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Fig.1 The smooth thin tubular specimen
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Fig.2 The axial cyclic stress-strain response under Fig.3 The FEM mesh mode of thin tubular specimen

proportiaonal loading for GH4169 alloy
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Fig.4 The stress-strain hystersis loops for the thin tubular specimens under proportional and nonproportional loading
5 i

1) R von Mises Jii ARHAE N, 25 St B 350 A 1 U 01 725 4 B0 00008 3 0 280 vy B2 7 7 28 2850908 48 58 ) 3
B AT IR B A IR T AT REBUS R B8R

2) 8 MR AR AR AR A 2R T Dl 1eg 32 B A0 A 1 1 %8 Ty 2 SE B EL A e B A Y AR R

3) JEIEHEEE (F 2 B 5 4E L BIIEER N AE PR T T 45 R 5 IR BUR W) & B HF

4) AR TR BH IR SKRBHLRRE LR ELRER .

EE 30k

[1] DIETER H, EKKEHARD M, HORST N. Neuber-based life prediction procedure for multiaxially loaded components[]].
ASTM Special Technical Publication, 1994, 1231 388-404.

[2] YAMAUCHI M, CHUMAN M. Fatigue and creep damage evaluation procedure under multiaxial stress state[J]. Strength,
Fracture and Complexity, 2003, 1(4): 227-228.

[3] LI B, REISL, FREITAS M D. Simulation of cyclic stress/strain evolutions for multiaxial fatigue life prediction[J]. Interna-
tional Journal of Fatigue, 2006, 28: 451-458.



F3 INEFFEE . JRWRE M 2 MR A IR T it 239

[4] DAS ], SRINIYASAN, SIVAKUMAR M. Multiaxial fatigue life prediction of a high temperature steam turbine rotor using
a critical plane approach[J]. Engineering Failure Analysis, 2000, 7. 347-358.

[5] SAVAIDIS A, SAVAIDIS G, ZHANG C. Elastic-plastic FE analysis of a notched shaft under multiaxial nonproportional
synchronous cyclic loading[J]. Theoretical and Applied Fracture Mechanics, 2001, 36: 87-97.

[6] HOFFMANN M, SEEGER T. A Generalized method for estimating multiaxial elastic-plastic notch stresses and strains[J].
Journal of Engineering Materials and Technology, 1985, 107: 250-254.

[7] INOUE T, IMAATANI S, FUKUDA Y, et al. Inelastic stress-strain response for notched specimen of 2 -i—CﬁlMo steel at

600 C[J]. Nuclear Engineering and Design, 1994, 150: 129-139.

[8] SMITH D J, FARRAHI G H, ZHU W X, et al. Experimental measurement and finite element simulation of the interaction
between residual stresses and mechanical loading[J]. International Journal of Fatigue, 2001, 23; 293-302.

[9] PEMSHEFMEBRZASL. TENSHETFER . £24% TEIRAEHERBE2[M]. £ 2K, dbx5. FEEF
HEH ARAE, 2002. 323-359.

Elastoplastic Finite Element Analysis of Smoothing
Specimen Under Multiaxial Cycle Loading

SUN Guo-gin, SHANG De-guang, DING Lei, DENG Jing, JIA Guan-hua, YAN Chu-liang
(College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100022, China)

Abstract: To numerically simulate the stress-strain response of the components under multiaxial cyclic load-
ing, an elastoplastic finite element analysis was adopted to thin tubular specimens under multiaxial proportion-
al and nonproportional tension/ torsion loading at high temperature. Finite element modeling was founded by
ANSYS FEA software. Elastoplastic material property under high temperature was described by the von Mis-
es yield criterion and the multilinear kinematic hardening rule and uniaxial cyclic stress-strain data under high
temperature. Triangle waves were used in the proportional and nonproportiacnal loading. Tension-torsion
loading with strain controlling was carried out by applying the axial and circular displacement on one end of
the specimen in the cylindrical coordinate system. It had a good agreement between postprocessing results of

the thin tubular specimens and the test results.
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