
Accepted Manuscript

A deformation mechanism based material model for topology optimization of
laminated composite plates and shells

Quantian Luo, Liyong Tong

PII: S0263-8223(16)30371-3
DOI: http://dx.doi.org/10.1016/j.compstruct.2016.09.056
Reference: COST 7782

To appear in: Composite Structures

Received Date: 22 April 2016
Revised Date: 10 August 2016
Accepted Date: 19 September 2016

Please cite this article as: Luo, Q., Tong, L., A deformation mechanism based material model for topology
optimization of laminated composite plates and shells, Composite Structures (2016), doi: http://dx.doi.org/10.1016/
j.compstruct.2016.09.056

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.compstruct.2016.09.056
http://dx.doi.org/10.1016/j.compstruct.2016.09.056
http://dx.doi.org/10.1016/j.compstruct.2016.09.056


  

1 
 

A deformation mechanism based material model for topology optimization of laminated 

composite plates and shells 

 

Quantian Luo and Liyong Tong* 

School of Aerospace, Mechanical and Mechatronic Engineering, The University of Sydney, 

Sydney, NSW 2006, Australia 

 

Abstract 

 

This paper presents a novel deformation mechanism based material model for topology 

optimization of laminated plates and shells considering large displacements. Discussed firstly 

are the one-node hinges in optimum designs of plate and shell structures and the numerical 

issues caused by void elements in geometrical nonlinear analysis. To circumvent these two 

problems, we propose a new material model in which different penalties are applied to 

different strain energy terms related to extensional, shear, bending and extensional-bending 

coupling deformation mechanisms and void elements are removed in nonlinear finite element 

analysis. An efficient algorithm is developed by using the present material model and the 

moving iso-surface threshold method. Numerical results are presented for isotropic and 

composite plates and shells and compared with those available in the literature to validate the 

present material model. 
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0 B   Linear strain-displacement transformation matrix 

][ NL

t
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0k   Element linear strain incremental stiffness matrices  
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0K  Global nonlinear strain incremental stiffness matrix 
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0 k  Element nonlinear strain incremental stiffness matrix 

N  Extension force    M  Bending moment 
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