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Fig.1 Hollow tubular specimen of DD6 superalloy
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Table 1 Test conditions and results of the in-phase thermo-
mechanical fatigue experiment for DD6 superalloy

Sample Stress Temperature Experimental
amplitude/MPa range/C lifetime/cycle
TMEF-1 300 500~980 3644
TME-2 400 500~980 758
TME-3 500 500~980 228
TMF-4 400 550~930 1961
TME-5 400 450~1030 48
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Fig.2 Part of fractured hollow tubular specimens
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Fig.3 Square-like cleavage facets with micro-voids in in-phase

thermomechanical fatigue fracture of DD6 superalloy



129 gk A

S TR 3 4 U IO B B el 5 & DD6 Rl AH LR 07

7 5t T * 3891 -

o < [ AH BB U 57 W7 11 TR B 03 57 46T

Fig.4 Fatigue striations in in-phase thermomechanical fatigue

Kl 4 DD6 i
fracture of DD6 superalloy
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Table 2 Relationship between temperature range and effective
temperature of the in-phase thermomechanical fatigue
experiment for DD6 superalloy

Sample  Temperature range/'C Effective temperature/C
TMEF-1 500~980 915
TMF-2 500~980 915
TMF-3 500~980 915
TMF-4 550~930 880
TMF-5 450~1030 952
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Table 3 Creep damage parameters of DD6 superalloy
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Table 4 Stress amplitude and experimental lifetime of the low
cycle fatigue experiment for DD6 superalloy

Sample  Stress amplitude/MPa  Experimental lifetime/cycle
LCF-1 300 5835
LCF-2 400 912
LCF-3 500 394
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Table S Fatigue damage parameters of DD6 superalloy
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Fig.5 Comparison of predicted and experimental creep lifetimes

of DD6 superalloy
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Fig.6 Comparison of predicted and experimental low cycle
fatigue lifetimes and in-phase thermomechanical fatigue

lifetimes of DD6 superalloy
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Table 6 Dwell time, effective temperature and experimental
lifetime of the in-phase thermomechanical fatigue ex-
periment for DD6 superalloy

Dwell Effective Experimental
Sample . . o
time/s temperature/ C lifetime/cycle
TMEFD-1 30 954 1272
TMFD-2 60 963 197
TMED-3 90 968 119




129 gk A

S TR 3 S U O B T il 15 & DD6 [RIAH B LBONE 57 A7 i Tl

* 3893 -

10000

® Thermomechanical fatigue
with dwell time
Scatter band=2.3

1000

100

Predicted Lifetime/cycle

10 - ;
10 100 1000 10000

Experimental Lifetime/cycle

Bl 7 DD6 il £ S Of 2 ] 1) R AH FAH LA 55 300 75 iy 15
TR I6 A3 i 6] LE

Fig.7 Comparison of predicted and experimental lifetimes of
DD6 superalloy under in-phase thermomechanical fatigue

with dwell time
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Coupling Damage Based Lifetime Prediction of In-Phase Thermomechanical
Fatigue in Nickel-Based Single Crystal Superalloy DD6
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Abstract: Based on the in-phase thermomechanical fatigue experiments under stress control, the damage mechanism of in-phase

thermomechanical fatigue of DD6 superalloy was investigated. Based on the continuous damage mechanics, a lifetime prediction model

reflecting the coupling of creep damage and fatigue damage was established, and the damage parameters in the model were obtained

through using the experiment data of creep and fatigue. Furthermore, the experiments of in-phase thermomechanical fatigue with dwells of

DD6 superalloy were conducted in the present paper, and the experiment lifetimes are within a factor of 2.3 of the prediction lifetimes

based on the coupling damage. Results indicate that the coupling damage based lifetime prediction model developed in the present paper

could accurately predict the in-phase thermomechanical fatigue lifetimes of DD6 superalloy and provides a basis for the lifetime

prediction of DD6 superalloy structure in engineering applications.
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