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Introduction
Due to miniaturisation ever thinner metal sheets are being
processed (figure 1). Consequently, only a few crystals may
be present in the sheet. As a result, the properties of the indi-
vidual grains become more important; grain statistics effects
occur.

Figure 1: (a) Industrial applications (b) Micro-parts.

Objective
Investigation of grain statistics effects, by analysis of the me-
chanical behaviour of thin Al sheet (310 µm) with through
thickness grains. The number of grains in the specimens is
altered by changing the specimen geometry.

Microstructure
A strain-anneal protocol is followed to produce material with
a reproducible microstructure. From the as-received sheets,
strips are cut parallel to the rolling direction. These strips are
recovered at 200 oC for one hour to relieve internal stresses.

Figure 2: Microstructures and {001} pole figures of (a) as-received

material (b) recovered material (grain colour indicates crystal direc-

tion parallel to the specimen normal).

As expected, there are no significant differences in the grain
structure and orientation (figure 2). The recovered strips are
strained 5.5 % in uniaxial tension and recrystallised for 30
minutes at 600 oC.

Figure 3: Microstructure and {001} pole figure of a typical recrys-

tallised specimen.

The obtained grain structure is rather homogeneous and the
specimens have a pronounced cube texture (figure 3).
The average grain size measured on the specimen surface is
about 800 µm.

Mechanical behaviour
The mechanical properties are analysed in uniaxial tension.
Two specimen lengths and widths have been analysed, pre-
liminary results are shown below.
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Figure 4: Mechanical behaviour of specimens with varying length

and constant width (2.2 mm).

Increasing the specimen length:

2 the average fracture strain decreases
2 the spread in fracture strain increases

These trends canbe explained, because the probability of the
presence of weaker grains increases as the specimen length
increases.
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Figure 5: Mechanical behaviour of (a) 2.2 mm wide specimens (b)

9.6 mm wide specimens.

Decreasing the specimen width:

2 the average fracture strain decreases
2 the spread in fracture strain increases
2 the spread in stress-strain behaviour increases
2 small steps in the tensile curves become visible

These results can be attributed to the increasing individuality
of the grains and the increasing significance of the properties
of the weaker grains.

From the above it can be concluded, that grain statistics ef-
fects have important implications in the structural design of
micro-parts.

Future work
Further exploration of themechanical behaviour and the local
deformation (using digital image correlation) of specimens
with known microstructure.


