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B =R° Multidisciplinary Design Optimization(MDO)ol| A & el gvtelA] =9] H1 = P5H 23} 71 (CO)l
Al MDOEAE COZ A3kt lolA 2o HA4A #A2 X142 EAS 3¥ste] o8] 712 X491 A
o] whAyeit], upghA, E =RolA= MDOY| theket HowES Al o 3 CO7E 7 E FAMPES Ydste] o)
st siubel s Adseks aolstaat gk
1. A& X & Azl digh A4 wgoly JeEuis X, 9 S
U X)E 144 - (fixed—point iteration)ol] 2]3F tHi-olE
F 2ol tiyfie] 72 F A" AN A2 JEgS F= v el (multidisciplinary - analysis, MDA)S ‘&dte] =43
&t ofe] HAHYES Al nHdte thioksEFHHAA (X, UXp) B2 AN o(X ), X )p)S AtetA Hrh
(multidisciplinary design optimization, MDO)7 ] o] AR&-%] 3L ) MDAdHE 2E shigule sjxmEe] dAS 25
o adE FHAA4 A7 all- 11}1 qone (EeSlgn approac]h) Sl A= A MEAAS B3 SdEe 24 "ok omdows i
HHo = A o o] o =
e e o e b S ISR S W Newton Method)5e] MDASH Akt ik &
5] = i o ‘_/‘ N - - .
Aow dojxl A7 & < 3l7] ofel 2 & ofz), W BAZ sdsty] Y8l w34 7]9hid(gradient-based

= p=E
RIS T

7 e EH?'FUPJ 2 A EA ol A H7F A AAGe =
wey] Aol Hste A97F dAsTh o)y st HHsdel Al
£ gerow OHQOM el e @74]‘*1 ot FETF Rk
shal ofe] 71x] FshA dido] WAsle A BAE agHoR
sk S8l 78 ExlE sid e MDO A2l 5243t
(Collaborative Optimization, CO)7|8o] A% 1 rh
T2y MDOEAIE COZ 2&38l=d] glojA] Eeje]
TAL] Ao BAE dste] oy 7kA] x40
A3 [ Alexandrov,2000]

wEba, 2 =t A= MDOS] thget HA 55 A ¢ &
CO7} 7= EAAES dste] 1o EH?‘L O}LH gl Antet
aNstaAl gt
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2. MDO7IH£¢] H]aL

2.1 MDF (Multidisciplinary Feasible)

MDF 4] 82 MDOZAlo] theh als 371 918 kol
AEH H4sh A olrh MDFE Wi shielue] f89e)
(feasible region)& WHohs AAE shte] Z2A29] At
AEsic) 32 1 2 19 19l 715% MDF A 3ol A

s

method)o] AF&-Ethd MDALX sjd=el
ofl e} BE HeoA Hni(derivative) ¥ o]

EdE I i+

Sapslof okt

B2 ook 8 A (multidisciplinary  feasibility) & 27] 9

A= Al Lol Wol == wdo] WAElAl H.
[3 1] Detail evaluation of new Top Side
Minimize (X, X))
Subject to 2(Xp, UXP)<0
and bounds on design variable, X
MDA
Optimizer Xy - AT
MinF(X,,,U(X,)) D‘“‘l’lh‘_‘ary
1. g(Xp, UXp) <0 | lina y‘S;
DV =X, U(X ) R
Disciplinary
Analysis 2
[zZ1¥ 11 MDF Architecture
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2.2 IDF(Individual Discipline Feasible)

IDF A4 4 (formulation)> MDOCA] Alxka]g-2]
¢l MDAS & = &= shvbe] A< Wioltt IDF= 7H7H
o] Eoke] F-E&AARS X33k RPH %O]ﬁi"ﬂ &4

Al(multidisciplinary feasibility) % FokgF AAHEGFE Ao
= o= A3 (compatibility) S ol&e] 7] 913 A5}

Bl P o4 s 3% £o dye b}wua
AN Fols A Wi 4HE Ao AR

SAAL AR A st aa
MFDol A 228 MDASAS welsl Alsel dlfel A of5

delele BERLE Akl 2 S i

Ji=C% < 0.0001 §)

where, j=1,---, number of disciplinary

U X)E Arkshz AL thiol 7k WF X & A
Asl JHANe] o siAs EHAoR Agdrhs Ao
ol R siAE AL SAlC Addrh B4
o oule dApA o] Aol 7
o] 7Fssitke ofmlolt}y. dnkAow v 7|Fe] HFE} 7}
7¥e] OS &7dstollA =222l a4 7|45 283 =
ZplollA IDF= @4ell 7P -3k ¢ e A adlelzt
o
[3% 2] IDF Formulation

