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Abstract : Crystallographic textures generally have a strong bearing on the drawability of
sheet steels. Particularly in the case of automotive sheets, texture control is of paramount
importance. In the last two decades, therefore, texture research has assumed much
significance in the steel industry.

X-ray diffraction continues to remain the most used tool for the study of textures. Early
researches, from about 1940 to 1980, were invariably carried out by the pole figure method.
However, for more quantitative results the ODF (Orientation Distribution Functions) analysis
technique was developed. Since 1980, the ODF analysis has come to be used extensively.

In the present paper, several unique features of textures in automotive grade deep
drawing steels, as revealed from X-ray ODFs, will be presented. The relative importance of
the various textural components with respect to forming will also be dealt with.

Introduction :

Low-carbon steel sheets find extensive use in press forming applications, in particular of
automotive components. The metallurgy of such steels has been the subject of considerable
research and development and many comprehensive reviews on the topic are available in the
literature1"5.

The formability of sheet steels can be fairly well described in terms of deep drawability,
punch stretchability and bendability. Whereas in some cases the shape of the component may
be such that only one of the above-mentioned characteristics is important, quite often all
three modes of deformation may be involved. A combination of stretching and drawing is in
fact frequently encountered.

Stretchability represents the ability of the material to resist localised necking and thereby
withstand complex non-uniform stresses. Good stretching behaviour is exhibited in sheet
steel with a high value of work hardening exponent n. The stretchability is comonly
determined by cupping height measurements, e.g. Erichsen test. The drawability, on the other
hand, can be assessed by measuring the limiting drawing ratio (LDR), that is the ratio of the
maximum blank diameter, dmax, deep drawn without failure and the diameter of the punch, dp.
Cup drawing limits commonly measured in terms of the LDR are strongly influenced by the
normal plastic anisotropy.
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Relationship between Texture and Formability

In order to understand the formability of steel sheets, particularly in drawing, Lankford et
al.6 were the first to adopt the plastic strain ratio parameter r, defined as the ratio of true
strains in the width and thickness directions during plastic extension in a tensile test:

r = ew /en = ln(wo/wf)/ln(to/tf) ... (1)

where ew and et are the true strains in the width and thickness directions; w^ and Wf are the
initial and final widths and t0 and tf are the initial and final thicknesses. The r value can then
be best understood physically as the capacity to resist thinning. Additionally, since the flow
strength and hence plastic strain vary in the plane of the sheet itself, it is necessary to
conceive an average plastic anisotropy ratio r for the whole sheet.

r = (r0 + 2r45 + r9o)/4 ... (2)

where the r0, r45 and r^ are the r values measured parallel, at 45° and at 90° to the rolling
direction.

The magnetic torque measurements to Lankford et al.6 indicated that plastic anisotropy is
related to the preferred orientation of grains. Subsequently, Whiteley7 published his work in
1960 which conclusively demonstrated that crystallographic texture is the most important
material property influencing the performance of ordinary ductile materials in cup drawing
and that the drawability of-suitably textured sheets is superior to that of isotropic material.

Fig.l illustrates some common textural components observed in sheet steels. Various
studies, as summarised in Ref. 1-5, suggest that as far as aluminium-killed cold-rolled and
annealed steels are concerned, whether they are box-annealed or continuously annealed, the
most desirable texture for achieving high r values around 1.6-2.0 is the {lll}<110> type.
When the steel contains higher levels of phosphorous, high r values (>2) are attained with a
sharp {111 }<112> texture. In the case of interstitial-free Ti-stabilized or Nb-stablized steels,
the high r values are associated with either sharp {111} <112> or {554}<225> textures
which are actually very close to each other in terms of crystallographic orientation. The new
class of bake-hardnable steels produced by continuous annealing exhibit a sharp {111}
texture.

A good example of the close relationship between {111} type texture and r is to be
found in the work of Held8 (Fig.2), which also showed that the {001} is an undesirable
component. Interestingly, work by Mishra et al.9 on aluminium-killed deep drawing steels has
suggested that such correlations may also be observed by taking other different combinations
of texture components. In their investigation both normal and inverse pole figures were
determined for specimens with different r values. The normal pole figures indicated, in
addition to strong {lll}<110> and {111}<112> components, a strong {112}<110>
orientation as well. This was an important observation as it had not been reported in the
literature earlier. In the inverse pole figure measurements also, not only did the intensity of
the {111} components increase with r but also that of the {112}. In addition, the intensities
of the {110} and {001} reflections decreased with r. In order to have a meaningful
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comparison, a parameter ftki, representative of the volume fraction of a particular (hkl)
orientation in the specimen was evaluated and certain combinations of fhkii plotted as a
function of r (Fig.3). It is seen that the ratio (fm + fin)/(fooi + fno) - that is (fn2 +f222)/(foo2
+ fno) - correlated very well with r.

