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Fig. 1 Schematic diagram of low fatigue specimen
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Table 1 Low-cycle fatigue test results and strain fatigue
parameters of DD499 alloy
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Fig. 2 Elastic and plastic strain range vs. number of cycles to failure and cyclic stress response of DD499 alloy at 950 °C
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Fig. 3 SEM images showing fatigue crack initiation site and crack propagation at 950 °C
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Fig. 4 Deformation microstructures in LCF specimens tested at 950 °C with different strain ranges and number of cycles

BYFTBERTHARE, RESHEENTIANER R. BERENAS, SNNREFRSEENTR
EE . EBERCHDEILRITILIIRR, —EiEE ERRESmEe, BRERERSED. XERAEMN
EEET BRI . MNNADEBKRES, SFES A INESACEESEE S DR A =
MRS SE SR BETFLAZEE . IRIRCMT BIESE

I T RIS v SR ATAGERNILENE 3 e

e e Ty S (1) BRI SR MSIESTIEE, Bk
AEEES SRS S e S UENEEE  FASIEREREAE.

FRENEESEIR. B, EREESEGRM (2) BEENTEMET RAETEEEOR

T, v AR —ERENEEEL. RERE  E, BEHESCALL0S S E.

MIBETHRR, BELENESASAREART ., (3) BEARRSFRERNASENL. BT

EBEEMNA A, [CEOREDHATS, [ ARSI LRSS,

R I BT LRI M T 85, (4) FEER R IR TEATL B Jo o 68 RO AR B 4

BN DBUR T RESRIMENZRRE, MR N 2 RE N AL . U5 v BERERLURESHRADIER TS
BRACEZIREN D™, 950 CIERESMIRANITH . 950 CAHMIERIRMEZER TG AIE TR
NETEMN. BETEMEG R RRERIERNE E.

SEXM:

[1] SHYAMA, MILLIGAN W W. Effects of deformation behaviour on fatigue fracture surface morphology in a nickel-base superalloy [J]. Acta
Mater, 2004, 52: 1503-1513.

[2] LIAW P K, WANG H, JIANG L, et al. Thermographic detection of fatigue damage of pressure vessel steels at 1 000 Hz and 20 Hz [J].
Scripta Mater, 2000, 42: 389-395.

[3] VASSEUR E, REMY L. High temperature low cycle fatigue and thermal-mechanical fatigue behavior of an oxide-dispersion-strengthened
nickel-base superalloy [J]. Mater, Sci. Eng. A, 1994, 184:. 1-15.

[4] VALSAN M, SATRYDH, RAOKBSS, etal. Effect of strain rate on the high-temperatrue low-cycle fatigue properties of a nimonic PE-16
superalloy [J]. Metall. Mater. Trans. A, 1994, 25. 159-171.

[5] KAKEHI K. Influence of crystallographic orientation and stress waveforms on fatigue strength of single crystals of a Ni-base superalloy [J]. J.
Jpn. Inst. Met., 1998, 62 (7) : 653-661.

[6] RHO B S, NAM S W. The effect of applied strain range on the fatigue cracking in Nb-A286 iron-base superalloy [J]. Mater. Lett, 2001,
48: 49-55.

[7]1 FINDLEY K O, SAXENA A. Low cycle fatigue in rene 88DT at 650 “C: Crack nucleation mechanisms and modeling [J]. Metall. Mater.
Trans. A, 2006, 37: 1469-1475.



'- .
20214F HOMA/ET0% LIS ST Founory

[8] LUYL, CHENLY, WANG G, etal. Hold-time effects on low-cycle-fatigue behavior of hastelloy X superalloy at high temperatures [J].
Mater. Sci. Eng. A, 2005, 409: 282-291.

[99 CHEN LJ, YAO G, TIANJF, et al. Fatigue and creep-fatigue behavior of a nickel-base superalloy at 850 “C [J]. Int. J. Fatigue, 1998,
20: 543-548.

[10] GENESH S, RAMAN S, K. A. Padmanabban. A comparison of the room-temperature behaviour of AISI 304LN stainless steel and Nimonic
90 under strain cyclying [J]. Int. J. Fatigue, 1995, 17, 271-277.