Minimize F(X ,, LX)

with respect to X=(X,, X )

X, UXp)<0
aX)=X,—m=0

s.t.

and bounds on design variable, X

Optimizer
Min F(X,,U(X))
st.g(X,,U(X)=<0
X=(XD,X“)
CX)=X,-m=0
DV = X,myy,m,,

XD’X;HZ m12 m21 XD’X;JZI
A A
Disciplinary Disciplinary
Analyis 1 Analyis 2

[z29 2] IDF Architecture

2.3 CO(Collaborative Optimization)

CO 742 MDO o thgh 27415 252 7]\ (two-level
hierarchical scheme)o]™ A|Z=E gl A|x8 ZH3EF 2
HAxzl sEA BoRr  ¥E AlYx(interdisciplinary
compatible constraint = discrepancy function) J*& W3S}

g tHEoRh A (e Al2" g 234, 2)E HF

3} 3t} Z42be] GH/WiE“ A 3} (subsystem optimizer):= 3}
FAE Az g5 WSk sHAlE AARE x st o
FA 8 SMAAR] p bl AlzEl @ WS 25 H Al
(least square)®] FEl= A3} el oejgh Alxg) gl d7)
W 25 SHEAIZE A QA ARHEE aejEojzitt &)
Fajzalo] sl o]l A, ol HAWS x of FE Al
W x 3t o] sojofgit) ghEA9l B0 o]

Qe o714,
Zo Az WSS YeRI,

J=X—z1*+|v,— z9* 2

M

CO 742 3% <IA(interdisciplinary variable) x; 2.C}

of3l W(disciplinary variable) x; 7} & u] AL83}7]o] o]
Aot} v @ s, CO AL Hof uzer 2
A zhan AAEARR] Aol AL AARAE 7l A
gk 7oty A BT SR Alwl AdeA o] A
Agee] 715 sy o]z Alasly) sheldlHzte] 48kt
3 Asfsh= T Qo] HH A7) QA st Al
Ahi)go] gtk SHAIRE o] 2edS Hulsk Rgshtt
= HEE 7A€ COol dofA 7 o MRe] B 57t
= Al G Aol Bk wf, dxtEchE 9 XWAAS
o 4= Qlth

System-Level Optimizer

Goal : Design objective
st Interdisciplinary
compatibility constraints

Subspace Optimizer 1 Subspace Optimizer 2 Subspace Optimizer N

Goal : Interdisciplinary
compatibility
st Analysis I constraints

Goal : Interdisciplinary
compatibility
st Analysis 2 constraints

Goal : Interdisciplinary
compatibility
st Analysis N constraints

( Analysis 1 ) ( Analysis 2 ) (Analysis N )

(A=
Architecture

The Basic Collaborative optimization

o] 71A] QAL 9]
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3. Penalty Function MethodZ £3F =HA 714

Rolgk ie] EAfeke

(6 0)

MDA #A|(All-in-one or MDF)
TAformulation)dHA] A FEz7A2] v}
39 o Qla) ale] FHAdo]l "WolxH o]z <l
12 kel wste] w9~ wizkslA "k COoll tigh 4421
AL T o] F 7R R g ok

@ A=® i A A B F-EHA
(Kuhn-Tucker) #31& WHGelA] Rgt} &, 2h1wA
(Lagrange multiplier)7} Al2=8l #¥ &7} Ak (equality
constraint)ol| 4] EA|8}A] 2=THSrinivas, 1999).

@ COE 735 A=l #@d A3 #A17F 9480 MDFe] +
A A5 di=stel o gle Awe Hddd A EAE
& WA =

i

o]

o
™ X oo

=
El
1

o]
1o O R S

N

2=
o T

olefgh wAHE /W87l &l Lin[2002] CO¢J
H(system leve)ell ti3ll 52 3E penalty function methodE
Agste] HAHe s SR, By 58491 A
A AE B3] F=Uh CO= system levelol Al Kuhn-Tucker
doxds sk etk webd HA el gk AR
(stationary point)e] EA|8A] ZkAl Hw 18gk o]f= 3|
Z7|Xol wjg- wzke AyE Hole o] ARMolt) B}
CO¢ Alz=® Y-S penalty funcions E=ske] H|A|eF A
377l (unconstrained

minimization problem) .2 TAsHA HW ek EARS
vl gkstal7] ok

Alz=El 8

4. 72 oA
COE thiolsd 51 QA AgA S TARS A
sk el 3t 39 22, FEERAGhY disciplineo = Zl'—r)

