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In the paper the influence of the drawing speed on structure changes has been assessed. The Scanning Electron 
Microscope investigation confirmed that for wires drawn with high total draft, exceeding 80 %, makes it impossible 
to clearly assess the impact of drawing technology on structural changes in the drawn wires. Thus, to assess the 
structural changes necessary to apply quantitative methods. On the basis of examination of the wire structure by 
measuring of electrical resistance, the structure changes in drawn wires has been determined. It has been shown 
that the increase of drawing speed, especially above 15 m/s, causes an increase in structure defect, with a decline in 
platelet orientation of cementite in drawn wires.
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INTRODUCTION

The intensification of the drawing process changes 
the deformation conditions forcing producers to use 
new technological solutions in the field of surface treat-
ment, lubrication and drawing process [1]. 

The work of [2] shows that the application of high 
drawing speeds in the multipass drawing process of 
high carbon steel wires, on the order of 20 m/s, causes 
deterioration of lubrication condition, increased strength 
properties and a decline in plasticity and technological 
properties of the wire.

From the available scientific literature also shows 
that drawing technology significantly affect microstruc-
tural changes during the drawing process of high carbon 
steel wires [3-5]. In work [6] has shown that the degree 
of deformation, elongation and orientation parallel to 
the drawing axis of the cementite plates is dependent on 
their orientation relative to the axis of the drawing.

According to several authors [5, 7], ce-mentite 
plates arranged perpendicular to the axis of the wire to 
deform by bending and buckling, and in the case where 
these plates are arranged at angles to the axis of the de-
sire of pregnancy, very rapidly and their fragmentation. 
In connection with the above, it is believed that the 
change in the drawing conditions in the high speed wire 
drawing process, reflected by an increase in non-uni-
formity of deformation and work hardening of the wires 
should adversely affect the orientation of cementite 
platelets and increase in the degree ferrite defects.

Therefore, the present work makes an attempt to as-
sess the influence of the drawing speed on structural 
changes in high carbon steel wires.

MATERIAL AND APPLIED DRAWING 

TECHNOLOGIES

The investigation of high speed multipass drawing 
process in conventional dies performed for high carbon 
steel wire grade C78D (0,79 % C). 

Before drawing, the wire rod was patented, itched 
and phosphated. The drawing process of  5,5 mm wires 
in the final wire of  1,7 mm was conducted in 12 pass-
es, in industrial conditions, by means of a modern mul-
ti-die drawing machine Koch KGT 25/12, using con-
ventional dies with an angle of drawing 2 = 12. 

The drawing speeds in the last pass, depending on 
the variant of the drawing, was respectively: 5, 10, 15, 
20, 25 m/s. 

THE EVOULATION OF STRUCTURE 

DURING WIRE DRAWING PROCESS

Observations of structural changes in the drawing 
process of high-carbon steel wires was performed on 
scanning electron microscope Philips Inspect F. In Fig-
ure 1 show a typical high-carbon steel after patenting 
pearlitic structure of pearlite colonies developed in 
which there is a random distribution unoriented cement-
ite plates of varying lengths and thicknesses.

In the drawing process with an increase of the total 
draft gradual fragmentation of pearlite colony accompa-
nied by the gradual laying of the cementite plates paral-
lel to the axis of the wire. Thus, at work, in Figures 2 
and 3 shows an example of the structure evolution. 

The analysis shows that in pearlitic steels at total 
draft including more than 60 % there is considerable 
fragmentation of the cementite. The exact determina-
tion of the degree of orientation and fragmentation ce-
mentite requires the analysis of a number of micro are-
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as. At high magnification analysis area is relatively 
small relative to the total volume of the wire.

Accordingly, without the use of quantitative meth-
ods for assessing fragmentation and orientation of ce-
mentite platelets as described in the work [6-8], and [5], 
it can be concluded only by the examined phenomena 
qualitatively. In contrast, there is no basis for the quan-
titative comparison of orientation of the cementite 
plates in the drawn wires. 

EXAMINATION OF THE WIRE STRUCTURE BY 

MEASURING OF ELECTRICAL RESISTANCE 

The test in the previous section scanning showed 
that by drawing band structure is formed, and cementite 
platelets orientation, and degree of fragmentation de-
pends mainly on the total draft, and partly on the draw-
ing speed. These studies provide a qualitative rather 
than a quantitative image.

Accurate quantitative analysis based on SEM re-
quires a method of measuring the orientation of the ce-
mentite plates. In [5] showed that the test results ob-
tained by this method are consistent with the results of 
research based on multi-step analysis of the orientation 
of the cementite plates, and the method of measuring 
the electrical resistance on the wires with a length of 
several hundred millimeters is an important comple-
ment to the qualitative observations obtained quantita-
tive microscopic methods.

Resistivity of the material depends on a number of 
factors, such as chemical composition, level of impuri-
ties, structure defects and its value is the sum of ideal 
and residual resistance [9-10]. Wherein the ideal resist-
ance is due to the thermal vibration of atoms crystallo-
graphic lattice and is dependent on the temperature, and 
residual resistivity is independent of temperature, how-
ever, depends on the defect of steel crystal structure.