[11] SUNDARARAMAN M, CHEN W, WAHI R P. Effect of prior deformation on the elevated temperature fatigue behavior in nimonic PE16
alloy [J]. Scripta Metall. Mater, 1994, 30, 1207-1211.

[12] MARCHIONMI M, OSINKOLU G A, ONOFRIO G. High temperature low cycle fatigue behaviour of UDIMET 720 Li superalloy [J]. Int. J.
Fatigue, 2002, 24: 1261-1267.

[13] WANJ S, YUE Z F. A low-cycle fatigue life model of nickel-based single crystal superalloys under multiaxial stress state [J]. Mater. Sci. Eng.
A, 2005, 392: 145-149.

[14] HEYH, CHENLJ, LIAWPK, etal. Low-cycle fatigue behavior of HAYNES HR-120 alloy [J]. Int. J. Fatigue, 2002, 24: 931-942.

[15] RAOK BS, CASTELLIM G, ALLEN GP, etal. A critical assessment of the mechanistic aspects in HAYNES 188 during low-cycle fatigue
in the range 25 °C to 1 000 °C [J]. Metall. Mater. Trans. A, 1997, 28: 347-361.

[16] YU JJ, SUNXF, JINT, etal. Mechanical behaviour of a single crystal superalloy DD32-a comparison with the alloy SRR99 [J]. Mater. Sci.
Forum., 2005, 475-479: 681-684.

[17] YU JJ, SUN X F, ZHAO N R, et al. Effect of carbon on microstructure and mechanical properties of DD99 single crystal superalloy [J].
Trans. Nonferrous Met. Soc. China, 2006, 16: 1973-1977.

[18] LIUY, YU JJ, XUY, etal High cycle fatigue behavior of a single crystal superalloy at elevated temperatures [J]. Mater. Sci. Eng. A,
2007, 454-455: 357-366.

[19] 3KFE, T=2II, AlE, % DDAVREFETHMIEREEEEN [J]. 51E, 2014, 63 (8) : 781-787.

[20] REZE, F2T, JURI, . DDAFRETIFAMASEEEYAT [1]. $515, 2014, 63 (5) : 479-483.

[21] LORD D C, COFFIN L F. Low cycle fatigue hold time behaviour of cast Rene80 [J]. Metall. Trans. , 1973, 4 (7) : 1647-1654.

[22] HENDERSON M B, MARTIN J W. Influence of precipitate morphology on the high temperature fatigue properties of SRR99 [J]. Acta
Metallurgic, 1995, 43, 4035-4043.

[23] CARON P, KHAN T. On precipitate shearing by superlattice stacking faults in superalloys [J]. Philosophical Magazine A, 1988, 57 (6) :
859-875.

[24] LERCH B, GEROLDV. Cyclic hardening mechanism in NIMONIC 80A [J]. Metall. Trans. A, 1987, 18: 2135-2141.

[25] SRIVATSAN TS, COYNE JE. Cyclic stress response and deformation behaviour of precipitation-hardened aluminium-lithium alloys [J]. Int J
Fatigue, 1986, 8, 201-208.

[26] STEPHEN D A, EDUARDO R. Low cycle fatigue of Rene 77 at elevated temperatures [J]. Mater. Sci. Eng., 1981, 47, 47-57.

High Temperature Cyclic Fracture and Deformation Behavior of a Ni-Base
Single Crystal Superalloy

YU Jin-jiang', JIN Tian-wen?, XIE Jun', SUN Xiao—feng'
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, Liaoning, China; 2. AECC South Industry
Co., Ltd., Zhuzhou 412002, Hunan, China)

Abstract:

Low-cycle fatigue(LCF)cyclic fracture and deformation behaviors were systemically investigated at 950 °C on
DD499 single crystal superalloy. It is shown that high temperature oxidation not only accelerates the initiation
of crack at the surface, but also promotes the crack propagation along [110] direction. The low-cycle fatigue
failure occurs under the combined action of oxidation, creep and fatigue. The cyclic stress response behavior
at 950 °C can be taken as the result of interactions between dislocation-dislocation, dislocation-y’ precipitate,
dislocations and carbides. Low cycle fatigue deformation mechanism at 950 °C is transiting from dislocations
shearing to dislocation climb.
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