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Abstract: GTD111 DS of nickel base superalloy has been used for gas turbine blades. In this study, low cycle
fatigue test was conducted on the GTDI111 DS alloy by setting conditions similar to the real operating
environment. The low cycle fatigue tests were conducted at room temperature, 760 °C, 870 °C, and various
strain amplitudes. Test results showed that fatigue life decreased with increasing total strain amplitude. Cyclic
hardening response was observed at room temperature and 760 °C; however, tests conducted at 870 °C showed
cyclic softening response. Stress relaxation was observed at 8§70 °C because creep effects occurred from holding
time. A relationship between fatigue life and total strain range was obtained from the Coffin-Manson method.
The fratography using a SEM was carried out at the crack initiation and propagation regions.
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Table 1 Chemical compositions of GTD111 DS (wt%)

C Cr Co Mo \%% Re

Ta Nb Al Ti Hf Ni

0.1 14 9.45 1.55 3.8

2.8 <0.15 3 4.9 0.15 bal.
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Table 2 Mechanical properties of GTD111 DS®

Tensile Yield .
Temperature Elongation
C) strength strength %)
(MPa) (MPa) °
R.T. 1,035 860 7.5
760 1,056 855 15.4
870 863 660 314

Fig. 1 SEM images showing microstructure of GTDI111
DS
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Fig. 2 Specimen of low cycle fatigue test
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Fig. 3 Wave form of low cycle fatigue test
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Fig. 4 Stress range vs. V; curves for total strain
amplitudes at various temperatures
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Table 3 Strain-life parameters of GTDI111 DS at various temperatures
Material Temperature (°C) o f/ /E b € f, c
Room temperature 1.1524 0.0736 29.1501 1.0782
GTDI111 DS 760 1.2699 0.0815 10.2468 0.7679
870 1.5898 0.1401 2.1505 0.4660
1000 1000
—— Room temperature —— Room temperature
8004|- - -760T 800 4| - - -760C ,
—-—-870 P —-—-870C L
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Fig. 5 Hysteresis loops for total strain amplitudes of 1.4% and 1.6% at various temperatures
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2 gEAs D vzl

Fig. 62 24 2 B4 E gy} g Alo)
o] AAE loglog Z=ALE YERH Folth A4
2 BdHYEE HYE 2T xm}oﬂ/q
. rE ﬁ]o]a‘; A) (l)Oﬂ e} ],\1
FAH 83 Table 38 A B 12 A]

T Coffin- Manson?] ©. 2 5-F]

g

a9

9%

FACY

i

E

i nqru oﬂL

5o
3o

A

]
=i
=

760°Col| %
JEo| F

AFS=
o},
H

A



Ni7] 2W9s3 GIDI11 DS 1L AF7] 925 o= 769

Fig. 7 Fatigue fractographies of GTD111 DS for various strain amplitudes at elevated temperatures (a)
760°C - 1.4%, (b) 760°C - 1.6%, (c) 870°C -1.6% (I : crack initiation, II : crack propagation)
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