
Vol.:(0123456789)1 3

Archives of Civil and Mechanical Engineering (2022) 22:10 
https://doi.org/10.1007/s43452-021-00331-2

ORIGINAL ARTICLE

Investigation of the workability and surface roughness of thin brass 
wires in various dieless drawing technologies

Andrij Milenin1  · Mirosław Wróbel1  · Piotr Kustra1,2 

Received: 8 July 2021 / Revised: 20 October 2021 / Accepted: 30 October 2021 / Published online: 16 November 2021 
© The Author(s) 2021

Abstract
Possibilities of improving the workability of the CuZn37 brass thin wire in a diameter of 0.14–0.18 mm produced by the 
dieless drawing processes were explored. The workability was defined as the maximum final longitudinal strain of the wire 
up to its fracture, achievable in the dieless drawing process. Two technologies of dieless drawing were developed and their 
workability was compared. The first one is the classical one-pass process; the second, a multi-pass one. For both developed 
technologies, it was possible to obtain a good-quality product but more than two times higher workability has been demon-
strated for the multi-pass technology. No evident effect of the deformation temperature from the window of technologically 
accepted parameters on the workability was found but an increase in the temperature significantly increased the roughness of 
the product surface. For the same deformation temperature, the roughness of the wire obtained from the multi-pass process 
appeared to be significantly lower than for the one of the classical one-pass technologies.
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1 Introduction

Thin wires made of copper-based alloys are widely used in 
the industry, robotic, filtration, etc. Beyond this, thin brass 
wires are commonly used as the electrically charged wires 
in electric discharge machining [1] and jewelry manufactur-
ing [2]. The conventional manufacturing technology of thin 
brass wire is based on a drawing in dies with diamond cores. 
The use of a die significantly increases the cost of the pro-
cess. On the other hand, conventional wire drawing technol-
ogy requires the use of some lubricants, and their removal 
from the final product by chemical treatment degrades the 
surface quality and is not harmless to the natural environ-
ment. Thus, this technology is quite expensive [3].

The dieless drawing (DD) technology can provide solu-
tions to the above problems. The DD process is based on 
a wire or tube stretching with simultaneous local heating 
of the deformation zone. The heated zone moves along the 

deformed product. An electric furnace, inductor, or laser is 
usually used as the heat source. To the best of our knowl-
edge, DD technology was invented by Weiss and Kot [4]. 
DD enables to obtain a product with a variable cross-sec-
tional shape and size of the product along its length [5], 
which is impossible to obtain with conventional drawing or 
extrusion. Also, DD can be used in conjunction with con-
ventional wire drawing [6].

High productivity due to a relatively large possible cross-
section reduction in a single pass is a significant advantage 
of this technology. An investigation of this problem was a 
motivation for our study. The workability of the material is 
defined as the maximum final cross-section reduction (or 
longitudinal strain) of the wire up to its fracture achievable 
in the DD process. Up to 72% in the cross-section reduc-
tion of the single-pass was successfully applied by Tiernan 
and Hillery [7] during DD of a carbon steel wire. In the 
case of a commercial-grade nickel, the workability signifi-
cantly increases when the process is conducted in an inert 
gas atmosphere and the single-pass maximum reduction in 
the area can reach 30–40% [8]. Such workability is possible 
due to the high temperature in the deformation zone and the 
absence of friction between the die and the wire. This tech-
nology allows the production of a very thin wire, in diameter 
limited by the precision of the process parameters control. 
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E.g. Li et al. [8] reported the development of a laser dieless 
drawing (LDD) technology for a commercial-grade nickel 
wire with diameters of 0.125–0.5 mm. Potentially, DD may 
allow obtaining a wire with a much smaller diameter but two 
important problems must be solved.

The first one is the optimal choice of process parameters 
to achieve maximum stability of deformation in the deforma-
tion zone and, consequently, high workability and uniformity 
of the diameter along the length of the processed wire. One 
of the possible solutions to this problem was proposed in 
work [9] for LDD of tubes, made from magnesium alloy. 
The idea behind this approach is to perform multi-pass die-
less drawing (MPDD) with small increments of strain in 
each pass, which slows down the formation of the neck in 
the deformed material and, in consequence, improves work-
ability. This approach reduces diameter unevenness along 
the length of the wire and improves the workability of the 
material in the MPDD process.

