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Introduction

This technical report presents the most significant activities of the INCT-EIE that were developed
during its first year. It is worth mentioning that the financing of the Institute was not available since the
approval of the project in December 2008 (FAPEMIG credited the funds in May 2009 and CNPq in
August 2009). This required some re-planning and delay, however any further problem was created.
This report is focused on the scientific activities and does not correspond exactly to its Portuguese
version.

1. Coordinating Board

The first meeting of the was held on August 24th, 2004 in Uberlandia i MG. According to the
composition proposal of the INCT, the Coordinating Board was formed as below:
- USP-SC: Prof. Flavio Donizete Marques (Laboratory of Aeroelasticity)

- USP-SC: Prof. Marcelo Areias Trindade (Laboratory of Dynamics)

- UnB: Prof. Edson Paulo da Silva

- UFCG: Prof. Carlos J. Aradjo

- COPPE: Prof. Marcelo Savi

- UNESP-IS: Prof. Vicente Lopes Jr

- ITA: Prof. Ayrton Nabarrete

- UFU: Prof. Domingos A. Rade

- Petrobrés: to be defined

- UFU: Prof. Valder Steffen Jr i General Coordinator

Decisions: propose the organization of a mini-symposium on Smart Structures to be held during the
National Congress of Mechanical Engineering to be held in Campina Grande (PB) in August 2010;
invite EMBRAER to participate of the INCT-EIE; create a homepage and a logo for the Institute; define
coordination procedures; define strategies to give visibilitytot he I nsti tuteds act

A second meeting of the coordinating board was held during the 20th International Congress of
Mechanical Engineering that was held in Gramado (RS) in the period 15-20 November 2010.
Decisions: define priorities for the acquisition of laboratory equipments for the various partners; define
criteria to implement the scholarships for the students; define topics for the August 2010 mini-
symposium on smart structures; create the secretariat of the INCT-EIE in Uberlandiai MG.

2. Technical and Scientific results

In the following the most significant results of INCT-EIE are present, according to the various sub-
projects approved.

2.1 Shape Memory Alloy Structures: Manufacturing, Characterization, Modeling and
Applications

Despite numerous applications of SMAs (Machado & Savi, 2003, 2002; Paiva & Savi, 2006),
constitutive theories used to describe their thermomechanical behavior are still not able to describe all
alloy characteristics. This research, make an effort to explore constitutive models, proposing an
alternative model.

This research has the participation of the following researchers: Prof. P. Pacheco (CEFET/RJ), Prof.
Theodoro Antoun Netto (COPPE/UFRJ), Prof. A. Paiva (UFF), Dr. P.C.C. Monteiro Jr.
(COPPE/UFRJY), Dr. L.G. Machado (Texas A&M University), Eng. M.A.N. S4 and M.Sc. S.A. Oliveira.
It is also important to highlight the participation of Prof. Alexander Kalamkarov (Dalhousie
University i Canada). The main results were published in conferences COBEM 2009, CONEM 2008,
COBEM 2007, McMat 2007 and in journals: International Journal of Solids and Structures, Archive of
Applied Mechanics, Mechanics Research Communications, Journal of Intelligent Material Systems
and Structures and Smart Materials and Structures.

The proposed model allows the description of different aspects related to themomechanical behavior
of SMAs, being flexible (Paiva et al., 2005a,b, Paiva & Savi, 2006; Savi & Paiva, 2005; Baéta-Neves et
al., 2004; Savi et al., 2002a). In brief, the model considers four macroscopic phases: an austenite and
three martensitc variants (M, M+ and M- ), respectively representing temperature induced martensite
and stress-induced related to tensile and compressive behavior, respectively.
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The model is developed within the framework of generalized standard materials in such a way that the
model is thermodynamically consistent. The model also includes plasticity, thermal expansion, and
transformation induced plasticity (TRIP) and there are coupling among these phenomena. Proper
constraints are employed in order to describe internal subloops due to incomplete phase
transformation that is a relevant point.

