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Study on Characteristics of Low Cycle Fatigue for High Alloy and
Austenite Stainless Steel
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Abstract : As the steam temperature of fossil power plant boiler is increasing, the use of 9Cr-1Mo high alloy
material is prevalent and it is needed to investigate the characteristics of low cycle fatigne for high alloy and
austenite stainless steel that has used up to recently. As a result of test, in 9Cr-1Mo high alloy steel, the relation
of strain and fatigue life is non-linear and the crack mode of low cycle fatigue is brittle but in the austenite

stainless steel, that of strain and fatigue life is linear and the crack mode of low cycle fatigue is ductile.

Comparing the fatigue life between high alloy and austenite stainless steel,

there is no consistent characteristics

as to strains. But the fatigue life of 9Cr-1Mo steel is longer by 25% than that of STS304 stainless steel in the

relatively low,
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0.3% strain. In the other strain, the fatigue life of two materials is similar.
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Fig. 1 Propagation modes of fatigue crack
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Fig. 3 Geometry of low cycle fatigue test specimen

Table 1 Chemical composition of fest specimen

Specimen, C | Si | Mn | P S | Ni| Cr |Mo

T91 0.11041045/002 001 - |90 1.0

STS304 10.07,0.60| 1.4010.027{0.03 |9.30) 180 | -

32 4
A AAelE

ot

x|
AzAgel AEE 47 AAE
AT 1000C, 545 10tn ARFe) 717144

2ZA)8 7](closed loop electro-servo mechanical
dynamic fatigue testing machine INSTRON
model 1362)0]t}, FUdv 2+ A dH e Fxrtd

= Hd SKW &3] 7198 313 induction
~Tkg/er 4 AFA J4H-& %7 %— %—
ook %"7] =
Asteq = Uﬂ%‘“ H(Wood's metal
AR LAl E e Ay 2%
Accufiberiit¢] 12574 A o) Al2El(high
temperature measurement and control system}-&
st 313t VMg ot &g Fa2A
(optical pyrometer)& ARS8l SA 3}

heater),

A E

grip) %
SR

3 S X
AE 2712 Table 29 Zow, WgE <l
T A AHAA FL3A 0.01%/sece 2 A

7

Qe

AT vhe zAes: 27 EYEIN ol
%2 ad o] AlolZ F(NpE FEAHo s
skt
Table 2 Test conditions of low cycle fatigue

Load ratio (R) -1 (tension/compression)

Strain rate 0.01%/sec

. . ) 0.3%, 0.4%, 0.5%, 0.6%,

Strain amplitude (Ae) 0.75%

Temperature 6007T

Pressure Atmospheric pressure
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Table 3 Result of low cycle fatigue test for 9Cr-1Mo

steel

Strain amplitude (%)
0.3 0.4 0.5 0.6 0.75
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Fatigue life
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Fig. 4 Fatigue life of 9Cr-1Mo steel
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Fig. 5 Micro structure of low cycle fatigue crack
for 9Cr-IMo steel(Optical microscope)

e o
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Fig. 6 Micro structure of low cycle fatigue crack
for 9Cr-1Mo steel(SEM)

_32._



STS304 ZEglg 27 st 11 AAlelE 5 Eo] xq;\}o}.g. 4;4 =0 AEgo]
2 AHE Table 49 FF3AH WY %4 =717}
AASE $39 2art AR Fig. 72 WP 89
279 FHe BAZ FHow %wd Solu
Z 23telolle AR #AZE Ay E A

43 AH| Qg AZtel MAlolZ mz2 HS Ao} AjH M= (Fig. 9a)) GAC) FAE
o]

ol

Table 4 Result of low cycle fatigue test for STS304

steel
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Fig. 7 Fatigue life of STS304
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Fig. 10 Comparison of fatigue life between high
alloy and stainless steel

5.4 &

H RN 1R o] FHEH e
IFE74Ocr-1Mo)d] 112 AArtolE IHE 54S
otstal, 71E] ®ol AL HUY L2 Uo|E &
BldE e HuEAE A3t F A o
3] 12 AAPelE9 ¥ AEE Algsta te
Jﬂr E% AEE AU

I AAlolE ¥E AFS B9 9Cr-1Mo%

2ol 277} AR+ BaE AR
B o] B AR Aol ARE Holm 3

(2) B AN)E Mzo| HE WHZH ATS
#2Y 2% DPIYINE FDo] HRolN A%
st 3 HuHoz AW AN 548
Uehin Tk E3 QA AERNA BeEy
AAZe] 2 SHe wo £AHAY Q8]
Fge) Ag3e] AN 4Fee Aom BerEn,

(3) STS304 2HRIA AT AAlo|F F 29 wh

g A2y AFS BAY 23 FPe % 7A 5
del AAS wed Ao Fdho) BaRA 4%
33 gon dystae) 598 2a o 449
o7 B shd, A 3YE we 135
AZ $43o 94 AAE SPANTGE A2 @
% s,

() nFgER 2023 24P Ha
@ 2% 498 592 dehie 94 gou Wy
Eol] W2 03%AMe ICr-1Mode] FHo] STS34

S2HUelE 2HQd 2 e AAlolE A7 B4 AT

2| Qg a7to] Hgkd oF 2% AE ABRE
9Cr-IMo7e] g8uds Bdwe AAEA EH
2 29494 f8d 2oz AdAnh

£ 7

B Q7E sEunge 89004 Bol AgsT
e Adel U sz 9 2 7L A% B
ELEEEENNEL ISR SR IR

1. =2AE7E(F), 1994, “BHH3E 5 637]) B
ARA”, A&, pp. 2-1.

2. F=AYFAL 1998, “FEHLAL 1,257 B
A8 FF ASA, AL, pp. O-186

3. 51‘373?%/\} 1989, “AHH stz
Ay FFALAY AL, pp. O-211

4. =149 7]5(7‘), 2002, “eiQtstd 5, 65 7] WA
2 Data Book(1)"”, A<, pp. 2-106~2-112

5. K. T. Rie and H. P. Stuwe, 1974, Int. J. Frac,,
Springer, Vol. 10, pp. 545

3, 437]

k34;



