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S. M. Goloviznin “, I. Yu. Bryukhanov
I Nosov Magnitogorsk State Technical University (38 Lenina Ave., Magnitogorsk, Chelyabinsk Region 455000, Russian Federation)

&) smgoloviznin@magtu.ru

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 A-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

AHANN3 SHEPTO3ATPAT
MHOTOKPATHOIO BOJIOYEHUA CTA/IbHOI NPOBOJIOKMU

C. M. TostoBu3HuH <, U. 10. BproxaHoB

MaruauToropckuii rocyiapcrBeHHblii Texuunueckuii ynusepeurter um. ILH. HocoBa (Poccus, 455000, YensOunckas o6:., Marau-
TOrOpCK, Tp. JIeHuHa, 38)

&) smgoloviznin@magtu.ru

AHHOmayus. B crarbe aHaIU3UpyeTCst NOTPeOIeHNE YHEPTUH HPH BOJIOYEHHH CTAJILHOW IMPOBOJIOKH JUIS MApILIPYyTOB C PA3IMYHON KPATHOCTBIO.
ABTOpBI CPABHUBAIOT MApIIPYThl BOJIOYECHHS TPOBOJIOKH PA3IMYHOM KPAaTHOCTH C OJIMHAKOBBIM CyMMapHBbIM oOkatneM. B paborte paccuntanbl
3aBUCUMOCTH TapaMeTPOB MPoLecca BOJIOYEHHs OT KPaTHOCTH MapLIPyTa U MPeCTaBIeHbl METOIUKH pacyeTa paboThl OJHOPOAHON M HEOHO-
ponHoit neopmanuu, pabOThI CHII TPSHUSI IPH BOJIOYECHHHU ITPOBOJIOKH B MOHOJIUTHBIX BOJIOKaX. [10ydeHbI 3aBUCHMOCTH OJHOPOIHOI, HEOXHO-
poaHoii paboThl Aedopmaliuy, a TaKKe padOThI CHII TPEHUSI M MOJHOW PabOoThl OT KPaTHOCTH MapIIpyTa BOJIOYEHHsI. S3HAUUTEIIbHAs J0JIS 3aTpar
SHEPIHU IPH BOJIOUCHUH IIPOBOJIOKU MPUXOUTCSI HAa COBEPILICHUE HEOTHOPOAHOH Aeopmanun. PaboTa HeonHOPOAHOH AehOopMaLK — 3TO YacTh
paboThl AedopManuy, KOTOpasi BbI3BaHA U3MEHEHHEM HAIIPaBJICHUs TEUEHHs MeTallla Ha BXOJE M BBIXOJIE U3 BOJIOKH. Takue nokaszarenu aedop-
MaluH PH BOJOYCHUH TPOBOJIOKH, KaK 00)KaTHe U BBITSKKA, HEOIHOPOIHYIO 1e(OPMAILHIO HE yUUTHIBAIOT. PaboTa HeomHOpoaHOH Aeopmannu
3aBUCUT OT (hopMBI ouara aepopmaru. Popma ouara gedopmanuu xapakrepuszyercs A-haKTopoM, KOTOPbIH PaBEeH OTHOLIEHHIO CPEIHEH BBICOTHI
K CpelHeil JunHe ovara Jedopmaruu. B pabore ycTaHOBIIEGHO, YTO pacyeTsl 0€3 yueTa HEOXHOPOAHOH JedopManuy MPUBOAAT K 3aHMKSHHOM
OLICHKE YHEpro3arpar Ha BOJIOYEHHE NPOBOJIOKU. B crarbe NmpuBeaeHbl KPUTEPHH BHIOOPA KPATHOCTH MapLIPyTa BOJOYEHHUS C YUETOM 3aTpar
SHEPIHU Ha Mpolecc AeOpMAaIiK TPOBOJIOKH IIPH BOJIIOUSHUH. BBIIO onpe/iesieHo, 4To YBETHYCHHE YHCIIa IPOXOI0B MHOTOKPATHOTO BOJIOYCHHS
IIPU HEM3MEHHBIX HAYaJbHOM M KOHEUHOM JMAaMeTpax MPOBOJOKH MPUBOJUT K POCTY 3aTpaT dHEPrHU Ha JIe(opMalMio MPOBOJIOKU U TPEHUE
Ha KOHTaKTHOI MIOBEPXHOCTH TPOBOJIOKA — BOJIOKA. Jl0JIsl HEOAHOPOAHOM JedopMalny B YBEIMUCHUH SHEPro3arpar Ha BOJIOYECHHE MPOBOJIOKH
cocraBuia 68 %, nons cun Tpenust — 32 %. Ha ocHOBe MOIydeHHBIX Pe3ysbTaTOB aBTOPbI JAIOT PEKOMEHIALMH O BHIOOPY ONTUMAIBLHOIO
MapIuIpyTa BOJIOYCHHS.
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[ 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 (®), 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
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where w is the uniform deformation work, and w, is
the redundant deformation work.

Uniform deformation work is given by

1
l—rj’ M

where 6 is the average flow stress during wire drawing,
and 7 is the reduction.

w, =0, ln(

Redundant deformation work

w,=(@®-)w, =(®-1oc,In (%J 2)
-r
Total deformation work
1
w=00gc, ln( ) 3)
1-r

Redundancy factor

0-08+2 (4)
4.4

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

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

A:E[H(l—r)“z]z L dana (5)

r ln( L )
1-r

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

w, =pctgado, ln(Lj, (6)

—-r

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

Puc. 1. CymmapHast oiHOpoziHasi paboTa B 3aBUCHMOCTH
OT KPaTHOCTH MapIIpPyTa BOJIOYEHUS
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Fig. 2. Total friction forces work depending on the number of passes

Puc. 2. CymmapHast paboTa CHJI TPEHHSI B 3aBHCUMOCTH
OT KPaTHOCTH MapIIpyTa BOJOYCHHS
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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 A-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 average
reduction decreases, the A-factor increases, and, according
to expression (4), the redundancy factor ® 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-

Number of passes

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

Puc. 3. Pabora HEOTHOPOIHOM ieopMaliK B 3aBUCUMOCTH
OT KPaTHOCTH MapIIpyTa BOJIOYCHHUSI
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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 A-factor. As the number of passes
increases, the A- 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 A-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 A-factor of the deformation zone, it must
be considered when designing pass schedules for steel
wire drawing. Uniform deformation work is governed
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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