ICSMA19 Metz, France, June 26 - July 1, 2022
International Conference on Strength of Materials

Effect of chemical composition on yield strength in single
crystal Ni-based superalloys at low temperature

Benoit Mansoz*®, Luciana Maria Bortoluci Ormastroni®, Caspar Schwalbe®,
Pierre Caron?, Jonathan Cormier®, Florence Pettinari-Sturmel®

®CEMES-CNRS, Université de Toulouse, 29 Rue Jeanne Marvig, 31055 Toulouse, France
®Institut Pprime, UPR CNRS 3346, ISAE-ENSMA, 1 avenue Clément Ader, 86961 Futuroscope-
Chasseneuil, France
‘MTU Aero Engines, Dachauer Str. 665, 80995, Munich, Bavaria, Germany
IDMAS, ONERA, Université Paris-Saclay, 92322 Chatillon, France — retired
*Now at Safran Aircraft Engines, Geneuvilliers, France
®benoit.mansoz@cemes.fr

The vyield strength (YS) of single crystal superalloys is a critical factor for low
temperature low cycle fatigue (LCF) and thermomechanical fatigue (TMF) durability
of turbine blades [1]. The chemical composition of this class of alloy appears to have
a major role in their low temperature tensile behavior [1,2]. Indeed, alloying elements
modify the antiphase boundary (APB) energy of the y’ phase [3] and so its resistance
to shearing. 18 superalloys with various chemical compositions were tensile tested at
650°C/5.0 x 10 s™ to better understand how the YS may be influenced by the
composition. The tensile results show significant YS differences between first-
generation alloys and more advanced alloys, up to 250 MPa (Fig.1). Some alloys with
different compositions also exhibit an important strain hardening. The YS differences
are mainly attributed to the y strengthening which is related to the ¢y phase
composition. Ta, Ti, Nb and W appear to be potent y’ strengtheners. The higher their
content is, the higher the APB energy is and the stronger the alloy is. Thermocalc
data were used to estimate APB energies of tested alloys. The strain hardening
observed on some alloys remains to be explained and will need further investigations
using TEM observations.
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Fig.1 Tensile behavior of various single crystal superalloys at 650°C, ¢ = 5.10* s
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