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EFFECTS OF ULTRAFINE GRAINS ON FRACTURE TOUGHNESS OF
NANOCRYSTALLINE MATERIALS

ZHOU Jian-giu*, HAN Xue-ping®
(1. School of Mechanical and Electrical Engineering, Wuhan Ingtitute of Technology, Wuhan 430073, Ching;

2. College of Mechanical and Power Engineering, Nanjing Universty of Technology, Nanjing 210009, China)

Abstract: In order to study the fracture toughness of nanocrystalline, a material model was proposed. The
model contains two types of grains. the ultrafine grains (ranging from 2 nm to 4 nm) and the normal nanograins
(ranging from 20 nm to 100 nm). The ultrafine grains could be treated as a part of triple junctions, denoted as
super triple junctions, and evenly distributed in the conventional nanocrystalline matrix. In the framework of our
model, stress concentration near crack tip initiates intergrain diding that leads to the generation of edge
dislocations at super triple junctions. The effect of dislocation at a super triple junction on the critical intensity
factors was studied. The results show that the existence of the ultrafine grains effectively enhances the fracture
toughness of nanocrystalline.
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Fig.l Crackinadeformed nanocrystalline material
containing ultrafine nanograins. Inset highlights the formation
of an edge dislocation located at the triple junction nearest to

the crack tip
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Fig.2 Growth of the Burgers vector magnitude of the
didocation at super triple junction with increased unfinished

plastic shear (This figure is the magnified inset of the part in
the red wireframe shown in Fig. 1(b))
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Fig.3 Splitting of the disocation at triple junction resultsin
the formation of both aresidual immobile didocation and a
mobile partid dislocation that glidesin a ultrafine grain. The
glide of the partial dislocation isaccompanied by the formation
of stacking fault (wavy line) (This figure isthe magnified inset
of the part in the red wireframe shown in Fig. 1(b))
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Table 1 Materials parameters used in calculations for Ni
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