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THE THEORETICAL AND EXPERIMENTAL ANALYSES OF THE INFLUENCE OF SINGLE DRAFT ON PROPERTIES OF ROPE
WIRES

ANALIZA TEORETYCZO-DOSWIADCZALNA WPLYWU WIELKOSCI GNIOTU POJEDYNCZEGO NA WEASNOSCI DRUTOW
LINIARSKICH

In the paper the influence of the value of a single draft on the properties of rope wires has been assessed. The drawing
process of ¢5.5 mm wire rod to the final wire of ¢2.18 mm was conducted in 6, 11 and 17 drafts, by means of a block drawing
machine with the drawing speed of 1.6 m/s. For the wires drawn with the medium single draft: 10.4%, 15.5% and 26.5%
the investigation of mechanical-technological properties has been done, in which yield strength, tensile strength, elongation,
contraction, number of twists and number of bands were determined. In order to explain the effect of value of a single draft
on properties of rope wires, the fatigue strength, roughness and residual stresses of drawn wires have been also determined. In
addition, the numerical analysis of the drawing process on the base of Drawing 2D in which distribution of redundant strain,
effective strain, longitudinal residual stresses and temperature of drawn wires has been shown.

The theoretical-experimental analysis of drawing of rope wires have enabled the evaluation of optimal value of single
drafts by which relatively the most advantageous and useful properties of wires can be used. The investigation has shown,
that in manufacturing of rope wires small single draft in 10% range should be applied. It allowed to obtain products of good
plasticity properties, low deformation inhomogeneity and residual stresses, high bending and fatigue strength.

The obtained data investigation can be applied while designing the production process of high carbon steel wires.

Keywords: rope wire, single draft, mechanical properties, fatigue strength, residual stresses, roughness, redundant strain,
effective strain, temperature

W pracy okre§lono wptyw wielkoSci gniotéw pojedynczych na wlasnosci drutéw liniarskich. Proces ciggnienia walcéwki
o $rednicy 5.5 mm na §rednice 2.18 mm zrealizowano w 6, 11 i 17 ciggach na ciggarce jednobgbnowej z predkoscig ciggnienia
1.6 m/s Dla drutéw ciaggnionych ze Srednim gniotem pojedynczym: 10.4%, 16.5% i 26.5% przeprowadzono badania wlasnosci
mechaniczno-technologicznych, w ktérych okre§lono umowng granice plastycznosci, wytrzymalo$¢ na rozcigganie, wydtu-
zenie réwnomierne i calkowite, przewezenie, liczba skreceri i liczbe zgigé. Dla pelniejszej oceny wplywu wielkosci gniotu
pojedynczego na wilasnosci drutéw liniarskich przeprowadzono takze badania wytrzymatosci zmgczeniowej, chropowatosci
powierzchni i naprezen wlasnych. Dodatkowo w pracy w oparciu o program Drawing 2d przeprowadzono analiz¢ numeryczna
procesu ciggnienia, w ktdrej okreslono odksztalcenia postaciowe, intensywnos¢ odksztalcenia, naprezenia wlasne i temperature
ciaggnionych drutéw.

Przeprowadzona analiza teoretyczno-do§wiadczalna procesu ciagnienia drutéw ze stali wysokoweglowej umozliwifa okre-
Slenie optymalnych wartosci gniotéw pojedynczych przy ktérych uzyskuje si¢ wzglednie najlepsze wtasnosci uzytkowe drutéw.
Stwierdzono, Ze przy wytwarzaniu drutéw linairskich nalezy stosowaé¢ male wielkosSci gniotéw pojedynczych, rzedu 10%.
Pozwala to uzyska¢ wyroby o dobrych wiasnosciach plastycznych, matej niejednorodnosci odksztalcenia, matych naprezeniach
wlasnych, wysokiej wytrzymatosci na zginanie oraz duzej wytrzymalo$ci zmgczeniowe;.

Uzyskane wyniki badafi moga by¢ wykorzystane przy projektowaniu procesu wytwarzania drutéw ze stali wysokoweglo-
wych.

