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ABSTRACT

One of the biggest problems of rapid prototyping(RP) technologies lies in their standard file format
for CAD data exchange. Current methods using the de facto industry standard 'STL' have at times
resulted in problems such as accuracy, redundancy, and integrity. In this paper we propose a STEP based
data exchange framework for rapid prototyping systems. In this paradigm of data exchange, STEP mod-
els can be imported and converted into faceted B-rep. solid models for visualization and 2-D layer data
for RP. Also an STL medel, on the other hand, can be converted into a faceted B-rep. STEP mode] and
exported as a new data exchange model with RP information,
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Fig. 1. CAD/RP interface using AP_for_RP.
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3.1 Manifold_solid_brep_with_rp entity
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ENTITY manifold_solid_brep_with_p = _‘H 3"1@“ 1 “?ﬂai’“_ ];H'H 73_'?"“"
SUBTYPE OF (solid_model); manlfold_solld_brep _Wll'h_l'p enu[y—-l global_demgn"a]
id : OPTIONAL INTEGER; RE Aoitol AHY, supports B2 shelle)
global_design : OPTIONAL design_inf; support structuregl#] o512 I JH-F Ay}, o
sh_e]ls t SET [1:?) OF 'm_clos?d_sl}eUs; ‘ 2 €4 RP X% RAH|2] dFq) SLAS A% liquid
sliced : OPTIONAL sliced_solid_with_rp; e AT 28 2) } 885
WHE: & = 0 °o}F $1% support 5-2 boolean HFE o3t}
WH2: fill_design_inf(global_design, shells):
END_ENTITY: ENTITY rp_closed_shells
SUBTYPE OF {connected_face_set);
FUNCTION fill_design_inf faces : SET [1:?] OF closed_shell:
local_design : OPTIONAL design_inf.
( global_design_inf : design_inf, support : BOOLEAN;
shells : SET OF rp_closed_shells) : BOOLEAN; END_ENTITY:
IF EXISTS(global_design_inf} THEN
IF SIZEOF(shells) > ¢ THEN REPEAT i = 1 TO 3.2 sliced_solid_with_rp entity
HINDEX(shells) BY L o) Aok Fol2l U= HHye 24U st
IF(NOT(EXISTS(shalls local_design_inf))) THEN =
shells.docal_design_inf '= global_design_inf: z_}ﬁ -‘F' "H’S‘ﬂ iﬂg > ‘:‘l—t& ;ﬂiﬂ }‘Bg 7‘5‘_‘1%
END_IF: A AqAE17] $3E entityE-E THE. o) entityS
END_REPEAT: FAER FE FolAM global_layer_spece- 3 ¥
END_IF.
END_IF;
E?g”““éﬁgg; ENTITY sliced_solid_with_rp
-FUN ' SUBTYPE OF (solid_model:

Process . process_spec,
oA FARNEE Ssich =2 29 entiyd] color_ i o e
table entity:= 44 el RGBYAHLZ A9 parts: LISt ¥ )

WHERE
Listel] &2 22 o4 3| 3 .
5]0] 18 l = ]-Z:] w4 "7.“ }93‘:} WHI1: fill_rpdatalglobal_layer_spec, parts):
END_ENTITY;
ENTITY design_inf:
surface_finish : OPTIONAL REAL,; FUNCTION fil a
matesial 1 OPTIONAL STRING;
{ global_layer_spec © layer_spec:
color : OPTIONAL color_table: . ) )
END_ENTITY: parts : SET OF sliced_part) : BOOLEAN;
iF SIZEOF(parts) > ¢ THEN REPEAT i =1 TO
ENTITY color_table: HINDEX(parts) BY 1,
ratio ¢ List(3:3] OF INTEGER; IFINOT(EXISTS(parts.local_layer_spec))) THEN
WHERE parts.local_layer_spec '= global_layer_spec:
WRI1{0 <= ratio{1]) AND (ratio[1] <=255); END_IF:
WR2{C <= ratic{2]) AND (ratio{2] <=255) IF SIZEOF(partsiayers) > 0 THEN REPEAT i =1
WR3{0 <= ratio{3]) AND (ratio{3] <=256); TO HINDEX!(parts.layers) BY 1;
END_ENTITY; IF(NOT{(EXISTS{parts.layers.lacal_layer_spec)))
THEN parts.layers.local_layer_spec = partslocal_layer_spec:
3.1.2 rp_closed shells END_IF;
. END_REPEAT:
rp_closed_shells entityoll A1 shell& 74 3h= = END [F-
Bl faceE?} 2 o|9fe] FH-AH HA PRE A END_REPEAT;
o &}, facest SET [1:?] OF closed_shellZ #¥ END_IF;
st B 23 Yoo & o RETURN(TRUE)
bl TU3 23 YEo =38t 2% closed_shellol END_FUNCTION:

