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A Rapid Prototyping Data Model for ISO 14649

Kim, L. B.* and Jce, H. S.**

ABSTRACT

The primary goal of the study is to provide a newly refined data model, an information exchange
foundation of modeling operation for rapid prototyping, as onc among non-milling STEP-NC modules.
The previous data model has been first modified and refined by reflecting specific user requirements.
Second, subsidiary information such as fabrication history as well as (raditional process information has
been introduced into the newly refined model in order to consolidate the model functionality. In short,
the main contribution of the study is to provide a foundation where a newly refined data model is uti-
lized easily and cenveniently for practical rapid prototyping fabrication within the newly constructed

STEP-NC environment.
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3.2.1 sub_part geo designed
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REFERENCE FROM geometry_schema
(* ISO 1030342 %)
manifold_solid_brep);
LENTITY sub_part_geo_designed
SUPERTYPE OF (ONEOF
{part_mass_property, part_featurc})
SUBTYPE OF{sub_part_id),
its_geo: mamfold_solid_brep;
[END_ENTITY;

Fig. 10. sub_part_geo_design entity$] EXPRESSE 3.

Fig. 112] part mass_property entityx= 414 37}2)
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[REFERENCE FROM gecmetry_schema (* ISO 10303-42 *)
cartesian_point);
REFERENCE FROM representation_schema

(*1SO 10303-41%)
volume_measure_with_unit).

SUPERTYPE OF (ONEOF (part_space))

part_vol:

volume_measure_with_unit;

mass_center: cartesian_point;
LND_ENTITY;

[ENTITY part_space
SUBTY PE OF(part_mass_propcrly);

part_space_ptl: cagtesian_point;
part_space_pt2: cartesian_point;
END_ENTITY,

Fig. 11. part_mass_property entity 2] EXPRESS T &,
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EFERENCE FROM measure_schema (* 1SO 10303-42 %)

{length_measure_with_unit),

ENTITY part_feature
SUBTYPE OF(sub_part_geo_design).
feature_size_pos_min’
length_measure_with_unil;
featurc_size_neg_min:
length_measure_with_upit;

ratio_width_height_pos_min: REAL;
ratio_widlb_hcight_neg_min: REAL,
radivs_curvature_round_min: REAL;

[END_ENTITY;

Fig. 13. part_feature entity2] EXPRESS &,

ly,
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radius..curvature
—round_min

Fig. 14. (a) feature_size pos_min, (b) feature size neg
_min, (c) ratio_width_height pos_min, (d) ratio_
width_height_neg_min.
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3.2.2 sub_part_non_geo_designd
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REFCRENCE FROM measure_scheima  (* 1SO 14649-47%)
( mcasure_with_unit );
[REFERENCE FROM machining_schema (* [SO 14649-10%)
i property_parameter);
ENTITY sub_part_non_geo_designd
SUPERTYPE OF (ONLOJ {tolerance_value, post_process,
material, color))
SUBTYPE OF(sub_part_id),

roughaess_max:

property_paraigeter,
END _ENTITY,

Fig. 15. sub_part_non_geo_design entity2] EXPRESS £4.

[ENTITY tolerance_value

SUBTYPE OF(sub_par(_non_geo_designd};
lower_bound : measure_with_unit;
uppes_bound @ measure_with_unit;

WHERE
WR|: upper_bound.value_component >
lower_bound.value_component;
WR2: upper_bound.unit_componcat =
lower_bound.unit_component,
END_ENTITY;

roughness_max

=

| | lower_bound

upper_bound

L‘
,l

(a) roughness_max (b) tolerance_value

Fig. 17. roughness_max ‘2 tolerance_value entity?] 7l 5e.

Fig. 18°) 7128 post_processoll gt A0 =
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i v AR o7 ZHARESY] AL 7§
317) 918 7hstol th(Fig. 19).

IENTITY post_process
SUBTYPE OF(sub_part_non_geo_designd):
post_process_identifier:  LIST [2:2) OF STRING:
END_ENTITY,

Fig. 18. post_process entity®] EXPRESS X &.

CNTITY material
SUBTYPE OF(sub_part_non_geo_designd).
property_parameter: LIST [2:7) OF STRING;
END_ENTITY;

Fig. 19. material entity®] EXPRESS E#.

