall be correctly, interpreted

FB9: cfs_faces attribute shall be a SE®E of more than one face_surface these faces shall
intersect on lines joining points

FB10: plane defining face_geometry for each face_surface shall pass through all point
defining bounding poly_loap

=2

FB11: Normal to each plane shall point out of solid

FB19: Set P of'37axes for each axis2_placement_3d shall be correctly derived

B 2 Test case b2

casé b2 is designed to test the definition of a faceted B rep containing one or more voids
tetrashell_instance context is used with different parameters to define the outer shell and

the

<1 1 1 fa n¥] 1y - 111 - 1 1 1 11 i1 s 1/ N < 1 1
vOIA SIICILs  1TIIE TESUIU Is a4 [TOHIOW LELTall€dal SUIIAd WIUIT VUlU.kb) Ol a SIHIHIA SIlTape

NOTE If required this test can easily be modified to test geometric precision by varying the
parameters to define voids that are very close to each other or to the outer shell As defined in the
current version of this test case there should be no possibility of such interference

E321 AIM test purposes covered

20

FB6: faceted_brep and brep_with_voids subtype with outer as closed_shell and voids as a
SET of one oriented_closed_shell (voids present);
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FB7: faceted_brep and brep_with_voids subtype with outer as closed_shell and voids as a
SET of more than one oriented _closed _shell;

FBS8: oriented_closed_shell with orientation as FALSE

EB22 Postprocessor input specification

Thq test model is a faceted _brep_shape_representation consisting of a single faceted “brep
The faceted _brep is in the form of a hollow tetrahedron with one vertex at the origin” and th
adjacent edges along the coordinate axes Two separate instances shall be created, one with
a sipgle inner void, the other with 2 voids FEach void shell is of a similar shape to the outef
shell and located inside the body The voids shall not intersect each other.or the outer shell
A gspitable set of dimensions is defined in the EXPRIESS I specificationy below that gives th
con]plete specification

197}

197}

EB221 EXPRESS I specification: fb¥ep_2

*)
TES[I CASE example fbrep 2; WITH faceted brep aic;

REALIZATION

LPCAL

shell object hollowl hollow2 : closed shell ;
voidl void2 : oriented closged shell;

tetra with void : manifold-solid brep ;

tetra with voids : manifold solid brep ;

fbsrl fbsr2 : faceted brep shape representation ;
its context : representation context ;

its units : named”unit ;

END LOCAL;
CALL tetvashell instance ; uses default values so no WITH
IMPGRT (shell object := @tetrashell; );
ENDSGALL;
CALE tetrasherl Instance | Parameters e S5t 1O0r JIMeNSIons (1arge void

IMPORT (hollowl := @tetrashell; );
WITH (orc := 20; 1lx := BO; ly := 50; 1z := 50;);
END CALL;

CALL tetrashell instance ; parameters re set for dimensions (small void)
IMPORT (hollow2 := @tetrashell; );
WITH (orc := 5; 1lx := 20; ly := 20; 1z := 20;);

END CALL;

21
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CALL basic product structure ; parameters for second product
IMPORT (shape 2 def := @prod def shape; );
WITH (prod name := Qprod2 name;

@ISO

pdef desc := ’test product definition 2’;
propd desc := ’shape of test product 2’;
prod name := ’second test product’;
prod id = P02’ ;

pdf id = ’PDF02’ ; );

END CALL;

voidl := oriented closed shell (’voidl’ hollowl FALSE) ;
void?2 oriented closed shell (’void2’ hollow2 FALSE) ;

tetra with void := faceted brep (’tetra with void’ shell object) ||
brep with voids ([void1]) ;

tetra with voids := faceted brep (’tetra with vodds’ shell object) ||
brep with voids ([voidl .v0id2]) ;

its units := length unit() || si unit (Cmdlli’ ’metre’) ;
its context := geometric representagion context
(’context 1’ ’context for tetrahedron’ 3) ||

global unit asgigned context ( [its units] ) ;

fbsrl := faceted brep shape representation
( ’>fbsrl’ [ftetra with void] its context ) ;
fbsr2 := faceted(brep shape representation

