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Abstract

Surface roughening during tensile deformation of polycrystalline aluminum, iron and zinc is investigated using white light confocal
microscopy and orientation imaging microscopy. A height–height correlation technique is used to analyze the data. The surface obeys
self-affine scaling on length scales up to a correlation length which approximately equals the grain size and above which no height cor-
relation is present. The self-affine scaling exponent increases initially with strain and saturates at a value around 0.9 for aluminum and at
0.8 for iron and zinc. A linear relation is observed between root mean square roughness and strain. The observed grain scale roughening
is explained as arising from orientation differences between neighboring grains and depends on the available number of slip systems in the
material. Orientation imaging microscopy is used to investigate the influence of the orientation of the surface grains and subsurface
grains on the topography. It is found that the Schmid factor of surface grains alone is not enough to predict local deformation and evo-
lution of surface height. In particular, grains with high Schmid factor may show less deformation than expected. It is shown that sub-
surface grains influence the roughness and it is hypothesized that a high cumulative Schmid factor on a cross-section below a point at the
surface leads to a depression at the surface.
� 2006 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The roughness of a metal surface determines, sometimes
even to a large extent, important properties such as reflec-
tivity, lubricant transport, weldability and adhesion of sur-
face layers. A rough surface may also facilitate the creation
of initiation sites for strain localization, which may seri-
ously degrade the mechanical properties of a material.
Roughness originates when the metal is plastically
deformed, e.g. in industrial rolling or forming processes.
As a consequence, the roughening process has been the
subject of numerous investigations, including both experi-
mental and modeling studies [1–9].
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In a recent paper, we used a statistical method for
roughness analysis [1]. By calculating height–height corre-
lations and comparing these to the results expected for a
surface obeying self-affine scaling behavior over a limited
range of scales, three parameters can be deduced. The use
of these parameters, being the root mean square (rms)
roughness w, the self-affine scaling exponent a and the
correlation length n, offers insight into the roughness char-
acteristics at different length scales. It was found that for a
polycrystalline Al–Mg alloy the roughness on length scales
below the correlation length n could be described by a high
self-affine scaling exponent (a � 0.9) and above the correla-
tion length by an rms roughness, which increases linearly
with strain and grain size. The latter is in accordance with
earlier findings [8,9]. By performing straining experiments
on different specimens of the same material but with differ-
ent grain sizes, it was found that there is a linear relation
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between correlation length and area averaged grain size
and that the correlation length is in fact almost equal to
the grain size.

This clearly different behavior on scales below and
above the grain size of a material suggests that the large-
scale roughness is dominated by the differences between
individual grains. Since in these experiments no other dif-
ferences between the grains are present apart from their
crystal orientation with respect to the tensile axis, it is
assumed that these differences in hardness, causing strain
incompatibilities between neighboring grains, are the
source of the roughness.

In this paper, we concentrate on the role of the grain ori-
entation in surface roughening. This is done by repeating
the previous measurements for different materials with dif-
ferent crystal structures and by combining roughness mea-
surements with information provided by orientation
imaging microscopy (OIM).
Table 1
Summary of the materials used

Material Structure Heat treatment �d (lm) �d=�dN

Al–8.5% Mg fcc 30 min, 350 �C 28 1.3
30 min, 400 �C 49 2.1
10 min, 450 �C 73 3.3
30 min, 450 �C 97 4.4

Iron bcc 30 min, 800 �C 34 1.5
Zinc hcp 30 min, 220 �C 57 2.1
2. Experimental

2.1. Materials and preparation

To examine the effect of the crystal structure, in addition
to face-centered cubic (fcc) aluminum, materials with body-
centered cubic (bcc) and hexagonal close-packed (hcp)
crystal structures were chosen. The aluminum alloy used
is Al–8.5% Mg. This alloy was selected because, due to
the high solubility of magnesium in aluminum, the solid
solution strengthening will guarantee sufficient toughness.
It is believed that no secondary phases will be present in
the bulk of the (large) grains although some precipitation
may have occurred on grain boundaries. Furthermore,
after a considerable amount of cold rolling (�80%), a
recrystallization treatment at different temperatures and
for different times offers the possibility of obtaining a large
Fig. 1. Inverse pole figures for (a) iron sample and (b) zinc sample.
range of grain sizes without a significant texture. The bcc
material is 3 N pure iron and is here assumed to deform
plastically as pure iron would. It was cold rolled to 40%
and recrystallized for 30 min at 800 �C to obtain a grain
size comparable to the aluminum specimens. The hcp mate-
rial selected is 5 N pure zinc, cold rolled to 50% and recrys-
tallized for 30 min at 220 �C. Before each new step in the
cold rolling process, the specimens were rotated by 90� in
order to minimize the occurrence of texture upon
recrystallization.