This novel model shows to be capable to represent different aspects of SMAs, presenting coherent
results. Figure 1 shows the pseudoelastic effect of NiTi alloy comparing numerical and experimental
results. The shape memory effect is shown in Figure 2, while Figure 3 shows the two way shape
memory alloy due the thermo-plastic-phase transformation coupling, which is na important contribution
of this research.
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Figure 117 Pseudoelastic effect.
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Figure 27 Shape memory effect.
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Figure 317 Two way shape memory effect.

Internal subloops due to incomplete phase transformations are shown in Figure 4, together with
experimental data. On the other hand, Figure 5 shows the TRIP effect.
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Figure 4 1 Subloops.
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Figure 51 TRIP.

Besides all these aspects, the thermomechanical coupling is also of concern. This is essential for the
comprehension of rate dependence behavior of SMAs. Figure 6 shows some results comparing
numerical and experimental tests.
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Figure 6 1 Thermomechanical coupling.

We are intending to extrapolate this constitutive model for three-dimensional media (Oliveira et al.,
2010)

Solid phase transformations occur in different physical phenomena as steel quenching. Prof. Pedro
Pacheco (CEFET/RJ) participated in this research together with E. Prieto Silva and Dr. Wendell Porto
de Oliveira. Resutls were published Oin several conferences and in journals: Journal of Strain Analysis
for Engineering Design, Archive of Applied Mechanics, International Journal of Solids and Structures
and Mechanics of Materials.

Finite Element Method

Finite element method is explored from the proposed constitutive model. Prof. P. Pacheco
(CEFET/RJ), Prof. Theodoro Antoun Netto (COPPE/UFRJ), Dr. P.C.C. Monteiro Jr, and M.Sc.
students C.A.P.L. La Cava and E.L. Bandeira participated in this research. Results were published in
conferences COBEM 2009 and CONEM 2008. Besides, journal papers were published in Smart
Materials & Structures and Archive of Applied Mechanics.

From principle of virtual work and the SMA constitutive model, Galerkin method is used using
Lagrange and Hermite shape functions, and the following discrete system is obtained:

[kefu}={F}- 1)

where {I£e} is related to nonlinear behavior of the SMA actuator. An iterative numerical procedure
based on operator split technique is employed to deal with nonlinearities of the formulation. Results



show the behavior of bars subjected to different thermomechanical loadings. Homogeneous behavior
is used to verify the model and then, nonhomogeneous behavior is investigated.

In order to illustrate the potential application of this procedure, Figure 7 shows a SMA truss subjected
to a shape memory effect thermomechanical loading. Note large displacements/rotations related to the
structure.
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Figure 77 SMA truss shape memory effect behavior.

Dynamics of Smart Systems

Smart systems have a increasing importance in mechanical sciences wit applications in areas varying
from robotics to bioengineering (Machado & Savi, 2003, 2002, Paiva & Savi, 2006). This research
Project performed an experimental analysis of SMA systems (Savi & Pacheco, 2002; Machado et al.,
2003, 2004). Prof. Alberto Paiva and the undergraduate student Milton A.N. S& participated of this
effort. Besides, there is a international cooperation with Prof. Dimitris C. Lagoudas and Dr. Luciano
Machado of Texas A&M University.

Dynamical analysis started with an SMA one-degree of freedom oscillator and the main results were
published in COBEM 2005 and Chaos Solitons and Fractals and International Journal of Solids and
Structures. Numerical simulations are explored in these papers (Savi et al., 2005d,e). In general, SMA
systems have a rich dynamical response, presenting different kinds of responses that are temperature
dependent. Figure 8 shows a potential application of SMA dynamical system where temperature
variation can change oscillation position.

0,04 4

0,02 4

0,00

U 0,02

-0,04 4

1
0,06 1

-0,08 T T T T T T T T
200 O 200 400 600 800 1000 1200 1400 1600 1800

Figure 8 - SMA system free vibration with temperature variations.



