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Abstract In structural engineering design, it is often necessary to embed one or more fixed-shaped holes to meet
certain functional or manufacturing design requirements.flectvely solve the multi-phase material layout optimization

problem of continuum structure with embedded movable holes, it is usually hecessary to simultaneously optimize the
position and orientation of these embedded holes and the topology configuration of the multi-phase material structure
to improve the overall performance of the structure. To this end, parameterized level set functions are used to describ
the geometry of the embedded holes. The material densities defining the structural topology of multiphase materials
and the geometric parameters used to describe the position and orientation of the embedded holes, are considered
design variables of the optimization problem considered here. To avoid the cumbersome of re-meshing the grids cause
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by the movement of holes and improve th@icgency of computation, the embedded holes are mapped into a density
field on a fixed grid using a smoothed Heaviside function. Meanwhile, a SIMP-like material interpolation invoked at the
finite element level is introduced for material parameterization of the optimization problem, and then the simultaneous
optimization of the topology configuration of the multi-phase material structure and the position and orientation of the
embedded hole can be realized. The material interpolation scheme supports full analytical sensitivity analysis, which
allows the current optimization problem to be solved using gradient-based optimization algorithms. Numerical examples
illustrate that the proposed method cdfeetively deal with the layout optimization problem of multiphase material

embedded with multiple embedded holes.
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Table 2 Optimization results for fierent initial layouts of the

embedded holes

Cases Initial layout Optimized layout J
(40,30,0) (814,30.1,-0.57)
Case3  (90,30) (127.3,342) 221.7
(140,30,0) (1526,16.2,-1.13)
(20,30,0) (14.6,27.0,0.12)
Case 4 (60, 30) (1265,329) 225.6
(100,30,0) (1522,16.2,-1.13)
(20,30,0) (19.9,288,3.3x 10°8)
Case 5 (60, 30) (888,325) 229.3
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(20,30, 7t/4) (19.4,29.4,-0.09)
Case6  (60,30) (97.8,34.3) 229.5
(100,30, 7t/4) (14521.4,0.5)
(20,30, 7t/4) (196,282, -0.09)
Case 7 (60,30) (86.9,338) 244.1
(100,30, 7t/4) (144.9,231,2.17)
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