A summary of all the materials and treatments used is
given in Table 1. Inverse pole figures are shown in Fig. 1
for the iron and zinc materials. Insets show the (111)
and the (0001) pole figures as well as grain size distribu-
tions for both materials. The figures show that the grains
are fairly uniformly shaped and not strongly textured.
Table 1 shows grain sizes obtained from OIM scans of
an area of 800 lm · 800 lm. The grain sizes were deter-
mined by calculating the area-averaged diameter �d from
the area-averaged area AA:

�d ¼

ffiffiffiffiffiffiffiffi
4AA

p

s
with AA ¼

XN

i¼1

aiAi; ð1Þ

where N is the number of grains not touching the edges of
the OIM scan, Ai is the area and ai is the area fraction of
grain i. In Table 1 the asymmetry of the distribution
The insets show, respectively, the (111) and (0001) pole figures.
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functions is further characterized by the ratio �d=�dN with �dN

being the diameter calculated from the number-averaged
area. Results for the aluminum specimens are qualitatively
similar (see Ref. [1] and Table 1).

2.2. Experimental setup

From the materials described above, long flat tensile
specimens were spark cut eroded with gauge dimensions
of 28 mm · 6.3 mm · 1.0 mm. Before deformation the spec-
imens were polished to a mirror finish. Uniaxial tensile
deformation was provided by a small portable tensile stage,
which can be mounted in a white light reflection confocal
microscope. Because of its high lateral and axial resolution,
a confocal microscope is an ideal instrument to acquire
topographic information of larger surfaces. Using a 20·
objective lens, an area of 700 lm · 660 lm can be scanned
with an axial resolution of 40 nm. The samples were
mounted as flat as possible using an adjustable base plate,
in order to use the smallest possible z step during the height
measurements. The crosshead speed of the tensile stage was
set at 10 lm/s, corresponding to a strain rate of 3.6 · 10�4/s.

During the experiments the tensile stage was halted at a
number of strains and confocal images were acquired at
three positions. Care was taken to ensure that those posi-
tions were the same at every measurement in order to be
able to study accurately the local roughness evolution with
increasing strain. The measured height images were leveled
before analysis, subtracting the best fitting first-order
plane. Information about the crystal orientation was
acquired using an OIM system mounted in a Philips
XL30s field emission gun scanning electron microscope.

2.3. Data analysis

To analyze the surface morphology, we extracted rough-
ness parameters from height–height correlation functions,
assuming a partially self-affine scaling behavior [1,17,18].
The height–height correlation function applied to a matrix
of digitized height values takes the form

gðpÞ ¼ 1

N yðNx � pÞ
XNy

l¼1

XNx�p

n¼1

½hðp þ n; lÞ � hðn; lÞ�2; ð2Þ

where Nx and Ny are the dimensions of the height matrix.
The correlations were calculated in one direction and aver-
aged over the other.

Assuming a self-affine scaling behavior, then

hðxÞ � b�ahðbxÞ; ð3Þ
where b is a constant and a is the scaling or Hurst expo-
nent, provides a very useful set of parameters to character-
ize the surface. The height–height correlation function of a
self-affine surface takes the form

gðrÞ ¼ 2w2f ðr=nÞ; ð4Þ
where w is the rms width of the height distribution and f(x)
is a function that takes the following values:
f ðxÞ ¼ x2a ð5Þ
for x� 1 and f(x) = 1 for x� 1. For the height–height
correlation function this means

gðrÞ ¼ mr2a ð6Þ
for r� n and

gðrÞ ¼ 2w2 ð7Þ

for r� n with m = 2w2/n2a. Therefore, plotting the corre-
lation function (Eq. (2)) of a self-affine surface on a dou-
ble logarithmic scale will result in a straight line with
slope 2a until r is of the order of n. At larger values of
r, the function will take a constant value of 2w2. To main-
tain good statistics, correlations were calculated for points
with a separation up to 75% of the total profile length.

The heights of points at distances smaller than n are cor-
related, whereas points further apart are uncorrelated.
Hence, the parameter n is called the correlation length.
The scaling parameter a is a measure of this correlation.
If the roughness is a result of a random walk displacement,
a will be 0.5. Values of a larger than 0.5 indicate a positive
correlation, whereas values smaller than 0.5 mean that the
heights are anti-correlated.

