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ABSTRACT

In the product design process computer-aided engineering and optimization tools are widely utilized
in order to reduce the total develupment time and cost. Since several simulation tools are involved in
the process, information losses, omissions, or emors are common and the importance of seamless infor-
mation exchange among Lhe tools has been increased. In this work, 1SO STEP standards are adopted to
represent the newtral format for structural analysis and optimization. The schema of AP209 defined the
information of finite element analysis is used and the new schema is proposed 1o describe the informa-
tion of strucwral opumization based on the STEP methodology. The schema is implemented by
EXPRESS, information modeling language. and ST-Developer is employed to generate C++ ¢lasses and
STEP Rose Library by using the schema denoted. To substantiate the proposed approach, the informa-
tion access interfuces of the finite clement modeling softwarc (FEMAP), strucrura) optimization soft-
ware (GENESIS) and in-housc topology optimization program are developed. Examples are shown to
validate the information exchange of finite clement analysis and structural optimization wsing STEP
standards,
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STEP-Based Information Exchange for Structural Analysis and Optimization

=AHE A

CAD/CAM/CAE T8 Aol M = RdR7)5,
'-131713 AN 7)s, FAE7 Fol R71F ez
gulo) ook, Zeeju} 7| A F a2} AR E s AR
M’»L"J. £ Alojo)rle] BAuwghe A5z e
S AT FEATEYAE AN, 5
7 ﬂivﬂoﬂ}" AFNAG AZEE HgiZe
A& AMESHE Qo o1& F o] gkl HH
o] R FE 7MLt At AT Egofe] gvol
Lo} dlo]g] Fale] 4270 ukahstd o]9} #¥E
A rxEgo] TPl B AH AFe Tk
g}, o|9} 2 FAlH e | 5Ew E/“OI R oS

j =N
75] )\}_g_)n E g |017J9_| zgg_ wale. 9351 o] %

= TR

-il o %

o)), sk st 717 g Al

M NA A} FAE 9, Stk J) AT
- =Y 2005, 09. 06
-AALSER Y 2006. 11, 23

FA CAD Al&gel M= IGES(Initial Graphics
Exchange Speccification)tt DXF(Data Exchange
Fileel ¥4 52 Wo)e 2R A48 4RO AHE
gt glou, ket YAHRES) FFol AYHA
o} o)g} 22 WO BY FHEY Dt dlolg wE
of E3E B RE 2T ol FAEL
CAE A 2=¥o)) A tleole] 23S 213 58 s}
A 23 Sk AA CAO{Computer Aided Optimiza-
tion) HlolE} ZHE 93 REL glool, HEAhEE
YANME CAO dlolE] w7152 ATHA 28}
e Ao

olefd HlolE] zdke] LAY Fig 19} o] 4
2499 4% 22l L2799 FEMAP, 72543}
TF2HRAA) T2l GENESIS 223 AA 7
AHAGA T2 729 ol @A 47
42 4 ok Fig. Na)= 2 2822 7h d)o)e) »
2e) Az AS WdF 5 k. FEMAPY 99433



STEPS o83 F2ay 2 3dA Apug 9

A7 =2ad7ke) doje] w3 A e 3
HAHGANE <1253 2= dlo)8ls FEMAPS
A 2g€ s mdst ARgR}l el o) AAYE 9
FHH-2A B P Bo|tt FEMAPH GENESIS7 )
dleo]e] FFS FEMAPYA GENESISZ ] 4{d|o]E
F2 715§ A2 o}FolA R Jo} F28
GENESIS Ul°)E{= Referencedll Al A3 U= %
A7 dX 32 gor, AHHATAY oy /L
A3 o]FAA L A Y} AP HA 223y
3 GENESISTH] 3438 voje{e} 223 H 47
I dloHY n#d AHMA7)7} gleng B}
Ein

