172 Selected Topics of Contemporary Solid Mechanics

SIMULATIONS OF CRACK GROWTH IN PIEZOELECTRIC STRUCTURESWITH
MODERN, AUTOMATIC AND EFFICIENT FINITE ELEMENT SOFTWARE

t. Janski, M. Kuna and M. Scherzer
Ingtitute of Medhanics and Fluid Dynamics, TU Bergakademie Freiberg, Germany

1. Motivation

Sensors and aduators are nowadays dandard comporents of many modern adaptive mecha
nicd systems. The role of these comporents implies frequently the goplicaion o piezeledric and
ferroeledric materials by their construction. The implementation of these sensors and aduators into
medanicd systems leals to common problems associated with medhanicd |oading e.g.: providing
of a satisfadory strength, durability and fradure resistance Eledromechanicd sensors and adua
tors, however, are loaded na only mechanicdly but also eledricdly. This means also the case when
the external force has a purely mechanicd charader and their interna resporse is eledromedani-
cd. Such behaviour can be observed due to the dedromechanicd cougding property of piezoeledric
and ferroeledric materials. To asaure asatisfadory fradure resistance of sensors and aduators, the
knowledge of eledricd aswell as medhanicd fieldsin the vicinity of cradksisnecessary. Thisinfor-
mation makes the evaluation o the aadks behaviour under eledromechanicd static or cyclic loads
posshle. Eledricd and mechanicd fields in the vicinity of cradks can be obtained with classcd so-
lution strategy of complex functions theory. This grategy, however, can be in general used only for
infinite domains. On the other hand, red engineaingtasks always refer to finite domains with spedal
eledromechanicd boundiry condtions. The finite dement methodis usually used to oktain eledricd
and mechanicd fieldsin the vicinity of cradksfor red problems. Various variants of thismethod have
drealy been tested for stationary cradks in homogeneous piezoeledric structures [1]. There ae still
many open questions concerning fatigue aadk growth uncer eledromechanicd aternatingloads. The
present work shoud give & least some answers to these questions. To read this aim, a spedal finite
element tod is developed for modelling o a aadk growth in piezoeledric structures and simulations
of the aadk growth are redised. The structure of thistod, shortly described in the following part of
this abstrad, iscrucial for the dfedivity of the simulations.

2. FE-program structure

The developed finite dement tool is composed of four modues. The piezoeledric boundry
value problem is lved with the finite dement method in an adaptive manner in the main modue.
The finite dement discretisation o the piezeledric boundry value problem leals to an indefinite
formulation. The Bramble-Pasciak precondtioner [2] is used to avoid complicaionsarising from this
fad. The precondtioned linea system of equations is lved with the conjugate gradient method
Because high gadients of the stressand the dieledric displacenent associated with a aad tip are
expeded in the solution, an automatic, adaptive dgorithm for the finite dement mesh density opti-
misation is implemented. Information associated with the edge hierarchy establi shed in the adaptive
processis used for the aonstruction d a very efficient hierarchic precondtioner.

Fradure parameters, e.g. mechanicd and eledricd intensity fadors, are cdculated in the sec
ondmodue. The implementation necessty of the adad tip finite dements in eat adaptive step is
avoided with the goplicaion d the interadion integral technique [3]. The asymptotic solution[4] is
chaosen as the auxili ary field in the interadionintegral technique and aso utili sed by the mnstruction
of the Irwin’s matrix [5].
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Fracture aiteria ae evaluated and the dedsion undertaken whether the aadk propagates or not
inthethird modue. If the dedsionis positive, the parameters auch as the length and the orientation o
an incremental crack advance ae cdculated. At thisjuncture, clasdcd fradure aiteria of the linea
piezoeledric fradure medhanics e.g. based onthe drcumferential stressor the medchanicd energy
release rate can be used in the first approximation.

)

Figure 1. Finite dement mesh arounda aad with akink.

The aad propagationisautomaticadly redised in the finite dement mesh in the fourth modue.
On ore hand the length and the orientation o the incremental cradk advance obtained in the former
modue ae physicdly determined, onthe other the aad propagationcan be only redised aongfinite
element edges which depend strictly on a meshing strategy. Consequently, new finite dement nodes
and edges must be constructed to let the aadk grow. In Figure 1, an example of afinite dement mesh
arounda aadk with akink which automaticdly propagated from the aad is presented.

3. Simulation results

Medhanicd and eledricd intensity fadtors are cdculated for configurations, e.g. kinked crad,
Griffith's cradk, for which analyticd solutions are know and appropriate fadors compared to prove
the dficiency of the first and the second modue. Kinks are automaticaly generated for various
orientations to test the fourth modue. Cradk propagation simulations are caried to ched the third
modue and the whale finite dement software. The results are analysed and dscussd.
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