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ABSTRACT Electrodeposited nanocrystalline (nc) metal is often used as a model material in nc
material investigation. But electrodeposition typically yields only thin foils that are at most several
hundred micrometers in thickness, this arouses experimental difficulties in fatigue testing. There are
several investigations on fatigue of electrodeposited nc metals. However, for the lack of direct ex-
perimental evidence, the mechanism of fatigue crack nucleation for nc materials is still not clear. In
addition to fatigue properties, the microstructure stability is another key point for the practice of bulk
nc materials. Some research papers indicated that the grains of nc metal would grow up under quasi-
static loading, but no any investigation give out results under cyclic loading. In this paper, fatigue
of electrodeposited nc Ni was experimentally investigated. Fatigue testing was carried out to obtain
the S-N curves. For the reason that surface is the most important site for fatigue crack initiation,
atomic force microscopy (AFM) was used to scan the sample surface before and after fatigue testing,
which provides a direct observation on fatigue crack nucleation mechanism. For investigation on the
stability of microstructure, the AFM was also used to measure the grain size of samples after fatigue
loading, and nanoindenter was used to investigate the change of mechanical properties of samples af-
ter fatigue testing. The S-N curves indicate that nanocryatalline samples have a higher fatigue limit
than coarse grain ones. The AFM images indicate that cell pellet morphology with the average size of
73 nm appeared on sample surface after high cycle fatigue testing and the grain size is the same as
those before the fatigue testing. From the results of nanoindentation, the mechanical properties includ-
ing hardness, strain rate sensitivity and elastic modules of samples also keep no obvious change after
fatigue loading. Based on these results, the fatigue crack nucleation mechanism of electrodeposited nc
Ni was discussed.
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Fig.1 S-N fatigue response for nanocrystalline Ni and
coarse—grain Ni at stress ratio R=0.2 and frequency
f=35 Hz
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Fig.3 Loading curves (a, c, €) and hardness vs strain rate (b, d, f) of nanoindentation testing for nanocrys-
talline Ni samples before fatigue testing (a, b) and samples which broken after 4.1 x 10° (¢, d) and
9.5%x108 (e, f) cyc
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Table 1 Results of nanoindentation testing for nanocrystalline Ni samples before and after fatigue testing

Sample Fitting function for loading curve Hardness, GPa Strain rate sensitivity m
Before fatigue F=0.00047h184 6.12+0.08 0.0198+0.0006
4.1x105 cyc F=0.0004941-84 6.03+0.13 0.0217+0.0009
9.5x108 cyc F=0.00048p1-84 6.01+0.12 0.021540.0002

Note: F—load on sample, h—displacement of indenter into sample surface
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