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A Study on the Multidisciplinary Design Optimization Using Collaborative
Optimization Approach

Roh, M. L. * and Lee, K. Y.**

ABSTRACT

Muitidisciptinary design optimization(MDO) can yield optimal design considering all the disciplinary
requirements concusrently. A method to implement the collaborative optimization(CO) approach, one of
the MDO methodologies, is developed using a pre-compiler “EzPreCompiler”, a design optimization
library “EzOptimizer”, and a common object request broker architecture(CORBA) in distributed com-
puting environment, The CO approach is applied to a mathematical example to show its applicability
and equivalence to standard optimization(SO) formulation. In a realistic engineering problem such as
optimal design of a two-member hub frame, optimal design of a speed reducer and initial design of a
bulk carrier, the CQ yields better results than the SO. Furthermore, the CO allows the distributed pro-
cessing using the CORBA, which leads to reduction of overall computation time.

Key words : Multidisciplinary design optimization, Collaborative optimization approach, CORBA
{Common Object Reguest Broker Architecture), Design optimization library, Pre-compiler
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Fig. 1. Reusable launch vehicle design concept and required
analysis modules.
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Fig. 2. Basic scheme of collaborative optimization approach.
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Table 1. Optimization result for the Goldstein-Price's func-
tion problem(starting point 1)

Solution MFD SQP SLP GA  HYBRID
x; 0000 0000 0000 0001 -0006 0.000
1000 -1.000 -1.000 -1.001 -0.9%0 -1.000
f 3000 3000 3,000 3002 3.064 3.000

P Starting Point 1; x,=0.5, x,=-0.5

Table 2. Optimization result for the Goldstein-Price's func-
tion problem(starting point 2)

Solution MFD SQP SLP GA HYBRID
x 0000 -0600 -0600 -0.593 0.008 0.000
x; -1.000 -0400 0400 -0.400 -1.003 -1.000

F 3.000 30.000 30.000 30060 3026 3.000

P Starting Point 2: x,=-1.0, x,=-1.0
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Fig. 7. Scheme of the collaborative optimization approach of
the mathematical optimization problem.

Table 3. Optimization results for mathematical optimization

problem
Solution Collaborative Standard
Optitmization Optimization
X 1.333 1.333 £.333
X 1.333 1.333 1.333
7 0.222 0.222 0.222
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System Lovel Table 4. Optimization resuits for two-member hub frame
a0 Min s/ - ””:"”00”“/ AL design problem
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Stg, <0 S1.gy, S0 T .
s : E tn cm 03621 0.3591
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Volume cm? 1018.07 1019.85

Discipline Leve]l 2 Calculation Time  sec 4.8 4.45

Target Variables(Given): Ax*, f,*
Design Variables(Find): 1 t.o, b, 12
Minimize

ry=(A1—A) +(li-1))°

Subject to:

£21=0-6,<0

g2:=N-N, =0

Return: 3, Vrz(A;, !;]

o714,

Ay =pbs+hnhy 2101,

= b, tramtpYiphy tuolhy=21p)’

6 2 12
= Oof th'l f2\- _
T2 +A3 N=fo,
2
OSTCEL
6, = 25kN/eniN,, = 200 ED
2007

ol e} HAE A2sPa Fig. 991 o] vehd
A

Two-member hub frame2] HA A 2Ay ¢
A HH3 AT 9y 99l Zo) HA2lE HF 3
3 AT wilel) o H 23 $AEAT. Table
= o] TAE T XY S Y dY Y
3 AT ugog Y3 ANE e 9l

Table 4oM, /E 243 H2 whie] 349
Calculation Time 2 3lo)) AM-R 7} FFE) A2

= o3 A|7h& 3}31 Flo) ohd A3} 45 AR £
37} 4R wff7pR] 289 A7 2nlgic)

) A3} §F5 X HT P 9 A
A ubdel &3 A3 Al AL FIdFE o
= Aok, g, £ A7k SeiMe gl #HAs)
AT el visk $A 2 FAH p(distributed
and concurrent processing) HIHel 28] o] Fo x|
{5 23 A2 ubge] Bel 42 A7k glol] 3 A
g ddeE 4 ek

Fig. 102 o] A& 5 23}t A2 whyel o
3] CORBAE o|-&3}e o|7|F ST AollM 3
3 g el

5.3 H&7(2] = A 2X
ZAE7] A EAlle F7185 T2 Alele] Ab

Systom Level TV Targel Variables

- D FV Oicrepency Function

—F
!.vﬂﬁ ery

[ " comsa™ |
Y.Vﬂ U DFY LVB U DFY

o] [

| [==n|
=0 Bl
Discapting Leve) Dhscplina Level
t 2

Fig. 10. Distributed optimization and analysis using the
CORBA for the two-member hub frame design
problem.

TFCAD, /CAME Y] =74 A5 33 2000 9%



270 ol olqad

Fig. 11. Gear hox of a speed reducer and design vaciables.
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= (b by 4 -my e (7Y

-1+ (d)~dy'Y

Subject to: Upper bound on the swesses in shaft
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shaft [, Dimensional restrictions based on space and
experience, dimensional requirements for shaft 1
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Return: ry, Vra(b*, m*, z¥ [ ;*, di*)
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Fig. 12. Scheme of the collaborative optimization approach
of the speed reducer design problem.

