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Low-Cycle Fatigue Life Analyzed by Parameter Method for
Various High Temperature Materials

Kazuo Kowsavasm, Kiyoshi Inma, Koji Yamacucnl and Satoshi Nisuijma

Low-cycle fatigue life for various kinds of high temperature materials has been analyzed by a modified Larson-Miller
parameter, written by P=T (logN,; — Alog ¢ +B), where T is temperature, N,; is fatigue life under symmetrical strain
wave shapes, ¢ is strain rate, and A and B are constants. Test data used in the analysis are from NRIM Fatigue Data
Sheets of popular engineering materials of nine kinds, ten heats including carbonsteel to Fe-hase super alloy. The
results have been compared between the materials and compared with statistical analysis results adopted in a design
code.
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1. = Table 1. Materials for NRIM Low-cycle Fatigue
Data Sheets.
HiO- 35T, 2V — BRI 5T B Larson— Mlllel Materials Chemical composition ! Apphcatlon
o= ; - ; Fi A SB 49 0.3C Boiler
3 _— % £i o cE I hdY)
T A—RBERL, '""’"11&# A 7 IRI I Ol ASTM A470-8 | 1Cr-1Mo-0.25V Steam turbine rotor
KA 7197(\5{-}’[; PR3 28T Lwvr99 XA — & ﬁﬁ‘}[ SCMV 3 1.25Cr-0.5Mo Pressure vessel
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2ATH 12,

AT 2L, BEEERMENC SO T 2 E TR R
PEITE N, MM E N EMEES T -2 — b DT —
O T2 H, —HIXEROFT— 90 Hlvie, 22T, &
W BRI 7 — 2 o — P ORI TRHILC
AL, LUF295 2 — X OFEREF o0 Tk~ 5,
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B4 7 S5 ORERENEC B L T, 18, 0¥ alE,
O F AUWIARAFIE 1 £ RER AR A 2 ISR E T — &
DEMBZERPI TS, ZOFEHE, Table1D & 5 1K
BED CEBAE E TORKMEEMEOMTE 2 ®E L1, 2
L6 DAL, CrEAEHHI0, 1, 1.25, 2.25(2 heats),
9, 12, 18(SUS304 and SUS316), 20%D b DT H 3, &

SCMV 4(1,II)
ASTM A387 Gr.91
SUH 616
SUS 304
SUS 316
NCF 800

2.25Cr-1Mo
9Cr-1Mo-0.2V

12Cr-1Mo-1W-0.3V

18Cr-8Ni
18Cr-8Ni-2Mo

20Cr-33Ni-0.4Ti-0.5A1

Pressure vessel
Steam generator
Steam turbine blade
Pressure vessel
Pressure vessel
Chemical plant

Table 2. Test conditions for NRIM Low-cycle
Fatigue Data Sheets.

Strain wave shape Number of testing Strain rate
temperature

Symmetrical S & =10"%""

triangular | £=5x10%10% 105"

Slow—fast 2 € =10"*,10"°s" in tension side
€ =5x107%"" in compression side

Strain holding 9 & =5Xx10"%"!

in tension side Hold time=0.1and 1 h

2, BMEIOELANE R LI,

BH A 7 IS5 BR D F2, Table 202717,

NTHOTAHEETD 5, SFF =BT~ TOME

BRI T

DU TRE L CTAREIE 2 RRICE L TiTH-> T 3,

A OT AR, 0.02~0. 004&&%(3550 s, BI9R
RIFEHERBRLICraa g
18(SUS304), 20% D & 0)(:’,)L~’C1?J>’Ch‘éfﬁ', BT 3

2.25(1heat), 9, 12,

RS AE 1 HILEZM4 P 54ET7 A 2 HZ# (Received on Jan. 11, 1993 ; Accepted on July 2, 1993)

* AR TS RT (National Research Institute for Metals, 2-

72

3-12 Nakameguro Meguro-ku Tokyo 153)