2ed A AR 425 2] sl local_design

FCAD,/CAMEE] =84 A6 12 20014 3¢



52 ol A

false-loop 4 & true-scan{bid)J B

Fig, 3. Expression of 2-D contour using loop(left} and bid
scan(right).
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3.2.1 Process spec.

process_spec entitysll A= AF&8 RP #p[e] FA
E4E Aogicl, o] AAEA Mesid, 9
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ENTITY process_spec:
max_layer_thickness : REAL;
min_layer_thickness | REAL:
scan_width_change : width_ability;
max_scan_width : OPTIONAL width_max;
min_scan_width : OPTIONAL width_min:
matetial_change : BOOLEAN;
color_change : BOOLEAN;
max_volume : OPTIONAL REAL:
part_number : OPTIONAL INTEGER:
estimate_time : OPTIONAL local_time;
production_time : OPTIONAL local_time;
origin : OPTIONAL origins:

DERIVE
ok : BOOLEAN :=
check_scan_width_change{scan_width_change,
max_scan_width, min_scan_width);
WHERE
WHI: ok:
END_ENTITY:

FCAD /CAME S =F4 A6 A1 20019 3¥

232, scan_width_change?} true| & 7}A]74)
Hd 1 oscan F2o] 3HAE A Folof sh=d],
scan 52 Mo ko) HA S Aol A& A
E= W7 max_scan_width®t min_scan_width?]
o}, old scan_width_change, max_scan_width, min_
scan_width®] & #X <41¢] DERIVES} local
ruleq] WHEREE ©|§3}ed Rol3leic}. = 43
9l ok¥ check_scan_width_change( ) §4ollA (3}
3 Function®=) 24 3kel=, scan_width_change
7F wue?) ZtE 7FAA HW max_scan_widthe}
min_scan_width?} ¥}5A] EA) 8o} L she}.

o] 4ol & material_changedll e 23 =q] Fo
A2 W7ol 75 }AY %5 283 color_
changel= 33 2] ol HAe] wislrt 75 3|
9] o R-F g}, el RPN -$o EEA
<+ ¥o7] A% HpE= PSR ed AA max_
volumedl e At 7Fsdt 2o F3L. part_number
oAE R HESh}e 9A3H £95)) 5,
estimate_timeol] A3 o] 23] ATZ7RE, Z28l3E produc-
ton_timedi| A= AlA) 23 Az Aejslgdct. o] F
28l =3 A7 delE] #ol2o) FEHW o|F
vl | &sler ol4d 4 Jdok AZES Jelie
=2l Jocal_time entity: AP203elM A 2% 4
<+ AMg-skdT

&3} origindll A= A A< RS £8)E ¥
4 ABR7} STLE 2= gl WAE eldld §
A Aee] f1Eo] H5FE] STEP AP20322 A<
d AR, £2 STLE Aod P48 wag 2l
A& AYI}=F 3ldck. & process_spec} sliced
solid_with_rp& B3 S- A 2)3} conwrol_rpdata_ material
A ruledA FeE = HE 2 FE AR
73], process_spec entity2] material change?] Zkol
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3.2.2 layer_spec.
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HIINDEX (sliced_solid_with_rp.parts) BY 1;
IF((NOT ability) AND
{sliced_solid_with_rp.parts.local_layer_spec.
material <>sliced_solid_with_tp.
global_layer_spec.material)) THEN ok = FALSE:
END_IF:
IF SIZEOF({sliced_solid_with_rp.parts.lavers} > 0
THEN REPEAT i := 1 TO
HIINDEX (sliced_solid_with_rp.parts.layres) BY 1.
IF{(NOT ability) AND
(sliced_solid_with_rp.parts.layres.local_layer_spec.
material <>sliced_solid_with_rp.parts.
local_layer_spec.material)) THEN ok = FALSE:
END_IF:
END_REPEAT:

END_IF;

END_REPEAT;
END_IF;

WHERE

WHI: ok;

END_RULE:

TYPE origins = ENUMERATION OF (STL, AP203);
END_TYPE:

FUNCTION check_scan_width_change
{ checkl : width_ability:
check2 : width_max;
check3 : width_min ) : BOOLEAN:
IF((checkl} AND EXISTS(check?) AND
EXISTS{check3)) THEN RETURN (TRUE)
END_IF;
IF NOT (checkt) THEN RETURN (TRUE);
END_JIF:
RETURN (FALSE);
END_FUNCTION:

TYPE width_ability = BOOLEAN;

END_TYPE:
TYPE width_max = REAL:
END_TYFE;
TYPE width_min = REAL:
END_TYPE:
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3.2.3 sliced_part

sliced_part entitys FHE HALS FAF= 231y
GHES] APA2HN, 224 e J)shEry g4
BE2} o] T Fof] FAL FHAQY 23 YR A