Table 5. Optimization results for the speed reducer design

problem
Unit Collaborative Standard
Optimization Optimization
b cm 3.501 3.500
cm 0.700 0.700
z - 17.000 17.000
N cm 7.301 7.300
L cm 7.302 7.301
d, cm 3,351 3.350
d, cm 5.287 5.287
Weight g 2986.102 2984.770
Calculation Time  sec 42.31 60.76

System Level

TV Tage Vriablas ’
D FV Discropancy Funcion
_Veiwes

ooy
[ CORBA
'LV&UO.F.V tx&ﬁu.‘.\l

[
Discipline Leve|  [rscipiine Loval
2 3

Fig. 13. Distributed optimization and analysis using the
CORBA for the speed reducer design problem.

< M2 ]k HAHE eSS o 5 Ut

Fig. 132 o] £AIE §%F H23) JT el 9
3 CORBAE ©|-&3td o|7]F SHUF Aol ¢4
g A& vepdch

5.4 Bulk Carrier2] 27| 4] 2
kel F8 X Z2H e 7)1EH(parenet

shipye} ZARE olf3ldd HFE 8F ZAH(ship
owner's requirementsyS W53 Aube] A Fg
X$E AAsLe Aelct, oW AF a7 2Ro2
= A3 F3(deadweigh; DWT), H}EYF £
(cargo holds volume: CV.,)), ¥ FEF(design
draft; T) $°] U}

dupro g AMute] Fg A4 AR HAs iyl
X3 AT ol s w5 2ol AHAzE
At

Given Data: DWT, CV,,, T, n(Z24 2| 2H+)

Design Variables(Find): L(Z2°l), BF), D(@e°l),
C:08¥ A, DiZEAe A7), pEady %)),
AgA(Z23 @7 HAu])

Minimize Building Cost(’¥}e] 7 z4))

Subject to:

g: LB T+ Cp (140)=DWT+LWT ;. ¥4 - 3
g Y 22

&: CV2CV,, 87 &R 24 =7

gy D2 Ty Freeboard ; HA 2.4 238 =4

g 0.043.<_GM£4M£-£; 7] B34 274

2

8 1k <015 ZFH BHAM WL A%
{obesity coefficient)®} Ajek =2

8o Cp=0.740.125 tan™ (23- 100Fw/4); Wason} Gilfiflan
of &ja} Col Aok 2

gn Ti;zanDPSKQ; F7] 3 (main engine) 2 ZHE]
AZH =2 Forquers Zaeist Fpdof st
=74

8¢RI oD, K,: ol® 4RIl Alibe] 875}
v F49E maer) yolrhe 24

8o AgfAoZ K+(1.3401.32) - T/D# - (por+pgh—p,); 71
) g o] (cavitation)ol BAFA g =3

7|4, o, LWT, CV, Freeboard, GM, R, Fn, P,
Ko Ko K. Z T, p,tpgh. px> 747} appendage
factor, 733t F¥(lightweight), 323 €4, HAY
(freeboard), B €M 3-o](metacentric height), 25
8. F7)(rolling period), Froude number, F7]2 o)
Zzdo AFsl= v, 9.3 A4, 39 A5,
e, Zee e Gl £, F9, & 24 Zo|(shaft
center line)ll el A4gk(static pressure), 2713}
(vapor pressureys Wepdc},

aebr], dute] F8 2 A A THY A
A YT, B D, Cy Do, P AdAo), M9 B3
Ak 2R, g1 go) 71 ¥53F AY (g,

gECAD,/CAME] =83 353 A32 200008 9Y



272

L3 84 85 8o 2o)OE o] Fo7] A3} FAela &
F Ut

ol 4zt Zhe- Adute] 8 A4 AA FAle A5
L7 #73E “Deadweight Requirements”, “Speed/
Power Reguirements”, “Cargo Volume Regquirements 2}
A e 7 2R FRE F o5 44 &
1}2) FHofol|A] qho} YA Z AWHESF 8 4 e},
Z, discipline level 1914+~ “Deadweight Require-
ments™ g s GAlE S88SER. discipline level
200 A& “Speed/Power Requirements's HEsH=
XA Z Festn], discipline level 34l “Cargo
Volume Requirements S 953l AAE sl
2 g}, 28] qystem level2 discipline level |,
2. 3& 2Askd Ao HAY F2 29F AhEslT
5 o). ahebd, g% HH3 AT ol ojs H
M31E AT 4 o] FAE= Bt sysiem levelt
A 7H2} discipline level® 7% T i} System
level 2 7t discipline leveloll AM2] 3 A3} Faj:= o}
S5 Zel A4

System Level

Target Variables(Find):

L*, B*, D* Cg*, V¥, DMCR*
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f=Building Cast(L*, B*, D*, Cg*, V* DMCR*)

Subject to: r=0. r=0. r;=0
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Fig. 14. Scheme of the collaborative optimization approuach
of the bulk carrier initial design problem.
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Table 6. Optimization results for the bulk carrier initial

design problem
Unit Collaborative Standard
n Optimization Optimization
L m 26506 265.54
B m 45.00 45.00
b m 24.31 24.31
Cy - 0.8430 0.8470
v knots [3.51 13.50
DMCR BHP 17.030 17.061
De m 8.3260 8.3214
P, m 5.8131 5.8121
Agfdy - (0.3890 0.38%0
Ccvy m’ 179,005 179.029
DWT ton 160.000 160,000
LWT ton 19,060 19,0059
Freeboard m 6.4777 6.5356
Buitding Cost 3 59,611,688 59,889,135
Calculation Time sec 86.58 121.17
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Fig. 15. Diswibuted optimization and analysis using the
CORBA for the bulk carrier initial design problem.
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