By the effectiveness (E) of the MPDD process, we mean 
the ratio of the workability in multi-pass deformation to this 
value obtained by a single-pass conventional DD process. 
The effectiveness of MPDD depends on the stability of plas-
tic deformation in the deformation zone, which is related to 
the sensitivity of the flow stress of the deformable material 
to strain, strain rate, and temperature. With the high stability 
of plastic deformation, the MPDD method becomes more 
efficient. As a basis for numerical estimation of stability of 
plastic deformation during DD and MPDD, the Considère 
criterion [10] can be used in the form of an equation:

where σ flow stress and ε effective strain.
The criterion has been used frequently in the literature, 

also for a complex stress–strain state deformation [11], and 
sometimes is expressed in the form of the following param-
eter K [12]:

Since the flow stress σ depends on temperature t, effective 
strain ε and strain rate ξ, Eq. (1) can be expressed as [13]

For DD, Eq. (3) was also applied by Li [14]. Accord-
ing to He et al. [15], direct use of the Eqs. (1–3) for DD 
usually does not lead to success, and based on their paper, 
experimentally determined maps of the stable processing 
limit parameters are recommended. In our opinion, the Con-
sidère criterion can be used with caution for the DD pro-
cess, provided that the stress and strain states are correctly 
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determined. Thus, this criterion can be directly implemented 
in the Finite Elements (FE) model of DD similarly as was 
earlier proposed and tested in work [16].

As follows from Eq.  (3), one of the possibilities of 
improving the stability of deformation in the DD processes 
is to increase ∂σ/∂t by rapidly cooling the material behind 
the deformation zone. The local increase in the wire tem-
perature should locally start the plastic deformation and then 
the cooling of the deformed material after it leaves the defor-
mation zone should stop the deformation due to an increase 
in the flow stress when the temperature decreases. The rapid 
cooling DD was described in the literature (e.g. Ref. [17]).

For linear stretching, K < 1 corresponds to the condition 
when the process of plastic deformation becomes unstable. 
In the process of DD, the cooling of the material after leav-
ing the heating zone is a factor that further stabilizes the pro-
cess. This leads to the increased flow stress corresponding to 
cooling ceasing the initiated strain instability. Therefore, the 
DD process is usually more stable than linear stretching at a 
uniformly distributed temperature in the sample.

The loss of stability and the subsequent localization of the 
deformation is a stage preceding the fracture of the material 
during DD of sufficiently ductile materials. In this case, the 
fracture mechanism limiting the workability of the material 
in DD is based on necking in the deformation zone. Another 
mechanism is the exhaustion of the ductility limit, which is 
typical for low ductile materials, such as some magnesium 
alloys. In the case of highly ductile materials (or a prop-
erly selected heating temperature, which makes the material 
highly ductile), the deformation conditions can be chosen 
so that the value of the stability parameter is high. This will 
allow avoiding early necking and, as a result, will improve 
the workability of the materials in the DD process. Such 
conditions can be achieved in the MPDD process by reduc-
ing the strain increment and repeating the process several 
times. This approach works best when heating the wire in 
every pass leads to a complete or at least partial restoration 
of the mechanical properties of the deformed material [16].

Thus, it can be concluded that the conditions for the 
occurrence of instability of deformation and material frac-
ture during DD have been well studied. Moreover, the 
MPDD method was proposed for improving the workability 
due to the deformation of the material at high values of the 
stability parameter (2). This is achieved through the use of 
the MPDD, which makes it possible to divide the process 
into many small steps, in each of which a high value of the 
parameter (2) is achieved and the mechanical properties of 
the material are fully or partially restored. However, the 
efficiency of the MPDD process is strongly dependent on 
the rheological parameters of the material. Thus, the pro-
cessing of a new material requires an investigation of the 
sensitivity of the flow stress to strain and the strain rate at 
different temperatures. On the other hand, the choice of the 
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deformation temperature is also extremely important. Over-
heating can lead to intense oxidation and high-temperature 
fracture of copper-based alloys [18], underheating can lead 
to low ductility.

In the present study, a methodology of a multi-pass 
MPDD was successfully developed for CuZn37 brass wire 
and applied for thin wire manufacturing. Estimating the gain 
in the workability of the deformation process was the main 
goal of the present work. Selection of optimal parameters 
maximizing the workability of the CuZn37 brass wire with 
a diameter in the range of 0.14–0.18 mm was the operational 
goal of our work.