1. Introduction operations. Accordingly, the process of wire drawing can
weigh in a relevant way against the quality of produced
wire and thereby against of the ropes [1+4]. The techni-

The drawing process of high carbon steel wires for cal development requires better and better qualities.

ropes is complicated and consists of many technological
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The basic technological parameters that influence
the properties of wires include the value of single drafts.
The establishing the optimal value of the single draft
makes a complex problem. The selection of the sin-
gle draft depends on numerous factors, which include
the following: the plasticity of material and its struc-
ture, and the conditions and mode of deformation [5+9].
In consequence, the application of certain value of the
single draft in wire drawing process can, in one hand,
improve some properties of drawn wires i.e. mechanical
properties, on the other hand deteriorate another ones
as fatigue strength. The available literature on the sub-
ject being discussed does not fully explain the effect of
the value of the single draft on the properties of rope
wires. Therefore, the present work makes an attempt to

which was drawn on a bull block at a speed of 1.6 m/s
using conventional dies with an angle of 2a =12° ac-
cording to the following technological variants:

— Variant A — 6 draws; an average single draft of
Dy =26.5 %

— Variant B — 11 draws; an average single draft of
D,y =16.5 %

— Variant C — 17 draws; an average single draft of
D,y =104 %

Single drafts, D, and total drafts, D,, for drawing
Variants A, B and C are summarized in Tables 1-3.

TABLE 1
Distribution of single drafts and total drafts for wires
from Variant A

assess the effect of this parameter on mechanical and
. . . Draft number | 0 1 2 3 4 5 6
technological properties, the fatigue strength, roughness
of surface, residual stresses, temperature, redundant and @ wire, mm | 5.50 | 4.70 | 4.00 | 3.40 [ 2.93 | 2.53 | 2.18
effective strain of high-carbon wires.
Dy, % - 127.027.6|27.8 257|254 |258
2. Material and applied drawing technologies D;, % — |27.0]47.1|61.8|71.6|788]843
The test material was 5.5 mm-diameter patented
wire rod of C72 grade high-carbon steel (0.72%C),
TABLE 2
Distribution of single drafts and total drafts for wires from Variant B
Draft number 0 1 2 3 4 5 6 7 8 9 10 11
¢ wire, mm 5.50 5.08 4.70 4,33 4.00 3.65 3.35 3.05 2.78 2.53 2.35 2.18
Dy, % - 14.7 14.1 15. 14.7 16.7 15.8 17.1 16.9 17.2 13.7 13.9
D,, % - 14.7 27.0 38.0 47.1 56.0 62.9 69.3 74.5 78.8 81.7 84.3
TABLE 3
Distribution of single drafts and total drafts for wires from Variant C
Draft number | 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
¢ wire, mm | 5.50 | 5.20 | 495 | 4.70 | 4.45 | 422 | 4.00 | 3.80 | 3.60 | 3.40 | 3.2 | 3.05|2.88|2.70 | 2.53 | 242 | 2.30 | 2.18
Dy, % - | 106] 94|99 |104]10.1 |10.2|10.8|10.2|10.8 103|103 |10.8|12.1 | 122 | 85 | 9.7 | 10.2
D, % - 110.6|19.0|27.0|345|41.1 |47.1 523|572 |61.8|657]|693|726 759|788 |80.6|82.5 | 84.3