(’fbsr2’ [tetra with voids] its context ) ;

END REALIZATION;
END| TEST<CASE;

(*
NOTE 1 All criteria for fbl except those relating to FB5 also apply
NOTE 2 Test case uses oriented_closed_shell to define voids orientation must be FALSE
NOTE 3 Context is re used with different parameters to define void shells

E323 Postprocessor verdict criteria

FB6: Complex subtype faceted_brep and brep_with _voids shall be correctly interpreted

22
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FB7: faceted_brep with more than one void correctly interpreted, void shells shall not
intersect each other, or outer

FB8: Normal to each void shell shall point into void

EB33 Test case b3

Test case fb3 is designed to test the abilities to define faces with inner loops and also to test th
use [of defaults and sense reversals The test object is in the form of a rectangular¢block with
triapgular through hole and a triangular depression in the top face All geometryyand topolog]
is dpfined in the text case

BT

E331 AIM test purposes covered
FB12: facesurface with same sense  FALSE;

FB14: face as face_surface with bounds as SET of one face_bound as face_outer_bound with
bound as poly_loop and orientation FALSE;

197}

FB15: face as face_surface with bounds as SEANof at least two face_bounds (including on
face_outer_bound) with bound as poly_loop;and orientation ~TRUE;

FB16: face as face_surface with bounds as SET of at least two face_bounds (including on
face_outer_bound) with bound as poly_loop and orientation — FALSE;

197}

FB18: surface (as elementary_surface) as plane with position as axis2_placement_3d with
axis absent;

FB20: surface (as elenientary_surface) as plane with position as axis2_placement_3d with
ref_direction absefit

EB32 Postprocessor input specification

The model is a faceted_brep_shape_representation consisting of a single faceted _brep
The faceted _brep is in the form of a rectangular block with edges parallel to the coordinat¢
axet _A'he block has a triangular through hole and a triangular depression in one face Somé

loops are created with orientation false For some faces the sense of the face_geometry is false
Default values are used for some attributes of axis2_placement_3d when creating the exchange
model A full specification is provided in the EXPRESS I definition

E3321 EXPRESS I specification: fbrep_3

*)
TEST CASE example fbrep 3; WITH faceted brep aic;

23
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@ISO

REALIZATION

LOCAL
origin px Py PpPXy PZ PpPXzZ DPyZ DpPIyz : cartesian point;
g 9X qy 9z qxz qyz : cartesian point;
r rXx ry TrzZ TIXz TIyzZ : cartesian point;
neg x neg y neg z slope pos x pos y : direction;
loopb 1loopt 1loopf 1loopbk 1loopl 1loopr : poly loop;
loopbi loopmid 1looptl 1loopt2 1loopqf : poly loop;
loopql 1loopgs 1looprb Ilooprr looprs : poly loop;
al a2 a3 ap3 ar3 apl ap2 arl ar2 : axis2 placement 3d;
ard aql aq2 aq4 : axis2 placement "3d;
pal pa2 pa3 papl pap2 pap3 paql : plane;
paq2 paq4 parl par2 par3 par4d : plane;
bottom top front back left right : face outer bound;
gfbd qlbd qsbd rbbd rrbd rsbd midbd : face outer bound;
bibd tibd t2bd : face )bound;
fs1 fs2 £s3 fspl fsp2 fsp3 fsql : face surface;
fsq2 fsq4 fsrl fsr2 fsr3 fsr4 face surface;
blockshell : closed shell ;
block : faceted brep ;
fbsr :faceted brep shape representation ;

its context : representation context ;

