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Multidisciplinary Design Optimization Method for Link M echanisms*

Kikuo FUJTA*!, Noriyasu HIROKAWA*! and Masafumi INOUE*2

*1 Osaka University, Dept. of Computer-Controlled Mechanical Systems,
2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

Optimal design of a link mechanism determines configuration and geometry of intermediate
connectors so as that minimize the driver’s capacity, system cost and so forth under the assigned follower’s
motion. Since its mathematical formulation is obviously multidisciplinary and mini-max type under time-
dependence of link motion, any conventional optimization techniques have difficulties to seek the optimal
design solution. This paper proposes an efficient design optimization algorithm for the multidisciplinary
design optimization of link mechanisms by combining non-hierarchic coupled system decomposition,
which consists of the iteration of partial optimization of divided subproblems and coordination of such
partial solutions, and mini-max relaxation. Further, successive quadratic programming (SQP) is utilized as
a mathematical programming technique by inheriting Hessian approximation of the Lagrangian function
across its iterative executions. Its application to the multidisciplinary design problem of alink mechanism
used in hydraulic shovels, which is model ed and formul ated based on skeleton based kinematic analysisand
beam-theory based strength analysis, shows more than about four times of speed-up and robust performance
as compared with a conventional optimization method.

Key Words: Optimization, Multidisciplinary Design Optimization, Decomposition, Mini-Max Relax-
ation, Successive Quadratic Programming, Link Mechanisms
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Fig. 1 Design problem of link mechanisms
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Fig. 2 Non-hierarchic coupled system decomposition
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Fig. 4 Mechanism of a hydraulic shovel

0000000000000 00000000000
000000000 000000000000000
000000 (0000)0000000000000
00000000000000000000000
00000000000 0000000000000
00000000000 0000000000000
00000000000 0000000000000
0000000000000 D00000000000
000000000000000
noo®ooooooooD0O0oOO0O0OOoOO
000000000000000000000000
00000000000 0000000000000
000000000000 000000000000
000000000000000000000000
000000D000000000000000000
000000000000000000000000
0000000000000000000000

52 00O0O0OO0OOO O0O0OOOO0OOO0OO
000000000000000000000000
0000000000000O00 2000000000
0000000000000000000000 150
000000000 300000000000000
000000000000000000000000
0000000D00000000000000000
0000000D00000000000000000
000000000000000000000 1120
00000 (@O0 4000000)00000000
000000000000000000000000
00000000000 0000000000000
000000000000 000000000000
0000000000000 D00000000000
0000000000000000000000

3 0000 eoo0oooon
f(x) = ki max
Loe=1~2 \OOOOOOO0OO0D0DODO

I
4

—%bZ(DDDDDDM (14)
=1



coooooooooooooooooooo 2378

Fig. 5 Dependency among input and state variables
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