3. The mechanical-technological properties of
drawn wires

In order to establish the effect of the value of the sin-
gle draft on mechanical properties of wires, mechanical
investigation was carried out by means of Zwick Z100
testing machine, according to PN-EN ISO 6892-1:2009
standard. For the wires drawn according to variant A+C
the following were determined: yield stress, YS; ultimate
tensile strength, UTS; uniform elongation, ELU; reduc-
tion of area, RA; Fig. 1+4.
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Fig. 1. The influence of the value of single draft on yield stress
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Fig. 2. The influence of the value of single draft on ultimate tensile
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It can be found from Figs.1+4 that the value of
single drafts influences essentially the mechanical prop-
erties of rope wires. The application of higher single
drafts causes an increase in their strength properties,
i.e. the yield point and the ultimate tensile strength.
The final wires from variant A (D,, =26.5%), as com-
pared to the wires from variants B (D,, =15.5%) and C
(D4 =10.4%), are distinguished by YS higher by 9.7%
and 16.4%, and UTS higher by 5.6% and 12.4%, respec-
tively. The increase in the strength properties of wires
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drawn with large single drafts (D,, =26.5%) has also
contributed to a 10% decrease in their plasticity prop-
erties (i.e. the uniform elongation, A, and the contrac-
tion, Z).
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Fig. 3. The influence of the value of single draft on uniform elonga-
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Fig. 4. The influence of the value of single draft on reduction of area
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The parameters defining the tensile properties and
plasticity of wires are also the number of twists, N;,
and the number of bends, N,. In spite of the fact that
these tests are characterized by a large scatter of re-
sults, as they are affected by internal defects (such as
inclusions in the case of Nj,) and surface faults (such
as cracks and scratches on the wire surface in the case
of N,), they reflect the actual state of the material in a
way, as the technological properties, i.e. N, and N, are
determined by both their strength and their plasticity.
Therefore, the technological tests of wires were carried
out within the present work for particular technological
variants according to PN-EN 10218-1:2001 standard, as
shown in Fig. 5+6.
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Fig. 6. The influence of the value of single draft on number of bends

The tests carried out have shown that the value of
individual drafts in the drawing process influences sig-
nificantly the obtained number of twists and the number
of bends of rope wires. Fig. 5 indicates that increasing
the number of draws has an unfavourable effect on the
torsional strength level of wires. The wires drawn with
the single draft of D,, =26.5%, as compared with the
wires from Variants B (D,, =15.5%) 1 C (D,, =10.4%),
exhibit a number of twists higher by 8%, on average,
depending on the total draft. Thus, the increase of the
single draft does not impair the torsional strength of
wires, contrary to what is suggested by some authors
[8]. It is supposed that the higher strength properties of
those wires influenced favourably the obtained number
of twists.

Apart from the number of twists, also the number
of bends is determined in technological tests of wires.
The tests carried out have shown an adverse effect of the
value of single drafts on the bending strength of wires.
For the wires from Variant A, as compared to those from
Variants B and C, a number of bends lower by 11% and

20%, respectively, was obtained. In the author’s view,
the high bending strength of the wires from Variant C
(Dgy =10.4%) might be associated with their much bet-
ter plastic properties, especially those of the sub-surface
layer. Therefore, the effect of the value of single drafts
on the inhomogeneity of strain in the high-carbon wire
drawing process has been established within the present
work. Theoretical analysis of the wire drawing process
is presented in chapter 6.

4. Fatigue strength and roughness of drawn wires

The fatigue strength tests on wires were carried out
on a testing machine built in the Institute of Modelling
and Automation of Plastic Working Processes at the
Czestochowa University of Technology, modelled after
the design of the PUL DRABI SCHENCK fatigue test-
ing machine. A diagram of the machine is shown in
Fig. 7.

Fig. 7. Diagram of the testing machine used for testing the fatigue
strength of wires in the wire under investigation; 1 — wire, 2 — motor,
3 — revolution counter, f — deflection

The fatigue tests of wires were conducted under
the conditions of rotary bending for the final wires
©2.18mm; the maximum bending stress in the outer wire
layers was calculated from Formula 1, while substitut-
ing in the formula the actual value of Young’s modulus,
as determined from the tensile tests performed on the
testing machine. In these tests, the number of cycles (N)
completed until the break of the wire was determined.

6-f-d-E
Omax = % le (D

where: f — deflection, d — wire diameter, E — Young’s
modulus, 1 — specimen length.

Table 4 shows the results of the fatigue strength tests
of rope wires. For a better analysis of the effect of the
single draft on the fatigue strength of wires, the per-
centage differences in the number of fatigue cycles (N)
between Variant A (taken as 100%) and Variant B and
C were also calculated for different levels of bending
stress.



