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ABSTRACT

In this paper, an integrated S/W system from CAD to optimal design has been suggested and

an application to a precision machine tool structure shown. The integrated system is so designed to

reduce manual interfacing effort. An object-oriented programming language is used for combining
3-D CAD program, FEM and optimal design tools. In this system parametric modelling technique is

applied and users can get the optimum design iteratively without much user intervention. The

CAD model is automatically updated when the design parameters are transferred back to the CAD
program. Not only design time can be dramatically reduced but unnecessary operation errors

avoided by the integration.

%9 7]4280] : Optimal Design(#&4), Structural Analysis(7-%3}4}), FEM(-3-3+.8 2-8}4), Parametric Modeling(v}2}w]

e 2dd), Integration(5H3}

1. HEl

ZATFZE AT Aot AREALY = A
¢ A9 72& AA] HsiMe BL ¥EH
Azl B Ak AFEY Had FAEY
Zlee HEE Mo U2 4% FAVA e
A HHste] g A77h 2 BEEH AHH
of gof'®. Aary HaVol} £HMN, zy
2 oAl%} ge FA)A dste] friasnd
£ o8& FxIHe Yl F4, T4 S4e

© @R e AR AT
~ gadeled AR 2
" EQ23Y F)EdTA NANER

AAgsteE A7t 2 dog®d. 4H9) AAs
A7) Y&t AEE AAMACl 7heskA 8]
95t g EY 2dg r)&o] =QEdC. o
7)&E ol g3l £HY BAYAE S} 2L T
Ao W2 Tz B3 FH372 FPstn AFAL
Aol #dd 48 7|[&EY FEHE AT=
.

FHZoe 339 e AlzEgo] Bo] fuEo
1&g AHEHo AT Al2Ee HEE gl
d 7k lck 33 AH=E Bk F B o1 3k
o] AJo] 7kt AHEAL Bt AsHAl FHE
A & YA Ech T3 34d AelA 48
S EQE SHE O A A A= &

IS TAH 71283 A) A2E s (199 129) / 209



=AM A F2

FEo| gof spgzlo] gict. 7|ATFx AA N 84
gE Azt B8-S sy Yeixe 4 A @
AolXEE] H7} ezl oz dde] ARE
o] 71302 JYHE nsrin G&20E oF
old F e EEI/} HasiAl "o 718 WF
AR AA7E Aol FAe AHIR Tk 279
B2317] SlaiA i A2 ntoj Al o] (masscustomi-
zation) AR vlAA Ho| AFY ARRAEL A
E9] 9o 2= AEL AFRE F Qi 337
AY ALz TAEA i sl ER A7)
202 Hgaim Auolxste Ade FaA
AA ¢ WA ALAE LA 317] A AJLFol
Aotel 1 Qlh

B dApdMe 33 e Z2 a3 {3e s
XA Z2 38 JEAFT olF HHEA 3 AA
3t AL A AHE & e BEsE 33
A7) A" el i3 &S T 7EE
of W3 s EY 2d3E Bt FRNE T
el AANMS 4%, a3 9% S-S 53tk
A7 WAool ROl S HHHAH RES FE3IH
th o}2 yeko g ARG T2 o AolE ol &
st} AZAAGANAN Hed A AYPES A}
L7} 47 Adsla dadt ZRE A o
283}l7] $i3 AHEA UEF0|AE NdEle B
32 Azt B SHA2HS o83t ARt
g Q79 714 Fe A NALAE A5HL
2 A" THY FEE wolE & A Ho 7=
B9 AAAC Ae5E NS gr18os 45
F e A2ES Adsint B A7 BEALS A
Zo] AAMA 2 QA B} w2A hHE &
AEE 7|29 E7ES T3 S A
£ Rold.

