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Low Cycle Fatigue Behavior of 12Cr Steel
for Thermal Power Plant Steam Turbine

Myung Soo Kang*

ABSTRACT

In this study low cycle fatigue (LCF) behavior of 12Cr steel at high temperature are described. Secondly,
comparisons between predicted lives and experimental lives are made for the several sample life prediction
models. Two minute hold period in either tension or compression reduce the number of cycles to failure by
about a factor of two. Twenty minute hold periods in compression lead to shorter lives than 2 minute hold
periods in compression. Experiments showed that life predictions from classical phenomenological models have
limitations. More LCF experiments should be pursued to gain understanding of the physical damage
mechanisms and to allow the development of physically-based models which can enhance the accuracy of the
predictions of components. From a design point-of-view, life prediction has been judged acceptable for these
particular loading conditions but extrapolations to thermo-mechanical fatigue loading, for example, require more
sophisticated models including physical damage mechanisms.
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Table 1 Chemical composition of the 12Cr steel

C|[Cr|Mn}Si|Ni|Mo|Ti|V | S |CufFe

0.1811.110.7110.4710.39{0.75{0.0110.1710.0110.01 | bal

Table 2 Mechanical properties of the test material

Mechanical properties 524°C
Elastic modulus (GPa) 150
Yield strength(0.2% offset) (MPa) 571
Ultimate strength (MPa) 650
Hardness, Rockwell B scale (HR) 108
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Table 3 LCF test conditions for 12Cr steel

Specimen |  Strain Hold time Strain | Strain
No. amplitude ratio | rate
CCi0 1.0 %

CCo05 0.5 % None
CCo4 04 %
HT10 1.0 %
2 min at
HTO5 0.5 % Tension
HTO04 04 %
HC10 1.0 % T -1 0.005"!
o min a
HCO03 0.5 % Compression
HC04 04 %
HTC10 1.0 % 2 min at
Tension and
HTCO5 0.5 % | Compression
20 min at
0,
HC2010 1.0 % Compression
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Fig. 1 Comparison of the LCF life with hold and no hold
in a strain range versus cycles to failure diagram
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Fig. 2 SEM photographs showing typical fracture
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o Coffin frequency modified life,

o Ostergren damage function,

o Taira equivalent temperature concept(essentially
Coffin-Manson Law)

(1) The Coffin frequency modified fatigue life
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(3) The Taira equivalent temperature concept
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Fig. 3 Comparison between experimental and correlated
lives from the Coffin frequency modified fatigue
life method
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Fig. 4 Comparison between experimental and correlated
lives from the Ostergren damage function



2R SR TSR] A19A A8E
_ dZge HEHF BF Coffind Fo 3 =
10° ¢ - I Ostergren?] Z o] o3 A= oE3ko] A%
e # Boh gAdes A Jedon, 3744 oS
5d BE A3z dEgke] & A et
I s ’ hd .
- Vool % 7]
% ’ oo/d *
£ b of =B @t ere] 89 Post-doc. AF
z | Adulol ojste] ALY om, oo @A e
P 27 A =g
’/ ® No Hold
7 2 fmima L]
d @ 2minHol atT & C
/,‘ %@ 20 min Hold at C
o e L BEE AWE L AFARE AE oMo

10
: N, experimentai

Fig. 5 Comparison between experimental and correlated
lives from the Taira equivalent temperature

o EfH@ANY 27A% = d(physically-based
< 8} 3} A (degradation process)®l gt H7}
R o

model)
F7tgdozm A F ded o
A7E AF A" Roln,

e

4, 8
1) Ho AF-gHA FAA S 7tElE HT
o] AS WHEE HH/ FL0.01%, 0.008%) *
oxe] HEFHEE FAATo] gli= CC o F
HR} 20~40% Za, Ao L’°"f"°ﬂ*-l 4
AZ+E 7talE HC ?su RS 9= £ cc ¥
i Hrl 44~55% skch
@ A ¢EFSHA 208
SE HC20 Feo A2y Hd8E HY 0.02%
A 2% FAALE JHElE HC P9 FHED
10% Z ko).

3) 359 FeduE F=vdHe HA
EAde 923 A3 ccygd HCHe Fdade 9
Wae 33 gio] $-AtE.enl HTH, HICH
2 HC208 9 w2 A w3 Fiadol
ot mela o]lE wgd Aoz RE A
FrI92 pde] HAEARE BHE FAF ZH

ar

of!

e

o

S

i)

2 #AE A2 ;l—%% &+ Adrk
@) 37FA F354F md S o] &3t AHu

76

xi]lzz pp. 70 77 1996
-, uﬁé *FEE, "12Cr 2] EE FH
Aol AP AT FRALIRAA, A1
4%, pp. 114-125, 1994.
3. 2A41%F, o], MAE, "olF WMEsF el A
o A2 EIHd #e A FFALYY
33 AL =3, pp. 666-671, 1994,
S8, AEE, A, “HRl Aol BEEAA
o] @9 g aAMs} B #34LEss &
At d 3] =85, pp. 221-225, 1994,
5. 38T, 4%, A7), "HIEESHA o
12Cr @27 E92 SRS 3] At
=53, 4188 A15Z, pp. 1999-2010, 1994.
6. E. Fleury, 3, Z9dey, "2lEds4
IN738LCe] €717 A =AT E FHAS
AT dIAVIATE FAY
pp. 1019~1023, 1999.
7. Coffin Jr L.F., "The Concept
Separation in Life Frequency for Time-dependent
Fatigue," ASME-MPC-3 Symposium on Creep
-Fatigue Interaction, New-York, pp. 349-364, 1976.
8. Ostergren W.J,,
Associated Failure Equations for Predicting Hold
Time in  Elevated
Temperature Low Cycle Fatigue," Journal of
Testing and Evaluation, pp. 327-337, 1976.

. Taira S.,
and Low Cycle Fatigue at Elevated Temperature,"
ASTM STP 520, pp. 80-101, 1973.

s

et s =24,

of Frequency

"A Damage Function and

and Frequency Effects

"Relationship between Thermal Fatigue