T2 oAl HAg EAE A7teiAk L
g 4= &34 (objective) £ Zkell
3t 24799 Y (feasible region)S YERNR o™ Aotz
BRI wAkete HAGS VeteHoRE HA ol 4
Atk

A 2kZ 7 (constraint) 2

ok A g ARl wayg AP o= A o
T o wAe GEHE 25 S Fsinh thet MDA
A7l

A 7Y T EAH R aaﬁ} g gl
A

w2} Newton Methodell

=t ol 7, wu= ]asﬂ J )
7} AR SR B 49= MDF ujite] MDAS] %o
o AAAQ AzE A A A bt

[3% 3] Numerical Example Formulation

minimize =100 — x + X3
st 2 =00.2x—3y,— P*+25)/10 <0

2= — (x,— ¥~ 3p,+ 30)/20=0
2<x <9, 2<x,<9
= X%_ 0.2_V2_2p1
where

=x,+\ v+ P}

[2¥8 4]

Feasible Region
5. A&
CO9 A ARl TAHS /MMt flall 27 39 dA|el o]
3ko] system levelol Penalty function methods %-83+ A2)3}
a9 5ol YRSl 29 6ol 271A] s vHE7REA
) 3] @K% error)E WEMATE 27 6014 & 9l
= u}g} o] CO°ll Hl3] CO + Penalty function methodS %
&3 A-(Table o] HAHAE Fol TS FA8IHA
Near-Optimumel] 8-S & At} COANA LA H1 Q)
= Discrepancy T4%24S Penalty TermQ.2 HojA] H]A|<F
T2 HAS TAZ AEE F2 COolA ‘HY oz Ay
sk 7] FHEHEAE Aduiel xPEAE FA He 23t

mlm
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=) O~ = = = 00 3 5 2=
WAgste] vl gk SlE Akl s SRl & Ak
o]9} Z+o] CO + Penalty function methodE 283+ WhHo] &
#o] COell Hla HH allE Zolg+Al Hrk
SYSTEM
min
where X7 =y’ + 0.2y, +2p,
.. xt =i ol - pdy .
Vi) d, d, Ny
DISCIPLINE 1 DISCIPLINE 2
min d =4 (- 3)? +3 (s - 0)? min o =3 (7 =) L2 -92)
s.t. g =(0.2x] =3y, - p} +25)/10<0 st g =-(xn—y-3p,+30)/20<!
where y, =x{ —0.2y,-2p, where ¥, =x,4 y +p
find Y,)2 find X2,V
2<x, <9 2<x,<9
[71¥ 5] CO + Penalty Formulation

—e—CO
O CO + PENALTY

%error

Initial Point

[2¥ 6] Results of Initial point variation

510 15 20

25 %0 35 a0 a5 5
n*

(a) CO

(b) CO+penalty

[z 7] Comparisons of feasible region
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[ 4] Results of Optimization

f %error
All-in-one(MDF) 79.4118
Case 1 294.5253 49.78
Case 2 113.0204 70.94
Case 3 104.5587 54.75
co
Casel8 115.9899 75.11
Casel9 93.7131 5.43
Case20 209.0511 35.19
Case 1 79.3480 0.22
Case 2 79.6317 0.49
Case 3 80.5414 0.71
CO +Penalty
Casel8 80.0916 0.51
Casel9 80.7188 0.67
Case20 79.6951 0.51
Exact Sol. 79.4118 -

o N = () o

(%) %error= \/Y1*2+J/2*2 100(%)

NLPZ HZ3s7] e BAE E9717] Halre
Evolutionary Optimization &<&  Simulated
Annealing$¢t 2& 9543 7IHE o] & 5 Utk
E s e QAT Asg dadAe wEAte 3
e FHEe] Qb shide 488 nels) vl
o Adrtsidel gloen oleh Ze Mg s 7Y
= &St e wW CO EAIFA B544Q1 vdE 5
} FE2AE G oA e BANL m
Atk A= AE o] A= SHox CO9
TATEE AAdsA FEE ek HA3) HE EA
a7 kettn 2o

Fued
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