The height images generated by the confocal microscope
were flattened before the correlation function was calcu-
lated. The leveling applied does not interfere with the dis-
cussion and conclusions presented because the sample
surface did not show any evidence of structures with a
characteristic length between the correlation length shown
in the results and the sample size. Therefore, only the
macroscopic tilt of the sample was removed.

The correlation function g(p), i.e. the average of the cor-
relation functions of the individual lines, was then plotted
on a double logarithmic scale and fitted to the self-affine
approximation (Eq. (4)). A linear fit to the first section of
the correlation function was used to determine the scaling
exponent a. The rms value w was calculated directly from
the height data. Finally, the correlation length n was deter-
mined from the intersection of a straight line with slope 2a
through the first part of the correlation curve and the hor-
izontal line g(r) = 2w2. The resulting three parameters, a, n
and w, completely describe the statistical morphology of
the surface within the experimental limits set by the resolu-
tion of the confocal microscope. Within our work, we focus
on the dependence of these parameters with increasing
strain and examine the influence of the crystal structure
and grain orientation.

Alongside information about the grain size and the tex-
ture of the material, OIM scans were used to determine the
susceptibility of the grain to deformation. This ‘hardness’ is
expressed as the Schmid factor m (m = cosucosk where u
is the angle between the applied force and the slip plane
normal and k the angle between the force and the slip direc-
tion). The slip system for which m is plotted is always the
slip system with the highest Schmid factor. Finally, OIM
was used to get an estimate of the deformation inside an
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individual grain by calculating the grain orientation
spread, which is the standard deviation of all orientations
within the grain.

3. Results

Height–height correlation graphs are shown in Fig. 2 for
a selected number of strain values. The higher-valued
curves correspond to higher values of strain. The corre-
spondence with the curve expected for partially self-affine
behavior is good. Initially the points lie on a straight line
and for large distances correlation is lost. This is especially
true for the aluminum and zinc specimens. For the iron
specimen the curves at lower strains are not as straight.
Looking at the bottom curve (e = 0), it appears that a cor-
relation is present between points less than a few micro-
meters apart. This correlation, which is probably a result
of the polishing, only slowly disappears with increasing
amounts of strain.

It should be noted that for the zinc specimen, the curves
are not shown for all strain values. Above a strain of
e = 0.1, the surface became too rough for the confocal
microscope to make a scan of the full area. Crevices appear
which reflect no light. Although the number of bad points
is never higher than a few per cent of the total number of
Fig. 2. Height–height correlation graphs for (A) aluminum sample with sma
sample between e = 0 and 0.19 and (C) zinc sample for strains between e = 0
pixels, this has a large influence on the first section of the
correlation graphs. To find out if ignoring of the bad points
is justified, a good scan was recalculated with the omission
of a few percent of its lowest points. The change in the cor-
relation graph is significant. Hence the decision was made
to ignore the measurements at strains e > 0.1 for the calcu-
lation of the roughness exponent a and the correlation
length n. However, the effect on the rms roughness w is neg-
ligibly small. Therefore, these values are included in Fig. 3,
which shows an increase of w with increasing strain for the
iron, zinc and one of the aluminum specimens.

In Fig. 4 a similar graph is shown for two aluminum
specimens, which underwent exactly the same heat treat-
ment (10 min at 450 �C, grain size 68 lm). The only differ-
ence is the thickness of the tensile specimens. One was
polished to a thickness of 1.0 mm and the other was ground
down to a thickness of 0.3 mm. The thicker tensile speci-
men roughens considerably more than the thinner one.

A linear fit was made to the first five points in every
height–height correlation graph to obtain values for the
scaling exponent a. In our previous paper [1] it was
reported that for the aluminum specimens, the a-values
increased upon straining until they saturated at values close
to or even slightly above 0.9. In Fig. 5 the fitted a-values for
iron and zinc are plotted. They show a similar increase at
llest grain size (31 lm) for strain values between e = 0 and 0.22, (B) iron
and 0.10.



Fig. 3. Rms roughness plotted versus true strain: *, iron sample; s,
aluminum sample with grain size 44 lm; +, zinc sample.

Fig. 4. Rms roughness versus true strain plot for two aluminum specimens
with similar grain size (68 lm) but with different thickness: s, 300 lm
thick; +, 1.0 mm thick.