its units : named unit ;
END LOCAL;
(v Cartesian points on boundary: *)
ofigin := cartesian point' (’origin’ [0 O 0]) ;
pk := cartesian point ("px’ [50 0 0]) ;
Py := cartesian polnt (’py’ [0 50 0]) ;
PKy := cartesiam point (’pxy’ [0 50 0]) ;
Pg := cartesian-point (’pz’ [0 O 100]) ;
pkz := cartesian point (’pxz’ [0 0O 100]) ;
pyz := cartesian point (’pyz’ [0 50 100]) ;
Pkyz :=-eartesian point (’pxyz’ [0 0 100]) ;
q := cartesian point (’q’ [10 10 0]) ;
gx := cartesian point (’qx’ [25 10 0]1) ;
qy := cartesian point (’qy’ [10 25 0]1) ;
gz := cartesian point (’qz’ [10 10 100]) ;
gxz := cartesian point (’qxz’ [25 10 100]) ;
qyz := cartesian point (’qyz’ [10 25 100]) ;
r := cartesian point (’r’ [45 45 50]) ;
rx := cartesian point (’rx’ [35 45 50]) ;
ry := cartesian point (’ry’ [45 35 50]) ;
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rz := cartesian point (’rz’ [45 45 100]) ;
rxz := cartesian point (’rxz’ [35 45 100]) ;
ryz := cartesian point (’ryz’ [45 35 100]) ;
neg x := direction (’neg x> [ 1 0 0]) ;
Etg y := direction (’neg y’> [0 1 0I) ;
g z := direction (’neg z’ [0 O 11) ;
sflope := direction (’slope’ [1 1 0 1) ;
pbs x := direction (’pos x> [1 0 0]1) ;
pps y := direction (’pos y> [0 1 0 1)
(* | outer loops: *)
lpopb := poly loop (’loopb’ [origin px pxy pyl) ;
lpopt := poly loop (’loopt’ [origin pxz pxyz pyzl) ;
lpopf := poly loop (’loopf’ [origin px pxz pzl) ;
lpopbk := poly loop (’loopbk’ [py pxy pxyz pyzl),;
lpopl := poly loop (’loopl ’ [origin pz pyz  pyl) ;
lpopr := poly loop (’loopr ’ [px pxz pxyz .pxyl) ;
(* finner loops (triangular): *)
lpopbi := poly loop (’loopbi ’* [q qx. qyl) ;
lpopmid := poly loop (’loopmid’ [r .zx' ryl) ;
lpoptl := poly loop (’looptl’ [qz~\qxz qyzl) ;
lpopt2 := poly loop (’loopt2’ [xZz rxz ryzl) ;
(* | inside loops (rectangular); *)
lpopgqf := poly loop (’loopqf’ [q qx qxz qzl) ;
lpopgql := poly loop fAloopql’ [q qz qyz qyl) ;
lpopgs := poly loop((/Tloopgs’ [qx qxz qyz qyl) ;
lpoprb := poly loop (’looprb’ [r rx rxz rz]) ;
lpoprr := polyloop (’looprr’ [r rz ryz ryl) ;
lpoprs := poly-loop (’looprs’ [rx rxz ryz ryl) ;
(* pxis placéments {note: number determines if axis parallel to x y or z} *)

a1l :=<axis2 placement 3d (’al’ origin neg x mneg y) ;
p2 4= axis2 placement 3d (a2’ origin neg y mneg x) ;
3= axis2 placement 3d (’a3’ origin neg z ?) ;

ap3 := axis2 placement 3d (’ap3’ pz 7)o

ar3 := axis2 placement 3d (’ar3’ r 7 7) ;

apl := axis2 placement 3d (’apl’ px pos x 7) ;

ap2 := axis2 placement 3d (’ap2’ py posy 7) ;

arl := axis2 placement 3d (’arl’ r pos x 7) ;

ar2 := axis2 placement 3d (’ar2’ r posy 7) ;

ard := axis2 placement 3d (’ar4’ r slope 7?) ;

aql := axis2 placement 3d (’aql’ q pos x 7) ;