Study of Texture Profile using ODF

Early researches into textures in formable sheet steels were mainly confined to deter-
mining X-ray reflection intensities of selected planes. However, in the last decade, or so, the
powerful orientation distribution function (ODF) technique, developed independently by
Bunge10'11 and Roe12"13 has been finding increasing use in the study of textures. As compared
to normal pole figures, it provides more complete and quantitative information. In the Bunge
formalism, the orientation of a grain or crystallite in a specimen is described with respect to
the physical co-ordinate system (designated RD,TD and ND) by a set of Euler angles q>i, <J>
and q>2. Using these Euler angles, the transformation of the sample frame S to the crystalline
frame C (Fig.4) occurs by a set of 3 consecutive rotations. For the purpose of representing
the ODF, a function f(g) is defined in such a manner that f(g) dg is the volume fraction of
orientations in an element dg and that in a random case f(g)=l. The ODF is computed from
input data of three or four incomplete pole figures, generally (110), (200) and (112) for bcc
steels. The quantity f(g) is then represented by contour lines in constant q>i sections (0°,5°
.....90°).

Each section of the ODF carries the locations of many important orienta-tions, as in
Fig.514. Since bcc metals like deep drawing steels and silicon steels exhibit, besides discrete
peak-type components, very strong fibre-type components or orientation tubes as textural
elements, Mishra et al.4'14"17 who used the ODF analysis extensively, have developed a
description system for the fibres (Fig.6) which is suitable for interpreting the preferred
orientations.

The main application of the ODF for steels has been in the investigation of the process of
texture development, e.g. of texture changes upon hot rolling, cold rolling and annealing.
The ODF can also be used as a very powerful analytical tool to characterise in detail what
may be termed as the texture profile of a material.

Textures in Aluminium-killed Automotive Steel Sheets

Amongst the various grades of automotive steel sheets used today, the one that finds the
widest application is aluminium-killed cold-rolled and annealed material. Mishra and his
associates have carried out comprehensive ODF analysis of textures in such steel with r
around 1 614 and also for the sake of comparison, the ODF analysis for a boron-treated steel
of moderate formability ( r-1.3)15. In the latter case, a successful attempt was also made (for
the first time in the literature for a bcc metal) to estimate quantitatively the volume fraction
of texture components present.

As seen in Fig. 7, the pole figure of the boron-treated steel is rather flat and smeared out.
In contrast, the ODF for the same steel (Fig. 8) exhibits pronounced maxima in orientation
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space. This is a classic example of the much-enhanced resolution of textural components that
can be achieved with the ODF vis-a-vis the pole figure.

The pole figure of the Al-killed steel shows a sharp texture centred around {111} planes
(Fig.9). The ODF is also well defined (Fig. 10).

Considering first the intensity peaks in the ODFs in Figs. 8 and 10, one finds that the
strongest component is the {lll}<110> . The {lll}<110> is in fact a component of an
almost ideal <111>||ND fibre, or orientation tube, running from (111)[1 To] to (111)[1 12].
A notable difference is that in the Al-killed, steel the strength, i.e. orientation density, of the
<111> fibre is higher, which explains its higher r value. The <111>||ND fibre appears to be
a general feature in the recrystallisation textures of many deep drawing steels14'15.

It may be noted in Figs.8 and 10 that apart from the <111>||ND fibre, another major
component is a limited (incomplete) fibre centred around <337>|| ND, with highest intensity
at (337)[1 10]. Amongst other components (minor) in both steels are {110}<001> and

Concluding Remarks

1. The ODF analysis technique is an extremely valuable tool for the study of the texture
profile in automotive grade sheet steels, since it provides a high degree of resolution of
textural components and permits quantitative comparison of their relative intensities.

2. In deep drawing steels the following two concepts have to be used in describing the
textural features : (a) peak type components, i.e. more or less isotropic scattering ranges
around certain ideal orientations, and (b) complete, and incomplete orientation tubes or
fibres.

3. The major textural component in aluminium-killed automotive sheet steel is a complete
<111> fibre parallel to sheet plane normal direction.

4. An orientation tube along the <111>||ND fibre axis in fact appears to be a common
feature of textures in deep drawing steels.
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Fig. 1 Common texture components obsei'ved in sheet steels.
Mishra & DSrmann2.
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Fig.2. Approximate linear relationship between r and {111 }/{001}
intensity ratio. Held8.
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Fig. 3. Possible correlations of texture components with r. Mishra et al.9.

Fig.4. Definition of Euler. Bunge10
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Fig. 7. Pole figure, {110}, of boron treated steel.
Mishraet al.15.
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Fig.9. Pole figure {110}, of aluminium killed steel. Mishra14.

Fig. 10. ODF of steel of Fig.9, Mishra14
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