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Abstract

In this study we present an analysis of the evolution of the texture of a mild steel welding rod from the initial
state to the welded state. And thus show the effect of drawing on the texture of the welded metal.

The analysis of the initial state reveals the presence of a slight texture of the ferritic phase at the periphery.
Several hypotheses are emitted but the main cause of the presence of the fiber <110> has not yet been
identified.

The first deformation leads to the development of the fiber <110> over the entire section of the drawn wire. At
this deformation level, the pearlitic phase does not appear to undergo any apparent deformation and the
quantitative analysis shows a homogeneous distribution of the texture between the core and the periphery of
the wire. After the second deformation, the perlite undergoes a very visible deformation under the light
microscope and the fiber <110> becomes more intense in the core than on the periphery of the wire.

The examination of the texture of the welded state exhibits another texture composed of three <100>, <110>
and <111> fibers whose ratios vary according to the observed angle. The chemical analysis reveals presence
of elements of coating of a rod in a matrix of welded metal. It has been found that the drawn state of the rod
and the manner in which welding is performed influence the texture of the deposited metal, but their separate
effects need to be more inspected.
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1. INTRODUCTION

The analysis of the texture of the welding rod generally goes through the analysis of the initial state (material
called wire rod) and the drawn state [1-3]. This approach is undertaken in some works on steels [4,5] and even
on other materials designated for functions other than welding. According to the literature the texture of the
cold drawn wire is essentially dominated by the ferritic phase fiber <110> [1-4]. The interest of this study is to
complete this approach by examining the effect of the wire drawing texture on the final texture of the weld.

In this work, the weld analyzed, is not the assembly area between two pieces as is the custom, but it is the
molten state of the rod itself obtained by welding in a suitable mold, that we will designate later the deposited
metal. The welding (the deposition) is carried out in a mold, of standardized dimensions, by carrying out parallel
back and forth welding, in the manner of plowing furrows.

2, STUDIED MATERIAL

The material studied is a mild steel wire made by the hot rolling process, known as wire rod; its chemical
composition is recorded in the Table 1 below.
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Table 1 Chemical composition of the studied material

Element C Cu Mo Mn Ni Si P Cr Fe
Average (wt%) 0.069 0.014 0.036 0.42 0.021 0.078 0.009 0.016 | balance

The wire rod is cold-drawn under industrial conditions using lubrication; the drawing strain &€; is calculated by
the equation (1), which is completely different from that reported in some works on drawn steel [6,7].
S, — S,
g, -0 =i
S
Where:

So - the section of the wire rod (mm?)
Si - the section of the drawn wire (mm?)

(1)

3. INITIAL STATE
3.1. Metallographic analyzes

As expected, this analysis reveals the ferritoperlitic microstructure of the wire rod. In Figure 1, we can see a
vast matrix (phase) ferritic in which are dispersed pearlitic grains. The analysis of the grain size shows that the
space of the ferritic matrix is composed of coarse grains. However, it is the small grains that make up the most
pearlitic volume.

A closer examination of the microstructure shows that the morphological orientation (arrangement) of the
grains, of the two phases, does not seem entirely isotropic. In the ferritic phase, non-spherical shaped grains
appear to be stored and aligned along the axis of the wire. As for the grains of the pearlitic phase, they exhibit
a shape drawn parallel to the axis whose lamellae are aligned perpendicular to the axis. This result indicates
that the microstructure of the wire rod has some anisotropy in the alignment (arrangement) of the grains.

Although at the core and periphery of the wire rod, the microstructural analysis carried out shows no disparity
between these two zones.

Figure 1 Microstructures of longitudinal sections seen at M.O and M.E.B respectively

3.2. EBSD analyzes

EBSD analysis was performed on the ferritic phase only; for this phase, the desired textures are generally
limited to the three families {111}, {110} and {001} and the axis of the wire serves as a reference for the texture.

Figure 2 illustrates the EBSD mappings of {111}, {110}, and {001} textures at the core and periphery of the
wire rod [8]. At the level of the heart we can say that none of the sought-after textures seems dominant. This
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observation reflects a random and isotropic state of the crystalline orientation of the grains of the heart. On the
other hand, on the cartography of the periphery, one notices a certain dominance of the colors drawing towards
the {110} family. This result indicates the presence of a texture at the periphery of the wire rod.

,.l‘,f,,} -

X
¥

Figure 2 EBSD maps of the core and periphery of the wire rod [8]

These two observations are then established and confirmed by the pole figures and by the distribution functions
of the crystalline orientations illustrated in Figure 3.

The presence of the fiber <110> at the periphery of the wire rod can be attributed more to the pre-deformation
induced by the hot rolling during the elaboration of the wire; as well as the microstructural anisotropy of the
ferritic grains and the pearlitic grains.
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Figure 3 Pole Figures and Crystal Orientation Distribution Functions (ODF) in the Core and Periphery of the
wire rod

In previous works [9] made on a pearlitic steel intended for the same use, we did not have the same result in
periphery. While each steel is produced by a different manufacturer, the manufacturing process was the same
for both manufacturers.

