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Abstract

This study shows an implementation of partial holes in an initial design domain in order to improve convergences of topology
optimization algorithms. The method is associated with a bubble method as introduced by Eschenauer et al. to overcome slow
convergence of boundary-based shape optimization methods. However, contrary to the bubble method, initial holes are only
implemented for initializations of optimization algorithm in this approach, and there is no need to consider a characteristic function
which defines hole’s deposition during every optimization procedure. In addition, solid and void regions within the initial design
domain are not fixed but merged or split during optimization procedures. Since this phenomenon activates finite changes of design
parameters without numerically calculating movements and positions of holes, convergences of topology optimization algorithm can
be improved. In the present study, material topology optimization designs of Michell-type beam utilizing the initial design domain
with initial holes of varied sizes and shapes is carried out by using SIMP like a density distribution method. Numerical examples
demonstrate the efficiency and simplicity of the present method.
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Fig.4 Design domain with an initial diamond hole: (a)
definition of design domain, (b) continuous 1/4
design domain, (c) discrete 1/4 design domain

::r ol L allx.f)

() (xo¥2) ©
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Fig.8 History of convergences of objective function
values by the design domain of an initial
circular hole: volume=40%
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Fig.9 History of convergences of objective function
values by the design domain of an initial
diamond hole: volume=40%
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Fig.10 History of convergences of objective function
values with the design domain of an initial
square hole: volume=40%

Fig.11 Optimal topologies and shapes by the design
domain of initial circular hole: (a),(b) hole
size of 5.5, (¢),(d) hole size of 8.0, (e).(f)
opening size of 10.5, (g),(h) hole size of
13.0, (),()) hole size of 156.5
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Fig.12 Optimal topologies and shapes by the design
domain of an initial diamond hole: (a),(b)
hole size of 5.5, (c),(d) hole size of 8.0,
(e),(f) hole size of 10.5, (g),(h) hole size of
13.0, (i),(j) hole size of 156.5
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Fig.13 Optimal topologies and shapes by the design
domain of an initial square hole: (a),(b) hole
size of 5.5, (¢),(d) hole size of 8.0, (e),(f)
hole size of 10.5, (g),(h) hole size of 13.0,
(i),() hole size of 156.6
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Fig.15 Optimal topology and shape as density
distributions by design domain without initial
hole
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Fig.16 Optimal displacement contours by the design
domain of an initial square hole: (a),(b)
rn=5.5 (c),{d) rp=16.5, (a) and (c) are
horizontal displacement contours, (b) and (d)
are vertical displacement contours
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