B3 289 TAFE A3
Concurrent Engineering Design Optimization of Composite Structures
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Abstract

Concepts, methods and tools for interactive CAD-based concurrent engineering design optimization of
mechanical/structural systems and components which are critical in terms of cost, development time, functionality and
quality, are presented. The emphasis is on implementation of methods and capabilities for the optimization of
composite structural system, and the integration of design process and manufacturing process of composite structures
into standard CAD-based concurrent engineering environment. The optimization of composite fuselage structures are
performed under concurrent engineering environment for the example.

Keywords : concurrent engineering / design sensitivity analysis / computer aided design (CAD) / optimal design -
sizing design / composite structures / interactive design
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¥~ 2% (Concurrent Engineering ; CE) 4AAR & A= dAscd o, AZNE L 89189 HAn 44
713te] @32 Astd HA 2 AadEg 2 AN 2ndEs s ALY 4A A2 A Ao sAFELE
37 Astds A, 44, vl B B AR A YAE MY F e AFEF T2aYe) 74 R AA
E A3Y F UAe AEALL BE o3 €80l 45 YEHEY, 4AE AAE 4 Ut 8F0] adT FATHA
WE g2 0dl Fukyel BAME AR (1] FAFHE AFS A4l flof 271HADARE AE R
27, B, uE, 3, 4403, AAPEe BE oI AE 2E] AARCE AF 44 R AR E A
e A2 PHEelth gty FAFZgelatge dAe 44RA, 20 d2e ARAET, FAETFE A & AFEY
FA%AN v ST E Add A n2FE RS vtk FATEE £AEY] AY S/WE JALAEL, HAg v
£234 APE R A AFE, W/FHAE T2aPEol Yot ClEFAM HF F2F 4TL FYse 43
4AE =23Pe detde FSR2AN A3 GREE

TZE 4AHAY d3Roke 2 FEY LHL F fo0(23], B3 A 1049 EE FAZHE ol 83 A
94 ML 8% FRYTFREA FEIHT e, 18l oS AL E OESF A= 2YE FFEHY §I32=

] Bolo] 4L I olx dutk O] I2HT ok oA A S8AF HAFHA2H sAEe] HsH g R

2 AFANE BEATZES] 4AHANE A5t T2E L2AHHA 71EAE PP S LAMED, FAIFTE LA

& st WP AN LTUEL 4PAL, of 2ol N2 2N $I7) FAS BYM 7REe ANYA EA
g B2Eg

2. HAH5 4y

2.1 718 714

FZ2E 4AHAY A= 4y 4 € AF FEHEHEL #EATL: vhed EF01E, s 2 §F
$48 ALMEE FAMAAE AN AARERES Foh Aolth 222 A EAGO-Problenyiz ARALE
tes ol FA
Def. 1 : Continuous, deterministic SO-problem

Min { f(x) | hix) =0:g(x) <0}
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Q4714 f= EAFS, xR & 4A¥S, he FFERY, gE 5 7E2AE et B 24282 4AE94
o ALY £ Yoo EF F¥FY £ AN

22 HH3EA (MCO-Problem)dl tiajiye Foid PJAdiz 953 uidtes A dE F3717 4 grHel
Def. 2 : Continuous, deterministic MCO-problem
ERA§4 f(x)E AT RE JEE 44 20 §44A EAFSe A d, SR Ze] EAR O
EREo] A& F+ A6). F,
- fi(x) ;B (A, AR, ¥ F)
- f(x)  TERA AFANE (39, 28, B4, LHAFs, FHAALH, IR AE F)
- fi(x) : RAREE (FE, AR A8FH F)
- fux) ¢ TALATS BEZF, AEF D)

22 343 =249
Fig. 1& A3 298 ¥F= Ao2 7 9 REE @5 AHEL
& %2 A Al (Initial Design)

