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" Effect of Grain Size on High Temperature Low-cycle Fatigue

Properties of Inconel 617

Hiroshi HATTORI, Masaki KITAGAWA, and Akira OHTOMO

Synopsis :

The effect of grain size on the high temperature low—cycle fatigue behavior and other material strength
properties of Inconel 617 was studied at 1 273 K in air. The strain controlled low—cycle fatigue tests were
conducted with a symmetrical (FF type) and an asymmetrical (SF type) strain wave forms. The latter
wave form was used for the evaluation of creep-—fatigue interaction.

The main results obtained in this study are as follows :

1) The tensile strength slightly increased with the increase of the grain diameter. On the other hand,
the tensile ductility remarkabley decreased with the increase of the grain diameter.

2) The creep rupture life remarkabley increased with the increase of the grain diameter, especially at
the lower stress levels. The effect of grain size on creep ductility has not detailed.

3) The low—cycle fatigue life remarkably decreased with the increase of the grain diameter, especially

at the lower strain ranges.

4) The creep—fatigue life was less sensitive to the grain diameter than the fatigue life, because the grain

size effects on creep and on fatigue were contrary.

It is seemed that the creep—fatigue life is determined

by the proportion of the creep and fatigue contribution.
5) The fatigue and creep—fatigue test results have good relations with the tensile and creep ductilities

at the test temperature.
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Table 1. Chemical composition of Inconel 617.

Chemical composition (wt$%)
C Si Mn S Fe Cr Co Mo Al Ni
12.39 8.96 1.28 Bal

0.09 0.14 0.02 0002 0.44 21.90

Table 2. Conditions of solution heat treatment
for changing the grain size.

Solution heat treatment Average grain diameter

1443Kx1h, W. Q.

( As-received) 124 p
1523Kx1.5h, W. Q. 209 4
1523Kx20 h, W. Q. 303
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Photo. 1. Microstructures of Inconel 617 having
three different grain sizes of (A) 124, (B) 209
and (C) 303 ym.
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Fig. 1. Shape and dimensions of the high tempera-
ture tensile, creep rupture and low-cycle fatigue
test specimens.
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Fig. 2. Tensile properties for Inconel 617 with
three different grain sizes at 1273 K.
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Fig. 3. Effect of grain size on the creep rupture
properties of Inconel 617 at 1273 K.

IS0t~ - Inconel 617 at_1273K
- ‘"''<>"°"°''"°"‘""‘"'°"°'°‘;’j°<>~<>q2 Total strain range
100~ . \ A€ =100%
Tensiie stress omplitude
S Average grain digmeter
% 501 v 209 pm
B S s bl Sl o “-o o =
8 | . o co 1 .
= B \_,. [=J
'é Plastic strain range —08 §
o
-50F : ,0—0000""9 Open symbol : 1 <
ﬁ i B o=o—e e FF type strain wave | _lng =
v:) Solid symbol : o«
00 q " SF typestrain wove| - ©
-100|~ stress amplitude % . X .
___C?mpffs_s'wf_‘_ e o Tt s Jdy7 8 Fig. 4. Changes in the tensile and
SIIIRSTIAA! “ﬁ&_.__g----——a-——-a— o-D-nNA | 07 & —ina 1
1 7 : Cycles of /2 N¢ compressive  stress amplitudes and the
-150 bttt ol 5 [ N T nlo3 Loty 1] A plastic strain range with increasing strain
| 10 e} | 10

Number of strain cycles, N

cycling.

— 123 —



2524 & & W

¥ 68 £ (1982) H162

3.2 BREYASILERSNE

3:2:1 OTHOK DR LK > THERH
OTHOE R LUCH S IEHIRES XOBEE0 L8
BHoELo—f % Fig. 4 Wind. ®HFHFOF R EH
(FF BWH) 3 XOEEROTLER (SF BWH) &
b, OF24E0E LS IEHIRE OB ItED T/
<, FIHAOE 1 2 L ThTHREY R LELL, £3F
BOILTIREIZGE & A LEL LI, ¥k, BEEOTHR
FEF b EFBRPIRIE—ETH .

3:2-2 HHOTARYUWC X HEFARBR

Fig. 5 xR OT 2 W &5 B9 1 7 LEHRR
DOEOTHEF & FMiEE B LEOBtR%~7. Fig. 6
CAEMLA20-TF LIS L B UBg R U
CRIETRANROBELRT. Mk MBI o b o
EWWER 0B LI RAESHCH B, F, HEiEDE

40
i 1 l
N Inconel 617 ot 1273K
\b N
—_ B >
= N
— \J
S 8‘:3:
< 19 \\\ |
g o\<>\\a
- 05 AES \
i oo
,g Average grain diameter \\\N
= [ |2 124 _um
2 < 209 pm
- [0 | 303 pm
°| 1 1 I|'l!!| o Ll JE | INNil | AN
10 107 10° 10° 10°

Number of cycles to foilure, Ny

Fig. 5. Low-cycle fatigue lives for Inconel 617
with three different grain sizes at 1273 K.
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Fig. 7. Comparison of the monotonic stress-strain
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617.
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(a)(b)(c) Av. G. D.=124 g, FF type strain wave form de;=0.42%, N;=8000 cycles
(b) Crack initiation area, (c) Crack propagation area

(@) (e)(f) Av. G. D.=209 , SF type strain wave from dey=1.00%, Ny=98 cycles
(e) Surface of specimen, () Center of specimen

Photo. 3. Optical and scanning electron micrographs for the fracture surfaces of fatigued and

creep-fatigued specimens.

D
Photo. 4. Longitudinal cross-sectioned view near
fracture surface of SF type fatigued specimen.
Cyclic loading axis is horizontal. (Av. G. D.=209
s, Aey=1.00%, Np=98cycles)
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Table 3. Tensile and creep ductilities for strain
range partitioning evaluation.

Average grain diameler 124 p 209 303

Dy : Tensile ductility 1. 091 0. 909 0. 867

Maximum stress

Gmax amplitude at 1/2 Ny 46.1 MPa 44.1MPa 50.0 MPa

Stress rupture lime
for omax

De : Creep ductility 0. 616 0. 386 0. 635

tr 34.4h 86.6 h 52.th
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