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Through thickness texture variation is a reality in commercial sheet stock. However, methods to
quantitatively evaluate this variation and its effects are not readily available. In this study, it was
shown that a hot rolled commercial aluminium sheet manifests variation in rolling texture components
which can be detected by traverse scan of the peak intensity across the through thickness using
tapered specimens. Moreover, this asymmetry can be correlated to the intensity asymmetry observed
in pole figures. A quantitative analysis is possible if the ODF is generated using monoclinic symmetry
with the transverse direction as the diad axis instead of the conventional orthorhombic symmetry.
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INTRODUCTION

The through thickness texture variations in the as-rolled sheets have been
observed (Wassermann and Grewen, 1962) sometime ago but their consequence
on annealing texture and the resultant mechanical properties has been largely
ignored. The origin of texture inhomogeneities under cold rolling conditions was
systematically studied by Asbeck and Mecking (1978) using copper single crystals.
They showed that the most important parameter was the ratio of the length of the
contact between the role and the sample to the thickness of the sample. If this
ratio was smaller than 0.5 severe inhomogenities in the through thickness texture
developed. In the initial roughing stages of industrial hot rolling such situations
may exist, but in the later stages of the tandem mill, conditions are such that this
ratio is very high and the through thickness texture variation is expected to be
minimal. To avoid obviously layered textures with. unexpected deformation
patterns (Brown, 1985, Naess, 1990), most of the texture examinations in the
laboratory processed sheets are performed on the mid-sections as described in
recent reviews (Hirsch, 1986, Hutchinson, Ekstrom, 1990). Current emphasis on
study of industrially processed products has given rise to a phenomenon which
has hitherto been attributed to the inadequacies of the data acquisition system
during pole figure determination. This phenomenon of unequal intensities in the
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maximum peak positions, even though the pole figure pattern has a recognizable
orthorhombic symmetry, will be shown to have a true physical basis. Process
engineers have tried to integrate such manifestations of inhomogenities by using
an averaging procedure such as using cross-sections from laminated sheets for
X-ray analysis. Such techniques are useful as quality control measures but may
not be ideal to study quantitatively the evolution of texture. To optimize the
current metal processing practice, the precise through thickness texture has to be
evaluated for plant specific rolling equipment and conditions. Hence, new
methods to assess the through thickness texture variations are required.
The purpose of this paper is to demonstrate that the through thickness texture

variation can be quantitatively represented section by section if it is realized that
the pole figures do not necessarily manifest orthorhombic symmetry in intensities
although their patterns may suggest so. Examination of this intensity asymmetry
indicates that a monoclinic symmetry axis may exist. Such symmetry can be
processed using Orientation Distribution Function (ODF) software developed by
Van Houtte (1984).

EXPERIMENTAL WORK

Industrially processed coils of alloy AA3004 whose composition is shown in Table
1 were used in this study. The details of as-received hotband and subsequent
annealing characterization are described in detail elsewhere (Saimoto, Kamat,
1992, Kamat, Saimoto, 1992). The 2.3 mm thick hotband samples with exit
temperatures of 351C (series 7) and 323C (series 3) were obtained by widening
the trimming knives to 120 mm and quenching these slabs in water within one
minute after exit from the tandem mill. Metallographic specimens of the size
10 mm x 15 mm were ground, polished and lightly etched to obtain 1/4 thickness
position on each side of the same specimen. From these specimens (111), (200),
(311) and (210) pole figures were determined using a rotating copper-anode
X-ray facility described elsewhere (Saimoto et al., 1990). Taper sections of 5
were prepared to perform edgewise traverse scan of 1 mm x 10 mm X-ray beam
in steps of 0.25 mm every 4 s (Saimoto, Kamat, 1992, Saimoto, 1988) on both side
1 and side 2 as shown in Figure 1. Such scans produce a through thickness
intensity profile of a given reflection, typically (111) is used for as-rolled and (200)
for the partially recrystallized case.

Table 1 Chemical composition of the alloy used in the study

Element Mn Mg Fe Si Cu Zn Ti Al

In wt. % 1.009 1.180 0.399 0.196 0.152 0.065 0.036 Rest

f Hotband or re-roll refers to a coiled aluminium sheet which has been hot rolled in a tandem mill.
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Figure 1 Schematic diagram depicting the (111) diffraction planes, the tapered sections with respect
to sides and 2, and the orientation of the pole figure section at 1/4 thickness. Retention of this
geometry permits the confirmation of any observed asymmetry between planes A and B.

