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Аннотация. В статье анализируется потребление энергии при волочении стальной проволоки для маршрутов с различной кратностью. 

Авторы сравнивают маршруты волочения проволоки различной кратности с одинаковым суммарным обжатием. В работе рассчитаны 
зависимости параметров процесса волочения от кратности маршрута и представлены методики расчета работы однородной и неодно-
родной деформации, работы сил трения при волочении проволоки в монолитных волоках. Получены зависимости однородной, неодно-
родной работы деформации, а также работы сил трения и полной работы от кратности маршрута волочения. Значительная доля затрат 
энергии при волочении проволоки приходится на совершение неоднородной деформации. Работа неоднородной деформации – это часть 
работы деформации, которая вызвана изменением направления течения металла на входе и выходе из волоки. Такие показатели дефор-
мации при волочении проволоки, как обжатие и вытяжка, неоднородную деформацию не учитывают. Работа неоднородной деформации 
зависит от формы очага деформации. Форма очага деформации характеризуется ∆-фактором, который равен отношению средней высоты 
к средней длине очага деформации. В работе установлено, что расчеты без учета неоднородной деформации приводят к занижен ной 
оценке энергозатрат на волочение проволоки. В статье приведены критерии выбора кратности маршрута волочения с учетом затрат 
энергии на процесс деформации проволоки при волочении. Было определено, что увеличение числа проходов многократного волочения 
при неизменных начальном и конечном диаметрах проволоки приводит к росту затрат энергии на деформацию проволоки и трение 
на контактной поверхности проволока – волока. Доля неоднородной деформации в увеличении энергозатрат на волочение проволоки 
составила 68 %, доля сил трения – 32 %. На основе полученных результатов авторы дают рекомендации по выбору оптимального 
маршрута волочения. 
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Abstract. The paper analyzes energy consumption during steel wire drawing for pass schedules with different number of passes. The authors compare 

wire drawing pass schedules that have different number of passes and the same total reduction. Dependences of the wire drawing process para-
meters on the number of passes were calculated. The methods for calculating the uniform and redundant deformation work, the friction forces 
work during wire drawing in monolithic dies are presented. The authors obtained the dependences of uniform and redundant deformation work, 
as well as the friction forces work and total work on the passes number of the pass schedule. A significant proportion of energy consumption is 
due to redundant work. Such wire drawing deformation measures as reduction and elongation do not consider redundant deformation. The redun-
dant deformation work depends on the shape of the deformation zone characterized by the ∆-factor, which is equal to the ratio of the average 
height to the average length of the deformation zone. It was established that energy consumption calculations for wire drawing without taking 
into account redundant deformation lead to energy consumption underestimation. The paper provides criteria for selecting the number of passes, 
taking into account the energy consumption for wire deformation during wire drawing. It was determined that an increase in multistage wire 
drawing number of passes with the initial and final wire diameters equal leads to an increase in energy consumption for wire deformation and 
friction on the wire-die contact surface. The redundant deformation share in the increase in energy consumption for wire drawing was 68 %, 
the friction forces share was 32 %. The authors provide recommendations for choosing the optimal pass schedule based on the results obtained. 

Keywords: drawing die, wire drawing, energy consumption, steel wire, deformation, uniform work, redundant work, pass schedule, number of passes, 
multistage drawing

For citation: Goloviznin S.M., Bryukhanov I.Yu. Energy consumption analysis of multistage steel wire drawing. Izvestiya. Ferrous Metallurgy. 
2025;68(3):228–232. https://doi.org/10.17073/0368-0797-2025-3-228-232

Energy consumption analysis 
of multistage steel wire drawing

S. M. Goloviznin , I. Yu. Bryukhanov

Магнитогорский государственный технический университет им. Г.И. Носова (Россия, 455000, Челябинская обл., Магни-
тогорск, пр. Ленина, 38)

Nosov Magnitogorsk State Technical University (38 Lenina Ave., Magnitogorsk, Chelyabinsk Region 455000, Russian Federation)

