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The Effect of Strain-wave Form on the Low-cycle Fatigue Behavior
of Type 304 and 321 Stainless Steel at Elevated Temperatures

Kenji HIRARAWA, Katsuyuki TORIMASA, and Kazuo TovAMA

Synopsis:

The influence of strain-wave form on the low-cycle fatigue life of type 304 and 321 stainless steels
was studied at 650 and 700°C. Fully reversed strain-controlled low-cycle fatigue tests were conducted
with a symmetrical triangular, a trapezoidal and an asymmetrical triangular wave form.

The effect of creep-fatigue interaction was analyzed by the strain-range partitioning approach.
The micro-structural change during the test was also observed and its effects on the fatigue life
were discussed considering the mode of fatigue crack growth and the environmental effects.

It was found that the creep-fatigue properties depp~Npp and decp-Nep of 304 steel are the same
as those of 321 steel, but the other effects such as the micro-structural change, environment and so
on is greater in 321 steel than in 304 steel in such test as with trapezoidal strain-wave form of long

hold time.
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Table 1. Chemical compositions (wt.%).

Material C Si Mn P S Cu Ni Cr Mo Ti
304 steel 0.07 0.69 1.71 0.022 | 0.008 | 0.03 9.22 18.79 | 0.05 —
321 steel 0.08 0.53 1.69 0.018 | 0.007 | 0.02 | 10.55 17.70 | 0.03 0.46

Table 2. Mechanical properties (¢=2x10-3 1/sec).

Material Temperature 0.29 Proof stress | Tensile strength Elongation Reduction of area
T(°0) 00.2(kgf/mm?) o g (kgf/mm?) o (%) ¢ (%)
RT. 25.2 63.0 96.0 75.8
204 Steel 650 11.1 31.6 51.8 71.5
700 11.2 26.6 76.4 76.6
RT. 25.7 59.3 56.0 69.0
321 Steel 650 13.9 36.4 38.8 65.0
700 17.7 31.9 44.2 67.9
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Fig. 1. Shape and dimensions of a low-cycle
fatigue specimen.
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Table 3. Fully reversed strain controlled low-cycle fatigue test conditions at 650 and 700°C.
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Fig. 3. Variation of the stress range during the
low-cycle fatigue (Smooth lines : a sym-
metrical triangular strain fully reversed,
Dotted lines : a trapezoidal strain fully
reversed).
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Fig. 4. The effect of tensile strain holding (¢;,=
10 min) on the low-cycle fatigue life,
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Fig. 5. The effect of hold time on the fatigue life
of 321 steel in case of tension hold, comp-
ression hold, and tension-compression hold.
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Table 4. Results of the low-cycle fatigue test with a trapezoidal strain-wave form of fx,=
10 min and partitioning of inelastic strain ranges de;in into depp and degy.

. T ty Ay dein depp decp Fatigue life Time to failure

Material | oqy | (mi) | (%) (%) (%) (%) Ny h

1.4 1.17 1.12 0.05 358 61.1

650 10 1.0 0.75 0.70 0.05 629 106.6

304 Stecl 0.6 0.40 0.36 0.04 9510 424.0

1.4 1.19 1.11 0.08 166 98.3

700 10 1.0 0.81 0.75 0.06 572 96.9

0.6 0. 44 0.39 0.05 1 689 984.3

650 10 1.0 0.68 0.61 0.07 420 71.2

321 Steel 1.4 1.12 1.04 0.08 183 31.2

700 10 1.0 0.74 0.66 0.08 349 59.1

0.6 0.36 0.30 0.06 1323 922.7

Table 5. Results of the low—cycle fatigue test with a asymmetrical strain-wave form and
partitioning of inelastic strain ranges dein into depp and decp.

Material oT & &y deg dein depp decp  |Fatigue life] Time to
°C) (1/ sec) (1/ sec) (%) (%) (%) (%) Ny failue h
650 4%10-¢ | 2x10-3 1.0 0.76 0.70 0.06 615 5.1
4%x10-5 2x10-3 1.0 0.75 0.51 0.24 547 38.7
304 Steel 1.5 1.92 0.34 0.88 207 8.7
700% 10-4 8x10-3 1.0 0.75 0.38 0.37 497 14.0
: 0.8 0.58 0.42 0.16 800 18.0
1.2 0.80 0.29 0.51 223 9.4
321 Steel 700 10-4 8x10-3 1.0 0.68 0.30 0.38 339 9.5
0.6 0.30 0.20 0.10 1476 33.2

* The present data arc taken from another charge of 304 steel.
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trical triangular strain-wave form (* indi-
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Fig. 9(a). The deps-Npp and de,p~N;p properties
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Photo. 1. Precipitates observed after the test by electron microscope (7'=700°C, 4 er=19%)
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Table 6. Morphologies of precipitates observed after the tests.

tg= 0 min ty=10min
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S04 Boundary M,; C ;(agglomerate) (net)
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Matrix Observed Mzscs(rod)
1
321 Bounda 1 lomerat
Steel ouneRy (agglomerate) a~phas$3agg omerace)
: Ti(C, N) (globul :
Matrix i( (gg(glomig ) [Ti(CN) (globule)

«— Axial direction —

Photo. 2. Longitudinal cross-sectioned view of secondary surface fatigue cracks.
a) 304, 650°C, dg=19%,
b) 304, 650°C, 4det=1%,
c) 321, 700°C, der=1%,
d) 321, 700°C, deir=1%,
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«— Axial direction —

Photo. 3. Longitudinal cross-sectioned view of se-
condary surface fatigue cracks (304, T =
650°C, de;=19%, &=4x10-41/sec, &=
2x10-31/sec).
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Fig. 10. Predictability of the strain-range partioning
creep-fatigue analysis for tension-hold fati-
gue data (tz,=10min).
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B OB PR e & D IEHRF LS D FEH <
BbhTWAZ EERLTWLA.

(6) ThbbRFNHEND HHBEXUINAYEE
L, 321 $lcs\ Tk o HPHTHIT % & & b ic @i
BRI, ZDODBRAKOBELHLI T, k&
HEGET Lot EL bhb.

(7) BEXDA—RTFA VRATFTVUVRED 7Y
— 7 L EHOEBHE LT 2B, IR T LS
DEFENRADTL %A DE\ KK P OB ERRIAER
X 0 IERB=AIERRT X 50T REESEENAEY T
»5.
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Photo. 4. Scanning electron micrographs of fracture surfaces of 304 steel at 650°C,

a) Symmetrical triangular wave, é=2x10-31/s, de;=1%, Ny=811

b) Trapezoidal wave, é=2x10-31/sec, tgy=10min, 46;=0.69, Ny=2519

c) Asymmetrical triangular wave, &=4X10-41/s, &=2X10-31/s, de;=1%
Nf=512

B, AREERF TR, PREMHER D, H0HAOITHE, JHREYEW LT
T E RIS R Y ORFTKETRRBRELLIT  2RLET.
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