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Effects of Cooling Hole Addition on Creep Lifetime of Nickel-based Single Crystal
Superalloy DD6
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U nder a constant applied normal stress of 200 MPa and a temperature of 1 000 C, the creep experiments of two nickel-based single crystal
superalloy DD6 samples, with a cooling hole ( fabricated by circular scanning and trepanning drilling of Femtosecond Laser) and without
cooling hole, were conducted. The experiments showed that the creep lifetime of the DD6 sample with a cooling hole was much shorter than that
of the sample without cooling hole. With SEM and TEM observing the microstructure before and after creep, it was found that the deformation in
the sample without cooling hole was the evenly spread out slip of the dislocations in the plastic matrix phase (y phase). While the creep deforma-
tion in the sample with a cooling hole was mainly localized around the hole, which led to a large number of dislocation multiplication creating a
large microscopic stress concentration at the y/y' interface enough to cut through the precipitates, the brittle and stronger y’ phase, and thus the
crack propagation was then much accelerated due to the loss of resistance, and the creep life was shortened significantly.
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Table 1 Creep properties of samples without cooling hole and with cooling
hole

All Creep Rupture Strain rate on the
o
Y lifetime/h strain/ % steady state creep/s
Sample 1 94 24.96 1.16x107°
Sample 2 57 8.71 1.37x1073
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Fig.1 High temperature creep curves of nickel-based single crystal superal-
loy DD6 sample without cooling hole ( sample 1) and with a cooling hole
(sample 2)
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Fig. 2 SEM images of the fracture morphologies of nickel-based single crys-
tal superalloy DD6 at the {100} plane after creep test: (a) sample 1 ( cracks
shown by black arrows), (b) sample 2
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Fig. 3 SEM micrographs of the fracture morphologies of nickel-based single
crystal superalloy DD6 after creep test at the cross-section; (a) sample 1,
(b) sample 2 ( characteristics of quasi-cleavage shown by black arrow)
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Fig.5 Macro schematic diagram and microstructure of nickel-based single

crystal superalloy DD6 sample without cooling hole (sample 1) in the near
rupture after being crept up to fracture: (a) macro schematic diagram of region

A, (b) SEM image of region A after creep test
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Fig. 6 Macro schematic diagram and microstructure of nickel-based single

crystal superalloy DD6 sample with a cooling hole ( sample 2) in the near
rupture after being crept up to fracture; (a) macro schematic diagram of re-
gion B, C and D; (b—d) SEM images of regions B, C and D after creep test
(the angle of the ' raft structures rotate is separately shown in fig. 6¢ and d)
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Fig.7 TEM images of nickel-based single crystal superalloy DD6 sample af-
ter creep ruptured: (a) sample 1 (the direction of tensile stress was shown
by the white arrow) , (b) sample 2 (the glide direction of dislocations was

shown by the white arrow)
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