7bsd Aol ARAHAE 787 Asted LubAA dAZARCIY FAEY A4S HAJAFY RFAAEE N2
Ade 280 detd FAHA 22E AZ3 Py AYGAcA olal AL ool It 4L R EF
9l FANY[(TIH 22 A2E el AARPA 2 RoA AR, o Wy d4AMANEH sty 24y 7)
e £3lq FANYL GFE T2 H33 HA Q@A
A7 = # (Design Model)

dAed aAde 48 HSHAS ASTo =N HdANS xERE T2 yE Adste Aotk

y = fx), xR, yER 2
HAHu4E AU ASE veldie d Hed 22E S dRz2A F2E A3 EAA fHdEses BE
ALE dele s 849 T4, @9, FARAE F), 7818A A4, Y4 gebdeht fae FEeidh 53 {3
84 PZRHAAYL AT o, 24 943 HEo BRE FZQAS0] AARYA s FAYED. dARdygo dR e
Aoz fgFol £x U, F,

W) = Ax + y 3
7} 2 W (Evaluati ]

FzE Azfe gH¥s re WY, £, ¥, 9¥¢, TRATH Be P& A1E2UD olF YRHss F2ES
Edg 53 AANHS 92 HARd AQL olF A §424 SRS U ok LA g8 +48
3l= Ro|th

F2E HX33e) dRES TZEY FFL HAHEGE EACAT AR mEtde IEZ FUHF AL BEH
23 SYHAFE UAE A% YL T PRE B4 nHAY ST Ho] b EHFSLE JHE £ 39
o} ol#E olfFE AMZ tE ¥H o TLzo] BEXNFLZ ALE £ 3lon, o] w EXFS) ujMPo s QA 2T
2 FzE9 F¥ros 77 g5 ofagzic
dA 9= 8 M (Design Sensitivity Apalysis)

EAg4 2HRAY v AAS dF Rz Mo os] FRAL olF vl 1x 2L uXe HHF
G2z WA ot AHH4 reRVE TS E, 2HP4 e p4£2AL e To] sorh

f = f(rx) resp. g = g(r,x) with r = r{x) = rly(x), 37] 4)
Mol Ean
_of _of Y R i
dRr,x)= ar dr + - dx with pe = o, Toxn 5)

dre AASE ivA o] of / Ixol HAZsE UPE Y A = 7 5 A
df = Agdx 6)

BAHo 2 MANYE AR:= T2E AFd st FAHEL TdAI7D, g2y dAMse &
3 2 sln, §ddgx ¢ Hdeid BRE "G DA UPE, BY A5 AF
e HE SRRy o sy, Sy (WHuEY, 22EsY), TAAERIZS $Eo2 A, HYT
mel ofuje HMYTZE diF YANRE HAME JbsA AAT[010). WELARNEE ARG o] A%H HA
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23 A3 A=

23 X Iti-criteria imization

HME o233 H43 EAe e 4eld wHez 1Y £ Utk 2F e 278 HAE BAd ddse Wy
NFlE ez g8 X FolN Bas x¥E FaE Rolth
Def. 3: Substitute Problem

min 2A] @

de 22 548 7te x € X7t ZASH olng W HAREA A BF UYEAZ RET}
AADI= B0 4 A1) ' @®

x€X
B pe AEZ P (preference function) £ WYEA TS T F271&E(quality criterion)2 2 B Y7t} #x), 49H
AAREAE HYBAZ HYAIE e 2 FFHol Ak HAFH AP HANAMN 2L “AFd &£3= RAe=
her e RS 71EAH(method of objective weighting)el 2% dhirt B 4+ ATH6).

Pw=$w,- fif':) . Jo=Fxp), Eilw,:l, w;=0 9

HAE 53 A3 EAc 2EFoz 428 EFMN 2A9EE A gez U8y, A2 A FH38 F
$(global optimization method)e] ®Wo] A1 Uk olAe AR} Friede] @8 T3, FFEY AL
AlZro] ol daez AAAANI Pyo) L Has RIGAL, FFEY &Fo] Toldol mel durstE Aol
ANH A3 PP 2= pure random search method, Basian search method, simulated annealing method, Improving
Hit-and-Run method, Hide and Seek method %°| 3Uth.

