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A Study on CAD/CAE Integration for Design Optimization
of Mold Cooling Problem

Oh, D. G.*, Ryu, D.W.** Choi, J. H*** Kim, J. B.**** and Ha, D. S #***

ABSTRACT

in mechanical design, optimization procedures have mostly been implemented solely by CAE codes
combined by optimization routine, in which the model is built, analyzed and optimized. In the complex
geometries, however, CAD is indispensable ool for the cfficient and accurate modeling. This paper pre-
sents a method (o carry out optimization, in which CAD and CAE are vsed for modcling and analysis
respectively and inlegrated in an optimization routinc. Application Progranuning Interface (API) func-
tion is exploiled 10 aulomate CAD modeling, which enables direct access to CAD. The advantage of
this method is that the user can create very complex object in Parametric and antomated way, which is
impossible in CAE codes, Unigraphics and ANSYS are adopted as CAD and CAE tools. In ANSYS,
awtomated analysis is done using codes made by a script language, APDL(ANSYS Parametric Design
Language). Optimization is conducted by VisualDOC and TDESIGN respectivety. As an iflustrative
cxample, a mold design problem is studied, which is to minimize lemperature deviation over a diago-
nal line of the surface of the mold in contact with hot glass.

Key words : CAD based optimization(CAD7 ¥t & 247}, Mold cooling problem(=3 ZHE A

LM B

HA9A = 197032 FAFE 2] v]efAl v
o o] on HefofjA 4—?5“401 280} A34]7)
A2kt gHE Bofolm, At ZHR A @ golA] R4
3} 7198 Sl o) Wl olFA R it 7

AN =gl AT M AL F2F T
A J79] sl4io] st olE 3k 8l
e £33 "o 22 A$9 NASTRAN,
ANSYS §9] HAw3lH 48 CAELTES S &8
&2 ¢yl o8 ANdone: A4 3
T Slo] Wiio] AT Ego] glo] AR YA}
7hs it AT 2] ZiAAAlE e Sl

*PRISM()
wrgh el A
#ik 5l A A %}, ??EH sl
****ALM _‘”73‘(
e T

_wEEol. 2002, 05. 14
- AbAbgkR A 2002. 10. 25

93

3171 $J3] 65 B33t Felz whdske ¢low, o
ulg} CAELZEgole] 244 89 7|50 2 o)
£ T3 FAH7E o] AEstE 33 CADA
ZEdort deg2 G453 i) #HIde IR
CADAZEZoldA] CAEA] B HH3 7155 F
7tz Al Fsie] CADSZEo] WellA a4z A

NAE FHEEE o AR, o}2)L- AE CAEZ
ZaRdM Age F Fae Oetd sy 2 A3
T & A B3k FAVE o) wEka] A GAs
3ECADS CAES %3} &7 oM Eapxew
AA, B3k 7o) A FAE WrH e
g, o] #18)] s)4% 2 71A #AAE F7sha e
s 2o} A, AA/EE T T dAAEe d
¢t e (Topology) 3t A FeieelE ¥3}A|
719UA 24 o] HAE =537 |74 2y sldo]
wrE.xjojof sz, ol& #]3) 2A)9) slehilE|sl ¢
A5 she Broin) 2 tRE2) CADAZES e
]2 9l 7HHE WEjoiEY 2 9 S (Parametric



94 2%7) g¥s} AFE 2 53

Modeling) 7S AlFstz Y= o)z
A wElEE AR5 Fdede sty
AAEE Al RS o] A" 2R o] Ay WA
SE% ke 7)solth. e }h Had ged 3
o) 735l 7158 2 A8 QAR
Aloj) 885710l o}« |7t itk S/, CAE 3l
e HAXE 2t shpolu ARl Y 39
vl Ay sjojof 3 o) AHZ H, A 2 A 59
e e FA9 d1M8 K53} slelH CADE
5 ojo} #ag AAzA £2 Ul RS goy
o] Trerationt}t} CAE AZEgojo) #LE0 7 9lAlA]
o} st} @} CAD AZEN0)= IGES, STEP
T 2 71A) dio)y) 2R S Fal 716}9_@1 %E“W A
Z8 % CAES 93 AAIzA D = Al ZsA
e FALE 7 Qloh *1’541 l 43} F=9}
CAD, CAE®] E7}32l £387 ?i o)t} 73 v}
A% Al =2 CAD 87 JlellA 2e A4S 43
sh CAD 73t #Asio|n, AHgAl7} 53 EcﬂJ &
GUI 87 3oy HeteBg 7152 Sl &4A
A, o 29E 2 A3l 27 WEE XAQF
A4 AR E Q8Yshe Flolot 22t o] Zo]
A=Y o] 7kA] HA)7E 2lejo) sh=t, CAD
A5l #HAs 21 AR, el Zgayse]
A 5% TR 7150) AFHolol sz, A3} =
=71 caD Wl Hse] HAHEE 3T 24
stepei ) WAl A Alo] shsdo} dr). F2o
c)f3t Y2 YL R} agHo g £ £}
= A3 2o Q371 22 A0 2sf Tl 20
o] Az} Fakglo] 7H= FAjol) QR|RE o] 4] AF
Aol AL YA = CAD 22X EFo]9] el E
g ndg 7|50 Bt 7 %3 Slojo} s}