TABLE 4
The average values of the number of fatigue cycles (N) completed

until the break of wires drawn according to Variants A+B for
different levels of bending stress, and the percentage differences
between Variant A (taken as 100%) and Variant C
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Number of fatigue
cycles, N

Difference,
%
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Fig. 9. The values of the profile parameters of the surface roughness of ¢2.18 mm wires drawn according to Variants A, B and C

1025

Based on the results given in Table 4, fatigue
strength graphs (Wohler curves for the fatigue strength,
Z,) were plotted for wires from Variants A, B and C, by
approximating the obtained results with a logarithmic
function (Fig. 8).
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The investigation results presented above show that
the value of the single draft has an essentially influence
on the fatigue strength of rope wires. The significant dif-
ferences in fatigue strength between Variants A, B and
C are confirmed by the large percentage differences (Ta-
ble 4). With decreasing bending stress, the differences in
fatigue strength of wires between Variant A, B and C in-
creases. For bending stress 0, =700 MPa, wires drawn
according to Variant A (D,, =26.5%) and Variant B
(D, =16.5%) in comparison to Variant C (D, =10.4%)
have lower fatigue strength by 20%.

The surface roughness of the drawn wire is ranked
among the factors that substantially influence the achiev-
able level of fatigue strength.

The examination of changes in the surface roughness
of steel wires was carried out on a Form Talysurf Series
profilometer. To illustrate the effect of the value of the
single draft on the surface roughness of ¢2.18mm wires,
the following parameters were selected to be analysed:
— profile height parameters: R,,,;, R;,

— horizontal profile parameter: S,
— Newman’s ratio: S/R,,,.

The values of the roughness of wires drawn accord-
ing to Variant A+C are represented in Fig. 9.

It can be observed from Fig. 9 that the value of the
single draft influences essentially the roughness parame-
ters of high carbon steel wires. The application in draw-
ing process small values of single draft (D,, =10.4%)
results in a decrease of wire roughness. The final wires
©2.18 mm from variant C (D,, =10.4%), as compared
to the wires from variants A (D, =26.5%), are distin-
guished by profile height parameters R,,,, R; lower by
28% and profile deviation parameter R, lower by 24%,
respectively.

Temporary fatigue strength, Z,, of wires is directly
proportional to the converse of the surface geometrical
ratio, as defined by Newman:
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From the data shown in Fig. 9 it can be found that with
the decrease in the value of the single draft Newnan’s
ratio increases. The wires from Variant C drawn with
the single draft of D,, =10.4%, as compared with the
wires from Variants A (D,, =26.5%), exhibit a Newnan’s
ratio higher by 35%. This indicates a favourable effect
of small value of the single draft on the parameters that
have the influence on the fatigue strength of wires.

5. Experimental measuring of residual stresses

The experimental measuring of residual stresses
on the basis of longitudinal grinding wires, so called

Sachs-Linicus, method was assessed. According to this
method, wires are ground up to half diameter what caus-
es the violation of stress equilibriums (Fig. 10).

Fig. 10. The deformation of wires after longitudinal grinding to the
half diameter [10]

The residual stresses o4,y on the wire surface can
be measured by formula (3), presented in [10]:

A8EIf

W , MPa (3)

Oy surf =
where:

o surf — longitudinal residual stress on wire surface,

E — Young modulus,

|1 — length of wire between supports,

r — wire radius (r=0.5d),

f — band arrow of wire between supports,

I — moment of inertia semi-circle in relation to neu-
tral axis (I=0.1098r%).

The investigations of residual stresses for wires
¢2.18 mm drawn according to variant A and B were
realized (10 specimens on each variant). The data inves-
tigation are presented in Table 5.

TABLE 5
The results of residual stresses tests carried out by the
Sachs-Linicus method

. Longitudinal residual stress
Variant
Trsurfs MPa
A 542,9
B 4233
C 291,8

The test that was carried out have shown that ap-
plying small values of the single draft in the wire draw-
ing process of high carbon wires causes the decrease
of residual stresses. For the wires drawn according to
variant C, in comparison to the wires drawn according
to variants A and B, the decrease of longitudinal residual
stresses, respectively by 46,3% and 22% has been noted.

As the method of Sachs-Linicus enables to estimate
residual stresses only on the wire surface, numerical
analysis of drawing process of high carbon steel wires
has been conducted in the work. On the basis of simula-
tions the residual stresses on the cross section of wires
were determined.