2t 2 A 31(Shape Optimization)

YA HAAEA T TZEZ RS 714, Y], fARE, By, YT hidEd 24 dRolxy 4otk Y4AA
HEA % Af(size)H A3 B 2RAHQY Aol Fxle dodo] nFZF el F4L el @uygoh} £AF
o] AAW4E FAHE o v)8] AAE Fig. 29 Zo] I9S JEsts 47 AAUsT Aok F, A AAJEAANA
1~3349 FZE9 A2 A PFAN 2520 T 57 AAHE 4902, JAYYYA o]lF Yo Hgsny
g2ty HHe] d9g TIE Rol FFAY ERo|th o] Hopd Y A7 AL vd Sz X3d 2 ol
£ 233 583 olgs ugez 3 HANZE s4c] vz AARY APHAA NP X FYzt
AREz H#AHR) oA AL AAIY A8A FE2LS £ dANSFY £E Hok se=F AAHJEAS
385 7] wEel

AAL 2 Topol timizati

259 S/WA2E2 HZ AHEd Pyld o8 F2E RG4S 78 F e S Z3A HAHB]L VA
FZ2EL 1YE AR IRFdez A A4HAHE 7I2Fo s FdALe] HHY Fo F2A FigdH 2
o] #ol NUE mAZA] EAHA AP 7|2 FHAEER YEAPel BAINE =dge 2N H4dE 4+ Ao
G471M olgzA e BN Yxe HEYAIAAM dLUF2 71 o] EAY M HEIA FF2L 2
NZ2de dAds(UAZA) 22 PP HHAE JHRZAYS Tk wRHoR 4G F o FEI) 28
A, A4 HHAE Yoo T A Ao dis) FAES H25E HA2E ARYEE 4AESF 2 ARSI

3. 728 AAHAHNE AT sA158 Al="

3.1 71Ed 2 dAdA

g AT Z2A AdeEa ad" dgo]l 453 Folzl ZHI WNo]l FHTOEH FZE HAHHJE A%
FA B3 Al2"] CESSO(Concurrent Engineering Svstem for Struagural Optimization) 7%} 7H57 5 es 2289
Tz, ARz 9 HAHIE A WS HadidtsEo] FHof vy HE A= Aj2{g FARG
CESSOE 4Axz slelz 715ias 2de YA8T 8753 dawrde 243le), 4ol B5=458 AR
o AHLAE £PETE ok oA HHRUEL o T3E 226 {FALYd o277 BHAST $HE

A
o] ALSE £ Atk FF2 4ol AEE0E, fee s 2dg 733, /)53ty Rdg seldegEe, GassH
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< B3, AR R4HN A7 5 43D, d5AE 54NN AR EHAN JAPE sReA FosA HA
AAL TPt CESSO 28% dAGAE F=es 4A%vesies 44, M @ AZeSol 27 |dANN 43
olsle} Y25 SAIFOEN FUE 4AES Hol & AN FFLE ALSEA At} dAdedelse A2 CAD,
CAE ¥ CAM #Fol FAIZE 4APREL 733EE Itk 9rl4= CADS} CAEZ S8HEE ) 44 384
A 2] (pre-processing), A A 917 =A AH(design sensitivity computation ) 2 ¥ 2] (post-processing)7} +Z2E 9] X4 A
A& 98 CESSOY Ag-Hr}