Fig. 2001 = ¥ se0] Mol tigt Fo)F 71&
a2 el A48 A7) A3 color entity= #
FEl AHE s 9]l 8 4! RGBXEE
AAS AT, o= 24bit WA A ZH 256X 256
X256 =29=16,777.216 ZF2| A4} =to| 7538}
o RED, GREEN, BLUE Aj7t«] AAtel a3l
A4S INTEGER E}R9] LIST(3:312% 73 who}
ratio®2 3 Zo|tKFig. 34). 21712 z}zke] Ao
#dEh= INTEGER 3He gol4b 2550]38le] =4S

ENTITY color

SUBTYPE OF(sub_part_non_geo_design);
ratio: LIST [3:3] OF INTEGER:
[WIIURE

WR1 ; (0<=ratio[ 1}) AND (ratio| 1 |<=255);
WR2 ; (0<=ralio[2}} AND (ratio[2]<=255);
WR3 : (O<=ratio[3]) AND (ratio3]<=255);

END ENTITY,

Fig. 16. tolerance_vatue cntity 2] EXPRESS & 3§,
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3.2.3 sub_part_process_history

Fig. 219 7]=9 sub_part process historys RP
2370 G 712 Foll A RP 2] FHMS
A8 A3 entitylt}. sub_part_process_history
T AREAS] A4 % R (person_and_organization),
A7} F428) AZHprocess_time), RP 2hij2) 5
(machine_type), =F0)&-2 A2 °] 7 (cost), £F
32 2] RE FH(part_layouty?t 2H-e M- cniity
& 7450 .

CNTITY sab_part_process_history
SUPERTYPE OF (ONEOF (process_time, cost, part_layout,
part_sliced_geo, person_and_organization})
SUBTYPE OF(sub_part_id);
END_ENTITY,

Fig, 21. sub_pari_process_history entity?] EXPRESS

Fig. 229 7|¥€ person_and_organization entity'=
28407 e olg3 HAAEE FHs| 9ol
1SO 10303-419] support_resource schema 7]RFQ 5
) =it

NTITY person_and_organization
SUBTYPE OF(sub_part_process_history);

the_person persoi,
he_organization : organization;
D ENTITY;

Fig. 22, person_and_organization entity2) EXPRESS £33,

Fig. 239l 428 process time2 ZF Yol 429
e AR F4eel L8 Fe §4AE 77t
et glow FA o] AapEle A7 ks A)
& IS0 10303-49) support_resource_schema®]
Y entity$] date_and time HEE L 7|utog Ao
aaich.

ENTITY process_time
SUBTYPE OF(sub_part_process_history):
build_time_start: date_and_time:
build_time_end: date_and_time;
post_process_time_star:  date_and_time;
post_process_time_end. date_and_time:
[END_ENTITY;

Fig. 23. process time entity®] EXPRESS & 3.

Fig. 242 machine_type thst FHE 7)&8l2 Q)
=H| o|= t}kst RP A9 F7E ol IHY
T UEZ LIST[2:?] BF) o2 A 2|31t

ENTTIY machine
SUBTYPE Ol(sub_part_proccss_history),
machine_type:  LIST [2:7) OF STRING:
[END ENTTIY,

Fig. 24. machine entity 2] EXPRESS #3,

Fig. 255 RP 232191 2] 8-9718)92} materiate) 7}
Aol efF BEE 428tz e o)e 180 10303-
41%] support_resource schema®] named unnit 33
2 7o & Sle] Aelx)ed}

ENTITY cosl
SUBTYPE OF(sub_part_process_bistory);
build_cost: named_unnit;
material_cost: named_unnit;
HND_ENTITY,

Fig. 25. cost entity©| EXPRESS % 3.
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REFERENCE ¥ROM measure_schema
{length_mcasure_with_unit),

ENTITY part_layout
SUPERTYPE OF (ONEOF ( part_id)}
SUBTYPE OF(sub_part_process_history):
work_space_Ix:  lenglh_measure_with_unit;
work_space_ly:  length_measure_with_unit;
work_space_lz:  length_mcasure_with_unit:
num_duplication; INTEGER,;

END_ENTITY;