To separate the resistance is used in the literature 
known Matthiessen rule, which permits evaluation of 
the effect of deformation on the structure of the one and 
two-phase metal [10]. According to the Friedel work 
[11] the resistance depends on the dislocation density 
and the packing of the cementite in the pearlite. The 
drawing process with an increase of the total draft de-
fected structure increases, which causes increase in the 
residual resistance, whereas the ideal resistance trend is 
reversed. Namely, along with an increase in deforma-
tion increases orientation structure of pearlite grains 
initially randomly arranged to gradually change the axis 
direction of the drawing. When total draft in excess of 
60 % is already heavily targeting the structure, while the 
fragmentation of the cementite plates.

The examination of the wire structure by measuring 
of electrical resistance consists in measuring the resist-
ance of the wire at two different temperatures, i.e. at 
ambient temperature and liquid nitrogen. The relative 
change in the ideal and the residual wire resistance can 

Figure 3 Microstructure of φ 1,7 mm wire 

Figure 2 Microstructure of φ 2,19 mm wire

Figure 1  Pearlitic structure of φ 5,5 mm wire rod after 
patenting
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be determined based on the formulas (1) and (2) derived 
in [10], namely:

  (1)
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where:
i  – relative change of the ideal resistance,

r  – relative change of the residual resistance,

 –  relative change of the total resistance, 
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 – total resistance of the wire at ambient temperature,

2N  –  total resistance of the wire in the liquid nitrogen 
temperature,

z –  resistance of the deformed wire at ambient tem-
perature,

Z 2N
 –  resistance of the deformed wire in the liquid ni-

trogen temperature.
The relative change in the wire ideal resistance 

i /  determine degree of orientation of cementite 
plates to the axis of the wire (the more negative the val-
ue, the greater orientation of the structure). While the 
relative change of the wire residual resistance r /  
determine the degree of structure defect (the more posi-
tive the value, the greater the defected and work harden-
ing of material).

Research orientation of cementite platelets and de-
fects of the wire structure by electrical resistance mea-
surement was carried out for the  1,7 mm final wires. 
The tested wires were placed inside the cryostat, that 
was filled of liquid nitrogen. By the separation of cur-
rent and voltage electrodes, the influence of the wiring 
contact resistance was eliminated. The ends of the in-
vestigated wires were used as current terminals, where-
in on one side, the endings were connected through con-
ductive ring creating common electrode. As the current 
source the AX-3005D power supply with function of 
current stabilisation and integrated digital amperometer 
was used. During the experiments, constant current val-
ue I = 1A was maintained. The drop voltage  U on each 
single wire by the pair of brass contacts was picked up 
and carrying to the voltage terminals. The distance l be-
tween the probe was 455 mm. Voltage was measured 
with high accuracy by the digital multimeter RIGOL 
DM3051. The measurements were repeated three times 
for each wire.

Values of wires resistance R on the base of Ohm law 
were calculated, and then taking into consideration 

measuring length l and crosss sectional area of the 
wires, their resistivity ρ were determined. Similarly, in 
the same way, the resistivity of the wires was tested at 
ambient temperature.

On the basis of equations (1) and (2), the relative 
change in orientation of the cementite plates i /  and 
defected structure r /  for  1,7 mm wires drawn in 
the speed range of 5-25 m/s has been estimated. The test 
results are shown in the figures 4 and 5

On the basis of Figure 4 and 5 it can be observed that 
the drawing speed has a significant impact on the value 
of the changes in the ideal and residual resistance of 
drawn wires, especially at drawing speeds in excess of 
15 m/s It was found that an increase in the drawing 
speed of 5 to 25 m/s, causes the increase of the residual 
resistance of wires of about 4 %. Higher values   of resis-
tance changes r /  in the wires drawn at high speeds 
indicate that at the same level of deformation increase 
in drawing speed increases the amount of material de-
fects.

Higher relative change value of the residual resis-
tance r /  for wires drawn at high speeds, may be 
provided not only an increase defects structure, but also 
the worse friction conditions, and may also suggest a 
greater disturbance of the structure orientation. The the-
sis of a worse packing of structure of wires drawn at 
high speeds confirm the higher values   of relative chang-

Figure 4  The changes in the ideal residual resistance of drawn 
wires in drawing speed function

Figure 5  The changes in the residual resistance of drawn wires 
in drawing speed function
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es in wire resistance. Along with the increase in draw-
ing speed decreases the orientation of cementite plates.

Whereas, a significant increase in the relative ideal re-
sistance in the wires drawn at high speeds should be seen 
in higher friction at the interface between the wire and the 
die, which resulted in greater inhibition of subsurface lay-
ers of the flow relative to the axis of wire. Hence the in-
crease in drawing speed of 5 to 25 m/s resulted in a de-
crease of approximately 7 % cementite platelets orient-
ation, as confirmed by higher values i / .

CONCLUSIONS

From the experimental studies carried out, the fol-
lowing findings and conclusions have been drawn: 

Band structure in the wires drawn with high total 
draft, exceeding 80 %, makes it impossible to clearly 
assess the impact of drawing technology on structural 
changes in the drawn wires. Thus, to assess the struc-
tural changes necessary to apply quantitative methods. 
The method of measuring the wires resistivity allows to 
determine the influence of drawing speed on structural 
changes in the drawn wires. The increase of drawing 
speed, especially above 15 m/s, causes an increase in 
structure defect, with a decline in platelet orientation of 
cementite. This is due to the deterioration of lubrication 
conditions at the interface between the wire and die. 
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