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ent on the drawing speed. For wires drawn at low speeds, i.e. 
5 and 10 m/s, an increase in strength properties by 45 MPa, on 
average, was noted. By contrast, for wires drawn at a high speed 
of 25 m/s, the ageing phenomenon had a reverse behaviour, 
manifesting itself in a decrease in yield strength and tensile 
strength, on average, by 30 MPa. It was also demonstrated that 
differences in strength properties between wires drawn at speeds 
of 5 and 25 m/s decreased with the increase in ageing time. Im-
mediately after drawing, differences in yield strength and tensile 
strength between wires drawn at speeds of 5 and 25 m/s were 
about 110 MPa, while after a year (8760 hours) of the drawing, 
these differences decreased to approx. 40 MPa. The obtained 
results are indicative of dynamic ageing phenomena in drawing 
at high speeds, above 15 m/s. Immediately after drawing, a very 
quick first ageing stage takes place, which is associated with the 
migration of carbon atoms dissolved interstitially in the ferrite 
phase to dislocations and then their fixing. The degree of those 
changes is dependent on the drawing speed; namely, the higher 
the drawing speed, the more dynamic the process becomes. 
High deformation speeds and a high wire temperature exceed-
ing 1000°C [2] in the top layer may simultaneously accelerate 
the second ageing stage manifesting itself in the migration of 
carbon atoms from the cementite to dislocations in the fer-
rite. Whereas, the explanation of the causes of the decrease of 
strength properties in wires drawn at high speeds is complex. 
The decrease in tensile strength may suggest the occurrence 
of the third ageing stage, called over-ageing in the literature 
[8], which is responsible for the formation of carbon clusters, 
recovery and carbide precipitation. On the other hand, the third 
ageing stage occurs when heating up steel at high temperatures 
within longer time units. In drawing at high speeds, short-time 
heating of wire up to a temperature exceeding 1000°C takes 
place in the drawing die; after exiting the drawing die, a fast 
decrease in wire temperature occurs; and once on the drum, the 
wire has a temperature of around 200°C, which would contradict 
the occurrence of the third ageing stage. It is presumed that 
after a high-speed drawing process, so-called pseudo-ageing 
might occur. Nevertheless, to confirm this phenomenon, the 
author plans to carry out further metallographic examinations 
and investigation including differential scanning colorimetry 
(DSC) measurements.

As regards the plastic properties of wire, the tests have 
shown explicitly that the ageing phenomenon, regardless of 
the drawing speed, causes a decrease in wire plastic properties, 
as confirmed by the results illustrated in Figs. 5-7. Depending 
on the drawing speed, wires examined after 1 year, compared 
to wires examined immediately after drawing, exhibit uniform 
elongation and total elongation values smaller, on average, by 
9%, and a reduction of area smaller by 2%. 

Figures 8-9 depict the effect of ageing on the technological 
properties of wire. 

The obtained results do not confirm some literature data [12] 
that show a significant effect of ageing on the obtained numbers 
of wire twists and bends. No significant influence of ageing on 
the increase in wire susceptibility to delamination in the torsion 

test has been demonstrated, either. The tests carried out within 
this study have confirmed that, depending on the drawing speed 
and ageing time, either a slight increase or decrease in technologi-
cal properties may occur, with these differences ranging from 
0.2 to 4%, maximum. 

According to the author, in the process of multi-stage draw-
ing, due to the high degree of strengthening (usually wires from 
high-carbon steel are drawn with a total draft exceeding 90%) 
and much higher strain rates than those occurring during drawing 
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Fig. 5. Variation in uniform elongation Ar as a function of ageing time 
for wires drawn at a different drawing speed
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Fig. 6. Variation in total elongation Ac as a function of ageing time for 
wires drawn at a different drawing speed
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Fig. 7. Variation in the reduction of area Z as a function of ageing time 
for wires drawn at a different drawing speed