Fig. 5. Fitted values for the roughness exponent a: (A) iron specimen;
(B) zinc specimen.

Fig. 6. Confocal height profiles measured on the same place on the iron
sample for increasing strain values.
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low strains but saturate at much lower values. Fig. 5A
shows a plateau for strains in between 0.12 and 0.16 of
a = 0.80 but the final value at a true strain of 0.19 is much
lower: a = 0.69. For the zinc specimen measurements, the
values appear comparable. Unfortunately, only a-values
for low strains could be calculated as explained above.

Calculations of the correlation length n for the iron and
zinc specimens show that it is of the same order of magni-
tude as the grain size, as is also found for aluminum [1].
Averaging n-values for the last five iron curves yields a
value of n = 20 lm and averaging all results for zinc yields
n = 44 lm. Both values are slightly below the grain size.

Since all topographic measurements are performed on
the same position, it is possible to examine the roughness
evolution with increasing strain. This is done in Fig. 6 for
iron. Fig. 7 shows the relation between the orientation of



Fig. 7. Comparison between (a) the initial Schmid factor and (b) the height map on the same position after 10% tensile deformation. The scale in (a) runs
from black for low values to white for the highest Schmid factors. The sample is aluminum with a grain size of 30 lm. The overlay in (b) showing the grain
boundaries is taken from an OIM scan of the deformed specimen.
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the surface grains and the topography resulting from a con-
siderable amount of tensile deformation. These measure-
ments were performed on an aluminum sample with an
average grain size of 31 lm. Fig. 7(a) shows an OIM map
from an area before deformation started. Plotted is the
Schmid factor of the grains as a measure of their hardness.
In Fig. 7(b) the confocal height map is shown of the same
area after 10% deformation. The black areas correspond to
the lowest points on the surface and the white regions to
the highest points. The overlay is taken from an OIM scan
performed after the deformation and shows the grain
boundaries dividing grains with orientation differences over
5%. The same scan is used to plot the grain orientation
spread as a function of the Schmid factor in Fig. 8. Finally
in Fig. 9(a), a Schmid factor plot is shown of an aluminum
sample with 90 lm grains in cross-section. This sample was
deformed 20% after which a confocal height map was made
Fig. 8. Schmid factor plotted as a function of the grain orientation spread
for the same aluminum sample as used in Fig. 7 after 10% straining.
and the sample was ground from the side to reveal the
grains responsible for the roughness profile (Fig. 9(c)).

4. Discussion

In our previous work [1], we concluded that our statisti-
cal analysis offers more insight into the nature of the
roughness than most common techniques. This is especially
true when the roughness characteristics change on different
length scales, as is the case for polycrystalline metals. We
showed that for polycrystalline aluminum, the rms rough-
ness increased linearly with both strain and grain size. In
fact, on length scales above the correlation length, which
was shown to be closely related to the grain size, the shape
of the roughness profiles did not change upon straining.
The surface topography at high strain is to a close approx-
imation simply a vertically rescaled replica of the topogra-
phy at the same position at lower strains. This becomes all
the more striking if one considers that on a subgrain scale
the aluminum surface remains nearly flat, as is indicated by
the high values of the roughness exponent a (�0.9). Fig. 2
shows that characterization of the surface roughness using
the parameters a, n and w is also justified for the iron and
zinc specimens. The curves initially show a linear correla-
tion behavior indicative of self-affine scaling on smaller
length scales. For points farther apart, this correlation dis-
appears completely, resulting in a horizontal tail in the
graph.

All three curves in Fig. 3 are remarkably straight. The
linear relationship between the rms roughness w and strain
holds for all three materials. Since the geometry of the
three tensile specimens is exactly the same and assuming
that the linear relationship between rms roughness and
grain size also holds for iron and zinc, one can divide the
slope of the curves by the grain size and calculate the con-
stant c in the following equation:

