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Table 1 Chemical composition of Ni-based single crystal superalloy DD6 (w/%)

Cr Co W Al Mo

Re Ta Nb Hf Ni

3.8~4.8 8.5~9.5 7.0~9.0 52~6.2 1.5~25 1.6~2.4 6.0~85 0.6~1.2 0.05~0.15 Bal.

Other elements <

Fe Si Ti Zr Mn B

c P Mg s Sb

02 02 01 01 015 0.02 0.05

0.04 0.018 0.003 0.001 0.001

K1 R Bk

Fig.1 Thin-walled plate specimens
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Table 2 Low-cycle fatigue results of DD6 single crystal thin-walled plate specimens with orientation [001]

No. Cooling hole Temperature/’C  Frequency/Hz Stress level/MPa  Recurrent number/cycle Life/h

F1 Single 900 3 540 1719343 159.20
F2 Single 900 3 540 1710026 158.34
F3 Single 900 3 540 1419 382 131.40
F4 Single 900 3 540 1355971 125.55
F5 Single 900 3 540 1696 290 157.06
F6 Multi 900 3 540 146 555 13.57
F7 Multi 900 3 540 82 946 7.68

F8 Multi 900 3 540 156 277 14.47
F9 Multi 900 3 540 234513 21.71
F10 Multi 900 3 540 163 559 15.14
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Fig.2 Fracture surface morphologies of the specimen with a
single hole: (a) overall morphology, (b) fatigue source,
(c) rapidly expanding area, and (d) high magnification

image of fatigue source
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Fig.3 Fracture surface morphologies of the specimen with close-

spaced holes: (a) overall morphology, (b) morphology of
middle hole, (c) morphology of upper hole, and (d) high

magnification image of fatigue source
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Fig.4 Fracture side surface morphologies of the specimen with

single hole: (a) overall morphology and (b) local morpho-

logy
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Fig.5 Fracture side surface morphologies of the specimen with

close-spaced holes: (a) overall morphology and (b) local

morphology
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Low Cycle Fatigue Fracture Mechanism of a Modeling Specimen
with Cooling Film Hole of DD6 Single Crystal Superalloy
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Abstract: The flat plate specimens of nickel-base single crystal superalloy DD6 with different numbers of laser-processed cooling film holes

were used to study the low cycle fatigue properties at 900 <. The test data and SEM fracture images were analyzed. The results show that the

life of single-hole specimens is ten times of that of the close-spaced holes specimens in the same experimental condition. A number of

microcracks are found around the cooling film hole and the destruction of the specimens with cooling film holes is a typical multi-source rupture.

The cracks propagate along the {001} planes for single-hole specimens and the middle holes of the close-spaced holes specimens, but the cracks

extend along a plurality of slip plane for up and bottom holes of the specimens with close-spaced holes.
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