1CO D
@9?.-- oa-n..{.?o
AN

« PO

PRTTTIT T,
. .

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Node-dependent kinematics elements for the analysis of FGM rotating structures

Original

Node-dependent kinematics elements for the analysis of FGM rotating structures / Filippi, Matteo; Zappino, Enrico;
Carrera, Erasmo. - (2018). ((Intervento presentato al convegno 10th European Solid Mechanics Conference tenutosi a
Bologna, Italy. nel July 2-6, 2018.

Availability:
This version is available at: 11583/2722149 since: 2019-01-08T12:36:21Z

Publisher:
ESMC

Published
DOI:

Terms of use:
openAccess

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright

(Article begins on next page)

04 August 2020



Node-dependent kinematics elements for the analysis of FGM rotat-
ing structures

Matteo Filippi!, Enrico Zappino! and Erasmo Carrera®

L muL? Group, Department of Mechanical and Aerospace Engineering, Politecnico di Torino, Corso
Duca degli Abruzzi 24, 10129 Torino, Italy.
E-mail:matteo.filippi @polito.it, enrico.zappino @polito.it, erasmo.carrera@polito.it

Keywords: Node-dependent Kinematics, Carrera Unified Formulation, Rotor Dynamics

The analysis of rotating structures is still a challenging topic for the computational mechanics.
Rotors are composed of different structural components. They may have two main components: the
shaft and one or more discs. The analysis of such structures requires models able to describe the
behavior of both these components properly. The increasing complexity of advanced materials, such
as composite or functionally graded materials, the complex geometries and the complex boundary
conditions have pointed out that classical structural models could lead to inaccurate results. The
use of three-dimensional models, in many cases, is the only approach able to deal with realistic
configurations but it requires a huge computational cost.

The introduction of refined structural models allows the limitations introduced by the fundamen-
tal assumptions of the classical models to be overcome. Refined one-dimensional models have been
used in the rotor-dynamic analysis [1], and the results showed that a quasi three-dimensional solution
could be obtained. A unified approach for the derivation of advanced models has been proposed by
Carrera and exhaustively presented in [2]. The use of refined models over the whole rotor requires
more computational costs than those necessary. While the shaft geometry fulfills the classical beam
models assumptions, the disks may have large out- and in-plane deformations that can be detected
only using refined one-dimensional models. The best solution would be to use refined models only
in the region in which they are required and classical models elsewhere, as shown in [3].

The node-dependent kinematics models used in this work permits to consider a Finite Element
with a different kinematics at each node of the structure. If a two-nodes one-dimensional finite
element is considered, the kinematic assumptions used at node 1 can be different from those used
at node 2. These models have been extended to the rotor-dynamics analysis of composite structures
with the following advantages: an increase of the accuracy of the model only in the part of the
structure where it is required, the connection of elements with different kinematics, the accurate
modeling of composite and functionally graded materials. The outcomes show how, the use of node-
dependent kinematic models, can lead to a reduction of the computational costs of the model if
compared with those with a uniform kinematic. At the same time the accuracy of the results can be
preserved locally just in those areas of the models where an accurate description of the displacement
fields is required.
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