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Synopsis:

Fatigue tests were carried out on a Type 316 stainless steel at 600 and 700°C in order to clarify the
effect of creep deformation increasing gradually during fatigue tests on elevated-temperature, low-cycle
fatigue life. Strain wave forms with or without rising mean strain were used for truncated wave form with
a 10-min hold in tension only and triangular wave form. The strain rate of ramps were 409,/ min.

For a given total strain range, fatigue life of the truncated wave form 1is smaller than that of the
triangular wave form. The difference between them obtained at 600°C is larger than obtained at 700
°C. Well-defined intergranular facets covered with small dimples were observed for specimens tested
under truncated wave form at 600°C, but not at 700°C. These results could be explained by pheno-
menom of recovery process at 700°C, because of which stress applied grain boundaries might have
decreased under truncated wave form.

Rising mean strain per cycle under truncated wave form was creep strain, however no clear effect
O~ of the rising mean strain on low-cycle fatigue life was observed. Summation of the creep strain co-

rresponding to relaxation stress and rising mean strain per cycle were almost constant for a given total
strain range. It is considered that this is a reason why no effect of rising mean strain on fatigue life
was observed.
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Table 1. Chemical composition of the material

(Wt%)

C Si | Mn P S Ni Cr Mo

0.07 { 0.53 | 1.66 | 0.023| 0.008| 10.73| 16.75 2.23

€=40%/min
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Fig. 1. Strain wave form with or without rising
mean strain. (&, means strain rate of
rising mean strain. )
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Fig. 2. Examples of change in loade-longation
hysteresis loops under strain cycling.
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Fig. 3. Relation beiween the plastic strain range
and the stress range.
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600°C, 2Et=1%, £m=95X10“%/min
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Fig. 4. Stress relaxation during hold period in
the maximum tensile strain.
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Fig. 5. Relation between the rising mean strain
rate and the relaxation stress.
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Fig. 6. Relation between the total strain range
and the number of cycles to failure.
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Fig. 7. Effect of the rising mean strain on the
number of cycles to failure. (Numbers
in parentheses indicate rising mean strain
rate in 9/ min. )
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Fig. 7 Th 5. HPoRERHHETHOTLEE (B
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3.3 mmE, XWX

OFRERE 40 9 /min, WHFHOT A LOZEB

Test temperature T : 600°C, Total strain range de,: 1%,
Mean strain at failure e, : 0%, Triangular wave form, Nu-
mber of cycles to failure Nj: 2224.

Photo. 1. Scanning electron micrograph of fracture
surface of a fatigued specimen. (Arrow

indicates macroscopic direction of crack
propagation.)

(a) T:600°C, de;:2%, ey :0%
Truncated wave form, N,:147.

Photo. 3. Scanning electron micrographs of fracture surfaces of fatigued specimens.
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600°C, &WE, WHETEHO TR Lo X 5HE
N 0458 % Photo. 3 1wiRd. —RCR FBEE T,

T :600°C, de;:2%, ey :4.1%
Triangular wave form, Ny : 33l.
Photo. 2. Scanning electron micrograph of fracture
surface of a fatigued specimen.

(b) T:600°C. de:0.7%, ep :0%
Truncated wave form. Njy: 1615.
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T :700°C, de,:1%. ey :0%,
Truncated wave form. Nj:939.
Photo. 4. Scanning electron micrograph of fracture
surface of a fatigued specimen,.
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Cu: creep strain corresponding to rising mean strain
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Fig. 8. Idealized hysteresis loops for the strain
wave forms shown in Fig. 1.
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<—> Axial direction

T : 600°C, de, : 1%, en :5.9%. Truncated wave form, Nj:598.
Photo. 5. Micrographs of surface and cross section of a fatigued specimen.
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T :600°C, dep:1%. &4 :0%. Truncated wave form, N, :675.
Photo. 6. Scanning electron micrographs of cross section of a fatigued specimen

(Voids along grain boundaries).

T:600°C. dey: 1%, &4 :5.7%.

Truncated wave form, N,:598.
Photo. 7. Scanning electron micrograph of cross
section of a fatigued specimen (Crack
initiation by grain boundary sliding).
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AD, REBENEL B0 TEESESZ LLLDD
DrEbhs. SARTCOTLREER/NSSLT 8l
&@%ﬁ&@ﬁﬁ@ﬁ%ﬁﬁ%%Lhﬁhﬁ%%@ﬁﬁ
BRI X 5 &, 600°C CIREIEITFD bl
WS, 700°C TR EMELE D T B & & AR BT T
519 . EENES - LI L TERIGII NS 185D
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CEERE L o,

Diercks® (T, 304 #fext L€ 593°C, OFREE 24
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W EHOTFREENRELRDEYV F 7 —Ya VE
BRAT 5. Lo TH O FARESRE (/L
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Fig. 9. Relation between the rising mean strain
rate and the creep strain per cycle.
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