aq2 := axis2 placement 3d (’ag2’ q posy 7) ;
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aq4 := axis2 placement 3d (’ag4’ r slope 7) ;
(* plane defined for each axis placement: *)
pal := plane (’pal’ al) ;
pa2 := plane (’pa2’ a2) ;
3 := plane (’pa3’ a3) ;
pl := plane (’papl’ apl) ;
p2 := plane (’pap2’ ap2) ;
p3 := plane (’pap3’ ap3) ;
ql := plane (’paql’ aql) ;
g2 := plane (’paq2’ aq2) ;
g4 := plane (’paq4’ aqg4) ;
rl := plane (’parl’ arl) ;
r2 := plane (’par2’ ar2) ;
r3 := plane (’par3’ ar3) ;
r4 := plane (’par4’ ar4) ;
block outer bounds *)
ttom := face outer bound (’bottom’ loopb (\FALSE) ;
P = face outer bound (’top’ loopt _CTRUE) ;
ont := face outer bound (’front’ loopf  TRUE) ;
ck = face outer bound (’back’ lgopbk FALSE) ;
ft = face outer bound (’left’ ~loopl FALSE) ;
ight := face outer bound (’right? loopr TRUE) ;
inner face outer bounds (*)
bd := face outer bound (’qfbd’ loopqf  FALSE) ;
bd  := face outer beund (’qlbd’ loopql TRUE) ;
bd := face outer bound (’qsbd’ loopgqs FALSE) ;
bd  := face outer bound (’rbbd’ looprb  FALSE) ;
bd := face outer bound (’rrbd’ looprr TRUE) ;
bd := face\euter bound (’rsbd’ looprs TRUE) ;
idbd := fate-outer bound (’midbd’ loopmid TRUE) ;
innsr>bounds *)
bibd{ ¥:= face bound (’bibd’ loopbd TRUE) ;
tilbd := face bound (’tibd’ looptl FALSE) ;
t2bd := face bound (°t2bd’ loopt2 FALSE) ;
(* outer faces of block *)
fsl := face surface (°fs1’ [left] pal TRUE) ;
fs2 := face surface (’fs2’ [front] ©pa2 TRUE) ;
fs3 := face surface (°fs3’ [bottom bibd] pa3 TRUE) ;
fspl := face surface (’fspl’ [right] papl TRUE) ;
fsp2 := face surface (’fsp2’ [back] pap2 TRUE) ;
fsp3 := face surface (’fsp3’ [top tibd t2bd] pap3 TRUE) ;
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(*  inner faces
hole: *)
fsql := face surface (’fsql’ [qlbd]l paql TRUE) ;
fsq2 := face surface (’fsq2’ [qfbd] paq2 TRUE) ;
fgq4 := face surface (’fsq4’ [qsbd] pag4 FALSE) ;
(* | depression: *)

fprl := face surface (’fsril’ [rrbd] parl FALSE) ;
fpr2 := face surface (’fsr2’ [rbbd] par2 FALSE) ;
fpr3 := face surface (’fsr3’ [midbd] par3 TRUE) ;
fgr4 := face surface (’fsr4’ [rsbd] par4 TRUE) ;

blockshell := closed shell (’blockshell’ [fs1 fs2 £s3 fspl " fsp2 £sp3
fsql fsq2 fsq4 fsrl fsr2CLesr3 fsrd]) ;

blokk := faceted brep (’block’ Dblockshell) ;

its units := length unit() || si unit (Cmdlli’ ’metre’) ;
its context := geometric representagion context
(’its context’ *context for block’ 3) ||

global unit asgigned context ( [its units] ) ;

fbsr := faceted brep (shape representation
(’fbsr’ [block] ~its context ) ;

END REALIZATION;
END| TEST CASE;

(*
NOTE=A" Inner loops are used to define holes and depressions
NOTE 2 Sense reversal of loops and surface geometry is tested
NOTE 3 Defaults used in defining axis2_placement_3d
E333 Postprocessor verdict criteria

FB12: face_surface with orientation FALSE shall be correctly processed, the closed_shell
defined shall have all face normals pointing out of solid material
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