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Abstract

This research proposes an Integrated Product Information Model (IPIM] using STEP
[STandard for the Exchange of Product model data) for Computer Integrated
Manufacturing {CIM) or Concurrent Engineering {CE). IPIM is based on Geometry and
Topology (STEP Part 42), Form Feoture (STEP Part 48), and Tolerance |STEP Part 48)
for representing the integroted information of mechanical parts. For the IPIM, 1} new
enfifies ore developed feor integration of exisfing entities, and 2} the existing entities
are restruciured ond modified for a special application protocol. In ClM or CE, the
advantages of using IPIM having integrated form of geometry, feature ond tolerance
are 1) integration of product design, process design and manufaciuring sequentially or
concurrently. 2) keep the product data consistency, modified by different domain, and
3) automatic data exchange between different applicafion software and different
hardware. The profotype system is composed of CAD, Data Probe, DBMS ond SDAI
(Standard Data Access Interfoce), and the generated STEP dato is stored in a STEP
file or DBMS Ffor other applications.
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56 =

{(a) Boss

= forw_feature_model {

ff_elements --> { @s2, @53 );

ff_rep --» @ffrl;

ff --» @protrusionl; ;
= form_feature_model |

ff_elements --> | @s4, @s5, @s6 };

ff_rep --> @ffr2;

ff --> Bpassagel };
shape_asspect_for_part |

rep_item --> @f2; }:
shape_aspect_for_part |

rep_item --> @f3; };
shape_aspect_for_part |

rep_item --> @f4: }:
shape_aspect_for_part |

rep_item --> @f5: }:
shape_aspect_for_part |

rep_item --> @65 |3

protrusionl = protrusion |

ff_type --» ‘Boss’;

SUBOF additive_volume_feature; };

passagel = passage |

ff_type --» *Slot”;

w

Ll

(b) Slot

SUBOR
subtractive_volume_feature; }:
ffrl = constant_profile_linear_sweep |
sweep_sense --> ADDITIVE;
profile -~ @circle_profilel;
location --> @P1;
length --> Blengthl;
direction --» PLUS;
SUBOR linear_sweep; |;
ffr2 = constant_profile_linear_sweep {
sweep_sense --> SUBTRACTIVE;
profile --> @rectangle_profilel;
location --» @P2;
length --> Blength?;
direction --» MINUS;
SUBOF linear_sweep: |:
circle_profilel = cirele_profile {
diameter --> @ff_rep_length_parameterl;
SUBOF sweep_profile: |
rectangle_profilel = rectangle profile |
length --» @ff_rep_length_parameter2;
width --> 8ff_rep_length_parameter3;
SUBOF sweep profile; |;

(c) Bxpress-1§ o-§% qrvlxrel Y

I3 6 7|A

2| boss 2 slot
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AEEE dEEE 2 O £A4F Afole] o
W42 EXPRESS-GE E#E 3lolu). Plus_
minus_tolerancets F X = 2|49 L2 3f
wolE AYshe BRI, I8 A A
42 JEh]E toleranced _dimension® &
22 B8 e ranged: £A40Z2 %2
=} B3 £A4 range® U3+ plus_minus
_tolerancer> 1% 79 TAH uig} o] ¢
£o F 74 WEeg 7|eE 4 Utk

1) ) LX< upper_bound®}t HA ¥
£3]9] lower_boundd)] 2% 7]&

2) limits®} fitso] &3k 7] (A E S0, hole
ol t shaftel] H-8-9)

Geometric_tolerancer= 713HE AFHY
o AR B4 B A8 WAE
Befske FAH, HE TS HERE oo
_shape_aspect, 5298 (tolerance zone )2 73 A
£ JJehllE zone—elements, 2} 27E
Vel s magnimde, 8132 IR BIUE
VB meS S $408 20k E gomn
_toletance™ TR 22 F FF2 subtype
S 7HAY olEE FalA vgt FAES
BT + oAk

1} geometric_tolerance_ with_datum_refer-
ence: S} 0)Ake] darum S FEST)E PAE
(symmetry), ESHFAF (runout), HAK
(perpendiculatity ), B3 = (parallelism), &3
% (concentricity), ZAAFE (angularity), ¥
X {position) 5o] of7]e &3t

