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The Polish left ventricular assist device [1] witle made of thermoplastic
polycarbonate-urethane Bionate Il with depositedcbimpatible nanocoating of titanium
nitride by pulsed laser deposition (PLD) methode TWo scale model [2] developed in the
authors’ finite element code was composed of a mmawdel of blood chamber and a micro
model of wall of TiN/Bionate Il. The numerical agsis [3] confirmed the possibility of
fracture [4], because of the big values of residtrass observed in the deposited TiN, and the
significantly different mechanical properties ofatog and substrate. Thus, the complete
design of multilayer wall of the medical device negs the knowledge of the real mechanical
properties of the TiN: residual stress, materiatiesl@nd fracture model.

The titanium-based thin coatings deposited by jghysapor deposition techniques
exhibit big values of residual stress [5], espégidithe coating is deposited on polymer by
applying the PLD method in a room temperatittewever, there are no works which present
residual stresses measured for the TiN nanocoatiegssited on the polyurethane due to
nano scale of the problerthé experimental and numerical studies are burdenidcertain
error§ andamorphous character of the coating and the subestrat

The mechanical properties of the TiN are needeahtwipate the stress - strain state
of the VAD construction. Thus, the nanoindentatiest is used for this purpose in the present
work. The interpretation of the results of nanomaéon test to obtain elastic-plastic material
model of the TiN nanocoating is realized by applytte inverse analysis [6] and finite
element method in the authors’ code [7]. The thedrglastic-plastic deformations is used in
the finite element model, which simulates both lngdand unloading phases, accounting for
the real geometry of the indent. The nanoindentatiést will be also used as an alternative
method [8] to determine the residual stress inTifeeas a macro stress basing on results of
the nanoindentation test.

The experimentain situ SEM microtension test provides detailed data facttire
analysis in a micro scale, especially for materialsvhich the crystal plasticity problems
arose [9]. The same trend is observed in numergsaarch (for example by applying FEM)
of the tests inspired by the situ SEM microtension/microcompression tests [10]. Teresile
test in a micro chamber of the SEM was performechtidbrate the fracture parameters of the
TiN/Bionate Il in the present work. Basing on expemtal boundary conditions, the micro
model of tension test was developed in the autHordé element code. The defined fracture
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parameters depend on critical deformation. Thacatitdeformation was calculated at the
stage of the test, in which the initiation of fnaet occurred. The micro-model includes the
surface roughness (AFM results) and critical defdram under tension for different
thicknesses of coatings.

Concluding, the FEM model of multilayer wall of VAénriched with residual stress,
material model and fracture model of TiN developedauthors’ finite element code in the
present work is able to predict the real statestress and strain. The developed model of wall
of VAD can be applied in optimization with respeot minimum of stress in the selected
material system. The choice of the best constrmctibwall of VAD will be realized by
selection of material layers, substrates, thickneSsmaterial layers and selection of
parameters of deposition process to obtain highitguaatings without fracture occurrence.
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