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Abstract: The correlation of crystal orientation to yield characteristic of FCC single crystal

is not good when Hill’s (1948) yield criterion is used to describe the elastic—plastic deform ation of

FCC single crystal. T aking into account the effects that the components of tension stress are cou—

pled with components of torsion stress when off-axis loads are applied to orthotropic material,

Hill’s yield criterion for plastically orthotropic solids is modified by adding an invariant which is

composed of quadratic product item of components of deviatoric stress tensor, as a results, a new

yield criterion for single crystal Nickel-based superalloy is put forward in the present paper in

terms of the characteristics of single crystal Nickel-based superalloy. Using the new criterion to
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predict the yield stresses of single crystal Nickel-based superalloy DD3, the correlation to experi—
ments is very good and more accurate than that of Hill’s at 760 . Equivalent stress adapted to
the new criterion is defined. Thinking of the yield function as a plastic potential function from the
associated flow rule and with reference to the isotropic hardening model, the elasticplastic consti-
tutive model for single crystal Nickel-based superalloy is constructed and the corresponding elas—
ticplastic matrix is educed. New yield criterion and its equivalent stress will be reduced to Von

Mises yield criterion and corresponding equivalent stress for isotropic material.

Key words: aerospace propulsion system; single crystal superalloy; orthotropy;

yield criterion; elasticplastic constitutive model
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Table 1 New yield criterion predict the yield stress of single crystal DD3
/ 950 850 760
A 0.5 0.5 0.5
B 2.930 5 2.6559 3.584 4
Cc>=<10"* - 1. 298 0. 008 6 - 1.094 4
! % ! % ! %
Stoon/ M Pa 525 525 0 870 870 0 915 915 0
Sio1y/ MPa 490 496. 17 1. 26 840 832. 48 - 0.8 899 876.23 -2.53
Siiiy/ MPa 510 518. 89 1. 74 830 818. 58 - 1.37 1030 1000.2 - 2.89
Stiiz/ MPa 530 512. 47 - 3.31 809 831. 98 2.84 880 946.38 7.54
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2 Hill DD3
Table 2 Hill’s yield criterion predict the yield stress of single crystal DD3
/ 950 850 760
! % ! % ! %
Stoory/ M Pa 525 525 0 870 870 0 915 915
Siiig/ MPa 510 510 0 830 830 0 1030 1 030
Sior/ M Pa 490 513.79 4. 85 840 840. 18 0. 021 899 1002.5 11. 51
St/ MPa 530 513.79 - 3.1 809 840. 18 3.84 880 1002.5 13. 95
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