2) geometric_tolerance_with_defined _unit:
51423 ¥ E vebd o @9 Zo (it
length )} &) T3 (square unit area)ol] o 3}
& Aelgtt TLE (straightness), 8%
{profile), BT (flatness), YFE (cylindri-

city), AYE (circularity) Fo] 7] 3t
.
28 8.a9] bossol HE plus—minus—
tolerances 1P 79 A2 U S o] &3l &
3t 19 8.9 Erh
Manifold_solid_brep2] face® tolerance”}
B2 & UAES 37 Aad Lold A
H shape_aspect_for_parts o]-&@} ¢ o
o} 4] Q& plus_minus_tokemance ) £41¢) toleranced
_dimension®l] ]3] AxP oz ZH Y
AR E d™3te 9L ok 29 8b
9] parallelism FXR= MEIE} geometric_tolerance
_with_datum_ reference® ©]23}d )&
Zol Hejdr}
pt2 = geometric_tolerance with_datum _
reference {
name --, ‘parallelism’;
datum_system -- { @drl }3
toleranced _shape_aspect --) @sb:
zone_clements --» { @tzel, @rzeZ }:
magnitude --» 0.01; }:
dr]l = datum_reference {
referenced _datum --» @dl:
precedence --) 1% }3
dl = dawum {
relating_ shape_aspect ->{ @sd 15 ¥
tzel = tolerance_zone_element {
relating_shape_aspect --) @s8; };
tze2 = tolerance_zone_element {

relating _shape_aspect ~-) @s9 }:

sd = shape_aspect_for_patt {
rep_item --) @4 };
s6 = shape_aspect_for_part {

tep_item --) @f5; };
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I tolerance

magnitude | measure_
— O with_umit
- zone_elements SBT[1:7]
s hame .
name plus_minus_ geometric_ | toleranced_ 3
tolerance () telerance shape_aspect
tolerslm.ce_fone_ L
toleranced_ al elemen
demension L range | I
‘ dimensional _ tolerance %etl:metric_ %e?netric_ I l
size definiti olerance_ clerance
tpition with_datum_ with_defined runout projected
dim_size reference wnit zone_ zone_ —
= element element
tolerance_range ‘ limjits_and_fits angle projected_
measure_ length
upper_bound | | lower_bound da ;g%ﬁ?g ]tem with_unit

‘ measure_with_unit }

‘ measure_with umit

datum_reference

referenced
tim

| precedence

INTBGER

relatmg__shape
aspect SBT[1:9]

—

applies_to

shape aspect_for_part B

projection_end

relating_shape_aspect

Tl 7. Shape toleranceS LIEHN= HERWo EXPRESS-G EH

s§ = shape_aspect_for_part {
rep_item --) @f8; };
s9 = shape_aspect_for_part {
rep_item --) @f9; }:

8 AlxH B¢ =gl 124

8.1 TREERS| =

2 @7d FHE Z2EdYe £
o|g} ¢lE{# o]~ {SDAL Standard Data Ac-
cess Interface) [21]8 F4 o2 FARS 3
o (28 9 &) 3F dloJet dEHL
= o8 =g gy dojguel A By HY
AxEg Adste 7igs FETH £ £

ZEEROIAE I-DEASE o83t HAH
717 B2E @3 P4 BRI IGES 3
22 ZZ3o] STEP 319 [22] T dlo
eho] 2 Al A%l (ORACLE)) AHL ¥
AR FAL do]elz NIST (National
Institate of Standards and Technology, USA}
of A} 7Aetet Data ProbeE F74 3} 7fLtsh
Graphic Data ProbeE F3}¢] HAA R 2
7b€ch, o|2A STEP slo|ut so]etelo]
2 N 2zgo] A%3E AF FRE EE ol
e QeI H o] 28 il g & TR
A (o EE 0], CAD, CAM, CAE, CAPP, MRP
A8 F)e] o] 5 Utk

Iy 9ol BAE Aj2E B ZREEY
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20+ 01

e

(@) Bossell Jel® plus_minus_tolerance Fx}

.o,
—

(o) Slotol )W parallelism %

ptl = plus_minus_tolerance f{
toleranced_ciimensicn --> @tdl;
range --> @ trl; };

tdl = dimensional_size {
applies_to --> @s2:
name --> ’diameter’ ;
dim_size -~> 205 }:

trl = toleranced_range {
upper_bound --> 0. 1;
lower _bound --> -0.1; };

