"

TR

=
<
-

ISSN: 2476-6909,; Modares Mechanical Engineering. 2019;19(11):2717-2727

Mechanical Properties of Functionally Graded Porous
Biomaterials for Application in Prosthesis Replacement Using
Analytical and Numerical Solution

ARTICLE INFO

ABSTRACT

Article Type
Original Research

Authors
Mahbod M.! MSc,
Asgari M.*! PhD

How to cite this article

Saadatfar M. Mechanical Properties
of Functionally Graded Porous
Biomaterials for Application in

Prosthesis Replacement Using
Analytical and Numerical Solution.
Modares Mechanical Engineer-ing.
2019;19(11):2717-2727.

!Mechanical Engineering Faculty, K.
N. Toosi University of Technology,
Tehran, Iran

*Correspondence

Address: Mechanical Engineering
Faculty, K. N. Toosi University of
Technology, Vanak Square, Molla-
Sadra Street, Pardis Avenue, Tehran,
Iran

Phone: +98 (21) 88674841

Fax: +98 (21) 88677274

asgari@kntu.ac.ir

Article History

Received: May 29, 2018
Accepted: May 21, 2019
ePublished: November 2, 2019

Porous biomaterials are known as one of the brand new materials which considering the
specific mechanical properties such as hardness and density and enabling bone growth are
considered for various applications of biological prostheses including bone replacement. It has
been entrenched that porous biomaterials can be produced considering defined representative
volume elements by recent developments in additive manufacturing using a 3D printer.
In this research, a novel functionally graded porous material is introduced based on a new
representative volume element. The theoretical solutions are developed to calculation of the
mechanical properties including elastic modulus and yield stress of the orthotropic material.
Furthermore, numerical modeling was performed using finite element software to validate
the theoretical analysis results. The results show good agreement between the theoretical
method and numerical modeling. The mechanical properties of each layer as well as the
properties of the whole structure have been studied considering the three structures with
different porosity. As the results show, the obtained properties of the proposed structures
are suitable for the application of the bone implant. Finally, the effect of geometrical features
changes of representative volume elements on the mechanical properties of the structures has
been studied. The results show that these changes had a significant impact on the mechanical
properties of the structure and the proper efficiency and distribution of the material properties
for the considered applications can be achieved by correctly defining the geometrical features.

Keywords Porous Biomaterial; Functionally Graded Material; Mechanical Properties; Theo-
rotical Solution; Numerical Modeling
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