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Quantification of PVD films’ interfacial toughness using a dynamic simulation
of the inclined impact test
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The paper deals with the quantification of PVD film’s interfacial toughness with the aid

of a critical shear failure stress (SFLS). The film interfacial toughness depends on the

applied substrate pre-treatments and the induced residual stresses in the film

structure during the deposition process. If, due to these stresses, the developed loads

in the film-substrate interface exceed the films’ interfacial toughness, film buckling and

delamination may occur. To predict the associated with these phenomena SFLS in

the coating-substrate region, a 3D-FEM model was developed for the dynamic

simulation of the inclined impact test, using the LS-DYNA software. The 3D-FEM

contact algorithms used for describing the contact failure in the film interface, when

the developed interfacial stresses during the inclined impact test exceed SFLS is

thoroughly explained. This method can be applied even when strain rate effects on

the film mechanical properties are significant. Strain rate effects on the film properties

are relevant, since the durations of the conducted inclined impact tests are very short

and last approximately only 0.3ms. In this way, the film strain rate may influence the

developed film strains at loads higher than a critical magnitude. This model enables

the explicit determination of SFLS and also the developed maximum equivalent stress

in the coating, during the inclined impact test. The occurring SFLS in the

coating-substrate interface affects the stresses resulting in the film during the

operation of a coated component. In this way, SFLS may lead to potential film

material overloading and its cohesive failure.
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