210 | F=2AR7EE8)A AR ARE(199d 129)

. &2|=0j|Xi§ 0|8t Cusomization
2.1 Ti2ji|EE| odi2

B dpoa AMgg S ZEOYL 339 &
cRdS ZAE o] EdiE £HY FA7A 7t
=3 Akg 2 73¢) Solid Edge Ver. 4.00|c}. ¥}
Az"e] A7 A olu] A A" ARG &
AV AAE £ o REEQ 71EEHY 4oy
71%E0] 9% & ARv} @Al & Bavt
QAA Fek ol# FYo] b3tz E st |
Eg 7dgo] £lo] WA dch seiEs] &
48 71&S E9Fo2N AR AAE T8 A
2d8g oA #A) gak FEES 7188 I
£ F&ZANY AAAS =4 Fol " AF
Aol AANAL T ¢ A "ok oS AHE F
A Z+ HEo] AW ohe, 2HAY AAE
A WAl sttt

2.2 Solid Edge =272
Solid Edge'® AHEAP} 2 RE4 Ysety 34
o BHP A5E AFE AJT F Sler 7 A
FE2AE B4 F Qe VI5E ATt
E§ A" A4E ¥ 2o dEETY
T APIE A7) i geiEY &
d8e g4 788 & Yok & dFNe 4A
A% 2z Ao Visual Basicg o]t} 3}
ey mdas Y3 A2"E AT o|F
A ZAE A 2Ee Solid Edged] AHEH o} 243}
A ge ARAEE fA dANRE £3E = 9
A & Foh



== UAHA F

2.3 F{2E{0lo[Ho[M oA

T3 1o nepiEd 29
dAZ AHER &ElT mdo|th o] IydA 1A
ol9] 2443} 799 AF, A FAE UrE}LHL 671
8] A7} VI~VELE wWigg AdEe] gle-g 4w
B 2= olt}. o]2@A AE W4E Visual Basic o]
43t FE GUIEE S §3t] ﬂlﬂ%} ok 1
Y 20l Y Z2aPY BEH 2719 59
Oe ges 9Esl 2 & EJ}PQ«] Bad
ojZ glok

Zk A59] gt AREAP} WiAslaA} sk A
TE Y3l ‘Modify Design’ MES F21 253

02 &l B o] gEo] AEHo A} vy
A "ok =3 o] Sl Eng TAE THo
A& 7% 'Update Draft’ MES F2H dA2] ¥

o] AFHoZ 7|2 FAH Y& TR wHaE
o] AMgALY] Qo] Bl A2 THE 98 4
AEE TS AAs

22 93} Customization

(73 1) =

metEs] RS 3 Hrud

(a) Z239 lojoR

(b) ALBXI| 7o 2lFt MAHHE

(28! 2) AHAEojo|MolM =z Al of
3. TEEN L HFA
3.1 sMzel 7%
Aol AP BIEe oz 37

717412 stk SA7AE HEEE A3 o

AR IeRsA Akd ARs(1999d 1249) [ 211



EE=EHA 72

& 71A g9 Zgoz st FF ¢ 3 W] of
§h FES AAE AYL glofof gt PukE oz o
g3t gl TA)AE gE AT Had o
ASer 81, 1 2% 34 94 Heg dd
AN 2ol A 2 Fele FAVAE A
2 A&k B E B =Y, A7) b8 5o
a3 dot.

o] FolMe 7HHE diAZA FHY vlAAE
Helof disirist AR o] FH7|A A FH
& 2¥E HAE o|FATY Y] AERd & 3
&S vl $3 FRE|Y e 4§ A4
S 7BAok §itk. 2 32 £HE vAgAE &e
= oA BdE vehd Aelck ¢ g3 Customi-
zation A<} o] o] FA7A s s
A HARSZE A8 Xl g3ty &ele Y
T &3t AAMEAo| 7hedteE s EY
2Rt 2y 4= FHYYY YRTEZE B
o|i Sit}. Axg e F2E 7HA 1 B} viA| =
ol A& ¢+ Utk 1¥ sol& o s 72E W
gsto] FLAE Aol Ui ANSYS Mg S Vel
ol

(33 3) +EY oAdHEe] i= 24

212 | SF=EAE}7IE 3R] A2 ARE (1999 129)

x

LLR-5B COLYMNFDLL  SO0eE.