RESULTS AND DISCUSSION

The taper section (111) scans shown in Figures 2 and 3 illustrate that the
intensities of the two supposedly equivalent reflections are not the same
throughout the thickness. In fact, a large asymmetry exists near the 1/4 thickness
level. The differences in the through thickness texture from one side of sheet to
the other about the centre may reflect different conditions of the top and bottom
rolls, and how the lubricant was added. This suggests that to obtain a truly
homogeneous strip it is necessary to have steady state operating conditions across
the width and throughout the length of the coil. The intensity difference shown in
Figures 2 and 3 was confirmed by the appearance of an intensity asymmetry in the
(111) pole figures as shown in Figure 4. This asymmetry in the through thickness
texture can be better clarified with the aid of schematic diagram shown in Figure
1. As can be seen, at the 1/4 thickness levels in the top and bottom halves of the
sheet the high intensity (111) poles show an asymmetry. This asymmetry suggests
preferential shearing on one set of planes in the top half and the mirror image
equivalent ones in the bottom half. Such intensity variations of the order of factor
of two or more in AA3004 have also been reported by others (Merchant and
Morris, 1990) but without discussion. Since the intensities have similar values for
reflections both at the surface and the centre (Figures 2 and 3), the geometry of
plastic flow must primarily account for this intensity asymmetry rather than the
expected temperature gradient between the surface and the centre. The micro-
structural origin of this phenomenon should manifest itself as a chevron pattern in
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(a)

(b)

Figm 4 (111) Pole figures obtained at the 1/4 thickness of the as-received series 3 hotband (a) side
1 and (b) side 2.

the metallographic section perpendicular to the transverse direction. Electron
channelling contrast examination of such sections were not definitive suggesting
that the strain gradients are too diffuse to be detected by this method.
Transmission electron microscopy may reveal systematic dislocation density
differences if small scale microbands are not directly evident.
The through thickness texture asymmetry indicates the inadequacy of applying

the orthorhombic symmetry for calculating the ODF. Hence to analyze the pole
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igure $ Orientation Distribution Function (ODF) diagram calculated for the 1/4 thickness position
(side 1) of the as-received series 3 hotband assuming orthorhombic symmetry.

figures using ODF the standard orthorhombic symmetrization was compared to
that using monoclinic with the diad axis parallel to the TD, that is X2 in
conventional ODF notation. The ODFs are shown in Figures 5 and 6. From an
application viewpoint, calculation of the volume fractions from the C coefficients
is most informative. Volume fractions were calculated from ideal orientations
using P0 11 Gaussian distributions. The Euler angles of the orientations used
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ligure 6 Orientation Distribution Function (ODF) diagram calculated for the 1/4 thickness position
(side 1) of the as-received series 3 hotband assuming monoclinic symmetry.

Table 2 Euler angles of the orientations used in the calculation of
ODF data for monoclinic symmetry

Texture components in
monoclinic indices

Corresponding Euler angles (o)

Cube (010)[100] 180 90 90
Goss (011)[100] 90 90 45
Brass (111)[211] 54.7 90 45
S {123}(634)
S (123)[634] 32.6 72.1 52.3

S (123)[634] 147.4 72.1 37.7
Cu 112} (111)
Cu’ (112)[111] 144.7 90 45
Cu" (112)[111] 35.3 90 45
H (110)[110] 135 90 90
CG (021)[100] 90 90 26.6
CH (120)[210] 153.4 90 90
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Table 3 Volume percent of texture components calculated from ODF data using orthorhombic and
monoclinic symmetries for sides and 2 of as-received series 3 and series 7 specimens

Texture Orthorhombic Texture Monoclinic
components (Vol. %) components (Vol.

