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A Study on Optimum Topology Using a Coordinate Transformation by Conformal

Mapping
Satoshi KITAYAMA and Hiroshi YAMAKAWA

Waseda University,Dept.of Mech.Eng.,59-314,3-4-1,0hkubo,Shinjuku-ku Tokyo,169-8555 Japan

This paper presentsamethod to determine the optimum topology of 2-D elastic plane structuresby making use of coordinate
transformation.We use conformal mapping which is well known to be effective in two dimensional fluid
mechanical ,el ectromagnetical and elastic problems as a coordinate tranformation function. First,we examine two quantities of
stresses in conformal mapped elastic problem.We show that those two quantities of stresses can satisfy the Laplace
equation,and then we clarify that acorrespnding same rel ationshi p between fluid mechanics and el ectromagnetics can be also
validinthetheory of elasticity. Then we proposed asimpledesign method for optimum topol ogy by making use of coordinate
transformation by conformal mapping.We also proposed amethod to determine of thesimilarity qualitatively betweentheob-
tained optimum topol ogies.Finally,wetreated several numerical examplesby the proposed method.In numerical exampleswe
can examinetheeffectivenessof the proposed method.

KeyWords Optimumtopol ogy,Coordinatetransformation,Conformal mapping,Reasoning,
Invariantsof stress,Preliminary design, FiniteElementMethod, Computer AidedAnalysis
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Table 1 Corresponding relationship of Fluid mechanics,Electromagnetics and Elasiticity

Fluid mechanics Electromagnetics Elasiticity
@ velocity potential ¢@ equipotential line s;+s, sum of principal stresses
 stream function Y electric line of force s, — s, difference of principal stresses
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Table 2 Optimum topology design problem

Design variables |t= {t t,, -t}
M@ <C
th <t <t’(i=12-n)

(Lower and upper bounds of thicknesses)

(Thicknesses)

(Mass)
Constraints

R R . 1
Objective function|U = §€U>T[K(t)]{u>(8train energy)

1.00[m]
-

Table 3 Design parameter

Number of elements 100
100m] young*s modulus GPa 2.11 % 102

- 3

Density Kg/m 7.63x 10

0.30

Poisson"s ratio

Fig.7 Basic design domain
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Table 5 Comparisons of optimum tolopogies
(a)Coordinate trans-| Distribution of strain mass [(b)Optimum topology | Distribution of strain mass Similarity
formed topology difference of eQ?EQX obtained directly difference of GQ%BQY
principal stress| j kg principal stress | 3 kg  [Boundary| Total
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Table 6 Comparisons of optimum tolopogies
(a)Coordinate trans-| Distribution of | strain b)Optimum topology |Distribution of | Strain similari
forned topology difference of| energy nass gbia?ned direE;Iygy difference of energ¥ nass e
principal stress X%P kg principal stress Xﬁof kg Boundary| Total
l 0.84 0.83
’
1.60 |5.89 1.57 |5.89| o °©
|
AN L AN
l P 0.85 |0.86
1.42 [5.14 141 |5.14| ° °
AN AN AN ’
) VAN
\\‘ 0.82 |0.84
<
1.33 (4.83 1.29 |4.83| o o
S A AN




Table 7 Comparisons of optimum tolopogies

- - - strain _ _ _ _ straimn s .
(2)Coordinate trans- g'isftgslétn':é‘ °:f energy |Mmass | (b)Optimum topology Distribution of | g orgy | mass | Similarity
formed topolo incipal x10°* k obtained directly dl_ffe_rence of %1071 Boundary [ Total
pology principal stress ] g principal stress 3 kg y
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Table 4 Reference of similarity

Value of similarity similarity sign ’
0.7 <similarity <1.0 simliar o
0.5 < similarity <0.7 rather similar
0.0 <similarity <0.5 not similar x
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