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Fig. 1 Basic idea of the erosion-based surface

layer modeling technology
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Fig. 4 Multiple filtering/projection process for

modeling of exposed surface coated structures
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Hybrid shape functions and Gurtin variational principle based on

temporal finite element method for dynamic analysis

CHEN Feng-ling, HE Yi-qian, YU Yang, YANG Hai-tian"
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment.

Department of Engineering Mechanics,Dalian University of Technology,Dalian 116024 ,China)

Abstract: A kind of hybrid shape functions ars presented using polynomial and trigonometric base
functions,and three temporal finite element models are developed utilizing Gurtin variational principle
and weighted residual technique,such that variables can be characterized more flexibly to cope with more
complex time varying loads. An error transfer formula is derived for the first-order temporal FE model,
by which stability analysis can numerically be conducted when the shape functions, time step size,and the
numbers of temporal nodes are determined. Various numerical examples with constant/variable stiffness
and mass, and polynomial and harmonic excitations are provided to illustrate the efficiency of the
proposed approaches,and impacts of different temporal FE models/shape functions, different numbers of
interpolation points,and different step sizes,etc. are taken into account. Satisfactory results are achieved
in comparison with analytical solutions, results from Newmark method, and Central difference

method, etc.

Key words: dynamic analysis; hybrid shape functions;temporal finite element; gurtin variational principle;

weighted residual method
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Topology optimization method for structural configuration
design containing heterogeneous outer surface layers

LI Ran, HU Jing-yu, LIU Shu-tian”
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for

Industrial Equipment, Department of Engineering Mechanics,Dalian University of Technology.Dalian 116024 ,China)

Abstract: The harsh service environment requires the heterogeneous surface layer structure to meet the
specific function while exhibiting lightweight characteristics. In other words, the outer surface of the
structure can not be used as only a functional layer. It must also be involved in load transfer. Its influence
should be considered when designing the structure. This paper proposes a topology optimization method
for structural configuration design containing heterogeneous outer surface layers. Firstly, a structural
surface layer modeling technique based on an erosion algorithm is used to construct an equivalent model
of the heterogeneous surface layer structure through smooth filtering and discrete projecting. Second, the
open/closed holes in the structure are identified by the nonlinear virtual temperature method,and based
on this,the outer surface layer of the structure exposed to the working environment and the inner surface
layer of the structure attached to the enclosed holes are distinguished. Finally,a topology optimization
model for structures with heterogeneous outer surface layers is developed,and the sensitivity information
of the objective function concerning the design variables is derived. Several numerical examples verify the

effectiveness of the proposed method.

Key words: structures with heterogeneous surface layer;topology optimization;surface layer identification

and description;virtual temperature method



