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ABSTRACT The intergranular fracture characteristics in nanocrystalline and ultra—fine polycrys-
talline metallic materials present intensive size effect and microstructure geometry effect. The conven-
tional elastic—plastic constitutive theory is unable to describe these effects because it doesn’t contain
any length parameters to characterize the scale changing. Regarding this, a micro—structured model
was proposed for the study on intergranular fracture of nanocrystalline and microcrystalline metals
(mainly for the fcc metals). The hardening and size effects of material plastic deformation are described
by the computational model based on the conventional theory of mechanism-based strain gradient
plasticity (CMSG). A cohesive interface model was used to simulate the processes of grain-boundary
sliding and separation, the initiation and propagation of intergranular cracks until the material frac-
ture. The tensile experiment and stress—strain curves of nanocrystalline Ni were simulated by using
the present model. Then the relation between macroscopic mechanical behaviors and intergranular
crack’s initiation and propagation in nanocrystalline Ni was investigated. Through the simulation to
the experimental result in literature, the validity of the proposed model calculated nanocrystalline
and ultra—fine polycrystalline mechanical properties was confirmed. At the same time, the simulation
results show that the high strain gradient effects and severely plastic hardening of grain are induced
by inhomogeneous plastic deformation, and the grain boundary induced deformation has a significant
influence on the overall mechanical properties of nanocrystalline metals.

KEY WORDS nanocrystalline, intergranular fracture, strain gradient plasticity, finite element
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Table 1 Material parameters of interiors of ten grains in
Voronoi cell model

Grain Young’s modulus Initial yield Plastic work hardening

E, GPa stress oy, MPa exponent N
1 125 1150 0.10
2 147 1200 0.15
3 247 1250 0.20
4 125 1200 0.10
5 147 1250 0.15
6 247 1150 0.20
7 125 1250 0.10
8 147 1150 0.15
9 247 1200 0.20
10 125 1150 0.10
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Fig.3 Comparison of experimental results 201 and compu-
tated result for uniaxial tension of Ni with average
grain size of 20 nm
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Fig.4 Distributions of the effective plastic strains in the ten grains of Fig.2 at different stages on the curve of Fig.3

(a) stage a, elastic stage but plastic deformation appeared in grains 3, 6 and 9

(b) stage b, plastic deformation started but elastic deformation still existed in grain 7

(c) stage c, boundary damaged stage, homogeneous strain distribution

(d) stage d, macro—fracture appeared and intergranular cracks formed



1082 £ R ¥ #

®45 %

REBRELRE, HHBELTRHRENILELR,
A 4d iR EZRXRLHBRGERYIRET
KTRUATREYT RBL, EAMBRFTREAT, X
WY RAGEMER, BEER T HELANE LR
AR [RIBT .
4 %ig

(1) Sk B SRR RN IS SBEHTEIBR N
EHERN, AHBHTERLBE FRARESHTE
BURA RS R TR AT = R,

(2) Bk Ni iR EI MRS A R RRLL
RN SRR A B TR A ol BT
SR REREEBE LB RN SR AR A

Q) B ARTHHLR S LRPIRM L, ELR
AR ERRRT U — B RE ERENNKG Ni &FHR
B AT A

£5370

[1] Schigtz J, Vegge T, Di T F D, Jacobsen K W. Phys Rev,
1999; 60B: 971

[2] van Swygenhoven H, Caro A, Farkas D. Scr Mater, 2001;
44: 1513

(3] Yamakov V, Wolf D, Phillpot S R, Mukherjee A K, Gleiter
H. Nat Mater, 2004; 3: 43

(4] Farkas D, van Swygenhoven H, Derlet P M. Phys Rev,
2002; 66B: 060101-1-4

[5] Cao A, Wei Y. Phys Rev, 2007; 76B: 024113
[6] Schigtz J, Di T D, Jacobsen K W. Nature, 1998; 391: 561
[7] Fleck N A, Hutchinson J W. Adv Appl Mech, 1997; 33:
295
(8] Huang Y, Qu S, Hwang K C, Li M, Gao H. Int J Plast,
2004; 20: 753
[9] Gao H, Huang Y, Nix W D, Hutchinson J W. J Mech Phys
Solids, 1999; 47: 1239
[10] Needleman A. Int J Fract, 1990; 40: 21
[11] Camacho G T, Ortiz M. Int J Solids Struct, 1996; 33: 2899
{12] Chandra N, Li H, Shet C, Ghonem H. Int J Solids Struct,
2002; 39: 2827
[13] Hutchinson J W, Evans A G. Acta Mater, 2000; 48: 125
(14] Turon A, Camanho P P, Costa J, Dévila C G. An In-
terface Damage Model for the Simulation of Delamina-
tion Under Variable-Mode Ratio in Composite Materials.
NASA Langley Research Center, Hampton, NASA/TM-
2004-213277
[15] Warner D H, Sansoz F, Molinari J F. Int J Plast, 2006;
22: 754
[16] van der Sluis O, Schreurs P J G, Meijer H E H. Mech
Mater, 2001; 33: 499
[17] Iesulauro E, Ingraffea A R, Arwade S, Wawrzynek P A.
Fatigue Fract Mech, 2002; 33: 1417
(18] Wei Y J, Anand L. J Mech Phys Solids, 2004; 52: 2587
[19] Wang N, Wang Z R, Aust K T, Erb U. Acte Metal Mater,
1995; 43: 519
[20] Zhu B, Asaro R J, Krysl P, Bailey R. Acta Mater, 2005;
53: 4825



