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Applied Investigation of Chaboche’s Unified
Visco-Plastic Constitutive Model
of Coupled Creep Damage
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Abstract: In order to improve the capability of Chaboche’s unified visco—plastic model in
describing ‘the tertiary creep, with Kachanov’s equation of damage evolution based on
Lemaitre’s effective stress being used, Chaboche’s viscoplastic potential function was
utilized to obtain the inelastic flow rule and hardening rule coupling to damage. It is shown
that the form of the evolutionary equations of internal variables remains the same, and that
the damage variable is not explicit in the equations. T he modified constitutive model with
damage was applied to the description of the uni-axial and bi-axial creep behaviors of a Ni-
based superalloy, Udimet 720 Li, by coding the user’s material subroutine, UM AT, in
ABAQUS platform. The finite element analysis of cruciform specimens shows that the
inconsistency between uni—axial and bi—axial creep modeling capability exists in Kachanov’s
damage law, especially at the time of rupture. T he calculated creep behaviors match well with

the experimental ones when a multi-axial damage factor is introduced into the damage
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evolutionary equation.

Key words: aerospace propulsion system; aeroengine; constitutive model;

viscoplasticity; damage; multiaxial creep
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Fig.1 Simulations of creep curves at 650
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Cruciform

Fig. 5 Creep curves of cruciform with and

without dmage
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(Multi-Axial Damage Factor, MDF):
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Table 2 Experimental and calculated rupture-time of equal-bi-axial creep tests for Udiment 720Li

t/ F,/kN F 3/ kN ! % D

700 55 55 28 h 31 min 9 h 14 min 67. 60 0.264
675 60 60 36 h 29 min 11h 50 min 67.59 0.192
650 65 65 43 h 28 min 16 h 30 min 62. 07 0.232
700 60 60 9 h 28 min 3 h 13 min 66. 14 0.211
675 65 65 12 h 09 min 3 h 58 min 67.35 0.169

3

Table 3 Experimental and calculated rupture time of equal-bi-axial creep tests for Udiment 720Li

t/ F,/kN F,/kN /% D

700 55 55 28 h 31 min 27 h 41 min 2.87 0.264
675 60 60 36 h 29 min 35h 29 min 2.74 0.192
650 65 65 43 h 28 min 49 h 30 min 13. 80 0.232
700 60 60 9 h 28 min 9 h 37 min 1.26 0.211
675 65 65 12 h 09 min 11h 50 min 5.10 0.169
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