REGEATHD Db b 5,
% 72, BHAT LT IlR T
WA 7 MVBEIRRE bR, 7

L 210894 23 COEIRE
R/—bé’ﬁfﬁkt’(_‘ fuo

[ldEE 13125 H 2T, il O — IR A 2 VI D b D
LRI—-TH 5,

3. NSA—IBITELEDEMER

31 KNS A—FRRITERIZOVT
ARV THEE L 12795 A — RIRITE P MR T 5 I8 57 F¢ 4
xE B IEEE, O T ARE PRI ICEHME S 5 Y5 A —&Z Pl

P=T (logN,;—Alog § +B)

ti Lf “~o - -/C T i%@ihmx; st ﬁ%ﬁﬁ’
B0 0T AERERUA, BREKTD %,

361, 208 A—RPE LU T AR e DB E L
<,

IR )

P:A0+A110g(dét_deo) ................................. (2)
TERT B L, HEHRHEHN,IE
logN,s= (A,/T)log(de,— de,) +Alog € +
(Ag/T) — B reeeerrermssnsmessssassieniieeiie s (3)
DESELIEDTEN, 22T, Ap A RUde I3 ERK

Th 355, dgldMtARED T A%aﬁ#i M43 5,

IRLOFRMERE, RN(3)F—2EHTED, KD
2RFIE ORET S I EHTS 5, BRI, HWIC
Aep b LTl 2l 20E L, BRBRIERODN, 77— XIZxf L,
BRETHMDEANE 25 LI CEKA, B, Apy AVRIRET
Bo 7 L T&EKRDe, D % LS # 2 0, 5V HMb I/h
L ARl EREIE L ©,

3.2 MRIFER
BREFEN X L TRD 12,95 A — X E LK%, Table 317K
3, WATIE, de, imm/mm, T:K, € :s7Y Ny i ¥4 7

23— b EXEROND T — X, 1&
FIpailCH#

IR, Thbdr, EHT—
FA 2B TR ELEAYRICTH- 12975,

Table 3. Constants in equations (2) and (3).

Materials | RS0l 1A B oA oA (T
SB 49 200~400 | 0.066 | —2.25| —1630 | —1130| 0.24
A470-8 400~550 | 0.222 | —1.49| —553| —1070| 0.34
SCMV 3 300~500 | 0.103 | —2.20 | —1250 | —992| 0.32
SCMV 4(1)| 300~500 | 0.075 | —1.60 | —1080 | —1090| 0.29
SCMV 4(II)| 300~500 | 0.175 { —2.37 | —1240 —975) 0.39
SUH 616 300~600 | 0.095 | —3.02| —2464 | —1299 0.43
SUS 304 400~600 | 0.162 | —2.50| —1990| —1400} 0.33
SUS 316 400~600 | 0.163 | —1.75| —1400| —1300| 0.48
NCF 800 500~600 | 0.257 | —1.13| —453| —1270| 0.35
SCMV 4" | 450~600 | 0.013 | —1.13 499 | —424| 0.46
AISI 304® | 430~650 | 0.202 | —1.72| —859| —1259| 0.29
AISI 316® | 430~650 | 0.196 | —1.74 | —1382) —1512) 0.26
Incoloy 8009 | 538~649 | 0.241 | —1.72| —1266 —1552| 0.22
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Fig. 1. Master curve for SUS 316 steel by parame-
ter analysis.
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Fig. 2. Temperature dependence of fatlgue life for
SCMV 4 (I) steel at 10~3s
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Fig. 3. Strain rate dependenee of fatigue life for
A470-8 steel at 550°C.
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Fig. 4. Arrhenius plots of fatigue life for various
kinds of materials.
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Fig. 5. Strain rate dependence of fatigue life for
various kinds of materials.
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Table 4. Comparison of strain range at fatigue limit
for various kinds of materials.

Strain range at fatigue limit, de,

B
Materials | Temp. |Parameter| Rotating bending

Data of
analysis tests references
(°C) (<1077 (xX10-2) (x10-»)
500 0.38
A470-8 0.34 —
550 0.32
300 0.37
SCMV 4(11)| 400 0.39 0.35
- -
500 0.32 0.252
400 0.54 0.35
SUS 304 | 500 0.33 0.38 0.3t
600 0.35 0.35'9, 0.272
400 0.57 0.353*
SUS 316 500 0.48 0.34 0.347'V
 E—
600 0.34 0.292'V
500 0.36 0.4
NCF 800 0.35
600 0.33 0.32
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