32 AA dAGA .

AA e AAGAE Q7] A3l CESSOHA AHEHE WS 71E9 FRES HolH dol23 goz24 HAGH
LTS EE AFNES F4AE £ Utk Aotk MM dEAQY AN dAE 2 HAL Zaaogoz A
NASA<) 2]l sie® COINS(COmposites INformation System database)olt}. o}H2 zAEAN F&2% F(ADAF :
Automated Data Abstraction Form)& 712371 918l AAE dHelejdloj2=24 IBM, Macintosh, UNIX §#733eA] &
£% # Ao} Fig. 49)4= ADAFS 723N FA4AXE K453 o

7]3tet Az d

TZEY 71383 2dg AP0 Astds A2 Mg 2HU& PATRAN 52 ol83id 448 $= A, 7
Zo YHE2RE AYY YL TP 4AZAR A2, 27D AQ T vE 5L TR MUY 4= U
RAE FZEY F4& A7 A3d Arx P EEREH AYF F4& AFHAD. ol ¥4 AIAPe o
Lol ZA3E dysta ot

e o

2A2d

A steeleiste F2E dARFAN MY 2938 BAZ qUEA F s JEEy 2dg EA3E s
 stetolelg Fodte Relth FAT FATH fAsAA HAA seiEs F)5teta dANESE oY, 4, AT
3, AFE 7 dd, 4AZ, 38 0y, 28 Fx, v1EF 92 71X P2 EAY 4 Yod, o)5g dANss
Adg & Ae {HLA gnFol st

CESSO9] AHgz lEmlol e 9dle] AFd AARY & ANAS T23P <3t Y4 A 7518ty =
A3 Z2 44 SebieE 4EALAZe A, LA FRE A2 RE dATHEA dsl QAAAEBE 5
B £ U} CESSOE AHEA UFARE AARSANGE ol F2E) had 4AAYNE BAAE ool 4AAY
Aol o3l FA SANA fNED 44, ANRE A 2 AANEE 48] CESSO ulolg} wol2d) U},

ﬂMEﬂ

A zdo] 82 Yl (Closed Form Solution)53 o) ad el sArd27E, 324 f3as sHAyEa
ol 423 B3 Yeo HMrA] Y Pz EAED, FAFH Al2gdeoie ZE 289 HHRYUE ALE
Y+ AES /949 L BiEtdol ) 27144 SARE BZET, AAAZIe] Bo] ARHE HMzde nASn
A Bgole HAMEAE £AEed FUYFEHE TR, Mol AANNE YRz HE EASE duiE
A A 4E Y YT EHA T AASTEAET 2ol ZEL HHHA HE T ASelth el dATA
ol mel AEF A ede] qFHolol &1, FEMHA e EFF mduce Aol AASR s viad F§
sl MIEAN, H2go olalF A7 A= W2 A G2 FHolt) oaF olfE NI HAMHs AR
B30 AFsich AR Fosiol ¥ AL HMugel HHYPel AAFE FS AT 4AAAWE VL L JASA =

£ RS froso} ek

48 FEM Code® sldzda A4 ZA$ods 4429 UPGEO ZEZ UPFEM ZEL AR do sidzds u}
#A @ch UPGEO 2E2 44 |4 Z$=9 #3234 HehS CESSO 84z 233 949 Y 715188 43
& Adsie, AR 8 49 GaussHolA 71818 R YA AN 715 dde dAvidoetste}
LA} E A4 ol o]olM UPFEM EEL2 #§223MS 48517 lsted UPGEOS A2be By 7383 A
95 AHRE f3te 4 YUY HolH HYe A2e Ao ukEt, UPFEM X EE ANSYS. MSC/NASTRAN %
ABAQUSHl gl siMEd4He x93 UPGEO, UPFEM 2 #3484 eido]A(FEINT)= CESSOZt 44 712
324 ILEELS HE4Y F YRS )

fFeassid ZAnEs JA3E7] H8ld ANSYSAl tiElA= ANSPATII1E., MSC/NASTRANe] thajxe=
NASPAT[I2]Z. ABAQUSe] tis]+i= ABAPAT{13] %& PATRANel e Z#s{M 717 CESSOo o] &5 o3t
PATRANGIA 9] sl ZArie] gasl= Al A5 AE Folsle Ne =t