w ¼ c � �d � e. ð8Þ



Fig. 9. Cumulative Schmid factor across the thickness of the specimen
appears to be related to the roughness on the surface. (a) Schmid factor on
the cross-section of a deformed aluminum sample with a grain size of
90 lm. The scale runs from black for low values to white for the highest
Schmid factors. (b) The cumulative Schmid factor summing across the
thickness. (c) The height profile on the surface. (d) The Schmid factor
summed over slices of varying thickness of the specimen.
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For aluminum this yields c = 0.19, for iron c = 0.20 and for
zinc c = 0.32. The zinc specimen becomes much rougher
than aluminum and iron for comparable strains and grain
sizes. The iron and aluminum behave quite similar. An
explanation for this difference is found when looking at
the possible number of slip system responsible for the plas-
tic deformation in these materials. In fcc aluminum, there
are 12 independent {111}Æ110æ slip systems. For bcc iron
the number of slip systems is less trivial, because slip occurs
not only on the close-packed {110} planes, but also on the
{112} planes (sometimes even on {123}). Since slip occurs
in the close-packed Æ111æ directions, there are 12 indepen-
dent combinations of {110} slip planes and slip directions.
The same number of independent combinations is found
for the {112}Æ1 11æ system. Plastic deformation of bcc met-
als in general exhibits characteristic features depending on
the deformation temperature, e.g. a strong temperature
dependence of the yield stress and anomalous slip. The
choice of slip system is temperature dependent. At low tem-
peratures the 1/2a0Æ11 1æ screw dislocation is in its ‘ground
state’, its core having a threefold screw symmetry, which
will allow slip on {110} planes. At elevated temperatures
however, the dislocation will enter a metastable ‘excited
state’. The core configuration is now such that slip on
{112} planes is allowed. The temperature at which this
first-order phase transition occurs is approximately
100 K, making the {112} planes the dominant slip planes
at room temperature [10,11]. In the past, in situ experi-
ments have been performed [19–21] at low and intermedi-
ate temperatures on Nb, Mo and bcc Fe. In all these bcc
materials a transition has been observed in the dislocation
dynamics between a low-temperature behavior, character-
ized by an almost continuous movement of long screw dis-
locations, and an intermediate-temperature behavior,
where mixed dislocations predominate.

In zinc, which has a hexagonal crystal structure, slip is
primarily confined to the basal planes. There are only three
basal (0001)h11�20i slip systems available, two of which
are independent. Taylor pointed out that for a polycrystal-
line material to undergo a homogeneous deformation with-
out cracking, at least five independent slip systems must be
present [12]. Other probable deformation modes are the
first-order prism and pyramidal planes, i.e. f1�100g
h11�20i and f1�101gh11�20i, respectively. However, also
second-order pyramidal slip f11�22gh11�2�3i has been
observed in zinc [13,14]. Furthermore, deformation twin-
ning is common in hcp metals, with for zinc only the most
common f10�12g twins being active [15].

The point to be made here is that when two randomly
oriented grains are observed, on average the difference in
their hardness, i.e. the difference in the shear stress resolved
on the primary slip system, will be higher for zinc, while
this difference will be approximately equal for aluminum
and iron. The roughness is believed to originate as a result
of these kinds of hardness differences between neighboring
grains. Softer grains, i.e. grains with a higher stress
resolved on the primary slip system, will have a tendency
to deform more than the harder grains. They are
restrained, however, by the neighboring grains. These
strain incompatibilities may lead to an inhomogeneous
rotational deformation in the grain and subsequently also
in a part of the surrounding grains. An attempt to model
a simple system consisting of harder and softer grain was
made by Zhao et al. [16]. Since the number of available slip
systems in the zinc is limited, the average differences in
hardness between the grains will be higher for non-textured
materials. The higher straining discrepancies will lead to a
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rougher surface. As long as the hardness differences
between the grains do not change significantly, and their
elongation due to the tensile deformation is well below
the grain size, the total deformation of the grain assembly
will be more or less constant, explaining the linear increase
of the rms roughness w with strain (Fig. 3, Eq. (8)) and also
the constant shape of the roughness profiles (Fig. 6).

For all the specimens, the clear distinction in correlation
behavior is present between the two regimes, separated by
the correlation length n, which for each material is approx-
imately equal to the grain size. Below the correlation
length, the roughness is no longer described by the rms
roughness but rather by the exponent a. The values
obtained for a from the correlation graphs show that both
iron and zinc are much rougher than the aluminum with its
nearly flat facets. An explanation for this fairly large differ-
ence in small-scale roughness is the formation of disloca-
tion structures inside the grain, typical of aluminum.
These screw dislocations assemble in cell walls and eventu-
ally in more ordered subgrain boundaries. These structures,
with a typical size of 0.5–2 lm, relax the stresses inside the
material and may therefore also reduce the amount of
roughness features observed on the surface, which effec-
tively leads to a more positive correlation between neigh-
boring points on the surface.

