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In this paper, the influence of preferential grain orientation was examined. Parallel tests were conducted on the 
samples from the same steel strip, taken in the direction and perpendicular to the direction of rolling the strip. Steel 
strip has a homogeneous fine-grained ferrite-pearlite microstructure. Using the methods of thermography it has 
been found that at the beginning of the plastic flow Lüders bands occur, pointing to the fact that the preferential 
grain orientation, in the case of steel with the fine-grained ferrite-pearlite microstructure, has no effect on the ap-
pearance of the Lüders bands. 
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INTRODUCTION

Niobium microalloyed steels have been developed 
in the second half of the last century. With the addition 
of very small quantities of the microalloying element 
and the proper selection of thermomechanical process-
ing parameters at each stage, it is possible to produce 
steel with significantly better mechanical properties [1]. 
Niobium microalloyed steels have a fine ferrite-pearlite 
microstructure and very good mechanical and techno-
logical properties.

However, it has been noted that Lüders bands occur 
at subsequent cold deformation [2]. The appearance of 
non-homogeneous deformations, i.e. Lüders bands, rep-
resents the undesirable occurrence during metal form-
ing. Therefore, intensive researches on Lüders bands 
were conducted on a variety of metallic materials, 
which are significant for the industry. Lüders bands 
were found a long time ago [3].

Later research on their appearance, linked them with 
the Cotler’s atmospheres of carbon atoms [4]. However, 
the research methods at that time could not fully clarify 
the formation of the Lüders bands. With the develop-
ment of digital technology, new methods have been dis-
covered and existing ones were improved, so they could 
provide the information on how the Lüders bands are 
formed, and what affect the formation and propagation 
of Lüders bands. The methods of thermography with a 
static tensile test, are the most commonly used methods 
for research on Lüders bands [5,6]. In recent years, 
Lüders bands are again intensively being studied. It has 
been reported that Lüders bands occur in different metal 
materials such as steels [7], copper [8], and aluminum 
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alloys [9]. The investigations were conducted on the in-
fluence of the sample thickness [10], strain, strain rate 
[11-15], chemical composition [16,17], and initial 
structure.

The numerous studies have been carried out on the 
influence of the initial structure on the appearance of 
Lüders bands [18-22]. Grain size has a significant influ-
ence on the appearance of Lüders bands [19]. They occur 
if the grain is less than 10 μm [20]. So far, the influence 
of the grain orientation on the appearance of the Lüders 
bands in steels has not been defined. With transmission 
electron microscopy (TEM) it is possible to determine 
the preferential orientation of the steel grain. Investiga-
tions on TRIP steel with a fine-grained structure have 
shown that, regardless of the direction of rolling, Lüders 
deformations occur after reaching the yielding point [21].

This paper investigates the influence of preferential 
grain orientation on the appearance of Lüders band in 
the cold deformation of hot-rolled steel strip from nio-
bium microalloyed steel. Parallel tests were carried out 
on samples from same steel strip taken in the rolling 
direction and perpendicular to the rolling direction of 
the strip.

MATERIAL AND EXPERIMENTAL

Study was performed on low carbon steel, micro-
alloyed with 0,048 % niobium. The chemical composi-
tion of steel is given in Table 1. 

Table 1 Chemical composition / wt. %

 C Mn Si P, S Al Nb N
0,12 0,78 0,18 <0,0018 0,02 0,048 0,008

Thermo-mechanical treatment was conducted and 
370 × 3,0 mm strip was rolled. Metallographic analysis 
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of the strip structure was performed in the direction and 
perpendicular to the rolling direction. 

Also, the transmission electron microanalysis was 
carried out on the sample taken in the direction of the 
rolling. Samples for the investigation of the appearance 
of Lüders bands were also taken in the direction and 
perpendicular to the direction of rolling. 

Tests were performed by metallographic analysis 
and transmission electron microanalysis (TEM) of the 
initial microstructure. The Lüders bands were investi-
gated using thermography and digital image correction 
during static tensile test. Metallographic tests were per-
formed on an optical microscope «Olympus DP70». 
TEM was carried out on one sample prepared by a foil 
method and tested on the JOEL transmission electron 
microscope at the electron acceleration of the 200 kV. 

Samples for static tensile testing were sanded and 
the black matt coating with an emissivity factor of 0,95, 
was applied to them. The static tensile test was carried 
out on a Zwick 50 kN testing machine, at stretching rate 
of 10 mm/min. 

