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1. Introduction

Optimum topology has been developed in [1, 2]
exactly is depended on material properties,
external loading and other conditions. If
uncertainties caused factors are vary that make the
optimum design cannot used in practical or
unreliable optimize result [3]. To address the
problem there are two main strategies to account
for uncertainties in topology optimization problem:
robust topology optimization (RTO) [4] and
reliability-based topology optimization (RBTO) [5].
The first technique is to optimize the expectation
and variability of system performance with respect
to uncertainties simultaneously, through which the
robustness of system performance can be
improved, while the second is concerned about
failure probability constraints when optimizing the
system performance, through which reliable
optimization design can be achieved. Both
methods are based on probabilistic model or
non-probabilistic model [3]. The first model is the
most popular due to its progress, but this technique
requires precise on the statistical distribution of
uncertainties. A good distribution of uncertainties is
required a large amount of objective information,
which is more computational time in practical
preliminary design stage. In opposite with the
second model, which is non-probabilistic models
that the well-known of these techniques is fuzzy set
method [6]. The fuzzy set model is an alternative
technique due to it gives moderate conservative
result. It is the best choice to collect the
uncertainties in to RBTO by using level set to soft
separate between the members and non-members
of the set. It makes the model can get an
acceptable solution. The disadvantage of the
present RBTO is still complex in analysis due to the
combination of the fuzzy set into the topology
optimization problem is triple-loop nest problem
includes the double loop nest in finding possibilistic
safety index (PSI) and topology optimization. Later
it has been solved using the target
performance-based design approach as a result to
the triple loop can reduce to double-loop nested
problem [4]. The target performance-based
approach is changed the PSI into the target
performance of the ith constraint and called the
equivalent possibilistic safety index (EPSI) by
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minimizing the constraint at some level cut. This
technique can open to add the experience of the
expert opinion to choose the level cut or
membership level into RBTO.

Aim of this research to reduce the complicate of
double-loop nest problem in RBTO using
multi-objective optimization technique with fuzzy
uncertainties.

2. Method

The possibility index can apply to multi-objective
topology optimization problem, which incorporates
with the fuzzy set method to deal with the
uncertainties:

Min  {f (p), =™}

Subject to

m"*= max((Pos(gi(p,a)< 0))< 1)
0 <p'<p <pY

)

i=12,.,N

where 7 is possibilistic safety index, a is fuzzy
variable vector and gi(p,a) become fuzzy rather
than crisp. The new multi-objective reliability
topology optimization problem is established in the
possibility context.

For solving the multi-objective topology
optimization problem in Eq. (1) is triple-loop nested
problem, which is computational burden. The
problem can reduce to double-loop problem by
using the target performance-based approach [3]
that has been proved the equivalent of the original
failure possibility ™% in (1) and the new one:

Min {f (p),EPSI}

Subject to

EPSI=gi(p,a®) 2 0, mi €[0,1],i=1,2,..., N
0 <p'<p <pY

)

where Min(gi(p,a™) is called the target performance
of the constraint.

. Two design examples are used to demonstrate
the present technique, which has the objectives are
mass and compliance of the structure, while the
second example is added constraint of structural
strength. The multi-objective topology optimization
problem can be formulated in MOP1 and MOP2
when it corporate with fuzzy set model.



/rjryErg {c, r, EPSI} 3)
Subject to

EPSI= gi(p,a™) 2 0, mi €[0,1],i=1,2,..., N

g1= €<5Cmin

0= 0.2 <r<0.8

O3=omax® < oyt for MOP2

pie {0.0001m, 1m} for MOP1

pie {0.000001m, 0.01m} for MOP2

where pi®EFis the value of ith design variable, p; is
the thickness of ith finite element, m is the
structural mass, r =m(p)/m(p") is the normalized
mass or ratio of structural mass to maximum mass,
c is the structural compliance, cmin= c(p"), omax®® is
the maximum value of Von Mises stress of the
ground element, and a is fuzzy variable (E, v, and
F). The last constraint in the design problem is
bound constraints.

OMPBIL is used for solving the optimisation
problem in this research due to its performance,
which has been studied in [1]. The parameters of
optimizer set accord with our previous study [1].

The topological design domain and loads are
shown in Fig. 2. The uncertainties are Young’s
modulus E, Poisson’s ratio v, and load F, which is
assumed to be fuzzy variables. The membership
function of the variables is triangular shaped with
values are E = (190, 200, 210) x10° N/m?, v = (0.25,
0.3,0.35), and F = (0.9, 1, 1.5) kN, while the tensile
yield strength oy = 200 x 108 N/m? is not
considered to be a fuzzy variable.
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Fig. 2. Structural design domains

3. Results

Some selected optimal topology designs
obtained from the proposed MORBTO are shown in
Fig. 3(b) and 4(b). As a comparison, the optimal
topology design obtained from the deterministic
topology optimization is also presented in Fig 3(a)
and 4(a). In the deterministic topology optimization,
initial data are followed our previous work [2]. It can
be seen from Fig. 3(b) and 4(b) that the MORBTO
under the EPSI vyields optimal topology design
different from those yielded by the deterministic
topology optimization (Fig. 3(a) and 4(a)).

4. Conclusion

The proposed MORBTO technique can reduce
complexity due to double-loop problem as the
previous technique, which performed in single
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objective optimization problem. The present
technique can accomplish it at the same time in
one optimization run using multi-objective
technique. Two design examples are used to
demonstrate the present technique, which has the
objectives are mass and compliance of the
structure, while the second example is added
constraint of structural strength. The results show
the proposed technique is made the structure of the
structural  topology  optimization is  more
conservative, and realizable, which simpler than
the previous technique.
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Fig. 3. The optimal topology design of MOP1
(@) mri =1 (b) s = 0.001.
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Fig. 4. The optimal topology design of MOP2
(@) =i = 1, (b) =si = 0.001.
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