In a simplified analysis, one might say that the surface
roughness is mainly due to the different deformation of
surface grains. Softer grains will deform more easily,
stretch and cause a local depression on the surface. How-
ever, if this explanation is valid, the two curves in Fig. 4
should not differ as much as they do. The top 150 lm in
both specimens are comparable. Since the grain size in
these specimens is 68 lm, this amounts to at least the
two top layers of grains. Still, upon straining, the rough-
ness developing on the surface of the thicker specimen is
much larger than the roughness on the thinner specimen.
Clearly more grains should be taken into account than
just the first couple of top layers.

Figs. 7 and 8 demonstrate the importance (or lack of
importance) of the surface grains on the roughness. For
some grains the topography can be understood when
looking at the grain orientation. Grain number 1 in
Fig. 7(a) is the grain with the lowest Schmid factor. This
very hard grain deforms only a little and corresponds to
one of the highest points on the surface as can be
observed from Fig. 7(b). The grains in Section 2 and grain
number 3 show the opposite relation. They have a Schmid
factor close to the maximum of 0.5 and will easily deform,
when allowed for by other grains. Their deformation
causes local depressions on the sample surface. However,
these correlations are only incidental. Grain number 4 for
example has a low Schmid factor but lies on a ridge on
the surface. The overlay in Fig. 7(b), indicating the grain
boundaries, does not overlap with local minima or max-
ima in the height map, nor can the Schmid factor explain
the multiple peaks and valleys present on the surface of
grain number 5.
At a first glance Fig. 8 looks perhaps rather arbitrary.
There are some comments to be made about the quantities
used in this figure. The Schmid factor does not completely
describe the susceptibility of the grain to plastic deforma-
tion, since it only focuses on the primary slip system. Also
the grain orientation spread does not bear a one-to-one
relation with the amount of deformation in the grain.
Not only will the larger grain probably have a higher
spread in orientation, which is then not related to the ori-
entation of the grain, but there is also the problem that
only deformation leading to a rotation of a part of the
grain will cause the orientation spread to increase. Normal
slip of course does not change the orientation of the lattice.
Fig. 8 shows that it is not justified to assume that the softer
surface grains (i.e. those grains with a high Schmid factor)
automatically deform the most. All the points are clustered
in the top left corner of the graph, indicating that the grains
must have a suitable orientation for a high deformation to
occur. However, the opposite is not true and some grains
with a high Schmid factor are seen to deform only a little.

From the fractal analysis of the surface roughness it
appears that there is no correlation of the vertical move-
ment at the surface between points further apart than
roughly the mean grain size �d. Therefore, it seems reason-
able to look for a correlation with the structure beneath the
surface. Fig. 9(b) shows that when the Schmid factors at all
positions of the cross-section below a point are summed,
there is a correspondence with the surface height profile.
If the cumulative Schmid factor across a certain section
of the specimen is high, that section will stretch easily with-
out much hindrance. This will lead to a depression on the
surface as can be seen in region 1. In region 2 the opposite
occurs. On average there are many hard grains here that
will deform less. The height profile consequently shows a
higher region at these points. As can be seen from the dif-
ferent curves in Fig. 9(d), the correspondence is only pres-
ent when the summation of the Schmid factors is
performed across the entire thickness of the specimen.

For thick samples without texture, the absolute differ-
ences in cumulative Schmid factor from position to posi-
tion will be larger than for thin samples. This is evident
from Fig. 9(d) and is consistent with the results of Fig. 4
that show a higher rms roughness for a thick sample than
for a thin sample of the same material.

5. Conclusions

It has been shown that the statistical description of a
rough polycrystalline metal surface in terms of the rms
roughness w, the scaling exponent a and a correlation
length n can be applied to metal systems with strongly
varying crystal structures. It helps to identify two different
regimes of roughening. On a subgrain scale the roughening
is self-affine with roughness exponents of 0.9 for aluminum
but 0.8 for iron and zinc. On a multiple grain scale there is
no correlation between different points and the surface can
be described by an rms roughness, which increases linearly
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with increasing strain. These experiments suggest that local
hardness differences between the grains are responsible for
this roughening. The limited number of available slip sys-
tems in zinc causes on average larger differences in hard-
ness between neighboring grains. Hence, zinc roughens
more than aluminum and iron.

The experimental OIM results presented justify the con-
clusion that the roughness is determined by multiple layers
of grains rather than just by the surface grains, and in par-
ticular it is hypothesized that the spatial variation of the
cumulative Schmid factor (determined along a column
below a certain point) determines the local surface heights.
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