Fig. 26. part_layout entity®] EXPRESS &3,

(a): work_space_Ix
(b): work_space_ly
(c): work_space Iz

Fig. 27. part_layout entity¢] 7' &
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o|s g4 digh 2Pl HAl 0)§2 =¥
e Z7)19) A S48 &g 4ok
scale_factorss A4 82 real, BC2] A F
Wellxlet 2+ zPupEe] A 1SO 10303-42 l
geometry_schema®l] 21’8 cartesian_pointE -2
22 HFEQ Z2PUFE vectorz ISO 10303-4221
geometric_model_schemaoll U vectorS 7|WIe 2
Aeoldc), &3 7} stE0) 5% support structures
FHS= geo_supports ISO 10303-42¢} peometry
schema®ll 2= manifold_solid_brep?] &L 7|¥te
2 Qe

ENTITY pan_id
SUBTYPE OF(part_layout),
scale_factor: REAL;
location: cartesian_point;
arientation: VECTOR;
gEO_support: manifold_solid_brep:
[END_ENTITY;

Fig. 28. part_id entity 2] EXPRESSX @,

REFERENCE FROM genmelry_schema ( bounded_curve )
ENTITY layer_id
SUPLRTYPE QOF (ONEOF (
layer_parameter))
SUBTYPFE OF(
contour_edge:

part_sliced_geo):
bounded_curve,

[END _ENTITY;

Fig. 29. layer id entity2] EXPRESS E 8.

Fig. 30. example pant2] slice 3ol 0] A].
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AR BFE F FA ol ‘real_thickness' = A @
v}, 39 thickness layers® uni_or_adapr’t ‘00|
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thickness= A% ol Aot E¥uni_or_multi
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REFERENCE FROM support_resource_schema
{ fill arca_style )
ENTITY layer_paramcter
SURTYPE OF(layer_id);
uni_or_adapt: INTEGER;
uni_thickness: REAL:
thickness_layer: REAL;
uni_or_multi_orient: INTEGER;
uni_orient: VECTOR;
orient_layer: VECTOR;
layer_fill_pattern: [ll_arca_style;
END_ENTITY:

Fig. 31. layer_patameter entity®] EXPRESS ¥ 3.

= Sr2) A9} TEE FUNCTIONS Fig. 3290
7l e, 2 e % o} ¥ layer fill_pattemn
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402 Ao)el BYSEE & F Aet) ofx 10303-42
} geometry_schema©ll 2] =] 1= faceted brep
& 7igte g sl #HE9 STL 47 meshvll o] €]
sub _part_non geo_design®ll X G2l 8l colordRE &
7k} geldot. Fig. 349 (a9} (bye sub _part_
locally_controlled®} 7032 £ A8 Ao},

FUNCTION uni_thickness - BOOLEAN:
CASE uni_or_adapt OF
0 ; uni_thickness:=NULL ;
1 : uni_thickness:=real_thickness,
END_CASE;
END_FUNCTION;
FUNCTION thickness_layer : BOOLEAN;
CASE uni_or_adapt OF
0 : thickness_layer:=real_thickness ;
I < thickness_laycer:=uni_thickness,
END_CASE,
EEND_FUNCTION:
EFUNCTION uni_orieat : BOOLEAN,
CASE uni_or_multi_orient OF
0 : uni_orient:=NULL ;
1 : uni_orient:=VECTOR,
END_CASE;
END_FUNCTION:
FUNCTION orient_layer : BOOLEAN;
CASE uni_or_multi_oricnt OF
0 ; urient_layer.=VECTOR
| : orient_layer:=uni_orient;
END_CASE;

END FUNCTION:

Fig. 32. layer_paramcter entity?] 485l FUNCTION®]
EXPRESS H ¥,

EFERENCFE FROM geometry_schema( faceted_brep):
NTITY sub_part_locally_controlled
SUPERTYPL OF ¢ONEOF (part_facel_id))
SUBTYPE OF(sub_part_id).
END_ENTITY;

ENTITY pasi_facet_id
SUBTYPE OF{sub_part_locatly_controlled);

facet_geo: faceted_brep,
color; color;
- [END_ENTITY,

Fig. 33. sub_part_locally_controlled entity®) EXPRESS
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