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Multidisciplinary Design Optimization Based on Independent Subspaces with
Common Design Variables

Jung-Kyu Shin and Gyung-Jin Park

Key Words :  Multidisciplinary Design Optimization(THE°F%-313 2 A 7]), Common Design Variable
(Z 54 AW ), Flow Patterner Design(F- 2 2H4 714 A)

Abstract

Multidisciplinary design optimization based on independent subspaces (MDOIS) is a simple and practical
method that can be applied to the practical engineering MDO problems. However, the current version of
MDOIS does not handle the common design variables. A new version of MDOIS is proposed and named as
MDOIS/2006. It is a two-level MDO method while the original MDOIS is a single-level method. At first,
system analysis is performed to solve the coupling in the analysis. If the termination criteria are not satisfied,
each discipline solves its own design problem. Each discipline in the lower level solves the problem with
common design variables while they are constrained by equality constraints. In the upper level, the common
design variables of related disciplines are determined by using the optimum sensitivity of the objective
function. To validate MDOIS/2006, mathematical problem and NASA test bed problem are solved. The
results are compared with those from other MDO methods. Finally, MDOIS/2006 is applied to flow
patterner design and shows that it can be successfully applied to the practical engineering MDO problem.
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Table 1 Optimization results in mathematical example
1 for MDO methods
Initial MDF MDOIS! MDOIS? MDOIS/2006
f 6348E+02 5.000E-01 23B0E+02  9.393E+00 1.143E+H00
N 2.859E+00 2.500E-01 2.549E-01 9.141E+00 2.527E-01
h 6.319E+02 2.500E-01 2378E+02  2.524E-01 8.900E-01
b, 5.000E+00 3296E+00 4.548E+00  4.548E+00 3.738E+00
by 5.000E+00 2.165E+00 3.000E+00  3.002E+00 3.000E+00
b, S.000E+00 1.039E+00 4.214E+00 1 88SE+00 1.501E+00

Funct
unction 1152 110 178 271

caleul
Remark: MDOIS! and MDOIS? mean that the common design variable is allocated to
discipline 1 and 2, respectively.
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ol v A A XA ga 7 Eokd
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Find b,i=12,.7 9a)

to minimize (9b)

f,+ f, =0.7854b,p7(3.3333h7 +14.9334b, - 43.0934)
~1.5079(b2 + b2)by + TATT(B +b3) +0.7854(bsbe + bsb?)

subject to g; =27/bbb, ~1.0 <0 9¢)
g, =397.5/bb3b7 -1.0<0 (9d)
g, =1.93b; / bybsb¢ ~1.0<0 %)

g4 =1.9353 /b,bybs ~1.0<0 99
g5 = (745262)/(b262) + 0.169x 10° /(1100%0.163)-10<0  (98)
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Table 2 Optimization results in mathematical example

2 for MDO methods

Initial MDF  MDOIS MDOIS/2006' MDOIS/2006*
7 2798E+03 2816E+03 28IGEH03  285SE+03  2816E+00
b, 3000E+00 3SO0E+00 3.500E+00  3.599E+00  3.SO1E+00
b,  7OMEO! 7O00ED1 7000E-01 700001 700001
b L700E+0 1.700E+01 1700E+01  1700E+01  1700E+01
5 7300E+00 7300E+00 7300E+00 7300E+00  7.300E+00
b 771SE400 TAOE+00 TAOOE+00  7400E+00  T.400E+00
b 33S0E+00 3352E+00 3350E+00  3350E+00  3.350E+00
b, 528TE+00 S.000E+00 S5O00E+00  SOO0E+00  5.000E+00

Function 110 50 37 67

Remark: MDOIS/2006! ; Initial move limit = 0.5, move limit reduction ratio = 0.3
MDOIS/2006? - initial move limit = 0 65, move limit reduction ratio =02

g =+J(7452b2) (b3b2) +0.1575x10° A850x0.163)~1.0<0 (h)

g7 =byby /40-1.0<0 D
g3 =5.0b,/ ~1.0<0 ©n
gy =5 /(12.06,)-1.0<0 (%K)
g1o = (1.5b5 +1.9)/b, —1.0<0 on

g = (.16, +1.9)/b; ~1.0<0 (Sm)
1 RORINE bybyfi81 8008 808 & 28
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T3P e I AFHE Table2d) HEMAAT-

=3 MDOISR006S =7] olFdAL olF3
Zage F /P ZS(Table 20141 MDOIS/2006'3%
MDOIS2006)0] thate] Zojugich. 27 ol58AE
0655 s} o|EdA A& 022 W MDFY
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Find b, i=1.6 (10a)

to minimize f=h+1 (10b)

= {08104 265 + z71+l6.764x10‘b1b2b3l}+ {258, +[5.6818(1/ 2, - 1}

subject to
gy = —2bg|bg| + 2.5b,b; +4x 10 b <0 (10c)
gy =-107 +3.39x1071°(1-2;) ((bsb5) <0 (10d)

g5 = ~0.3+b,(100+2.825x10°(1- ) /b, J(b,25) < 0 (10€)
g4 =—by +2.825x107°(1-2,) <0 (10f)
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Table 3 Optimization results in mathematical example
3 for MDO methods

MDF BLISS co MDOIS MDOIS/2006
f 1.553E+00  1.509E+00  1.568E+00 1.503E+00 1.496E+00
by 1.908E-02 1.813E-02 1.936E-02 1.772E-02 | 1.939E-02
by S.000E+00  5.237E+00  4.787E+00  5.473E+00 4.663E+00
by 7.290E-08 8.045E-06  7.290E-08 8.008E-06 9.991E-06
b, 4.628E-06  4.990E-06 1.265E-06 5.000E-06 4.982E-06
b 5.034E-03 4.025E-03 9.834E-03 4.004E-03 3.247E-03
be 1.001E-02  9.981E-03 6.874E-03 1.000E-02 9.965E-03

Function 636 107 1811 147 124

o7 s 2 gdedEe Oded 2o
z, =500/(500+ PQ + PD + POF)

PQ= 4.53025+z3(l9.53125+ 5.1957x1072(1 - z,)? /(b42))

PD =67.9622+1.19554x107" (1~ 2,)/b,

—z.)? RS 2.
POF =7.9806x10™ “+3)+10‘z5 +z.ssozx10'“’M+s.19619xm726(6b5+z,){i“
by b

4 4

2,=04923/z,, z,=0.37647/z,, z, =b°

25 =1.31024x107"byb, /by, z; =b x7/2

25 = 5.65x107° (1- 23) (b, z4)
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Table 5 Allocation of design variables to each
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