For this steel, the texture <110> is well present at the periphery of the wire rod and it is believed that it is
caused by hot rolling during the preparation. Similar results have been obtained by Schuman on extra-mild
steel [1].
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We noted that the chemical analysis carried out (Table 1) shows a steel of very good purity of chemical
elements such as manganese, silicon and sulfur. This eliminates the search for any carbide other than
cementite that can form. It is assumed that the excess of any element is dissolved in the ferritic matrix.

4. DRAWN STATE

Figure 4 illustrates the crystallographic orientation distribution functions of the drawn wires of the <110> fiber
only.

The first observation that can be made is the appearance of the fiber <110> at the center of the drawn wires
at €=27 %. However, this result does not mean that exactly at this deformation (¢=27 %) the fiber begins
to appear in the heart of the drawn wire. But it is rather the opposite; in view of its intensity (by contribution
to that of the periphery) this fiber could be formed too much lower deformations. And according to the literature
[3], this texture would be composed of a conventional fiber <110> related to the tensile effect and a circular
fiber <110> (110) due to the shear forces in the dies on the surface of the wire.

The second observation that can be drawn is that, during wire drawing, the fraction of this fiber becomes larger
in the center wire than on its periphery. This allows us to say that the wire drawing leads, little by little, to the
development of the fiber <110> from the periphery to the core of the drawn wire. In the case of drawing, the
stresses of the deformation are concentrated from the surface (the periphery) to the center (the heart) of the
drawn wire. At the beginning of the deformation, the intensity of the stresses is greater at the periphery than
at the center of the wire, but beyond a certain deformation this tendency is reversed and the intensity of the
stresses becomes more substantial on the grains of the heart than on those of the periphery. This explains the
inverse ratio of the fraction of the fiber <110> between the periphery and the core during drawing. Certainly
this interpretation lacks direct measurements; however, it is in perfect correlation with the measurements made
by Yue and al on a pearlitic steel [5]. On the other hand, it is entirely different from that enunciated by Abdallaoui
[3] which stipulates that the wire deforms in the core at the beginning of the drawing, and then the deformation
on the surface takes the relay at the end of drawing.

This result leaves us to conclude that the fiber <110> appeared on the periphery of the wire rod is well resulting
from a deformation present during the elaboration of the wire. And the initial texture of the wire influences the
process of any following deformation. This result is in perfect agreement with the work of Arnaud Pougis [10].

rrian = 11,858 max = 10.251
o 15,000 — {5,000
— 14,000 — 14,000
— 12,000 | — 12,000
10,000 100000
8000 £,000
goo0 | £.000
£.000 £.000
—_—2000 —_—2.000
o —_— 000 i — 000
fmiax = 16,062 it = 10,098
5 000 — 0
—_— 14000 R = 14000
% | o "0 10,000 10,000
: - 8,000 8,000
W W £.000 6,000
4.000 4.000
o —_— 2000 f — 2000
Core — 1,000 Periphery e 1000

Figure 4 ODF of the core and periphery of drawn wire
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5. DEPOSITED METAL

For this state it is the analysis of pole figures that illustrates much more clearly the redistribution of the desired
fibers. Note the presence of the three desired fibers <100>, <110> and <111> with low intensities. For the
zone shown in Figure 5, it is the fiber <111> which exhibits a signal of higher intensity. But in some areas, the
three families appear with the same intensities. This observation indicates the presence of a composite texture
in the deposited metal. The change of the angle of analysis, between the 0 ° and 90 °, resulted each time in
the same result, but with another fiber more intense according to the observed angle. This alternation in the
results leaves us perplexed as to the interpretation.

Through this study, we wanted to see the effect of the texture of the welding rod on the formation of the welding
texture (deposited metal). But our way of proceeding has not clearly clarified this point.

Al

011
Figure 5 The pole figures of the families {110}, {001} and {111} of the deposited metal

6. CONCLUSION

The interesting results that can be extracted from this study are the following:

° The texture— <110> initially present on the wire rod is the result of the predeformation caused by hot
rolling during the elaboration of the wire.

° The presence of an initial texture on the machine wire has not allowed the appearance of new fibers
during drawing.

° The wire drawing leads to the development of the fiber— <110> over the whole section of the drawn wire.

° This development is pat pat from the periphery to the heart according to applied strain.

° For this steel, there is a deformation close to 27 % from which the fraction of the fiber <110> in the core
of the wire becomes larger than at the periphery.

° The texture of the deposited metal is composed of the three families of fibers <111>, <110> and <100>
with a majority tendency for the fiber <111> in all the zones analyzed.

° The step taken has not made it possible to see in a clear and convincing way the effect of the texture of

the drawing on the formation of the texture of the deposited metal.
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