Wl

ghig ﬂo
e Aol Aeje dAzde 2lste] AAHANY, delME AFHAURCl BgH Fxge] AY T4, WA, BES
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g 59 71A3 A B oz, Aie wES TAANE AL, ¥4, A, AXETSY HeFozr Py
T Utk HZEol ol2AY BFo =z A%t Ao AL e T2aYPe] AL ok

AEAE #8284 FHE AESA RE £ Atk TAY MEOE YH9 457t CESSOH 3 FoiHmy o
< A%, AA, A9, 38, F4E, A2, 2 A5 Folth. FZRE 5N 4Ry LADNREY 94 HAE s A
FE 4 A AARNZE ALF what-if A7V Pt £F, EAFL 2 25202 made-off ARG AF HE3U
Y AAHARE A (A 742D AN tEe 5F 4FAE AQT22A Fo4E £ ok CESSO9 A%
A A"dolx fiws AFAS SRS 4 F4£2P §401 41 B AgHA o

3.3 AARNZA=E A

BANZE Aol W8 ZFgos AN AL AT HANTE A §384 FA doledwg A
£33l A8 48H ZF=2 WoA FPF B2 ANSYS, MSC/NASTRAN, 2 ABAQUSS 2 Ogd 384
=7t 8L 8Y IL=E $£3EA FAE CESSOA 4ANRE Aars 93 #8044 & o

e B dFolM AHEHA AAN FuES HA HAHS slYelnz njR o] W R gonz nRie AN
A gAn, AANRE AHE AASA ot

3.4 ¥ 4AGA

FA ] 4AGAE H4AE A 98t o8 JtA ddES 4E vages 2 dAE dol s Bl
o E2% 4A2 weF st 4AREL adold, YT E ol fEt AT AE ETUCH T dAGA F
LERE 497 AP S T3 HAE AUS] A& 4AYUDE FRE o] 8dE Aol ANAM 49A LATA
< dANR = GA4AE, what-if B4, wade-off 23, ¥ A3dis4 AAAA s otk Fig. 55 ¥ dAE A48t
7] §13ta] CESSOolA AMS® 494 AEdisia dARHE RaFol

A A AdAdA s AAAR ST A dAANN F2E ATE cldFezN 2o e dARS #IEE 0. o)
gt dAGAe dAAHAE A8 95t 44 A IF=E FA{Sc HAEA wal, Ao 2 g
A HAE MAEI] Add 49Ale DR F= HARE ARE Aotk & A2 & AAE what-if, trade-off, £
interactive 323 4AGAZEY dojA 4 itk G NE2E 4AS XY UPGEO 280 AM2g 448 s 2
AHelA 71318 Y48 A7 93 AgE RAols, UPFEMel 4L 3ld HAMEES ANFA & Ao}t #38
2N st A F AAVRE AN A2 4A9d $FAHYU FL£2A dHAAe £8E £ ok

AN dudEFE A FBEAI Aold o, HAAE AF3NERE Ao Uo] Eg0] e AP 4AA
WEE 7387 A8 Al 4ARNZEE Jehd o)A what-if #4418 wsA o

4. B34 7B FAFT HE o

B8 7282 ZF3, AAEHRE R A diRetd AR HT Uk AFFol WA 3R 2B
5E Alztse], R40] 2§ AU etz g, FFAE BRT 4F EFs BE A= z3g vEY 2F
FZE T 7AA e HEHD Ao AL ZF¥A8Y MAE 943 IEAEE AR viRe FPve ol
of, 713 71829 B4R HE EEY RE 4AHA 2 gEole) &I AUHR %2 Eopolth matx BFA 7
29 dAE 4% HFsiel, 2E A A4 AR Sl A g BE, 2N A4S 2 2] R 4A
7t 571 4ot & dFdiXE BZAE ol&8e] 3T FA(fuselage)E HAFA A BAF o] oIFA AEHo, o
H ARg 4A SAWE7HE AHERT SAYSFRE ADHER Fo] MYHAD, dA9 MAzRAezE E 7
AN 432 22 A A AEY 2 BF BAE 22Ut