When searching for the optimal technology offering 
the maximum workability, we have to keep in mind that 
some combinations of parameters can deteriorate the sur-
face roughness of the product. The surface roughness is 
an important problem of the thin wire technology, which 
decides about the quality of products. Therefore, an inves-
tigation of the surface roughness was the second objective 
of the present work.

An increase in the roughness results both from the strain 
and oxidation. The strain effect on roughness was reported 
by Furushima and Manabe [19] and identified as a source 
of decrease in the DD workability [20]. The reason for the 
appearance of the strain-induced roughness is the inhomo-
geneity of the mechanical properties of the material, caused, 
as a rule, by the crystallographic texture and grain structure 
of the material. That is why the study of texture and micro-
structure was also necessary to explain the strain-induced 
roughness changes. The roughness problem was a subject of 
our previous study by theoretical [21] and experimental [22] 

methods, but an effect of MPDD on the product roughness 
has been omitted in the literature. Thus, this effect was a part 
of the present study.

2  Materials and methods

2.1  Materials

A commercial cold-drawn CuZn37 brass wire, in a diameter 
of 0.2 mm (d0), was used as a workpiece. The metallographic 
microscope Axio Imager M1m by ZEISS and the scanning 
electron microscope (SEM) Inspect S50 by FEI were used 
for the microstructure characterization. The optical profiler 
Wyko NT930 by Veeco was used for surface roughness 
measurements.

The crystallographic texture orientation distribution 
function (ODF) was calculated by a commercial LaboTex 
software [23] for a set of incomplete pole Figs. 111, 200, 
220, and 311 measured on the Panalytical Emperyan dif-
fractometer by the Schulz reflection methodology [24]. The 
lack of sample symmetry and cubic crystal symmetry was 
assumed in the calculations.

The wire had [111] fiber texture, typical for the drawn 
wires (Fig. 1), the grains were elongated in the wire axis 
what is typical for highly deformed materials (Fig. 2a), and 
the wire surface was covered with clear traces of the tool 
(Fig. 2b). The surface roughness Ra was equal to 0.12 µm 
(Fig. 3). Some duplex fiber textures of [111] and [100] ori-
entations are usually developed in brass deformed by wire 
drawing and the first of them is usually much stronger [25]. 

Fig. 1  Crystallographic texture (ODF), input wire
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In our wire texture, the component [100] was almost com-
pletely absent what can be associated with a relatively large 
amount of cold deformation. Such crystallographic texture in 
the DD process can cause the appearance of strain-induced 
roughness.

2.2  Methods

2.2.1  Conventional dieless drawing and multi‑pass dieless 
drawing

The schematic and general view of the setup used in the 
experiment is shown in Fig. 4a and b, respectively. Bob-
bins [Fig. 4(4)] rotate at different speeds, providing the 
deformed wire velocities V0 and V1 (V1 > V0) by engines (5). 
The bobbins’ speeds are controlled by dedicated PC soft-
ware [Fig. 4(7)]. The engineering formula derived assuming 
constant volume was used to describe the wire longitudinal 
strain in a single pass:

An electric mini-furnace 20 mm long and 0.5 mm in 
diameter, was used as a heating device [Fig. 4(2)], but our 
setup allows alternative use of a laser [Fig. 4(8)] or an induc-
tion heater. Support rollers [Fig. 4(3)] were used for mechan-
ical stabilization of deformed wire [Fig. 4(1)].

(4)�pass = 1 −
V0

V1

.

Fig. 2  The microstructure; start-
ing wire, metallographic micro-
scope (a) and surface image, 
SEM, secondary-electrons (b)

Fig. 3  The roughness of the input wire

Fig. 4  Scheme a and general view of the setup b: 1—wire; 2—elec-
trical heating device; 3—support rollers; 4—bobbins; 5—engines; 
6—power supply for the electrical heating device; 7—a computer 

with software for the process control; 8—alternative laser heating 
device (in the waiting position)
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The paper explores two processes. Conventional one-pass 
DD is the first one. In this process, the velocity V1 mono-
tonically increased until the wire broke. In such a way, the 
maximum strain of the wire can be determined for given 
conditions.

The second process was MPDD. To carry out MPDD, 
at precise times, the bobbins’ rotation direction is reversed, 
according to the number of passes. In this experiment, 
every single pass was similar to a DD process; however, 
the amount of strain in each pass was much smaller, corre-
sponding to the one required for the process stability, and the 
strain was the same for each pass. The passes were repeated 
many times by changing the bobbins’ rotation direction and 
speeds until the wire breaks. For both processes, the mini-
mum diameter of the final product corresponds to the maxi-
mum workability.