Original article 
Оригинальная статья

Анализ энергозатрат 
многократного волочения стальной проволоки

С. М. Головизнин , И. Ю. Брюханов

©  S. M. Goloviznin, I. Yu. Bryukhanov, 2025

Metallurgical technologies Металлургические технологии

https://doi.org/10.17073/0368-0797-2025-3-228-232
mailto:smgoloviznin@magtu.ru
mailto:smgoloviznin@magtu.ru
https://fermet.misis.ru/index.php/jour/search/?subject=drawing die
https://fermet.misis.ru/index.php/jour/search/?subject=wire drawing
https://fermet.misis.ru/index.php/jour/search/?subject=energy consumption
https://fermet.misis.ru/index.php/jour/search/?subject=steel wire
https://fermet.misis.ru/index.php/jour/search/?subject=deformation
https://fermet.misis.ru/index.php/jour/search/?subject=uniform work
https://fermet.misis.ru/index.php/jour/search/?subject=redundant work
https://fermet.misis.ru/index.php/jour/search/?subject=pass schedule
https://fermet.misis.ru/index.php/jour/search/?subject=number of passes
https://fermet.misis.ru/index.php/jour/search/?subject=multistage drawing
https://doi.org/10.17073/0368-0797-2025-3-228-232
mailto:smgoloviznin%40magtu.ru?subject=
mailto:smgoloviznin%40magtu.ru?subject=


Izvestiya. Ferrous Metallurgy. 2025;68(3):228–232.
Goloviznin S.M., Bryukhanov I.Yu. Energy consumption analysis of multistage steel wire drawing

229

 Introduction

One of the key factors that influence the quality 
of the finished product and the conditions of wire dra-
wing is the choice of the pass schedule, i.e., the selec-
tion of the number of passes and the individual reduc-
tions of the drawing dies. The pass schedule must ensure 
the absence of wire breaks and guarantee the required 
quality of the finished product while maintaining maxi-
mum productivity [1 – 5].

When designing modes for multistage wire drawing, 
it is necessary to take into account factors such as lubrica-
tion conditions, wire heating, the mechanical properties 
of the wire, energy consumption, number of passes, and 
the values of total and individual reductions [2; 3; 6; 7]. 
The number of passes has a significant effect on the stabi-
lity of the wire drawing process and the quality of the fini-
shed wire, which necessitates an analysis of pass sche-
dules with different number of passes and their impact 
on the technological parameters of the steel wire drawing 
process [8 – 10].

The productivity of wire drawing mills is largely 
determined by the energy consumption for wire defor-
mation [11; 12]. The energy consumption in wire dra-
wing consists of the energy required to overcome friction 
between the wire and the drawing die, and the energy spent 
on wire deformation within the die [13 – 15]. The defor-
mation work includes uniform work, associated with 
the change in wire diameter, and redundant work, caused 
by a change in the direction of metal flow at the entry and 
exit of the deformation zone [16]. The degree of defor-
mation in wire drawing is usually assessed using values 
such as reduction and elongation, which do not account 
for the presence of redundant deformation, i.e., deforma-
tion not related to the change in wire diameter. Redun-
dant deformation can be assessed using the redundancy 
factor (Ф), defined as the ratio of the redundant defor-
mation share to the total deformation [1]. The presence 
of additional redundant deformation is often overlooked 
when developing pass schedules, which leads to an under-
estimation of deformation work in multistage drawing 
of wire [17 – 21].

 Materials and methods

The study examined the following pass schedules for 
steel wire drawing:

– a five-pass schedule: 9.00 – 7.79 – 6.85 – 6.10 – 
– 5.50 – 5.03 mm;

– a six-pass schedule: 9.00 – 7.95 – 7.00 – 6.80 – 
– 6.10 – 5.50 – 5.03 mm;

– a seven-pass schedule: 9.00 – 8.19 – 7.48 – 6.85 – 
– 6.31 – 5.83 – 5.40 – 5.03 mm;

– an eight-pass schedule: 9.00 – 8.30 – 7.70 – 7.10 – 
– 6.60 – 6.10 – 5.65 – 5.30 – 5.03 mm.

In all the analyzed pass schedules, the initial and 
final wire diameters – and therefore the total reduction – 
remain the same.

Redundant (additional) work was accounted for using 
the redundancy factor 

where wu is the uniform deformation work, and wr is 
the redundant deformation work.

Uniform deformation work is given by 

        (1)

where σa is the average flow stress during wire drawing, 
and r is the reduction.

Redundant deformation work

      (2)

Total deformation work

        (3)

Redundancy factor

            (4)

where ∆ is the ∆-factor of the deformation zone during 
wire drawing, defined as the ratio of its average height 
to average length.

The average numerical value of Δ [1; 16] is deter-
mined as

        (5)

where α is the half-angle of the die cone.
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The general expression for the friction forces work per 
unit volume is

              (6)

where µ is the friction coefficient.
The friction work in the bearing zone is typically 

neglected in practical calculations.

 Results and discussion

Based on the performed calculations, the dependen-
cies of friction work, uniform deformation work, and 
redundant deformation work on the number of passes in 
steel wire drawing were obtained for the pass schedules 
described above. It was assumed that the initial and final 
wire diameters, the friction coefficient, and the flow stress 
remained constant for all analyzed schedules. Fig. 1 
shows the relationship between the total uniform defor-
mation work and the number of passes in the wire dra-
wing process.