Hal 2 ;ﬂzt?lﬁ }‘“lfﬂ

Fig. 6ellMs HA A AHa dztg RoFn Ao dA AR vEL AFYshs $8% f4olmnz 4A
2 (Design-Built Team)2 FAZ & 2 g slojopnt St AHAul 4 sjada 44484 M U287 st AHo)
FRHAS. 4AE FRAT B4F2 Rld F£EIAsH, olAF 452 o= A o] HA A JETS
WrlEohis M2 ZPAHA 84F0] 4uAgo ot HA 4AZ Y3 2450 HUch oSy Hl dA 2AE
A dton, HALAE 2 242 4tole AABAN ZHE o ojFeld £ AUk

HAHel YA HF AAY, FF P4 Fo HHPAEZ dFs Jao] vg FFe) ATAQA dA AFLAAG.
Fig72 o2 71x dAZel st AFLAE £33 248 5o4Fn Ao} ¢e Y5 42ry Ade 22 vt
E B3t AAE 29Fa AeH, F¥2 F2#AWN vlgol O == AL & 5 AUtk ek ol ul g distd A
AR L A YAT A 423 F2 2788 5430 Yok 2 REo dg Aol diF AoE Booid RodF
2 Ak
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Table 1 Process and Assembly Parameters

Minimize Maximize
Material Cost/Scrap Tolerance Control
Part Complexity Part Commonality
Part Count Automation
Tooling Tooling Simplicity
Shimming Material Performance
Touch Labor Quality-Process Control
Inspection Lay-up/Forming Efficiency
Repair Assembly Accessibility
Maintenance

Table 2. Optimum Results for Manufacturing Process and Assembly Plans

Alternatives Optimum Results
Compression Molding
RTM/Textile .
Frames Pulrusion RTM/Textile

Stretch Forming
Drape Formed
Pultrusion Drape Formed
Constant/non Constant Gage | Constant Gage, Cocured
Precured, Cocured
Tow Placement
CTLM
Cocure
Element Attachments Co-bond Cocure
Fastened

Stringers

Skins

Tow Placement

A 4 dA

Az Pl AAE B 2AEY] ERAZ ZPE 2ARe] Agd B ARLA FAHAJT. AALA dn
2]E0 2= [HR(Improved Hit-and-Run)¥yel A=t HRS 39 24¥l 712§ global optimization method
oln}, AFAA 7Y thE YAE Fig. 844 BeiFa ch HA Qo zRE YA T2 HdPd HlA &
Aok BA4E Fg A, 4% 48 FL S AAMAA FFdd, 2 HYdAM 292 332d FFE F
M AR FE B oAl Po s Argsle AYL e HAPL e Wyolrt. EAYLE FF 4
Adsye B3 R4S A2 A4, 2AAA Y AL MAHYY. PEZAL2E Ad W o2&, T RA4
A Ha PBE(170 GPa)g =2 39t QAL AS43501-6 Graphite/Epoxy S AHR3I 3, EA4X+= 830 £55H3AT,
Fol7 sl z2AL H4d FELHAD

Table 3. Material Properties for AS4/3501-6 Table 4. Load Conditions
albw .
E: 1325 GPa | &) 0.014.*_; Load Nx Ny Nxy Mx
E: 94 GPa | £3™| 0006 Condition | (N, mm) | (N/mm) | (N/mm) | (Nmm/mm)
—
Go | a9GPa | 7| oo1 1 B0 | 175 | 1D ¥896
Vi 0.32 X" | 1900 MPa 2 B0 | 175 | -175 2896
Density |1.02 gmm®| YT | 56 MPa .
Ply . )
. 0.188 mm S 49 MPa
thickness .
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Table 5. Optimum Results for Stiffened Composite Structures

