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Abstract

The paper presents numerical research of a reconstructitlengar system using the element made of shape memory Skape
memory alloy is modelled based on hysteretic nonlinearrthe®ifurcation analysis of the system exhibits differemdof solutions
starting from regular and ending with chaotic vibrations.
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1. Introduction on a macroscopic approach, where only phenomenological fea
tures of the SMAs are taken into account [7]. Most often these
Shape memory alloys (SMAs) belong to a group of structuraimodels are based. on an assumed phqse transformation &inetic
materials, which are used in biomedical industry to builitde  and consider certain mathematical functions to describgtiase
braces, stent grafts and in other engineering fields rarfgimgy transformation behaviour of the materlal. Thls approacb mgt
aerospace engineering and robotics. They are used to built aProPosed by Tanaka and Nagaki [13], and it provided a stimulu
tuators, elements of jet engines and so on. SMAs are mest,erialfor t.he splentlflc community to present ot_her modified transf
which exhibit a reversible thermo-elastic transformatietween ~ Mation kinetics laws, see e.g. papers by Liang and Rogeeff]
martensite and austenite influenced by the stress or tetupera Brinson [1]. These models are very popular in the literatarel
factor. When the alloys change their shape under the infeuencPlay animportant role in SMAs structures modelling and gsial
of temperature the phenomenon is called as shape memory dfcl- ) )
fect (SME). SMEs can be divided into two types: one- or two- __Another group of phenomenological models is based on De-
way. The one way shape memory effect retains a deformed sta@nshire’s theory which postulates a free energy potefurat-
after the removal of an external force, and then recoverssto i tion expressed as a polynomial in material strain. Inifigifo-
original shape upon heating. The two-way SME is similar toP0Sed for a one-dimensional stress state by Falk [2], it as |
one-way SME but can also preserve its shape at both high arfiktended for a three-dimensional context by Falk and Koaopk
low temperatures. SMAs can subsist in two different phasts w [3]- Afterwards, a similar model was proposed by Fremond [4]
three different crystalline lattice structures: twinnedrtensite, ~and many others [8, 9, 10], also in a simplified form. These
detwinned martensite and austenite. In these configusation ~ free energy potential models can reproduce both the pseudoe
possible transformations can occur. The austenite steiitista-  [astic and shape memory effects depending on the temperatur
ble at high temperatures, and the martensite structuraligesat ~ @nd the stress-strain state. Therefore, the Falk's namiS&lA
lower temperatures. When SMA is heated, it begins to transfo Model is used in the present study. _
from the martensite into the austenite phase. The twinnetema The provided paper presents dynamics of a two degrees of
site is stable when material is free from stress. The coiers reédom SMA oscillator. The model of SMA spring is based on
from twinned to detwinned martensite follows the loading-pr the stiffness variation with respect to the temperaturejrsand
cess. When the process of loading or unloading is finishedeso Strain velocity [14]. The 2dof system is adopted to model-a re
residual strain remains, that is the reason of the reveassfor- ~ constructed human middle ear. The paper focuses on nurherica
mation from detwinned to twinned martensite, is not congalet analysis of system dynamics under various excitation dimms.
Further deformation causes the transformation from detedn
martensite to austenite, then the SME can be observed . Th& Model of areconstructed middle ear
process appears by heating of SMA. In order to regain from the
structure of austenite to twinned martensite the SMA shbeld The presented model of a reconstructed middle ear consists o
cooled to the temperature, at which the phase of martessitad  two lumped masses: the malleus {;) and the stapesi(s) con-
ble. This process forms a hysteresis loop known as pseuglitela nected by a spring made of shape memory alloy (Fig.1). More-
effect which can be very complicated in modelling process. over the masses are fixed to the base through spritigand
The thermo-mechanical properties of SMAs can be mOde”edjampers@ which represent the ligaments of middle edi\( L

at different scales. In microscopic and mesoscopic appesac andAL), the tympanic membrand' (M) and the cochlea().
[5] the material behaviour is modelled starting from the ecok

lar and lattice levels, respectively. Other class of modetmsed
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Figure 1: Two degree of freedom model with SMA element
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and regular vibrations are demonstrated in the tested @inge
citation amplitudes.
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