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Approximate Shape Optimization Technique by Sequential Design Domain
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Abstract

Mechanical design process is generally accomplished by design, analysis, and test. Designers use programs fitting
purpose, and obtain repeatedly a response of a simulation program, a sub-program for optimization. In this paper, shape
optimization using approximate optimization technique is carried out with sequential design domain(SDD). In addition,
algorithm executing Pro/Engineer and ANSYS automatically are adopted in the approximate optimization program by SDD.
1t is difficult for design problem to be approximated accurately for the whole range of design space. However, more or less
accurate approximation is constructed if SDD is applied to that case. SDD starts with a certain range. which is off-seted
from midpoint of an initial design domain and then SDD of the next step is determined by a move limited. Convergence
criterion is defined such that optimal point must be located within SDD during the two steps. Also, the
PLBA(Pshenichny-Lim-Belegundu-Arora) algorithm is used to solve approximate optimization problems. This algorithm
uses the second-order information and the active set strategy, in order to seek the direction of design variables.

keywords : response surface methodology, tables of orthogonal arrays, sequential design domain, move limit
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¥ 2 Three level orthogonal array for nine runs with
four variables

RUN 1 2 3 4
1 -1 -1 -1 -1
2 -1 0 0 0
3 -1 1
4 0 -1 0 1
5 0 0 1 -1
6 0 -1 0
7 1 -1 1 0
8 1 0 -1
9 1 1 1 -1

~-1: the lower bound of sequential design domain
0: the center point of sequential design domain
1: the upper bound of sequential design domain
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I 3 Design data for cantilever

Design data Value
Length L 20 m
Modulus” elasticity E 21 GPa
Poisson’s ratio V 0.15
Load P 1,000 kN
Density © 24 kN/m’
Allowable stress 0, 34 MPa
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(a) First step

(b) Second step

(c) Third step

(d) Forth step

(e) Eighth step

(f) Ninth step

28l 4 Optimum shape after each step
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----- Initial design

Optimum design

2% 5 Optimum design
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NODAL SOLUTION
STEP=1

SUB =1

a2l 6 Stress distribution of cantilever



a8l 7 Geometric configuration of bearing cap
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E 4 Design data for bearing cap

Design data Value

Modulus” elasticity E 200 GPa
Poisson’s ratio v 0.3

Load P 53.4 kN
Density o 24 kN/m3
Allowable stress o, 279 MPa
Allowable displacement. Z, 0.016 mm
AN

----- Iutial design
——  Uptimum design
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