52 = shape_aspect_for_part |
rep_item --> @f2; ]:

(c) Express-1Z o] &% Txie] B2F

a2 8 HASHY 37

o] FzoA AHeZ HFAE CAD, CAE,
CAM, CAPP, 18] MRP A|&5]& A =
LEERI £gE o oA FAT FFE AF
HolglE T/E 5§ W A adEoltt of
83 AAHELS FU12 TgE7] f3tdE

IGES File
Procassar

, DBMS
STEP File (ORACLE)

33 9. A|l2H Ef ZREEIR9 FE

24 53 A8 2do] 33 Hojof gt} =L

ZEERIS SUN 088} X 9% AelA C

o} C++E M HUL, fedex, fedex+, Dara

Probe, SCL (STEP Class Library)% NISTOI

M oEe 22 3P S-S o] §5iT ZEE

Elyd X¥E 2 289 7o e 2
=3

1) STEP 3} T+ do|eju|o] 2 Aj2El:

Z2eelg]oiA Bl AF FR (Pro-

duct Dara)E A&As= A4z AMEH

t}. STEP 3ld& HE 219 A w0

NE TE (synax) S ©]8-3fd FAH

o2 HoletE AR TE ki) ¢

olgtdjol: Al2E 2= FHA Oracle

HA 6.0 At 2len, g2 4

g A 2gol AAGFY N E >

7t 8 & it dejepolx Al 2gS

AR oA FHeolo] A, A A

Hof, dlelel B3, B3t o] dlojeh]

o] 2 AlA"Q 715S o] §F F UTh

2} IGES File Processor: I-DEASo| A &&

¥ IGES 3¢ g4 AR 2l F
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99 Brep EHOZ MBI, BB
dolehe B2 ol QB0 28 §
skl STEP aholut dlolemolx A
2eof] H7E

3) Graphic Data Probe: AZE AF tlo]
HE slo] ¥4 Aue 1A% U2E
ol a2, AF 48 =2l EXPRESS
2 mEg ol TR AGRd
(integrity constraines )2 <1309, oo}
gE A4, 27}, B 44 et @)
e AE YR FASAH F4 A
2E ¥ sted AgED £4E °
o|El= HF wlolel qlEH oA F3t
of ThA] STEP 3}Yolu} elojebdlo] &
A 2ol ARt

4) SDAI(Siandard Data Access Interface):

R AZ N2" (fF 2o, FY,
RDB, = oonB)oﬂ 457 v =
=9 oEiHe]AE AFd. UEH

o)Ay ZE Y] @’-’-F (function) &
2 AeEy S22 25k
o] &€k

8.2 XZ 0fo[e} 2IE{Ho|AL| Ol
T tole QJEHoIAE o] f5td] iEl
g2 44 ve 2387 98 dEEHY =

olel mel-g o)&dltt mdl& B¥ STEP 3}
Aol T3E RE JEE AAF A2 FAY

o Zg JBNAE SdaiModel T2 W
7} "tk o]y 2do] ¥ BRE UL&H
2= SdaiEntity 224 ¥~ ok A
o] zzte JJEEY] PLESE UL R oF

oJxW Fel T Onded}el AEH A
213k} SdaiModel Eeh29] Wy FFEF ©

48t} SdaiModel Fdl 29 @ 5o F

Fol 715 £ 19 2o
SdaiModel & 2E 2] 1#-3 o]EEF 7

oz 2R3 Hol o]FL AHER —4611
nogic 2 Re 9] P B8 7IE @
o= 399] o1F& 7FAH Oracledl BFT
2d 0|82 AR Fojol g} & £
“westspf” e o] 89 YR RE HlolEE
gFurel g A= Asds 2

pe 3Ty} Pas

SdaiModel model;
model.ReadFromFile( “testspf™ )

Ei OrcdeE5E “test"dHE ©[F Y nd
g 2zaan @ Aydle 08 Re ¥
& 712

SdaiModel model:

mode!l ReadFromOracle  “test™ )

ol w 2de T oJELE “est"E 71

A = WAe] e AoE Name()Z

% s g g8 B “test"E “Test

Model”2 u}FIA & A2e] T3 2o
A

model Name( “Test Model” )

