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A multiaxial Low Cycle Fatigue Damage Parameter
for Single Crystal Nickel-Based Superalloys
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Abstract: Strain energy release ratio, being known as thermodynamics generalized
force, was applied to describe fatigue damage course of orthotropy materials. From the
definition of strain energy release ratio, a triaxiality factor for single crystal superalloy that
contains three elastic constants was defined. Not only may the triaxiality factor show the
multiaxial complex stress states as well as the coupling effect of the tensile and torsional
stress in orthotropy material while the applied loading deflects from the principal axes
directions of material coordinate system. It is a prolongation for triaxiality factor of isotropy
material. By using the triaxiality factor to modify strain range as a failure parameter and
introducing a cyclic characteristic parameter for damage force to take account of alternately

changed characteristic of cyclic loading, a low cycle fatigue damage model for single crystal
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superalloy was proposed. The low cycle fatigue test data correlation to DD3 and CM SX =2
single crystal superalloy with the parameter by using multivariate linear regression analysis
is good and the all test data fall into the factor of 2.0 and 2. 5 scatter band respectively.

Key words: aerospace propulsion system; single crystal superalloy;
multiaxis low cyclic fatigue; damage parameter; complex stress states;
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Table 1 Results of uniaxial fatigue tests for notched specimens
M ax Min
/M Pa /MPa R /MPa
QF001-1 [001] 860 43 0.05 817 571
QF001-2 [ 001] 920 46 0.05 874 140
QF001-3 [001] 980 49 0.05 931 345
QFro01-4 [001] 437 - 437 -1 974 2703
QF111-3 [ 111] 1030 51.5 0.05 978. 5 582
QF111-4 [ 111] 441. 8 - 441.8 -1 883. 6 4703
GFO11=2 [011] 899 44.95 0.05 854. 05 256
GFO0113 [011] 379.5 - 379.5 -1 759 8 335
GFO114 [011] 427 - 427 -1 854 7915
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Table 2 Calculation of cyclic stress-strain in danger element of notched specimens
0.1/ MPa 0.2/ MPa 61/ % €/ % Ao/ M Pa Ae! %
QFO001- 922. 68 61.567 1.425 4 0.386 22 891.46 0.809 36
QF0012 1 010. 6 74.633 1.596 1 0.495 0 954.30 0.866 02
QF001-3 1078.9 789. 46 1. 766 3 0.609 89 1012.8 0.918 77
QF0014 476. 51 476. 51 0.571 80 0.571 80 953.01 0.865 09
QFo112 912. 92 82.424 L1151 0.449 97 981.41 0.520 12
QFO0113 439. 71 439. 71 0.308 09 0.308 09 879.42 0.466 12
GFO114 494. 76 494. 76 0.346 66 0.346 66 989.50 0.524 47
GF1113 974. 07 231. 87 1. 069 3 0.479 82 1. 188 0 0.458 15
GFO114 536. 17 536. 17 0.273 33 0.273 33 1072.3 0.413 53
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Table 3 Model of low cycle fatigue life prediction
R
; Nyo= 5. 1313107 °Ag **°'T 2% °(1- Ry)*7™* 0.9619
bb M ises N;= 0.042 50¢ “#**! 0.5102
Nje= 3. 475 3107 Spg 5508 1177356766 0.967 5
CM SX-2
M ises Ny= 0.002 0pAg >*'% 0. 588 4
, Superalloys [ R]. NT1S N20000037784/ XA B, 2000, 2,
2.0 2.5 78
[4] ,
6 [J]. ,2000,29(1):28 31.
Yue Zhufeng. Lu Zhenzhou- A Model of Multiaxial Low
( 1) Cycle Fatigue Life Time of a NickelBased Single Crystal
) [J]. Rare Metal Material and Engineering,2000, 29(1): 28
31.
s
[5] , ) ,
[l )
(2) ’ 3 2000,21(4):373 381.
) Yue Zhufeng; Tao Xiande, Yin Zeyong, Yang Zhiguo. A
s Crystallographic M odel for the Qrientation Dependence of
Low~Cycle Katigue/ Property” of a Nickel - based Single
Crystal Stperalloy [ J 1. Applied Mathematics and
' R M echanics-2000,21(4):373  381.
Mises 6] ’ ’ 7 ’
’ [l .2003, 16
, > (1),50 56
Yue Zhufeng, Yang Zhiguo, Yin Zeyong, Wei Pengyi, Cheng
Xiaoming. ConstitLntive Relationship of Nickel? Base
Single Crystal Superalloys and Applications [ J].
( 3) bD3 Experiment and Study of Gas Turbine, 2003, 16( 1), 50
CMSX-2 56.
N R 2.0 [ 71 Mac Lachlan D W, Knowles D M . Fatigue Behaviour and
2.5 ,  Mises Lifing of Two Single Crystal Superalloys| J]. Fatigue
Fract Enging M ater Siruct,2001,124: 503 521.
’ 8] . . CM X3
. [J]. ,2001,2:56 58.
: Wang Jian, Yu Yongsi, Zrnik J. Effect of Cyclic Frequency
[1] Li S X, Smith D J. High Temperature Fatigue-Creep on High Temperature Fatigue Behaviour of CMSX-3
Behaviour of Single Crystal SRR99 Nickel Base Nickel-Based Single Crystal Superalloy [ J]. Aeroyp ace
Superalloys: Part - Fatigue-Creep Life Behaviour[]J]. Materials and Technology, 2001, 2: 56 58.
Fatigue Fract- Engng Mater, 1995, 18, (5): 631  643. [9] [M]. : ,
[2] Mitsuru Kanda, Masao Sakane, Masateru Ohnami. High 1992.
T emperature Multiaxial Low Cycle Fatigue of CMSX-2 [10]  Jean Lemaitre: A Continuous Damage M echanics Model
Ni-Base Single Crystal Superalloy[J].ASME Journal o for Ductile Fracture[ J]. Journal of Engineering M aterials
Engineering Materials and T echnology, 197, 119: 153 and T echnology, 1985, 107: 83 89.
160. [11] . [M].
[ 3] Swanson G R, Arakere N K. Effect of Crystal Orientation - 1998.

on Analysis of Single-Crystal Nickel-Based Turbine Blade



