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Introduction
Shape and topology optimization address different aspects
of a structural design problem. Shape optimization is con-
cerned with finding the optimal shape of a structure (Fig.
1(c)). The aim of topology optimization is to determine the
material distribution for a fixed shape (Fig. 1(d)). However,
the design with both optimal shape and topology often would
be highly desirable.

Figure 1: Structural shape and topology optimization

Therefore, a coupled gradient-based shape and topology op-
timization method is proposed. It enables the consideration
of shape variation in structural topology optimization.

Coupled optimization model
Such a coupled optimization model (1) is built to minimize
the structural compliance c with given material volume V and
geometry constraints.

minimize c(a,ρ) = fTu(a,ρ)

subject to
V (a,ρ)

V0
= fr

lm ≤ as ≤ um s = 1, ..., S
0 ≤ ρmin ≤ ρe ≤ 1 e = 1, ..., N

(1)

where lm and um are the lower and upper bounds of shape
design variable as; ρe is the relative density assigned to each
element e; fr is the given fraction between material volume V
and initial design domain volume V0; f and u are the system
force and displacement vector, respectively.

Solution strategy

Figure 2: Flowchart of the solution strategy

The coupled optimization problem is solved by integrating
shape and topology optimization in a sequential manner,
which also enables a study of the interaction between shape
and topology variables. Note that the sequence of shape and
topology optimization in Fig. 2 could be changed.

Numerical examples
A cantilever beam design problem, illustated in Fig. 1(a),
is solved by the coupled optimization method with different
optimization sequences. The result of the optimization pro-
cedure is shown below.

Figure 3: Design of the beam with geometry constraints

Figure 4: Design of the beam without geometry constraints

Conclusion
The shape of a design domain has a large influence on topol-
ogy optimization both qualitatively and quantitatively. Addi-
tionally, the optimization sequence might affect the conver-
gent speed, however, it does not have have a critical influ-
ence on the final outcome of the optimization procedure.


	Introduction
	Coupled optimization model
	Solution strategy
	Numerical examples
	Conclusion