(38 b) Zgof ohish 7xshd 2

A A2He) BE Ao B2 WEE MY
o et R ol HAAEAE
% W AAETE 4 e wal) we Az
& SHsdo] A5oR NS 3] AFeltk

hn

3.2 ZXMHA opd

HA QA= Fol7 APzDE WE3R= HY vl
A EREr 3E HaE s A4
ohfle EAojth £ dvdde 48 Heassy



=a/aUHA 2=

Initial Design

Commercial
l FEM Code
Stiuctura
Improve Analysis ANSYS®
Design | L1 e
Sensitivity
Analysis
Optimization
Software

Satisfy DOT

Convergence
Criteria?

(3 6) EHMA =M

Eil%}?l ANSYS Version 5.3& 244 z273)

9] DOT(Design Optimization Tool) Version 4.03} 17|
3 L83l 28 69 HHHAL l—row—t— e
3 £AEE YerhIh HA AAWSY] 27 3%
AR 3, Fold AANSTE A8slo f3ten
& AFAATL o)lAe sMRde] RE x5}
A4S W2 Adsle delEYe R9gsY
w] 753k

W

FRRANN TPl B Aol A2 9
48 F AR 2t Y02 4EAA 4 4
S8 A e 2o tale] FReAe 4
S

ohie BACN & AP 48 AaLs
4 ) BN S hEOE 2 ARG o
& 2485 2 ADEASY NIES AN A
Vg PR A4S olgSlel HAS P oI A
o) A28 WANFES 2P

oleld YUY BYS FY2AL WET Wi
wEslel 34 s Pl 8ok F 2229709
olElE NE A AL Brbse] el
2E o] A7 T T U2 JuE 9E Y

Moz 919 FRTL BEsle] Sl

A3} Ao R £ oAb AIEH(Sequen-
tial Quadratic Programming)<- o]-&3lQ 1 Iz += u}
=2 ARt @3 faxREHel ojs) DOT7 W4
L2 7ok g o8tk

4. SEAlAEQ| g

4.1 HAHXY AE? =220

243 3404 &2l= o] gk Customization
B4} HHLA} olFolA e Al sl gF3}
Atk o] F HFL 5] st AAAEE Aol
Visual Basics o83t 7€ EA8E olEo]
TEAo|n ¢AF R AYse T2y s
= "o wigle] ARG =9 T2 ol
oJlE =2]&(Event Driven)'J2lel oJaf =2 I13o]
A2 het AgHo|1 ARgo] golgt T2
& A48 & Slrh ¥y olue} GUIGraphic User
Interface)e] F&o] ¢ Ao] & Aol

olo]] B Lol Visual BasicS o]-83l 9d
o AUES AHEAL A Aska Had Ax
£ e 4Esl AT AR dHHe|AE
sl 53ske Alslginh

4.2 E3AIAHO| 75

39 72 FRNEEY F2E JEHUE 450
o} o] 2ol A5 A A HAHHATL o)F
oMe #3¢ vepd Aoln $52 &= oAE
0] 88} Customization®] AL Holx ¢rk ¢4 o
Ao i3l F3kassd Rda) &EjE sjerdo)
s EYstA A4 Adn &l mdd uigh
27) 248} =Ho| AFso] ink. ojo) AR} A

FETARIEeEA) AR As (1999 129) / 213



=EAUHA B2

Visual Basic
Customization

.

Optimization Process

Commercial ]
FEM code §
I (ANSYS) |

Solid Edge
-Pat- H

MR WSS,

Solid Edge

Optimization |
Software
s - Draft -

_oon
S
(a3 7) SPAAHe 74

W3S el HHAA 21E JEste HHA4A
g 35 gt 39 HEAH TR
A3l A4S F3A QoF SIE v Z2 a0l A
VIS 53 &8sl A4 44848
B84 7 dAEA NES N=rdd whgsia
A4 3k el T2 &= AAE A3}
of, AHF 2 2 FNALA} vt E A=RD S WAs
of Fo}. T3 o] RS HEoE = THE
AHeHog AN ¢ JeE FHALHE A
Aok 13 82 FAAHH FEA2HY HWQ s
Uehlz Qo HFHLAE 9vjsle ‘Opt” 2 HW
g2