—_—

zd2 o] WhjEE "“Test Model"0}&} 2 ©
22 23 oz 2dET 7EHY 22 f
olgtel g 71X 1 et o]gel ¢
W Az FREC A4l @ mdd dHY
o] dAES ¥XFsIT 2n GetEnticyList
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E 1. SdaiModel A9 ity #

H gy 2|
ReadFromFile STEP 3|Z2E| HIO|EHE 2|1 SdaiEntity 2|AEE HASIC)
OIXLZ2 SUAHO|L} SdaiFile SHAE XHE 5 2oH
MHEQ M|z SdaiFile A2} ZEHEICEH
ReadFromQracie Oracle2Z2E A& 2UHE F|X|= H0EIE F&8iC),
oIxtz 24 0185 X|FEL.

olr

WriteToFile HMAE CO|EFS STEP &j2o} M2 &2{sic},
WriteToOracle HMEE H0|EFE OracleE HMESIC|
UpdataOracle Oraclel}o| HIO|EEE ZUAIBICL Oftf 2IXlZ2 Y O|EE2 XA 3HH

=2 0|29 2H0| OracleLhcl] ExfalK] %2 dP
WriteToOracle2t Z+2 Fal2 7|XICt

Remove MEE HOEE 2T AF|EiC
i GefEntityLisH FZEE SdaiEntity?] 2JAEE HIBISL],
} GetEntity HEE HIolEt2FE YRS HIOIEIE BHEEIC)
i

Ol W ¢ixl= YEIE|S] DU O[E2 XIWE + UCH 0|5L=2
X|H= HF= 2AES uviEsin)

Name, Description |2Qe| I} 0|§ o M Hoisl=ETR Oracled}d)

olE{H|o|A M 2IXIZ =EFIC}

() 5 223t €& F Urh AREAE A3 2 2] 459 ¥4 STEP gk
2017 qEE J2ERRE JEE ALE olt} Oracle® Aol 7hgdt® o] wie
25 ZAE 4 9} dEE g 2EE ol& WriteToFile(), WriteToOracle{)} T4+ o] &
# %92 9UE BUE e 20 3 9ok Onded] Z5E 2Y 0|3 7]
£ UAZ Eg3la gJon gdze] Sl

SdaiEntityListH entList = BT 92 349 o]FS AAF ok st
model. GetEntityList( ) ; olu] 22 olfe mde|} o] &AF
SdaiEntityH ent = entList-)Rewind{); Ae A28 L 7)E9 U S FolnA
while(ent3 { ™ Oracle?] A% d8|E Al Oracle
j B AEEe dg 26 dad T 2 2E o8 Rde F¥eud sk 3
2o A 9% UpdueOnace() & 018318 €t} Upda-

ent = entList- »Next(); teOtacle( )2 Oracleiell A3tz 242 7

} Aot sfgete mdo] EAEA Fe B
' v 2 2dS A5 g =2do] &
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{ part!’) ( Exeaple part’) {msbl) { [boss, slot,...1} (fptL pt2,pt3,...1)
O“t‘lar ff_elements ff ff_rep IK':'T; é?iz;ﬁggd
fesl) ((s2,53]) (protrusionl) f{eplsl) d1)
g | o
cfs_faces rep_item £f_type m ower ¢
2, £3, 4, £5, 76, 7, . Vgt bound name  dim  applies
(HfLf fs K ) {f2) { Boss') (0.) (0.1 (DIA')  size prli
{20} {s1)
hounds
b, £b2) L
rep_iten
(f2)
bound orientation [ T
(eil) {TRUE) sweep profile lacation length direction
sense  {cirele_ 3N {lengthl) (PLUS)
Q, {4DD) profilel]
edge_list
[ [eel, oel, oel, oed] }
diameter
adge orientation (ff_rep_
alement {TRUB) length_
(ecl) parameterl)
; T 1 1
@] 0 8] 0
ad:e edge edge same
start  end geometry sense
vl {v2) {linel) {TRUE}
A Py
vertesx dir
geometry q;l) {(vectorl}
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E 2. STEP 3iQl2 &l HE g

TEP_WORKING _SESSIONHEADER;

