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A Study on the Thermal-Mechanical Fatigue Life Prediction of 12 Cr Steel

Jeong-Soo Ha®, Kun-Young Kim', Hye-Thon Ahn"

ABSTRACT

Fatigue behavior and life prediction method were presented for themal-mechanical and isothermal
low eycle fatigue of 12 Cr forged steel used for high temperature applications. In-phase and out-of-
phase thermal-mechanical fatigue test from 350TC to 600T and isothermal low cycle fatigue test at
600°C, 475C, 350TC were conducted using smooth cylindrical hollow specimen under strain-
control with total strain ranges from 0.006 to 0.015. The phase difference between temperature and
strain in thermal-mechanical fatigue resulted in significantly shorter fatigue life for out-of-phase
than for in-phase. Thermal-mechanical fatigue life predication was made by partitioning the strain
ranges of the hysteresis loops and the results of isothermal low cycle fatigue tests which were
performed under the combination of slow and fast strain rates. Predicted fatigue lives for out-of-phase
using the strain range partitioning method showed an excellent agreement with the actual
out-of-phase thermal-mechanical fatigue lives within a factor of 1.5 Conventional strain range
partitioning method exhibited a poor accuracy in the prediction of in-phase range partitioning method
in a conservative way. By the way life prediction of thermal-mechanical fatigue by Taira’s equivalent
temperature method and spanning fartor method showed good agreement within out~of-phase
thermal-mechanical fatigue.

Key Words : Thermal-Mechanical Fatigue(@3 &), In-Phase('$4), Out-of Phase(%4), Fatigue Life
Prediction(Z]2+%  ¢}&), Strain Range Partitioning(¥¥& &%), Equivalent
Temperature(57h2 %), Spanning Factor(T-7HH)
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Fig. 1 Isothermal and thermal fatigue test

specimen
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Fig. 2 Strain versus time under in-phase and
out-of-phase thermal-mechanical fatigue tests
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2 714 Y2E 77 Table 13 20 e AT

c 81 Mn |3 P Ni tr Mo v Nb

0.16 0.24 0.67 0,003 0,005 0.5 11.01 0,92 0,23 0,05

Table 1 Chernical composition of 12Cr forged
rotor steel

Tensile Property 25°C 30T 8007
Elestic modulus, E(GPa) 226.1 198.9 126.6
0. 2% offect yield strength, Oy (MPa} 777.6 660. 1 .7
Strain hardening exponent, n 0, 045 0. 062 0.032
Strain hardening coefficient, K(MFa) 1022, 7 969.7 448.6

Table 2 Tensile properties of 12Cr forged rotor
steel

116

NEAY AL Figld 2o FAA7F 15 mm o]
31 97l 13 mm, Lﬂﬁol 10 mm$! F34 B-4thollow
cylindrical specimen)ole}, A|dHe] WEA L JEAHLS
1200919} dwpA= Oﬂﬂ}?’]' T 6um 47 hojolZ2E ¢

olA g AHgEe] viEE] dnlE fdozA A8 9 A
A7)el o3 Jikg Zojua} Sk

AE Ao AP AFAN= 108 &) Instron
Al @A BR dg7i(electro-mechanical

dynamic fatigue testing machine @ Instron model
1362)2A4 A18H 7188 nFs AR, AEE EHE
3713kE7150) EgEo] glom AJPRE s 3
D(align)ste] #Yol HX A=E 7] 9 0}04 = Hg
28(wood's metal grip)S AREsIGiT HEELS A8HA
o] #dtgkow AR 10 mm EFAY 4 "J‘ﬁ](exten—
someter) 2 AMgste] ZAsglon AJEHY L& £
Agle] FaF 5ojo] H&H(spot weld)® FAe 23t
o £t

Hew MYe 2944 L1
30T 600°C Alole] dgo]
o1 ASTM standard practice E6060l 2Aste] ¥
Aﬂcﬂ dez sREot dhg Aol By 4
Ztaltriangular wave)ol$e® Fia= 05 cycle/min,
25 BE8S 4167 C/seclSE & HEE ¥ A=
0.015, 0.012, 0.010, 0.008, 0.006414 A&o] HA|H2c},
deg g AgY F2AF7|MR FhAFES Hlwst
S/ e 23t ey g WEs) st SRAF

sz 4
a=t]]

o

7] H24¥e @uE Ae) Hu 259 60T B2
%9l 475C 281 HALEY 30T dHE 2o

Mol g Fae] 05cpmo R FEEln) =3 HYE

ARG olgsl] GVE $8& Hrt- dFE7] ey
Al e &4 WEEL BANTE E=4x107
sec’'d W WYE 4xot ,qm“ gEs Az Wy
52 w7l £=4%107 seclo] L3 WAE 2T E
ol g3t fast-lfast(PP), fast-slow(PC), slow-fast
(CP), slow-slow(CC)¢] ¥8& & Avs T2 A

#7] J2A9e FASAT
H248 HAH ALY $8e) AxToE st
&£ Be] sle] 924me Aolshedl olAgol 99l



4 -

279 - 8

ome FAgEA~ EJL(h},fsterems loop)2) H <13
o] FF AdlM9 Ho JdF-EHY BHIEE 1}
Bl wj7iz]e] whEss 4;“&& Aegch

4. Bujg THof %EQ Hggn 3 0F
4-1, BLE FHD HHED| T

anje £ weql B0~600TS] 54 L €4 9oz

A8 —r-JH 0.5cycle/min, 600C T-&AF7] HEA3

ni

D‘“"“]OJ L. OE_ 'l'/] AE[J)Q}- :I]i_)]: NJ') }‘]'O] ] ‘T’d'
€ 27 Fig. 33 Figdel] vhek Wl Fig49) 44 Ad
£ H9e T dAE O Ze] Coffin-Manson

00000 |sethermal(600T )
@oooa |n—phase
aaaaas Qui—of—phase
-
Ly
5 a Q m
a
0.01 [ a @ a
A O a
a 00
1 I P B | 1 1 WA N S |
100 1000 10000
Ni(cycle)

Fig. 3 Total strain versus cycles to failure
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Fig. 4 Plastic strain versus cycles to failure
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(log-log linear regression analysis)® ol-&3}od &

Type C m
Isothermal 2.729 -0.939
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Table. 3 Coefficients and exponents of plastic
strain-life equations
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for each type of strain waveform in
isothermal fatigue tests
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Fig. 10 Procedure of the loop inversion method
for evaluating creep strain component in
thermal-mechanical fatigue
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Table. 5 Results of predicted thermal fatigue life
using of loop inversion method
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Fig. 12 Relationship between modified life and
experimental life of thermal-mechanical
fatigue
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