Q

4.3 SEAIAHe| 30|

4.3.1 FXLA =2 o4

2 d7olM At FRAEHE FAHHLE Hol
7] 1t 29 Sell vhehd 3} 2o] Al BAx
A& Fojsha, Zye A9 Fydo] AR dele F
< 8 AHE AN F AFe Hasehe A2
HHEA AAZ sttt T9 804 shte] ®lE

214 | FREAFIGHEA A2 ABI99 29)

& HARHA Hed ARES sk Foldh
o] AAME HAWMFREE 712 Wk A2 Wk
o A AR APt F T
g2 20mmeo] . &g gkt 43t ghs 22 Smm,
35mm 2 A$sIgck BE 272AS 4™t VA
HHAAE NAshe HEL Fau 19 99 veld
ZAXF ANSYS9} DOTE QA Zz o] A3
Al "tk AFAA Y FHL AR} 4EE 92E
Az A3k

s Opt Ver 1.0 i

e
P I 1213 1415
161718492021 22
23242526272829
o s o

(38 9) XA oY 25



== A 7

4.3.2 HNMA Z1t FF

HAHAZ B 1 49E 1Y) 9314 ‘Load
Result’ HES 2d I8 107} 2 A2 Fo] A
A=A "k A7 Me HHAEA AP A A4
¥ H92E U8 & § 91 1 Ao AFoE
AnE Aske dof 983t ARE FE8 5 A
o] glon 1 2&H AAE =89} JHZE &
gt BY 5 JI=E FAHo Aok 17 10e F
A o] 7128 DOT & oS Bl Aot
a3 1L 529 2945 vigod TR JH=E
ol &3le HAMEAZAHE 3 Eolth H7|A]
A9 2gZe JPGUE AASAY ZHEE
ZE3le AR Jbesith HFAAEATNE B 19 4
Ytk t2WEe) RAAE gt wkel SRR
T SN 2R K47t Sk AT 1 A9 F
A3y WY 27 FF AY 22 % A%
WA 2AES 67% 2Y F AT ©] A= Y
N2Ee] dA A de A EF3AT A F

DDODD  0OODQ_ TTTTITT
DD 0D T

D DesB<0ws T

bD 0g T

Qoood oooaa T
DESIGN OPTIMIZATION TOOLS

(C)COPYRIGHT, 1985-93
VYMA ENGINEERING
ALL RIGHTS RESERVED. WORLDWIDE
VERSION 4.00

-YDUR INTEGRITY IS OUR COPY PROTECTION -

(28 10) DOT &3 mel 27|

AWSE A8 NI ek Y £ 9

£ 238 92 # Jodd g o WA

48 ARE 7HEde] de vAd A 2dY

A BLE ARE HAE FU2 AFOE A
4

Design ’Va:ialylea

Objcctive Function
[ rtial Valua B Optimized Valee § i -

=T

(33 1) "sddE a2z solE

(E 1) 3X4A 23

Design Initial | Optimal
variables value value Opt/Ini
(mm) (Ini) (Opt)
horizontal 20 5.00002 0.25
vertical 20 23.9365 1.20
Deformation | 1) o0 | 17803 | 1.0002
(#m)
Objective 6.72%
function (kgJ 1628.4 1 1519.0 reduced

PP ISR AW A2E(999 129) [ 215



=E/=HHA 2=

4.3.3 Customization =273 A&

08 Wie HH4A 3HE& B3iA 2L 2FHE
Hhge JleRde e Zlolth WYl ZEIA
‘Design Update’ HES F2H 17 129} o] Ji=w
do) 73S Hs =2 W L= A7} AP H
$= sie Z2 o] HAHAHA dAdAM FEd
AHE o]&3l] 21502 AAE HAY F U=FE
3l Customization L2 13Ho]th «7]oA HAE WA
ozl 3l HUE AEsta MAMA HES 72
W &El=rdo] HH4A ATs g FEHE T
AFA Aot HH4A AH4E whget AHemdo] +
AEE AZE A g &H S A7 5 ok

