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ABSTRACT 

Nickel-based superalloys used in turbine disks undergo inhomogeneous thermo-mechanical loadings: 

while the bore must resist to disk burst and low cycle fatigue, the rim, instead, has to resist to higher 

temperatures creep. Those phenomena require different microstructural characteristics: a fine grain 

microstructure produce better static and fatigue strength and a coarse grain microstructure (to 

decrease the grain boundaries fraction) enhances creep durability. Therefore the design of a disk 

turbine should result from a compromise between the two different grain microstructures. Moreover, 

at lower temperature the volume fraction and the size distribution of ' precipitates become 

predominant parameters influencing the mechanical properties. Specific technologies, for instance 

dual microstructure heat treatment [1], allow to reach a spatial optimization of the microstructure. To 

reach an optimal design of such components, the development of microstructure-sensitive models is a 

major concern. 

In this work, the behavior of the AD730TM polycrystalline superalloy under monotonic loading at 

various temperatures is simulated using Crystal Plasticity Finite Element Method (CPFEM). 

Crystalline elasto-visco-plastic constitutive equations [2], including a dependency of the critical 

resolved shear stress (CRSS) on the size of grains and precipitates, are employed to describe the 

grains local behavior. Precipitation hardening is described by a physics-based model [3] taking into 

account the precipitates shearing. Laguerre-Voronoï algorithm [4] was employed to generate 

polycrystalline microstructures with various grain size distributions. The identification of the 

parameters of the crystal plasticity constitutive equations and the validation of the predicted effective 

behavior of the polycrystals is attempted based on a set of well-chosen tensile tests carried out on 

single and polycrystalline specimens. Especially, the influence of ' size distribution on CRSS is 

assessed based on tests on single crystals with well-controlled precipatation structures The influence 

of the differing microstructural parameters on the resulting macroscopic yield stress of polycristal is 

evaluated. 
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