Thermographic measurements were carried out with 
infrared camera VarioCAM® M82910, JENOPTIK. 
Before measuring, the temperature of the sample surface 
was measured with the contact thermometer P410, with 
the type K probe and the relative humidity was 
determined with the hydrometer. Then the camera was 
calibrated. Measured data was analyzed by the IRBIS 3 
professional software package.

RESULTS AND DISCUSSION

Results of metallographic analysis on the samples in 
the direction and perpendicular to the rolling direction 
of steel strip are on Figure 1.

From the Figure 1, it is apparent that the hot-rolled 
strip has a homogeneous fine-grain ferrite-pearlite mi-
crostructure, both in the direction and perpendicular to 
the rolling direction. Grains are approximately equal in 
size and less than 20 μm. Lesser structure orientation is 
observed in the samples taken perpendicular to the roll-
ing direction.

Detailed research by transmission electron micro-
analysis on the recrystallization mechanisms, Figure 2, 
clearly shows that even after the cooling and phase 
transformation, a certain preferential orientation of the 
grain is present in the structure. This means that there is 
a certain degree of texture in the hot-rolled strip.

It is noted that within small grains there is a high 
density of dislocation, which is confirmed in Figure 3. 
Within the grains there is a high density of dislocation, 
and they are in contact with precipitates.

Figure 4 shows the recorded force – elongation dia-
grams. At all samples, in the direction and perpendicu-
lar to the rolling direction, the non-homogeneous defor-
mations are noted at the beginning of the material plas-
tic flow. Table 2 shows the mechanical properties of the 
steel strip.

Rolling direction

Perpendicular to the rolling direction

Figure 1  Metallographic analysis of samples in the direction 
and perpendicular to the direction of rolling strip

Figure 2 The orientation of grains after rolling of steel

Figure 3 Precipitates and dislocations in steel [3]

From Table 2 it can be concluded that the strip has 
homogeneous mechanical properties, both in the direc-
tion and perpendicular to the rolling direction. 

The results of the research on the beginning of the 
plastic flow of steel by the method of thermography are 
shown in Figure 5.
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The qualitative thermographic analysis clearly shows 
that in this steel, at the beginning of the plastic flow, the 
appearance and the propagation of the Lüders band is 
present. The appearance of Lüders bands was observed in 
all samples, regardless of the rolling direction, pointing 
to the fact that the orientation of the grains does not influ-
ence on the appearance of the Lüders bands. 

Quantitative line analysis by thermography method 
shows that temperature changes are approximately 
equal, regardless of the direction of sampling. 

When the Lüders band propagates through the entire 
deformation zone, the maximum temperature change 
behind Lüders’s forehead was measured 5 °C. In the 
case of samples taken in the rolling direction, it is high-
er by 0,75 °C in relation to the measured temperatures 
on samples taken perpendicular to the rolling direction. 

Although the conducted metallographic analysis 
shows the presence of the polygonal ferritic-perlitic 
grains in structure, it is expected that there is a certain 
degree of grain that is oriented. Measured differences in 
temperature changes may be associated with the very 
poorly expressed preferential grain orientation.

CONCLUSION

From research it can be concluded that as far as the 
thermo-mechanical processing of the hot-rolled strip is 
properly carried out, it has a homogeneous fine-grain 
structure. The preferred orientation of the grain has no 
effect on the appearance of the Lüders bands. At the 
same testing conditions, Lüders bands appear evenly in 
the samples taken in the direction and perpendicularly 
on the rolling direction of the strip.

It was found that preferential grain orientation has a 
temperature change behind the Lüders front.

A more detailed analysis of microstructure by the 
EBSD method will be able to clarify the observed small 
differences in amounts of the temperature and stresses 
behind the Lüders front.
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Figure 4  Metallographic analysis of the samples in the 
direction and perpendicular to the rolling direction 

Table 2 Mechanical properties of hot-rolled strip

The direction of taking 
samples

Rp / 
MPa

Rm  / 
MPa

Elongation /
%

Rolling direction 552 591 25,52
Perpendicular to the 

rolling direction
577 634 24,55

a

b

Figure 5  The appearance and propagation of Lüders bands at 
the beginning of the plastic flow of material: a) in 
rolling direction, b) perpendicular to rolling direction
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