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High Temperature Low-cycle Fatigue Properties and Grain
Boundary Configuration in an Austenitic Heat Resisting Steel

Masaru YAMAMOTO, Yasushi HORIUCHI, Ohmi MivAGawa, and Dai FUJISHIRO

Synopsis :

Effects of morphology of grain boundary carbides and grain boundary configuration on low-cycle
fatigue properties were investigated at 700°C with various strain wave-forms, using an austenitic heat
resisting steel SUH 38(JIS) precipitation-hardened by M,,Cs carbides. In ordinary straight grain
boudaries, fatigue life decreased remarkably with decreasing strain rate in triangular or sawtooth strain
wave-forms and increasing hold time in trapezoidal one, due to intergranular cracking induced by
creep deformation during strain cycling. In particular, the notable decrease in fatigue life due to creep
damage occurred in unsymmetrical strain wave-forms where the creep deformation accumulated only
during tensile straining. The zigzag grain boundaries with coarse carbides could prevent an intergranular
cracking by virtue of the retardation of grain boundary sliding and the good coherency between
coarse grain boundary carbides and matrix. Consequently, grain boundary strengthening by zigzag
boundaries could improve remarkably the fatigue life even in unsymmetrical strain wave-forms where the

TR e

ordinary straight boundaries caused a drastic creep damage.
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Table 1. Chemical composition of SUH38(wt%).
C Si Mn P S Ni  Cr Mo B Cu
0.31 0,37 0.9 0.20 0.016 10.51 19.55 L8 0.005 0.07

01 ACBE gk (F)  (Graduate School, Tokyo Metropolitan University, Now
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Table 2. Heat treatments and tensile properties of SHU 38.

Heat treatment Test temperature

0.2% proof stress

Ultimate tensile Elongation Reduction of area

(MPa) strength (MPa) (%) (%)

1200Cx1h—» WQ+750C x15h —+ AC RT 688 1070 30.9 16. 6
(WQ) 700°C 487 556 1.0 35. 4

1200C x1h — FC -+ 900C — AC+ RT 651 1021 17.5 13. 4
750C x15h — AC (FA) 700°C 417 527 99 32.0
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a) 1200°C x 1h—»WQ+750°C x 15h~+AC
b) 1200°Cx Ih—FC—900°C—AC +750°C X 15h—AC

Photo. 1. Grain boundary configurations in water—
quenched and two-step cooled specimens.
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Fig. 1. Strain range-life diagrams at 700°C.
(Triangular strain wave-form)
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Fig. 2. Strain range-life diagrams at 700°C.

(Triangular strain wave-form)
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Fig. 3 Variation of low-cycle fatigue properties
with strain rate. (Triangular strain wave-form)
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Photo. 2. Fractographs of water-quenched (WQ) and two-step cooled (FA) specimens tested

at 700°C with triangular strain wave-form.
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Fig. 4. Variation of low-cycle fatigue life with
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Fig. 7. Variation of low-cycle fatigue properties
with tension hold time. (Tension hold trapezoidal
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Photo. 3. Fractographs of water-quenched (WQ) and two-step cooled (FA) specimens tested
at 700°C. with sawtooth strain wave-form.
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Photo. 4. Factographs of water-quenched (WQ) and two-step cooled (FA) specimens tested
at 700°C with trapezoidal strain wave-form.
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Fig. 11. Je¢;,-N¢ relationship in two-step cooled
specimen.
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Fig. 12. Ade3;-N;j relationship in two-step
cooled specimen.

s ‘  §$

TEULLMETSA, 20X 5k RRRo b8
BALBEML T2 2l bnE et 2Tl
TS HOBHORBROBEC IS TR RHRO o)
ReERT5.

KA & 2 B AN o S RABEWIRCEEL <
~fzffi% Photo. 5 1ZR$. ZhBIZAKGHMiICIsTI
IR RABEOB N L RO T T, BT RBREIIL
LIt ZCRONCEZHTHS., KEHD 2R T
NCRHAELY, FRFMMIIFEECTS, bl
(Photo. 5a)) 2\ ¥4, T Dk Micit Photo. 5b)
DIE5l7 Y — FHBECKIT B LRI BN Y
EHUNREL TS, FLBHCR Y+ €7 4 RO
% (Photo. 2¢) %> Photo. 4b)). U t=-52>T, k& iz
BT 2 Y —7HEHOEFE L ZHE FCixHgtiz v —
DFT ERRRIC, IR D 072l B HEIC Ko T
FF v €7 4 MOKRIANFEAE, KEL, chic k-
THHFRGPRELETTADOTHS. 2oL 57k
W X D KM O EGOE P, SHaO TN .-
D HIE BB IR EEC BB O T AR BT L H
—BAEVA, ThiLz ) — FEROIERGEMC X % -
Exbhs, FEL®: 304 25 v L AMO BREY (
I AVEFRBCECTRAT ) BEXRIEL, =M%
D LR K T2 Y —TEROELZHC L H &

20um_, £

a) WQ, slow-fast sawtooth (€;5,=1.7x10-5/s) b) WQ, triangular (§=1.7x10-4/s)

c) FA, slow-fast sawtooth (€y4q=1.7x10-%/s) d) FA, tension hold trapezoidal (8min)

e) FA, slow-fast sawtooth (€,0n=1.7x10"5/s) f) FA, tension hold trapezoidal (32min)
Photo. 5. Fatigue cracks on logitudinal cross sections of water-quenched (WQ) and two-step
cooled (FA) specimens testd at 700°C_with various strain wave-forms.
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Table 3. Comparison of creep strain
component in inelestic strain range.

(1) Triangular

Strain rate wQ FA
-1
(™ Jein  dece dece/dein Jein  dece dece/dein
1.7x107* 0. 54 0. 21 0. 44 0.73 0. 30 0. 11
5 x107° 0.63 0. 32 0.51 0.71 0. 30 0. 42
1.7x107® 0.63 0. 37 0. 59 0. 90 0. 50 0. 55
( 2) Slow-fast sawtooth
Slmm rate wQ FA
< ~-t
Sln G Jell Seen decp/dein dern Jecp decp/dein
L7x107* 0.22 0.13 0. 69 0.38 0.21 0. 55
1.7x10™ 0. 22 0. 10 0. 45 0. 40 0.17 0. 43
( 3) Tension hold trapezoidal
Hold time wQ FA
(min) dein  decp Jeep/dern dein  decp  Jeep/dein
4 0. 21 0. 09 0.43 0. 38 0.12 0. 32
8 0.25 0. 105 0.42 0. 40 0. 11 0. 28
32 0.35 0. 11 0. 31 0. 39 0.12 0. 31
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