Skin laminate Stiffener laminate | - ioner spacing | Weight
(mm) (g/mm°)
[-53/52/-28/29]s [-44/56/2/2]s 483 0.0859
[-66/31/-27/48]s [-5/53/-53/-5/0]s 660 0.0832
[-61/43/-23/401s [29/-4/56/-3/-56)s 762 0.0841
[38/-70/39/-313s | [58/-59/10/-21/10/11/15]s 864 0.0848

5 HaFe IARHAE 1A Atold iAol 471A] 399 HAHHAXNE JehdR o o] A= FILE ¢
oy AdA9 —?—E_E]- 40%0°149 344 ANE L}EHLL Aok &4 BAd HAAEE AYGFHnoe2 FozN, AF:
Zto] OxollA HolxE AL BHAFn k. MAe = 839 0%IEF ARAS Bm o, 40%9] dF&
B g3 ok

5 43 2

2 d7x= dFAA A2 EEoln ILFrige]l XEE HFA FIZEY HFAE AF FAITHE AA 4A 3§
sed 238 2E Aoz AR UL tiF AFLANE F Y £ lod, FEHA FFHL23 EAAE 3§
% + LS BAFRUY AAF] RN AE kAT ¥ A} Hstod: FEF dHelHz Wasy, Hye)
g HFE dAS FfolE 2 ANEHRE dolE wlol2BTF2 2 KA AL ARl 38 4 Utk wEkrd 2714
A FARE Y48 FF 4Ac 8 vE a8 A% AFAA, 2UHF T dstg AFLAS FAPe =R, 12
€9 Az ¥ g 2 FriE E2E £ Uk

EF AACGAY Z2EE AFAY (g AAD A 4§ ZEZOPEY PP ALTeE FATHLAA =7
o] AAHA AR L JHE3ts NS HRE oS BE ALY 4 5282 FUY 5 A% B 2714A DARE
A olFe] 4A9 IFL Atdd Hrighe 28 Yol wat £4u8, sU|ulE, AEE Fol dEd A UAE 4
= AT FAZH] F8F Bofd RE 4AFBHE FAHEL telHcl2E FAYOE AR2E HAE AT
A5 o8 gEEeE, FAVIFY FEAA £AE AY F Ak A AR R TR VFe s
2 JAEd Paglel F&E HolEulelAE HEFL T vl Y AR HANA, H4¥ AR T AANE 44X F
oz 238 PAY & Atk

A XEA TFERE FATH HALUAE 5B FTLE AJU Lo 2 40%9] HF RA2AY &£ UAs AR
A3 2999g FFNALH, A AARE T 214 ALxAES VEEY, 3o FFP .’:f EE 98 7
A thede] Sl AAEE AAFLR dA9 FA4E AFHAL. ELY L FoF FZREH VDY BS S0%014 F
FE dasided, YA FE22 AL UIRANT JA AJuLL 10%FE d2 8 é#e qFA

n}r‘-I’

1EY

[o

. Nanua Singer, "System Approach To Computer-Integrated Design and Manufacturing”, John Wiley, 1996,

2. Haug, E. J.. A Review of Distributed Paramater Structural Optimization Literature in Optimization of Distributed
Parametar Structures (E. J. Haug & J. Cea, Eds.), Vol. 1, PP. 3-74, Alphen aan den Rijn: Sijthoff & Noordhoft,
1981.

. Olhoff, N. & Taylor, J. E., On Structural Optimization, J. of Appl. Mech. 50, 1139-1151, 1983.

4. Eschenauer, H., Numerical and Experimental Investigations of Stuctural Optimization of Engineering Design,
Siegen, Bonn + Fries, Druckeret und verlag, 1986.