2.2.2  Plastometry

The correct relationship between the flow stress and the 
strain, strain rate, and temperature is of key importance 
to assessing the stability of deformation during DD and 
MPDD. In the present study, the Hensel–Spittel equation 
was used as the flow stress model [26]:

where A, m1-m8—empirical coefficients; its values were 
experimentally determined from the results of the compres-
sion tests.

The test parameters covered temperature and the strain 
rate range of 400–650 °C and 0.3–1  s−1, respectively. At 
least three samples with a diameter of 4 mm and a height of 
6 mm, which were cut from an extruded rod, were used for 
each point of the measurement grid. The compression tests 
have been performed on a Zwick250 machine. A graphite-
based MOLYKOTE P-37 Thread Paste, recommended for 
high-temperature plastometric compression tests, was used 
as a lubricant. The raw experimental data (i.e., the force vs. 
displacement) were processed using the inverse technique 
[27]. In this technique, empirical coefficients of the Eq. (5) 
were fitted in such a way that the differences (δ) between 
the calculated (Pcalc) and the measured (Pexper) force were 
minimal:

where k is the sample number and n is the number of meas-
urement points in one sample.

The procedure is described in detail elsewhere [28].
Following coefficients of Eq.  (5) have been found as 

a result of the inverse analysis of the plastometric tests: 
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A = 81,259.14, m1 = −  0.004279279, m2 = 0.09383521, 
m3 = − 0.03657546, m4 = − 0.004250721, m5 = 6.06186E-05, 
m6 = − 0.4821499, m7 = 0.000317437, m8 = − 0.596443559. 
A comparison of the experimental data and the recalculated 
ones is shown in Fig. 5 (thin solid lines and thick dot/dashed 
lines, respectively). The medium standard deviation is equal 
to 4.8% and its maximum value for all curves is equal to 
9.2% only. The above coefficients were used to determine 
the stress–strain relationships shown in Fig. 6.

2.2.3  Finite element simulation

The commercial QForm software was used for the finite 
element (FE) simulation. Theoretical basis and examples 
of this software applications have been described by Biba 
et al. [29]. For the present simulation, a model of the rigid-
plastic incompressible body was chosen. Flow stress data 
were implemented in the form of Eq. (5). Model geometry 
(Fig. 7) exactly matches the experimental conditions and the 
heating device was assumed to be motionless. Kinematic 
boundary conditions were set. On the ends of the wire, the 
velocities V0 and V1 were imposed. The K parameter value 
was calculated in every node of the FE grid at each time step 
by Eq. (2). To do this, a special script has been written in 
the LUA language [30]. The following boundary conditions 
were assumed in the simulation. The heat transfer coefficient 
in the heating device was 250 W/m2 °C; in air 120 W/m2 °C. 
The data were taken from the Qform database. The air tem-
perature was 20 °C, the heating device temperature was set 
following the results of measurements by thermocouple and 

Fig. 5  Dependence of the load (P) during plastometric compressive 
tests of the CuZn37 alloy sample on the tool displacement: thin solid 
lines—experimental values; thick dashed lines—the ones calculated 
based on the FE simulation results; SR strain rate
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was 400 °C. Kinematic conditions (velocities V0 and V1) 
were set under the experimental conditions.

3  Results and discussion

Illustrative relationship of the K parameter vs. strain, for the 
deformation temperature and strain rate equal to 400 °C and 
0.1  s−1, respectively, is shown in Fig. 8. This figure allows 
to estimate approximately the amount of strain up to which 
the process of simple stretching is stable (K = 1 corresponds 
to a strain of 0.07). However, as described above, this value 
cannot be directly used to assess the stability of the DD 
and MPDD processes due to the differences between simple 
stretching and DD. A more adequate estimate requires FE 
modeling.

Selected results of the FE simulation and experiments 
for DD and 8–16 passes of the MPDD one are collected in 
Table 1 and Figs. 9, 10, 11, 12, 13. Typical distributions 
of the K parameter along the deformed wire are shown in 
Fig. 9 for the DD (a, c) and MPDD (d) processes. The neck 

development up to the wire fracture corresponding to val-
ues of K < 1 as can be seen for the DD process (Fig. 9c). 
Cup and cone tensile fracture formed for this sample, shown 
in Fig. 10, is typical for the ductile metals. On the other 
hand, the stability of the MPDD process is evident (K >  > 1) 
(Fig. 9d).