In this case, the total deformation work refers 
to the sum of the deformation work for all passes in 
the multistage drawing process. According to the obtained 
data, the total uniform deformation work does not depend 
on the number of passes in the pass schedule if the total 
reduction remains constant, since uniform deformation 
work is determined by the reduction and the flow stress 
of the wire [1].

As shown in Fig. 2, with an increase in the num-
ber of passes and constant initial and final wire diame-

ters, the friction work increases. This can be explained 
by the fact that increasing the number of passes leads 
to a decrease in the average reduction, an increase 
in the ∆-factor and redundancy factor, and a greater num-
ber of passes. The increase in deformation power due 
to friction work when increasing the number of passes 
from five to eight amounted to 2.4 kW.

Fig. 3 presents the dependence of the total redundant 
deformation work, i.e., the sum of redundant work over 
all passes in the pass schedule, on the number of passes.

According to the plot in Fig. 3, the total redun-
dant deformation work increases with a higher number 
of passes. As the number of passes increases, the ave rage 
reduction decreases, the ∆-factor increases, and, according 
to expression (4), the redundancy factor Φ also increases, 
which leads to an increase in redundant deformation 
work. Additionally, the increase in the number of passes 
contributes further to the growth of redundant work. 
The increase in deformation power caused by redundant 
deformation work when increasing the number of passes 
from five to eight amounted to 4.98 kW.

Fig. 4 shows the dependence of the total work, i.e., 
the sum of uniform deformation work, redundant deforma-
tion work, and friction work over all passes, on the num-
ber of passes in the wire drawing pass schedule.

According to the relationship shown in Fig. 4, 
energy consumption for wire drawing increases with 
a higher number of passes. The total rise in deformation 
power when increasing the number of passes from five 
to eight amounted to 7.37 kW. The primary contribu-

Fig. 1. Total uniform work depending on the number of passes

Рис. 1. Суммарная однородная работа в зависимости 
от кратности маршрута волочения

Fig. 2. Total friction forces work depending on the number of passes

Рис. 2. Суммарная работа сил трения в зависимости 
от кратности маршрута волочения

Fig. 4. Total work depending on the number of passes

Рис. 4. Полная работа в зависимости 
от кратности маршрута волочения

Fig. 3. Redundant deformation work depending on the number of passes

Рис. 3. Работа неоднородной деформации в зависимости 
от кратности маршрута волочения
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tors to this increase are the redundant deformation work 
and the friction work. The uniform deformation work 
is determined by the total deformation, that is, the ini-
tial and final wire diameters. Although the friction work 
per pass decreases with lower reduction and a constant 
friction coefficient, this decrease is compensated by 
the greater number of passes in the wire drawing sche-
dule. As a result, the total friction work increases with 
the number of passes. The redundant deformation work is 
influenced by the shape of the deformation zone, specifi-
cally the value of the ∆-factor. As the number of passes 
increases, the ∆- factor also increases, leading to a further 
rise in redundant deformation work.

In [9], calculations were carried out and recommen-
dations were proposed for selecting the optimal number 
of passes in the pass schedule for drawing 70-grade wire, 
taking into account various influencing factors. The con-
clusions presented in [9] are consistent with the findings 
of the present study. It was shown that reducing the num-
ber of passes from 10 to 9 improves deformation uni-
formity across the wire cross-section while also reducing 
energy consumption during wire drawing.

 Conclusions

An increase in the number of passes at constant initial 
and final wire diameters leads to higher energy consump-
tion during wire drawing. The rise in energy consump-
tion is primarily due to the contributions of friction work 
and redundant deformation work. For the wire drawing 
schedules examined, the increase in deformation power 
associated with friction accounted for 32 %, while 
the share attributed to redundant deformation was 68 %. 
The increase in friction work is caused by a higher ∆-factor 
of the deformation zone, which results from reduced ave-
rage reduction and a greater number of passes. Redundant 
deformation work contributes significantly to the rise in 
energy consumption as the pass count increases. Calcula-
tions that do not take redundant deformation into account 
lead to an underestimation of energy consumption in wire 
drawing. Since redundant deformation work is deter-
mined by the ∆-factor of the deformation zone, it must 
be considered when designing pass schedules for steel 
wire drawing. Uniform deformation work is gover ned 
by the initial and final wire diameters and does not con-
tribute to the increase in energy consumption as the num-
ber of passes grows. To reduce energy costs during wire 
drawing, it is advisable to optimize the pass schedule 
by adjusting the number of passes and individual reduc-
tions, taking into account other technological parameters 
of the wire drawing process.
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