A8 A7 A

g o|7

2. CADZ|%F X&)

20 HPEE

CADS} CAEES AAIS 333l 7{ye A7AE
2 7IA 2k ek 2o Botkin''& CAD
Toold} AR AEje] P4 23 35 slgeld =
P ELsA B4S FEET o188 AALLY
(Boundary Element Method) 3410l dAIf o ol
48 CADE A¥FHor AEF R opirh
Kodiyalam™& 34 333} Zz5 a5 GEOMOD,
CATIA, EDS/Unigraphics 52] 44 CADS 743}
= e AAskY 2 =794 FDM(Finite

Difference Method)oll 714k8le] &4 H 23512 931

SLZCAD,/CAME3] =83 A9 4235 2004 6¥

225 A Velocity field)yS Al 4HsIACE 3 Hardee's
Pro/Engineer 7)4ke) #A3} nhig A<=,
Pro/Engincer W7ol 331 88 2H:13) H A7)
1, Turbine Blade2! dove tail%- @4} H A glo) 22
alsgut. 1213 Guan'e AutoCAD/MDTS} A4 &
8 4] T2 IS o B-ste Zhkgl ZA)el] gt
A HAzE FFEY 3 A A EE FDM,
Taguchi Method, RSM(Response Surface Method)
2 A&z} 71y e 2Ll °18 48 CADRI Prof
Engineer % Solid Works®ll hte] RER $§#AI7]
,\}3"7]. olq.[‘-] ;g].:;;]_,q] cd,{a-} 01_?_:: o ,:HH xl
CAD 373 Wil A7 e g sMree)] o
Alste] H2AA S g /;!_3' CAD—°1 1A 7)
%, 59 sehle 29y /)5S HAod EH0
Z AHgskE o2 Bol it —'Lfﬂur ol&9] 5
R g3 o2 vimd Gt Yo AAEas
o} %3 CAD 7I% Ao} /b5
E"i‘f‘-r‘: &l vESIT 2499t Hadeeo| BRI
#olE dove il B4 AXsE /P A 84 21:
g Al 2 Y902 CAD 2ZE 07} o}F
< sk ke AR EY 2dS 53 *éi’“
3P7| ll:‘?-?_l 7;‘i° Z e} wepr] o} F 7R =
K = A Rl B e | '-5-
e 11 12 71X B CAD 7.4 %}
%z} u-.-:a,.a% apgalef sy, oleeh w2 ey

L 7ol CAD L E o]l A FuH, Y
" Mz.;.$n<>14 Thdeld 2F 27T Aol
C++S 719te 2 3k= API(Application Programming
Interface) 3HFR FA =T

|rr 11|° -TL

2.2 CAD/CAE /|94y % Z| XS4
B =RoME CADS] sRpHEY] magogs ¢
o} BrFse BT 449 Y 932 ¥ 3
A Ude g JEL 2N v} AdFHo|x, 443
Q) Aol thsh EFH O 2 CAD/CAES iAIskd A
AHHE FAshs WIQE AA T B A
A 887 CAD/ICAE £ZEgjol= zZvzt EDS/
Unigraphics version 16.0% 2 ANSYS version 5.6
o|d], AZ3}E HalMe AHs A8 ZZ21Y Visual
DOC version 2183} Fortran 1|8 7wteg 3h=
IDESIGN version 3595 @434}l cAD »9d
s s C++ Moid 718k 2 Unigraphicsoll 4 )5~
?5]'t‘ APl g5 883l 7303, A4E 2
J}El—"al (Parasohd) HolE) ZHE E3] s
2 ARSIt 2 9ae By A4 2HEEE 96



CADSH faa4aii e e 23

Wico| APL #7E Bl A= AYStoR TR
P vheiz EHo| ATk, 7]Ee] el b
x| 2 2% Ao A3 EAF APz &)
A% 4 e iolth. digeg ¢ A= TV 3
A7 U Afe] AF Aol S G
S8 (°}3} Plungers. F7) ) H}‘f o) et =¥zt

S o, o] ujFol| WAk
Plunger®] 417 i‘l&l'ﬁ}olt}.