6. The theoretical analysis of wiredrawing process

Theoretical analysis of the wire drawing process on
the base of the software Drawing 2D has been con-
ducted [11]. The simulations were performed for a wire
with the plastic properties corresponding to those of the
pearlitic-ferritic steel C75 (~0.75%C). It was assumed
that the drawing process took place with the identical
distribution of single and total drafts to that of the ex-
perimental tests (Table 1+3), with the friction coeflicient
of ¢ =0.07. Fig. 11 shows typical examples of effective
strain distributions on the cross-section of ¢2.18 mm
wires drawn according to Variant A.
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Fig. 11. The distribution of effective strain, &, in ¢2.18 mm wire
drawn according to Variant A
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Fig. 12. The distributions of the effective strain &, on the cross-section
of ¢2.18 mm wires drawn according to Variants A+C

The redundant strains on the wire surface in the fol-
lowing drafts for Variants A+C are presented in Fig. 12.
For the wires drawn according to Variants A, B and
C, functions approximating the distributions of effective
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strain (Fig. 13) and redundant strain (Fig. 14) were de-
termined as the function of the wire radius, R.
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Fig. 13. The distributions of the redundant strain &, on the
cross-section of ¢2.18 mm wires drawn according to Variants A+C
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From the investigation carried out it has been found
that the value of the single draft influences on effec-
tive and redundant strain (Fig.12+14). The biggest dif-
ferences were found in the sub-layers of drawn wires.
The wires from variant A (G,, =26.5%), as compared
with the wires from variant B (G,, =16.5%) and variant
C (Gyy =10.4%), exhibit a higher effective strain respec-
tively by 32% and 53%. The increase of effective strain
in wires drawn according to variant A refers to bigger
for this variant non-dilatation of strain, which can cause
additional work hardening. In consequence it causes the
increase of inhomogeneity of mechanical properties and
residual stresses of the drawn wires.

The analysis of the distribution of stress o, (longi-
tudinal stresses compatible with the drawing direction)
on the cross section of wire makes it possible to estimate
the residual stresses. From the distributions of longitudi-
nal stresses of ¢2.18 mm wires (Fig. 15) the numerical
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values of the stress on cross section of the wire were
read out.

Fig. 15. The example of the distribution of longitudinal stresses o
in the final wire ¢2.18 mm drawn according to variant A

In the drawn wire after the exit from a die the lon-
gitudinal stress o, is the sum of drawing stress oy and
a distribution of residual stresses o,.. In order to deter-
mine the drawing stress and the distribution of residual
stresses, longitudinal stresses o, described in the wire
radius r function, were approximated with the function
of second-degree, which reflects the distribution of resid-
ual stresses [12]. The functions approximating the dis-
tribution of longitudinal stresses oy in the wire radius r
function, the value of drawing stresses 0y and maximum
values of residual stresses (on wire surface) in Table 6
were shown, while in Fig. 16+17 the functions which
illustrative the distribution of longitudinal and residual
stresses in wires ¢2.18 mm were presented.

TABLE 6
The approximation functions of the distributions of longitudinal
stresses oy, the values of drawing stress o; and maximum values of
residual stresses o, for the final wires ¢2.18 mm drawn according
to variants A+C

Variant oy =f(R) Nal-l‘;a i;h;";x
A oy, =741,03 2+262,09 555,6 586,9
B oy, =537,39 ’+78,62 2914 427,7
C o, =438,81 12+53,00 226,8 3475

On the basis of Table 6 and Fig. 17 it can be ob-
served that in the drawing process the value of the single
draft fundamentally influences on the value and the dis-
tributions of residual stresses of high carbon steel wires.
It was found that in the surface layers of the drawn wires
there are tensile residual stresses, while in internal layers
there are compressive ones.