The temperature dependence of the workability in DD 
process turned out to be non-monotonic (Table 1, variants 
no. 1–4). Generally, the ductility of copper and its alloys 
shows the intermediate temperature embrittlement (ductil-
ity trough behavior). This feature lies in the non-monotonic 
part of the ductility vs. temperature dependence. E.g., cop-
per alloys ductility determined in tensile tests dramatically 
decreases with increasing temperature from 42.6% in 20 °C 
to 0.7% in 500 °C for CuCo2Be alloy, see table 2 in Ref. 
[31]. This effect is related to intergranular segregation of 
alloying additions or impurities [18]. A similar effect was 
observed by us during DD of the CuZn37 alloy when the 
temperature raised above 400 °C (Table 1, lines 3–6). In that 
case, the fracture mechanism occurs precisely along grain 
boundaries (Fig. 11), in accordance with the above concept.

Fig. 6  The flow stress of the CuZn37 alloy for selected strain rates and temperatures: 400 °C (a), 500 °C (b), 600 °C (c)

Fig. 7  FE model of the process used in the Qform program, pro-
cessed wire (1), a heating device (2)

Fig. 8  Illustrative relationship of the parameter K vs. strain, for the 
deformation temperature and strain rate equal to 400 °C, and 0.1  s−1, 
respectively
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Thus, nearly the same workability was found for tem-
peratures of 400 and 600 °C, and for other temperatures 
the values were significantly lower. For an industrial pro-
cess, a temperature of 400 °C can be recommended, since 
an increase in the temperature accelerates oxidation of the 
surface. Therefore, a temperature of 400 °C was chosen also 
for the MPDD process performed with a significantly dif-
ferent partial longitudinal strain i.e., 0.091 (Table 1, variant 

no. 5) and 0.048 (Table 1, variant no. 6). For both cases, the 
increase in the final longitudinal strain to wire breakage was 
more than double that of the DD process (Table 1, variant 
no. 2). The improvement in the workability of the mate-
rial during MPDD (compare variants 2 and 5 in Table 1) is 
directly related to an increase in the stability of plastic defor-
mation, which quantitatively corresponds to higher values 
of the parameter K (Fig. 9a and d). At large values of K, the 

Table 1  Selected results of the 
FE simulation and experiments

In Table 1, V0, V1 wire velocities during DD and MPDD, εpass longitudinal strain, calculated by Eq.  (4), 
n number of MPDD passes, dfinal final diameter of wire before fracture, td the temperature in the heating 
device, measured by thermocouple, tFEM maximal temperature of wire in the deformation zone, calculated 
by FE model, εfinal final longitudinal strain, calculated using value dfinal and equation εfinal=− 2ln(dfinal/d0); 
E—process efficiency calculated using equation E = εfinal_MPDD/εfinal_DD

Experi-
ment no.

V0, mm/s V1, mm/s εpass n dfinal, mm td, °C tFEM, °C εfinal E

1 12.16 14.7 0.173 1 0.184 300 262 0.167 –
2 12.16 18.1 0.328 1 0.170 400 347 0.325 –
3 12.16 16.7 0.272 1 0.175 500 437 0.267 –
4 12.16 18.2 0.332 1 0.170 600 531 0.325 –
5 12.16 13.38 0.091 8 0.137 400 351 0.757 2.33
6 12.16 12.77 0.048 16 0.136 400 353 0.771 2.37

Fig. 9  Selected results of the 
FE simulation: a, b, c—DD, 
Table 1 variant no. 2; d, e—
MPDD, first pass, Table 1, vari-
ant no. 5; a, c, d—distribution 
of K value in the deformation 
zone; b, e distribution of longi-
tudinal strain; c neck formation 
for V1 > 18.1 mm/s, distribution 
of K value

Fig. 10  Cup a and cone b ten-
sile fracture, DD wire processed 
according to variant no. 2 from 
Table 1, SEM secondary-elec-
tron image
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localization of the deformation in the form of a neck is sup-
pressed, which increases the maximum possible elongation 
of the workpiece (increase of workability).