(23 12) HEA ZE seiet HSoEe| A

AEAl A

(33 13) 239 27| £

216 | A=A |E83A] ARA ARE(1999 129)

0% 138 27PAE disted TAE] e £l
o} 22 Uehd FE-g AR 7j29 A2
2A7E 20mmE AAEHY Y-S ¢ F Uk
Customizing T2 T4 THPA HHG 327
H 29 149} 2o XA E w3 A =Ho] 74
SA gk

AAREE ARE Xt 3
1 X9 ABFAE 71 AFER A HIM
gk

o
i
rr
S
s
3
L
)

5. W3

2 drodMe 1Az AN AFe] AW
o} AAAE ot MEA T & e THS A
£ ALk ALY FAALEE AR
3 3 Az FEATAY & FE4 g sPAE
AT EGITE B AT AdE A2Ee & 5L
719 Jied ETES TRt ARAL s Al
28S /pEslsithe wHldl 3len feasde 9
g 7T, SEHEY REY V)&, HH5)
Rl AT HHdA V1S S9i= 2dyTIesd A
EAZ AlZHo|t) o] BRAILES ol dshd HF
AA e Aerde] HARBARE & ALH



=/ mUHA T2

PN S8 2t AN HrlAA)
HE §71402 o8 £ ok

ol AAaA9 Sgude) Base A4
Holag TS ERN2HT dde Asd BT
A YT AR 959 BT} ARGl HE A2
Age a2l tg AR A5 98 =
2o] o Waskelaln 2

B Qe ARo) 5T Ao 93 A
Vg7l A 2 EAW B2 el o
AT o YBIS WlE AR il Al
2 A9

&1

&

Mo

1. V.V. Kaminskayia, "Calculation and Research on
Machine Tool Structures and Foundation”, Proc. 8th
Int. MTDR Conf., 1967, pp. 139-161.

2. M. Yoshimura, “Computer-Aided Design Improvement
of Machine Tool Structure Incorporating Joint Dynamics
Data”, Amnals of the CIRP, Vol. 28, No.1, 1979, pp.
241-246.

3. Akio Nagamatsu, Park Sok-Shu, “Vibration Analysis
and Structural Optimization of a Press Machine”, Finite
Elements in Analysis and Design, Vol. 14, 1993, pp.
297-310.

4. Masataka Yoshimura, Design Optimization of Machine

10.

11.

Tool Dynamics Based on Clarification of Compe-
titive Cooperative Relationships Between Characte-
ristics, ASME Journal of Mechanisms, Transmi-
ssions, and Automation in Design, Vol. 109, 1987,
pp. 143-150.

. Masahide Matsumoto, “Design Optimization for Dy-

namic Response of Machine Structures Using a Mini-
Max Method”, JSME International Journal, Vol. 36,
No. 4, 1993, pp. 402-409

. M.W. Sonius, B.W. Tew, “Parametric design optimi-

zation of an entrapped fiber conmnection”, J. of
Composite Structures, Vol. 35, 1996, pp. 283-293.

CARE, W, "Ry oA EAEd g 72

34 2 A9, thaIAsE 98 FAske
3] =27, 1998, pp. 396401

-2 9], kgAY A B FE%7 9

271 Ll g AR QA BAAY,
FIY7IeY, 1997.

- 2T 9], Ak rIAlY A R FABIL o

27| sl tidt AT AR BaA),
S8}, 19%.

HAE, g, “FARA W AARUEES
ol &8t F27]Ae FeES A", ti3tr)Ast
3] 99 FAskET)3] =17, 199, pp. 446451,
AT, o5, “FA7IA S AAE 3t A
8 AARZE )L, 3F=CAD/CAM &3] 9%
=83, 1998, pp. 407-413.

A28 7] Az A9 129) [ 217