ENTITY layer_spec:
thickness : REAL:
width : OPTIONAL REAL:
material ! OPTIONAL STRING:
color : OPTIONAL color, table;
END_ENTITY:
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ENTITY sliced_part;
name: STRING:
local_layer_spec : OPTIONAL layer_spec:
layers: List{1:?] OF layer_type:
DERIVE
total_layer: INTEGER ‘= SIZEOF{layers).
END_ENTITY:
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TYPE layer_type = SELECT
(layer_loop,

layer_scan);
END_TYPE:

ENTITY layer_ loop
SUBTYPE OF (edge_loop):
layer_num: INTEGER:
local_layer_spec @ OPTIONAL layer_spec:
layer_bound : face_bound.
support © BOOLEAN:
WHERE
WHI: layer_num >= 0;
END_ENTITY:

ENTITY layer_scan;
layer num: INTEGER;
local_layer_spec : OPTIONAL layer_spec:
segments: List(1:?] OF segment_spec;

support: BOOLEAN;,
DERIVE

totat,segment: INTEGER := SIZEOF({segments);
WHERE

WHI: layer num >= O;
END_ENTITY:

ENTITY segment_spec;
segment_num: INTEGER!
local_layer_spec : OPTIONAL layer_spec:
position: Cartesian, Point;
dimension: List(2:2) OF REAL:
WHERE
WHI: segment_num >= 0;
END_ENTITY:
Manifold

m Translation Scale
L m Rotate  Copy
Half Edge
Solid Solid * cu
ice ]
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Visualize i

Fig. 5. System configuration of developed program.
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Fig, 6. System environment of developed program,

4.1 STEP 3 214 9 Visualization
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4.2 STEP FILE Editing

Aol 2}sle] YAE CAD 3% AWI} STEP
Hd2 A8 o] RP ¥ AHH7l 5710 R332 o2
AR ApY AYakajelA] dubE oz ADE7]Bohe, o
7S A Al oE ARt YAt} 2
3}y 3 o] A (editingyd 5 AUTHH & 7]
2le] ek 4A 2 23 AR Fehe] 715 o
2 29 HHe 23 g 2L A3 S8k
3JAF SpES] AP A) 2tejst 3k A Y] 7%
olof #{d3Ict, olel uwiz} B =3¢ STEP file
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4.3 STL to STEP conversion

A2 RP JH M dubHez F85E STLE ¢
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STL ASCII 2008 23R F748H Hed o|&
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4.4 STEP Slicing
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4.5 Virtnal prototyping

23 P} 23] F i HRIF YAEA o) 5
vt Ak adgA 715 HE 28 e
Aol b= Fle] 28 HES YT Mg g
T et ol 1% ol YL A =Y
UDE o A4EH F o FARLS AAA R sjof
A4 QR =28 AR A Aol 7Hestes FA
3l z3§o) 7153l

5. M =2 O8] WY of

B AoME 74d WA Z2a8e o4l
CAD #Hd¢ AMesh= A4S dg3lual g, =l
A} Fig. 72 fansielgls AlY A 7S parta?
o2 sy gl #HYL BoFc} Fig 8 STEP
E2] 7 F anclOlstep olehi= A1 A A4 &
71E0R 28 HYE Y= AH L HAF e,
olwf 12| & sltel 9l stice dialog baxell Al

FZCAD,/CAMELS] =73 A ¢ A 1.5 20019 3¢



56 o xJaiAd

Fig. 8. Process of importing RP information,

3 AP E (el STEP €% I = =g,
Fig. 9% ©olA% 238 A Wsel 7o] A2y STEP ¥

150~10303-21:

HEADER:

FILE_SCHEMA (('AP_4_RP')):

ENDSEC:

DATA:

¥IO=MARIFOLD_SOL ID_BREP_¥ITH_RP(' ' ,0,#12,#11,#1921);
#11=RP_CLOSED_SHELLS($,$,{#701) .§, 'FALSE"):

#12=DESIGN_INF(G.01,#133:
#13=COLOR_TABLE((255.,0.,0,)):

#701=CLOSED_SHELL( ', (#679, ...)}:

#1921=SL [CED_SOCID_WITHRP(" ', #1922, #1923, (#1924) )

#1922=PROCESS_SPEC(0.1,0.001, 'FALSE' ,§,8, 'FALSE', 'FAL
S£'.$,1,8.5.5);

#1923=LAYER_SPEC(0.01,$, ‘Laminated’ ,#13);

#1924=SL [CED_PART(" ' ,§, (#1925, ...)):

#1925=LAYER_LOCOP(0, §, #2465, 'FALSE' )

#2465=FACE_BOUND{ '* #2357, .T. );
ENDSEC:
END-150-10303-21;

Fig. 9. A STEP phystical file based on AP_4 _RP.
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Fig. 10. An example of edited anc101 step parts.
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Fig. 13. An example of edited Jower_carriage.step parts &
anc 10} step pans.
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e

Fig. 11. An example of edited anc10{ step parts.

Fig. 14. A virtual prototyping image of ancl01.step part.
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