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In structural topology optimization (TopOpt) the computational burden is mainly found
in the finite element analysis (FEA) of the physics of the problem, conducted in each
design iteration. Reduced-order models (ROMs) have been employed in linear settings
to reduce the computational cost [1, 2]. In the linear setting, the generation of a basis
for the ROM commonly relies on design perturbations generated as a consequence of the
(iterative) optimization procedure. Moreover, a consistent formulation for adjoint sensi-
tivity analysis is required to reduce the computational cost. If geometrically nonlinear
behaviour is taken into account, the numerical solution of the equilibrium equations typ-
ically requires an incremental-iterative procedure [3, 4]. In fact, reduced-order modelling
was initially used to alleviate the computational burden in the incremental-iterative non-
linear analysis [5]. However, ROM concepts have not been extended to either the analysis
or the optimization algorithms in geometric nonlinear topology optimization problems.
In this research, an effective ROM and four adjoint sensitivity analysis options are pro-
posed and investigated for geometrically nonlinear TopOpt problems. In the analysis
stage, we use the solution vectors of the first few load increments to construct the ROM
basis. Thereafter, the full-order model (FOM) is projected onto the subspace spanned
by the basis, and the incremental-iterative procedure is continued with a reduced set of
degrees of freedom and the corresponding reduced tangent stiffness matrix. Moreover, the
basis can be updated adaptively based on a non-projected error criterion. For topology
optimization, we present four options for calculating the sensitivities. The first option
corrects the ROM with the FOM, and performs a standard full-order adjoint sensitivity
analysis. The second option formulates the adjoint sensitivities based on the ROM in a
consistent manner. The third option directly uses the approximate solution in the stan-
dard full-order adjoint sensitivity analysis, assuming that the equilibrium of the FOM is
achieved. The last option ignores the derivatives of the reduced basis vectors in the con-
sistent formulation and calculates approximate adjoint sensitivities. The implementation
is tested on two geometric nonlinear TopOpt examples, and the accuracy and efficiency
of the ROM and the sensitivity analysis options are compared with the standard FOM
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procedure. The numerical tests demonstrate the flexibility of the ROM and four adjoint
sensitivity analysis options in the balance between accuracy and efficiency.
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