FILE_DESGRIPTION(S.$);

FILE_NAME($'1995-04-02 19:24:55'$,$.3.5.%);

FILE_SCHEMA($);

ENDSEC:

DATA;

41=PART('partt’, ‘Example part %2,(£3 44),(#5.16);

#42=MANIFOLD_SCLID_BREP{#7};

43=FORM_FEATURE _MODEL({ £33, #34), 32,4 35);

%4=FORM_FEATURE .MODEL({ 337, 38, #39), 4 36, 1 40);

45=PLUS_MINUS_TOLERANCE{ 50, #51);

#6=GEOMETRIC_TOLERANGCE _WITH_DATUM_REFERENCE
{39, ‘Parallelism’,( #56,#57) .£58.$)

#7=CLOSED_SHELL({#8,#9,% 10,411, %12 %13, $14));

£8=FACE({ 217 3));

49=FACE(S);

410=FACE(3);

#11=FACE($);

412=FACE($);

#13=FACE($);

1#14=FACE(3);

#15=FACE($);

#16=FACE($);

#17=FACE_OUTER_BOUND({#20,T.);

#18=FACE_BOUND(%18,.T);

#19-EDGE_LOOP(3);

#20=EDGE _LOOP{{$21, 22, #23, #24));

#21=0RIENTED _EDGE( %25, T };

#22-ORIENTED_EDGE($.3);

#23=0RIENTED _EDGE($.9);

#24=0RIENTED_EDGE(S,%);

#25=EDGE_CURVE(#26, 427,428, T.);

126=VERTEX{ # 29);

#27=VERTEX{ # 30};

428=LINE(#29, #31);

429=CARTESIAN _POINT($):

#30-CARTESIAN_POINT(S);

#45=RECTANGLE _PROFILE( £ 46, #47};
. #46=FF _REP_LENGTH_PPARAMETER(S, FULL.);
| £47=FF_REP_LENGTH_PARAMETER(S, FULL);

#31=VECTOR($.5.8);
#32=CONSTANT_PROFILE _LINEAR_SWEEP{ ADD., 241, £

42, #43,PLUS);
#33=SHAPE _ASPECT_FOR_PART{#8); |

#34=SHAPE_ASPECT_FOR_PART{#10);
#35=PROTRUSION('Boss’);

#36=CONSTANT _PROFILE_LINEAR_SWEEP

{.SUBTRACT., #45, #48, 449, MINUS.);
437=8HAPE_ASPECT_FCR_PART{#11);

$38=SHAPE _ASPECT_FOR_PART{# 12);
#39=SHAPE_ASPECT_FOR_PART(# 13);
#40=PASSAGE('Slot');
#41=CIRCLE_PROFILE(#42);
442=FF_REP_LENGTH_PARAMETER(S, FULL.);
$43=AXIS2_PLACEMENT_D($ $.8);
#44=FF_REP_LENGTH_PARAMETER(S, HALF )

$#48=AXIS2_PLACEMENT _3Di$.$.5);
$#49=FF_REP_LENGTH_PARAMETER(S,.FULL.);
1#50=DIMENSIONAL _SIZE{# 33,'Diameter’, 3 52);
#51=TOLERANCE _RANGE(#53, #54);
#52=MEASURE _WITH_UNIT{20, #55);
#53=-MEASURE _WITH _UNIT(0.1, #55);
454=MEASURE _WITH_UNIT{-0.1, 55);
=55=8I_UNIT{.MILLI., METRE.},
#56=TOLERANCE_ZONE_ELEMENT(#60);
#57=TOLERANCE_ZONE_ELEMENT(461);
#58=MEASURE_WITH_UNIT(0.01, # 55);
#59=DATUM _REFERENCE{ #62,1);
#60=5HAPE _ASPECT _FOR_PART{#15);
#61=SHAPE _ASPECT_FOR_PART{# 16);

#62=DATUM{{ #37.9));
ENDSEC;
END-STEP_WORKING _SESSION;

B oM STEPAA AEE ZE X}

42 {Geometric and topological

rcpresentaiton), HE 47 (Shape variational
tolerances}, 1] HE 48 (Form features)
g3l AATHES AATAA

A = = Geometry, Feature, 18] 3 Tolerance

= O

o=
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