Series 3 Series 7 Series 3 Series 7

Side Side2 Side2 Side2 Side Side2 Side Side2

Cube (001)[100] 0.98 0.84 1.10 0.97

Goss (011)[100] 1.14 0.84 0.91 1.09

Brass {011}(211) 16.93 16.28 21.46 15.44

S {123} (634) 25.40 26.78 24.04 24.57

Cu {112}(111) 5.43 6.32 4.64 10.02

H (001)[ll0l 0.11 0.18 0.39 0.29

CG (021)[100] 1.67 1.49 2.01 1.78

CH (001)[120] 0.35 0.36 0.58 0.43

Cube (010)[100] 0.99 0.86 1.17 0.99

Goss (011)[100] 1.21 1.02 1.09 1.26

Brass (111)[211] 16.18 15.73 20.00 15.01

S {123}(634) 24.26 25.76 22.35 23.86

S (123)[634] 16.23 9.07 13.74 10.75

S (123)[6341 8.03 16.69 8.61 13.11

Ca {112}(111) 5.13 6.09 4.40 9.71

Cu’ (112)[111] 3.76 1.66 3.29 4.74

Cu" (112)[111] 1.37 4.43 1.11 4.97

n (110)[110] 0.18 0.24 0.46 0.32

CG (021)[100] 1.72 1.56 2.16 1.90

CH (120)[2101 0.42 0.45 0.56 0.75

Hgare 7 Orientation Distribution Function (ODF) diagram calculated for the model function S
assuming monoclinic symmetry with Gaussian distribution of q0 11-
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in the calculations of ODF data for monoclinic symmetry are listed in Table 2.
Series 3 and 7 specimen volume fractions of texture components for orthorhombic
and monoclinic symmetries are compared in Table 3. In the case of monoclinic
symmetrization the S and Cu texture components consist of two sub-components
each (S, S and Cu’, Cu") representing the asymmetries of the main components.
The sum of the volume fractions of these sub-components in each case should be
numerically equal to that for orthorhombic symmetry case as shown in Table 3.
However, as indicated in Table 3 the volume fractions of the S and Cu
components for the orthorhombic case are slightly higher than the sum of the
sub-components for the monoclinic case. These and other deviations in the
remaining texture components are attributed to the computational errors in the
pole figure analyses using the two schemes. The S model function in Figure 7
when compared to Figure 6 shows that S is the minor component to S as
confirmed in Table 3. The histograms shown in Figures 8 and 9 compare the
variations in volume fractions predicted for orthorhombic and monoclinic
symmetrization respectively. The symmetrical texture components show only the
computational deviations in the volume fractions vis-a-vis monoclinic symmetri-
zation due to the fact that the inherent multiplicity masks the asymmetrical
distribution of crystal orientations. This study illustrates as to why the stacked
layer averaging method for specimen preparation results in orthorhombic pole
figures. However, such data may be misleading when considering origin of
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lr=k,are 8 Volume percent of texture components calculated from the ODF data using orthorhombic
symmetry for sides and 2 of as-received series 3 and series 7 specimens.
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Figure 9 Volume percent of texture components calculated from the ODF data using monoclinic
symmetry for sides and 2 of as-received series 3 and series 7 specimens.

recrystallization sites. Comparison of the volume fraction of S and S]
components and those corresponding to Cu’ and Cu" reflect the asymmetry
expected from the pole figures (Figure 4). Moreover, the localized shearing during
hot rolling so dramatically illustrated microstructurally by Sakai et al. (1987) can
be quantitatively examined by this analysis.

Evolution of the intensity asymmetry during commercial rolling may be
attributed to the unidirectional orientation of the sheet with respect to the rolls
during the tandem mill operation. In contrast during laboratory rolling the slab is
rotated about the sheet normal or flipped over after each pass. The herring bone
pattern of the texture indicates that it is induced by the rolls although Hjelen and
Nes’s (1987) observations that the cube oriented grains occur in the transition
bands (Dilamore and Katoh, 1974) between two mirror components of
{112}(111)(Cu) orientation may still apply. A more definitive mechanism for
promoting nucleation of cube grains in regions of greatest intensity asymmetry as
suggested by Figures 2 and 3 needs examination. Thus, studies similar to Hjelen
and Nes (1987), and Ridha and Hutchinson (1982) are required to further the
understanding of the genesis of cube texture. However, from a practical
viewpoint of optimizing the hot rolling process for a specific mill, traverse X-ray
scan and through thickness ODF analyses using monoclinic symmetry can be very
useful.
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CONCLUSIONS

The standard ODF analysis which imposes orthorhombic symmetry of the pole
figures may give rise to misinterpretation if an intensity asymmetry exists in the
pole figures. Quantitative assessment of texture evolution especially during
recrystallization can be made by applying the less restrictive assumption of
monoclinic symmetry with diad axis parallel to TD. This approach should provide
more reliable results and permit systematic study of through thickness texture
evolution.
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