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High-temperature stress rupture damage characteristics and
thin-wall effect of DD10 single crystal alloy

WU Jiahui', CAO Tieshan', XU Wei’, CHEN Jiawan', CAO Lamei’,
ZHANG Yue’, CHENG Conggian', ZHAO Jie"

(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China; 2. AECC
Beijing institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Stress rupture tests are conducted on DD10 alloy specimens with two distinct wall thicknesses at conditions of 1000 “C/
200 MPa and 1100 °C/100 MPa. The stress damage characteristics of these specimens and the reasons for the thin-wall effect are
analysisd. The findings reveal that, under both test conditions, the stress rupture life of thinner specimens is markedly shorter
compared to thicker ones, indicating a pronounced thin-wall effect in DD10 alloy. Although the reduction in effective bearing area
due to oxidation does expedite the creep process to some extent, the variation in effective stress increase across different wall
thicknesses is minimal, within a range of just 6%. This suggests that the augmentation in effective stress stemming from oxidation is
not the primary catalyst behind the thin-wall effect. Microstructural observations of the surface and longitudinal sections of the
fracture reveal that, under both test conditions, the cavities and cracks in thinner specimens are smaller in size than those in thicker
specimens. Furthermore, the relationship between the stress intensity factor(K) and crack length(/) indicates that, for cracks of
equivalent size in specimens with varying wall thicknesses, thinner specimens exhibit a higher stress intensity factor at the crack tip,
rendering the crack more prone to propagation. Consequently, thinner specimens have a shorter critical size for crack instability
expansion. The disparity in this critical size among specimens with different wall thicknesses is pinpointed as a crucial factor

contributing to the thin-wall effect.
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Fig. 1 Specimen of DD10 (a)shape and size of DD10 plate specimen; (b )real object after stress rupture of DD10 specimen;
(¢)schematic of longitudinal section position
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Table 2 Stress rupture life of DD10 alloy with different wall thicknesses

Stress rupture test Thickness/mm Stress rupture life/h
1000 °C/200 MPa 0.51 407

0.83 617
1100 °C/100 MPa 0.51 88

0.81 224
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K2 FpAREW 2SI CRIEES  (a)0.51 mm iUKE, 1000 °C/200 MPa; (b)0.51 mm A, 1100 “C/100 MPa;
(¢)0.83 mm iz, 1000 °C/200 MPa; (d)0.81 mm i, 1100 °C/100 MPa
Fig. 2 Surface morphology of fracture area after stress rupture tests (a)0.51 mm specimen at 1000 °C/200 MPa;
(b)0.51 mm specimen at 1100 °C/100 MPa; (c)0.83 mm specimen at 1000 °C/200 MPa;
(d)0.81 mm specimen at 1100 °C/100 MPa

— AR S o7 300 5 160
s e NG SCEM M
Ry . 0 N
0 20 40 60 80 pm 0 20 40 60 80 um
Oxidellayerss 600 Al 100 Cr
0 0
0 20 40 60 80 um 0 20 40 60 80 pm
GOWWM ®

7 — 8 Y
2 =
baiieellayers e
o : ,‘:‘

Pl o ooeed o o 40 VT

B3 RFETRZES K EDS A4l (a)0.83 mm ifXkE, 1000 °C/200 MPa £S5 & EDS; (b)0.51 mm k¢, 1000 °C
/200 MPa JE5; (¢)0.51 mm i0EE, 1100 °C/100 MPa JE55; (d)0.81 mm £, 1100 °C/100 MPa JE4

Fig. 3 Near surface morphology and EDS line scanning of specimens  (a)morphology and EDS of 0.83 mm specimen
at 1000 °C/200 MPa; (b)morphology of 0.51 mm specimen at 1000 °C/200 MPa; (¢ )morphology of 0.51 mm specimen
at 1100 °C/100 MPa; (d)morphology of 0.81 mm specimen at 1100 °C/100 MPa
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Fig. 4 Microscopic morphology of specimens with different wall thicknesses after stress rupture tests and y’ phase volume
fraction (a)-(h)microscopic morphology of specimens with different wall thicknesses after rupture;
(i), (j)y' phase volume fraction of specimens with different wall thicknesses after rupture
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Fig. 5 OM images of longitudinal section of fractured specimens with different wall thicknesses

(2)0.51 mm specimen at 1000 °C/200 MPa; (b)0.51 mm specimen at 1100 °C/100 MPa;
(¢)0.83 mm specimen at 1000 °C/200 MPa; (d)0.81 mm specimen at 1100 °C/100 MPa
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Fig. 6 Typical damage of specimens with different wall thicknesses (a), (b)0.51 mm specimen at 1000 °C/200 MPa;
(¢), (d)0.83 mm specimen at 1000 °C/200 MPa
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Fig. 7 Diagram of cross-section of fractured specimen
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Table 3  Statistical results of width, thickness and oxide layer thickness measurement of specimens with different wall thicknesses

after fracture in stress rupture tests

After stress rupture tests/mm

Stress rupture test Specimens thickness, bH/mm

Oxide layer thickness, e/mm

Width, &' Thickness, b’
1000 °C/200 MPa 0.51 9.986 0.593 0.013-0.065
0.83 9.912 0.884 0.027-0.067
1100 °C/100 MPa 0.51 9.950 0.563 0.029-0.041
0.81 9.987 0.875 0.021-0.038
K4 AR BA R B
Table 4 Effective stress and the change of effective stress calculation
Stress rupture test Thickness/mm Oxi(/ie layer thickness, Effective stress, Change of effective stress, o,/
max/ M oe/MPa %
1000 °C/200 MPa 0.51 0.065 225 -2.17
0.83 0.067 230
1100 C/100 MPa 0.51 0.041 110 5.71
0.81 0.038 104
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