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System Decomposition Techniques in Multidisciplinary Design
Optimization Problems Using Genetic Algorithms and Neural Networks
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Abstract

Design synthesis in multidisciplinary systems is typically characterized by a large number of design variables and
constraints, and involved with multiple engineering disciplines. Decomposition based optimization method is a solution to
large scale coupled multidisciplinary system, wherein the original problem is decomposed into a set of smaller, more
tractable subproblems. The ahility to create smaller subproblems which represent the full complexity of the original problem
may allow for attenuation of design complexity, and thereby contribute to a betier understanding of the problem domain.
The paper describes the optimal system decomposition techniques in large scale multidisciplinary optimization problems. The
central building blocks in this context are genetic algorithms and neural networks, which are efficiently used for discrete
optimization and guidelines for topology of problem decomposition, respectively. Numerical design data from High Speed
Civil Transport was used as a test bed for this class of problems. The paper shows the optimally partitioned subproblems
for subsequent use in decomposition based optimization under the environments of emergent computing techniques such as
genetic algorithms and neural networks as tools for search strategies and global function approximations.

Keywords : multidisciplinary design optimization (MDQO), decomposition based optimization, optimal
system decomposition, global optimization, genetic algorithms, neural networks, weight
analysis, high speed civil transport (HSCT)
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Table 1(a) Weight matrix

Y1 Y2 Y3Y4 Y5 Y6 Y7 Y8 Y9
X8 7:-9,2 13 2, 1 1
X217 .88 212 1 1.1
X3|1. . 2 2:8:9:9 1 2 1
(X4l 1 12419 .9:-9,1.1 2
Xsf2 1. 1'1.1'2 9 8 7
X612 2 114 :1.1 9.9 7

Table 1(b) Partitioned subsystems

Y4 Y5 Y6 Y7 Y8 Y9 Y1 Y2 VY3
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Table 2 HSCT - 25 design variables

No Description

1 wing root chord

2 leading edge break, x

3 leading edge break. x

4 trailing edge break. x

5 trailing edge break, x

6 leading edge of wing tip. x
7 tip chord

8 wing semi-span

9 chordwise location of max t/c
10 airfoil t/c at root

11 airfoil t/c at leading edge brcak
12 airfoil t/c at tip

13 fusclage restriction 1. x
14 fuselage restriction 1, r
15 fuselage restriction 2. x
16 fuselage restriction 2, r
17 fuselage restriction 3, x
18 fuselage restriction 3. r
19 fuselage restriction 4. x
20 fuselage restriction 4, r
21 nacelle 1.

22 nacelle 2,

23 mission fuel

24 vertical tail area

25 horizontal tail arca
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Table 3 System decomposition result for HSCT(MEAN + DEV)
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