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Influence of small hole on thermal mechanical fatigue in

single crystal superalloy DD6
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2. Institute-for Aero Engine, ~“Fsinghua University; Beijing 100084, China)

Abstract: Mechanical strain=eontrolled thermal mechanical fatigue (TMF) tests under in-
phase (IP )and out-of-phase-(QP) cycles were performed on specimens with/without small hole
made, of nickel based single crystat“superalloy DD6, and the impacts of stress concentration in-
duced by small hole and phase shift between the mechanical strain and temperature on lifetime on
crack iitiation were studied. The results indicated that the life of the specimens with small hole
whose’ cracks initiated at the location of maximum principal stress around the hole was one order
of-magnitude lower than that of smooth ones. Moreover, the OP life was lower than IP for speci-
mens with small hole, which was consistent with that for specimens without small hole. The dis-
tribution and evolution of stress and strain in the specimens were obtained with the aid of numeri-
cal simulation with viscoplastic constitutive model based on slip systems. The correlation between
the damage generated in single crystal superalloy under TMF loadings and the macro-/micro-pa-
rameters was identified. Based on the above-mentioned results, a new life model which could

consider the effect of stress concentration and phase shift was proposed for the TMF life predic-
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tion. The predicted life of DD6 specimens with and without small hole under IP and OP TMF

loadings was approximately within a factor 2 of the experimental life.

Key words: single crystal; thermal mechanical fatigue (TMF ) ;

stress concentration; in-phase (IP); out-of-phase (OP); life prediction
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Table 1 Chemical composition of DD6
14y Ni Al Ta w Co Re Hf Cr Mo
B/ % 4L 5.2~6.2 6.0~85 7.0~9.0 8.5~9.5 1.6~2.4 0.05~0.15 3.8~4.8 1.5~2.5
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Fig.1 Specimen with small hole (unit:mm)
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Table 2 Testing arrangement

ZiER DA IR TR/ C MU A2 W AF/ V6
P e 400~980 +0.55
P i 400~980 +£0750
P Blotis 400~980 +0.45
P Py 400~980 +0. 40
oP SIo¥i 4 400~980 +0.55
op Sleti1 400~980 +0. 50
oP e 400~980 +0.45
oP e 400~980 +0. 40
P [010]-4L 400~980 +0. 40
P [010]-4L 400~980 +0.35
P [010]-7L 400~980 +0. 30
IP [110]-4L 400~980 +0. 40
P [110]-4L 400~980 +0.35
P [110]4L 400~980 +0. 30
oP  [010]4L 400~980 +0.35
OP  [010}4L 400~980 +0. 30
OP  [010}4L 400~980 +0.25
OP  [110}4L 400~980 +0.35
OP  [110]4L 400~980 +0. 30
OP  [110]4L 400~980 +0.25
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Fig.3 Cracks at the hole edge observed by long

focus microscope
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Table 3 Elastic constants for DD6

WEE/C SRR /GPa YRR UIAERLRE/GPa
25 131.5 0. 344 137.0
700 107.0 0.374 100. 2
760 105.5 0.377 105.0
850 98.0 0. 383 60.61
980 85.0 0.390 75.57
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Table 4 Stress concentration factor

AHAL L7 m o/MPa S/MPa K,
P [010] 637.47 255. 00 2.50
P [110] 634.01 255. 00 2.49
or [010] 876. 72 353. 67 2.48
oP [110] 864106 353767 2.44
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m 10. 52 6293
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