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PAPER REF: 048

SIMULATION OF A MECHANICAL VIBRATORY SYSTEM UNDER
ROTATING UNBALANCE EXCITATION AND DAMPED BY SHAPE
MEMORY ALLOY

Michel A, da Silval, Andrade; C. A. R, Viniciug Piccirillo?, Jean C. Hildrio!®

1School of Technology and Management (ESTIG), Polytechnic Institute of Braganga, Portugal.
Department of Mathematics, Federal Technological University of Parana, 84016-210, Brazil
) Email : a39513@alunos.ipb.pt

ABSTRACT

This work presents a numerical simulation of mechanical vibratory systems (MVSs) under
rotating unbalance and damped by a shape memory alloy (SMA) element. Due to pseudoelastic
hysteretic behaviour, SMAs can dissipate energy and provide damping capabilities to the
structure, which leads to a passive structural vibration control. The algorithm utilizes was
implemented in Matlab, based in Helmholtz free energy deduction that results in a cosine
constitutive model. The results made clear the dissipative capability of SMAs due to their
hysteretic behavior.

Keywords: shape memory alloys, rotating unbalance, vibration, structural integrity.

INTRODUCTION

In an industrial environment, there are a lot of different rotating machines that are subject to
unbalance due to an unsymmetrical mass distribution. The vibration analysis field is responsible
to study this behavior, and technicians do the maintenance of this machines over the operating
time. However, to prevent structural damage between the balancing, other techniques to easy
vibration ought to be considered.

Several authors have been researching ways to dissipate mechanical vibratory energy. One of
those ways is the use of smart materials, in particular the SMAs that present the pseudoelastic
hysteretic behavior. For Brinson (1993), the main goals where the development of a constitutive
model to simulate the behavior of SMA elements.

Since there is a high cost involved with the fabrication of different damping element’s prototypes,
the development of mathematical models able to simulate the behavior of these elements are
essential. This work presents a study of a MVS solved by a numerical model based in a method
that come from Helmholtz free energy using cosine constitutive model implemented in Matlab
to obtain the dynamic behavior presenting qualitative comparations with literature, Machado
(20607).

The material properties and system features are exhibited in Table 1, being utilized as input in
the developed algorithm to obtain the stress-strain and displacement-time diagrams.

RESULTS AND CONCLUSIONS

Figure 1 shows the literature data and the result obtained with the algorithm implemented.
Both cases consider the same MVS, however the properties from the alloy are different. Thus,
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a qualitative comparison of the graphical shape exhibits a similar behavior, showing the energy
lozs aver the time of the viboation cycle.

Thhle 1 — Syztem fraturex and matarial propertise

™ r " Apes C M Lo T 4
(Eg) (m) (RIFM) (mum*) {Nam %) Ep) {m} "C} (™)
i e ] .32 1D 2.5 36 27 055 51,61 and T1 .51

Tramsfumatios Transfhwmatian
Young's modules  Trameformation Mnzimom residoal
constants BiFasE
i=m defermaifion
D, = 67 b Cy=3 gt = 100
o Bl = 0.067
Agm 345 o
Dy = 263 A49 Co=13% o=t =170
003 [ T I T T 0.03 T r T |
s T / 0,02 AR
0.01 - 1 | | | - | =
0.00 - : : / o g2 g
| i - = J—
001 /,‘.-—-3"-'* | E -0.01 V' o e
| |, = o |
.02 ,.-'"" | | | ] ] I 02 s
Y S N S SN S S—— — O3 l—— ~
008 006 004 -002 060 0.02 004 0.06 0.08 «l. 1 0 0.1
Strain Sirain

Fig. 1 — &) lterninre’s resnit aisd b) cbtaimed result for 2 free vibraton ceae of 8 MVE.

This stody shows that, by s quoalistive analysis, the implemenied algorithm presents an
scoeptable behavior of the MVS with SMA for a free vibeation case. Finmore research aims
to expand the analysis to forced vibration case and comparison with other authors to ses the
influence in the results of the different constitative modele developed over the years.
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