BTG a7l A

3. @3 gl A=A el
NSHE

3.1 Unigraphics API & O| @3 2@y

o] CAD Z223%W2 GUKGraphic Uscr
Interface) B34 B4 E"—J“’o’ 3 Fste Az
A o) mEaY S Fu 2 V)5 P 5
S5 R ALHT Lol 012 E 5UD Y
o (Topalogy) UIoI) A13sie] wieh w2t o4 =
d ] 2912 2H5EH <= 3ot Unigraphics 9Al 2
DHE FAL F U Cr+ 78] APL 5 UG/
OPENe|2h= | §9] 252 3-8t dk, AAIzk=
o5 S8 21elA UG/OPEN 25& A3s}7] 9%
28 2RSS DLL(Dynamic Loadable Library)
F42) dA TS BAdslok Pk ol#3 API T
g ol &¢ 4 R el Unigraphics W5
oA UG/OPEN 82 E3) 352 A5 A)71= W)
Ha=8n)2)(Internal Mode)3} EXE &8 2419] Wi o] 4
Patd-g 4 THe 24 UnigraphicsS A5k 8oL
F RS A48k 95T (External Mode) ©]
Atk W54 UnigraphicsHioll A Rdle] A4
AAL R Bolst S o, BdE L4y wE 2
Fol . e} B =R HHIr} ALHE
F 5ol HAsEg vy Ao Aol i
Axjeio) &1, v Teerationto} WSHE A AHSFE o)
Fo E@M s AA=|olof ). wElA o)F
3 s)Rpaa) 2 o] &sle] EARFPo) 3 &
Eli’:‘}"ﬂ AEe} As RS sl 24y
2L 218 )R- A AA-L Visual Studio 6.0 &
&3kt

32 ZAZY Ro{He (EHE

ANSYSE o83l @dd alXg A8 o 54
Rl Bupse AAzn AW 54 =
B 3452 Componenithe 2522 At Yo
g}, ak2]yk o] 2] g Component ZYL 7|2% 02

SHACAD,//CAMEZ|

WzheA|2) Al ) 3t g 95

PLUNGER

>

Glass Contac Area'

Drill Hole Area

A 4

Patch Area

A 4

Relief Area

Fig. 1. Generation of plunger surface groups in Unigraphics
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Table 1. Cost function comparison in VisualDQOC under
dilferent design perturbation {units are °C flor
comresponding variables)

Perturbation Cosll Function Coin Funclion
() With S'.S' With Tr;%ns_
Analysis Analysis

Initial 134.3 115.1

0.1 132.8 117.7

03 131.6 111.4

05 88.3 76.2

1.0 94.2 1103

3.0 61.9 73.5

5.0 70.4 74.5
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Fig. 7. Shape ol drill holes at initial and optimum design by
single wansient cycle analysis.
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Table 2. Comparison of cost function at optitnized design

under single transient cycle and cyclic steady statc
analysis (Units arc "C and values in ( ) are the
difference from the initial cost)

Cost Function
uner single
transient cycle

Cost Function
under cyclic
steady slate

Initial design 115.1 96.9
Optimum with 0.5% 76.2(38.9) 75.5(21.4)
Optimum with 3.0%| 73.5(41.6) 72.5(24.4)
Optimum with 5.0%| 74.5(40.6) 74.7(22.2)

Table 3. Comparison of cost function at optimized design
under cquivalent steady state and cyclic stcady
state analysis (Units are °C and values in ( ) are the
difference from the initial cost)

Cost Function Cost Function
under L
. under cyclic
cquivalent steady state
steady state ’ ¥
Initial design 134.3 96.9
Optimum with 0.5% | 88.3(46.0) 72.7(24.2)
Optimum with 3.0% ! 61.9(72.4) 79.2(17.7)
Optimum with 5.0% 70.4(63.9) 91.1(5.8)
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