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TiAl for turbine blade: Requirement and goal
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Outline:
Modelling of TiAl alloy behaviour considering microstructure sensitivity
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Micromechanical modelling: Deformation of multi-phase structure
Kabrretaf Mat S-::l Eng AESE{ED*I 9)13-22
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Micromechanical modelling: Deformation of multi-phase structure
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Polycrystal models for FE analysis

Voronoi based polycrystal model

Voxel based polycrystal model
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Global-local coupling for average mechanical behaviour
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Constitutive behaviour of
TIAl phases
Crystal plasticity model

Classical Gradient enhanced Temperature sensitive
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Model validation and
parameter estimation

d PST lamellar alloy
d Fully lamellar alloy
d Duplex alloy
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Micromechanical modelling of crack initiation and propagation

Katur et al, Mat S::r Eng A635{2{]1 5}1 3-22
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Micromechanical modelling of crack initiation and propagation
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Prediction of component failure using stochastic data
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Component failure: Demonstration on a model-compressor blade
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Dynamic fracture: High velocity particle Impact on TiAl alloy
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High velocity particle Impact: Microstructure influence on backside crack-network
As Cast microstructure
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Modelling of impact fracture: Synthetic (virtual) microstructures and FE model

As Cast As forged
microstructure microstructure

Tapered edge specimen
(idealized turbine blade
component)

Graded
microstructure with
graded mesh

Explicit grain and
grain boundary
modelling

1 Voronoi based synthetic microstructure
U Grain statistics are incorporated
O Microstructure simplification
1 Grains with ideal grain boundary —_— —
- - ¥ odel generated wi eper
L) S T e [1] R Quey, et al, Comp Methods in App Mech Eng, 2011
fas Ve 1'..; ; AJ‘;
. A F Ei=~ e

(200) :

1729




DLR.de * Chart 16== MR Kabir « WF-Koll = 3122017

Modelling of impact fracture: prediction of crack profile

Constitutive behaviour: Microstructural sensitivity on back side crack network (Exp. and Sim.)
Combined damage and fracture approach
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Parameter study: crack profile for different damage parameters
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Summary: Microstructure-sensitive modelling of TiAl alloy
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