ol#{gh FH wBe) s FULL R Fig. 1(b)st 2
o] Z¥%9l &2l STEPYSTandard for the
Exchange of Product model datayS 4% 5 ¢}
t}. STEPS 4AE HIE& o, =Y, Hojel o]2
WA BE FHE 7 U AFER ZEE 180
(International Standard Organization)oll 4] 71813
ek, oj2ig STEPE |43 A& CADY, f38
23 AP CAMY Fof 227 o} ZFAFRE A)E
BRE FZAH RO ZGof 0|27]71R) cpgspAl 318

a—= CAQ data exchange

X «~——— CAE data exchange
*User input CAO data

FEMAP
PrePost SW) |
.——ﬁ.——.—_—o

d
Research code (Structural Analysis

GENESIS
(ropdf,g'? Optimization) ¥ &0p

Dive

(a) Current status

= CAO data exchange

*User input CAO data CAE data exchimge

FEMAP
(Pre/Posi 8W) i

N\

Research code GEN?SIS .
(Topology WWIW &(S 0‘““ ture! ‘mm“ :
{b) Proposed scheme

Fig. 1. Data exchange in CAE/CAO applications.
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Fig. 3. Schema of the structural optimization.
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ENTITY size_optimization
SUBTYPE OF (optimization);
apporximate: optimization_parametcr,;
design_variable:

SET [1:?] OF size_design_varable;
object: size_objective;
constraint: SET [1:?] OF size_constraint,
END_ENTITY,

Fig. 4. Size optimization entity.
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ENTITY size_design_variable;
description: LABEL;
variablc_id: REAL;
initial_value: REAL;
{ower_bound: REAL;
upper_bound: REAL;
property_relation: variable_property_relation,
END_ENTITY;
ENTITY variable_property_relation;
description: TEXT;
relation_id: REAL;
properly_id: REAL;
relation_variable_id: REAL;
coefficicnt: REAL;
END_ENTITY;

Fig. 5. Size design variable entity.
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ENTITY topology_optimization
SUBTYPE QF {optimization)
approximate: optiiization_parameter,
region: design_region;
object: lopology_objective;
constraint: topology_constraint;
END_ENTITY.

Fig. 6. Topology optitization entity.
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ENTITY design_region
description: TEXT;
design_rcgion_id: REAL
region_property_id: REAL,;
imiteal_[raction_value: REAL;
fractional_move_limit: OPTIONAL REAL;
design_varables_move_limit: OPTIONAL REAL;
END_ENTITY;

Fig. 7. Design region entity.
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#16=SIZE_OPTIMIZATION('I10ROD Size

Optimization' $,(#79,#80,#8 | #82 #83 #84,

#85,4#86, 487 #88),499,(F101 #103 #105 #107, #1009 #111,#113
HUSHUTHO #1210, #123,4125#127 #129,#131 #133 #4135
)3 :
H17=MEASURE_VALUE(LOOMG00.0.0.1,0.);
#18=ELEMENT_MATERIAL(] ' Mat #17);
#19=POINT_ELEMENT($.0.,5,5,#20,#18),

#40=CARTESIAN_POINT((720.,0.,0.));
#41=NODE(#39,1.,#40,%,#12,$);

#73=BOUNDARY_CONDITION_LOGICAL('Const’,fixed",.
T,T,T,T,T,T)
#74=APPLIED_LOAD_STATIC_FORCE('Static Load",0.,-
100000.,0.,0.,0.,0.);

#75=LOAD_NODE(I ., Load’,#41 #74);

;¢98= VARIABLE_PROPERTY_RELATION(+DIM¢ 10,10,
10.,1.);

#99=SI1ZL_OBILCTIVL(W', 100 "MIN"#100);
#100=MASS('W"5,0.);

Fig. 1L, STEP file of Ten-Bar Truss problem,

Fig. 12. Optimization result of Ten-Bar Truss problem.
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Fig. 14. Optimization result of GENESIS,
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Fig. 15. Optimization result of research code.
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