5. Hémlein, H. RE. M., Take-off in Optimum Stuctural Design in Computer Aided Opumal Design, Suuctural and
Mechanical Systems, NATO ASI Series F, Computer and System Sciences (C. A. Mota Soares, Ed.). Vol. 27,
Springer-Verlag, 1987.

6. Eschenauer. H. A., Koski J., Osvczka, A., Multicriteria Design Optimization, Berlin-Heidelberg- NewYork,

Springer-\Verlag, 1990.

Gutkowski, W., Controlled Enumeration with Constraint Variations in Discrete Structural Optimization. Lecture

Minisymposium itmctura! Optimization, GAMM 1991, Cracow

8. Bendsde. M. Kikuchi, N., Generating Optimal Topologies in Structural Design Using a Homogeriization Method,
Computer Methods Applled in Mechanics and Engineering, PP. 197-224, 198%.

w

~

—-310—



9. Choi, XK. K, Santos, J. L. T, Design Sensitivity Analysis of Nonlinear Structwal Systems, Part 1 : Theory
International Journal for Numerical Methods in Engineering, Vol 24, No. 11, 1087, PP 2039-2055,

10. Santos, J. L. T, Choi, K. XK., Sizing Design Seusitivity Analysis of
Nonlinear Structural Systems Part I | Numerical Method, International Journal for Numerical Methods in
Engineering, Vol. 26, No, 9, 1888, PP 2097-2114.

11l. PDA Engineering, PATRAN Plus User‘s Manuals Vols. 1 and 11, Software Products Division, 1560 Brookhollow
Drive, Santa Ana, CA, 1988,

12. PDA Engineering, PATRAN - ANSYS Interface Guide, Sotware Products Division, 1560 Brookhollow Drive,
Santa Ana, CA, 1885,

13. PDA Engineering, PATRAN - MSC/NASTRAN Interface Guide, Sotware Products Division, 1560 Brookhollow
Drive, Santa Ana, CA, 1988

- Problem Definition
/' *Cursent Dosign-Warld-State”
Inital Desiyn < - Allernatives
: - Topaloy Optimizath
T
Translermation Design Mokl
i S n v

— 8 - x - Xy -2
pe | Sworcgies a0 | o fBR Evaksation Model —
« -l : = feh

Design Senshivity
Analysis

[

v

Fig, 2 Variation of Domain

Fig. 1 Modules of the Optimization Model

Materia)
{Runimy

T manrx
Yorm

)

Tookng Funcion

Y:Periodic Microstructure with Square Heles Rummd the Angle &, ] Thaw Mant T Snape
USquare Cell with a Square Hole

’Figure 4. A Block Diagram of the ADAF

~ 311 -




Finile Clemenl Anolysis
ANSYS/HASTRAN/ABAQUS
Dasign Sensitivily
Anolysiz

l

Ssasitivily Disploy
DSOISPLAY

—
Whal=il Study Trode -011 Interoct, Oplimizotion
WHATIF TRADEOFF OPTIMIZATION

Update Modal Ceo. Properlies
U< .
Updste Andlysis Wodel
UPANSYS/UPHASTRAN/UPABAQUS

Figure 5. Post-processing Stage

;Manu(aduﬂng.a Dulqn- 3
it missiponabet,

-E?r\-l—;tu(h \ L x" i

S ’ DBT lnteractlon ] .o
. B et
Qu-'-"W Conitrof (Oesign Potentials) : u;m’(;y;?j

V/"

Detalled Cost Analysis

Ovsalgn 1 Oeslgn2 Oasign x

Optimization

Process & Assembly Plan Evaliation

Low Cost Design

J/

Figure 6.}5;sign / .Mému.facturing Selection Process’

Application Family:

peg
ey
L.

%

“'Selected Family

Family ~8~

Family “C

Family *p*

Figure 7, Selected Design Family

X3 {Design Vadable 2)

Cy

Radiue of the chete = search radhus apeion
D2

X, {Design Vartable 1)

'_Figure 8. Operation of the Optimizer

—312—