Surprisingly, tool marks typical for the starting wire sur-
face almost completely disappeared after DD (Figs. 2b and 
12) and the surface image of the DD and MPDD processing 
wire is very similar (Fig. 12a and b). However, DD signifi-
cantly increased surface roughness (Figs. 3, 13). Such an 
effect is induced by a non-constrained strain of the subsur-
face grains and can cause significant difficulties during the 
application of the DD and MPDD for the manufacturing of 
the extremely thin wire.

To study the dependence of roughness on temperature, 
additional DD experiments were carried out, in which the 
temperature conditions for variants 1–4 from Table 1 were 
repeated. The differences with the data in Table 1 were asso-
ciated with the final deformation—for all temperatures, the 
final longitudinal strain was 0.17. The results of this experi-
ment showed that an increase in the DD temperature leads 
to an increase in the product surface roughness. Illustrative 
results are shown in Fig. 14a. For DD processing of wires 
up to the same strain of 0.17, the greatest increase in the 
roughness was registered for the temperature of the wire in 

the deformation zone of 262–347 °C, which corresponded 
to temperatures in the heating device 300–400 °C (Fig. 14a). 
Further, the increase of the roughness slows down.

The study of the dependence of roughness on longitudi-
nal strain also required a repetition of the DD and MPDD 
experiments with sampling at each strain value. Measured 
roughness versus temperature and longitudinal strain is 
shown in Fig. 14b. Each point in this figure corresponds to 
a different DD or MPDD experiment. The statistical meas-
urement error was obtained by performing three roughness 
measurements on each sample. The degree of longitudinal 
strain was determined by measuring the final diameter of 
the wire after processing and then calculating it using an 
engineering formula εfinal=2ln(dfinal/d0).

The roughness of MPDD processed wires seems to be 
a little lower than that of the DD ones, after similar defor-
mation imposed at the same temperature (Fig. 14a and b). 
To the best of our knowledge, some decrease in roughness 
during MPDD was for the first time reported by Furushima 
et al. [32]. Their explanation of this phenomenon based on 
an empirical relationship describing the stretching effect 
of the roughness due to large elongation of the sample 
[33]. However, such an explanation does not answer the 
question why, with the same elongation, the roughness of 
the wire after MPDD is lesser than after the conventional 
process. In our opinion, the use of MPDD under condi-
tions of high stability of plastic deformation reduces local 
differences in the product diameter along its length, which 
results in a reduction of roughness, as it was shown in Ref. 

Fig. 11  Grain boundaries microcracks, the heating device tempera-
ture of 500 °C, line 3 in Table 1 (drawing direction is along the verti-
cal axis)

Fig. 12  The surface of the wire 
after DD (a) and MPDD (b), 
Table 1, variants nos. 2 and 5, 
respectively; SEM secondary-
electron images

Fig. 13  The typical roughness of the wire after MPDD



Archives of Civil and Mechanical Engineering (2022) 22:10 

1 3

Page 9 of 10 10

[14]. However, a detailed proof of this statement is beyond 
the scope of the present study. Thus, this effect may be 
related to the differences in the strain distribution on the 
wire cross-section and will be addressed in future studies.

4  Conclusions

1. More than two times higher workability was observed 
for the multi-pass dieless drawing of the CuZn37 brass 
wire with the initial diameter of 0.2 mm to the final 
diameter of 0.14–0.18 mm in comparison with the con-
ventional one-pass dieless drawing process. This effect 
was related to significantly higher stability of the defor-
mation during the multi-pass drawing process.

2. No evident effect of the dieless drawing temperature on 
the workability was found, regarding the temperature 
from the technological window of the process. On the 
other hand, an increase in the temperature results in an 
increase in the product surface roughness.

3. When using multi-pass dieless drawing, the roughness 
of the final wire is comparable or less than the rough-
ness after the conventional process. Considering that the 
multi-pass dieless drawing allows achieving a signifi-
cantly greater longitudinal strain of the wire, this means 
that the new process not only increases the workability 
but also inhibits the development of the strain-induced 
surface roughness of the final wire.

4. The optimal parameters of the multi-pass dieless draw-
ing process of the thin CuZn37 brass wire were as 
follows: the temperature of the heating device equal 
to 400 °C (which in turn results in the temperature of 
347 °C of the material in the deformation zone), the 
deformation increment per pass is 0.048–0.09, the ini-
tial and final wire speeds in the experimental setup of 
12.6 mm/s and 12.77–13.38 mm/s, respectively.
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