N\
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-1,5 -1 -0,5 0 0,5 1 1.5
The position from the distance of wire axis, mm
-—A-—B~—C
Fig. 16. The distribution of the longitudinal stresses o, for ¢2.18
mm wires drawn according to variant A+C

700
600
500
400 1
300
200

Or, MPa

—A
—B
—=C

The position from the distance of wire axis, mm

Fig. 17. The distribution of the first type longitudinal residual stresses
o, for ¢2.18 mm wires drawn according to variant A+C

The wires from variant A (D,, =26.5%), as com-
pared to the wires from variants B (D,, =16.5%) and
C (D, =10.4%), exhibit higher residual stresses on the
surface, respectively by 27% and by 40.8%. The data
investigation from numerical analysis are conformable
with those obtained by Sachs-Linicus method, Table 5.

One of the factors which has a significant influence
on residual stresses is temperature and inhomogeneity
of strain. Therefore, the effect of the value of the single
draft on the temperature and redundant strain have been
established within the present work.

In Fig. 17 the changing of the average tempera-
ture Ty, in the total draft function for variant A+-C has
been shown. In Fig. 18 temperature distributions on the
cross-section of ¢2.18 mm wires drawn according to
Variants A=C after the exit from the bearing zone of a
die has been shown.
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¢2.18 mm wires drawn according to Variants A+C after the exit from
the bearing zone of a die

On the basis of Fig. 17+18 it can be observed that
the application of small single drafts in the drawing
process essential influences on the decrease of the wire
temperature.

The final wires from variant A, as compared to the
wires from variants B and variant C, exhibit higher: sur-
face temperature, respectively by 22% and 52%; the av-
erage temperature, respectively by 22% and 58%

Undoubtedly, the large increase of temperature in
the sub-layer of the wires drawn according to variant A

caused the rise of internal stresses related to the thermal
expansion of steel. In consequence, it caused the increase
of residual stresses.

The second factor which causes appearing of residu-
al stresses is the redundant of strain. The external layers,
in comparison to central layers, have bigger redundant of
strain (Fig. 9) what causes the non-uniform distribution
of stresses in the drawn wire. In consequence, after the
drawing process the residual stresses are formed. Sure-
ly, the higher redundant strain for wires from variant A
(Fig. 13) had an impact on increasing of residual stresses.

7. Conclusions

From the theoretical studies and experimental tests
that have been carried out, the following findings and
conclusions have been drawn:

1. The value of the single draft in the drawing process
of rope wires in essential way influences on their
mechanical and technological properties. For wires
drawn with D,, =26.5%, strength properties higher
by approx. 15% compared to the wires drawn with
D,, =10.4% were noted. The increase in the strength
properties of the wires from this variant contributed
to lowering of their plasticity properties, on average,
by 10%.

2. The technological properties, i.e. the number of
twists and the number of bends, are significantly in-
fluenced by the single draft. Applying large single
drafts in the drawing process results in an increase
in the number of twists of wires averagely by 8%,
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and may contribute to a considerable reduction in
their bending strength (by about 20%).

The greater number of twists in wires drawn with
D,, =26.5% is associated with their higher redun-
dant strain, which is confirmed by the higher values
of the yield point and the ultimate tensile strength.
Greater hardening of sub-surface layers causes higher
redundant strain in the wires drawn with D,, =26.5%
reduce their bending strength. A more hardened sur-
face layer is characterized by poorer plastic proper-
ties, which favour the increase of the risk of crack
initiation at the surface of the wire being bent.

The value of the single draft in the drawing
process fundamentally influences on the value
and the distributions of residual stresses of high
carbon steel wires. The wires from variant A
Dy =26.5%), as compared to the wires from vari-
ants C (D, =10.4%), exhibit higher residual stresses
on the surface by 40.8%.

The FEM simulation shown that applying in draw-
ing process a large single draft causes the increase of
temperature of the drawn wires. The final wires from
variant A, as compared to the wires from variant C,
exhibit a higher surface temperature by 52% and the
average temperature, by 58%, respectively. The large
increase of the temperature in the sub-layer of wires
drawn according to variant A caused the rise of inter-
nal stresses related to the thermal expansion of steel.
In consequence, it caused the increase of residual
stresses. The second factor which causes appearing
of residual stresses is the redundant of strain. Surely
the higher redundant strain for wires from variant A
had also an impact on increase of residual stresses.
The application of the drawing process of high car-
bon steel wires with small values of single drafts
causes the increase of fatigue strength of drawn
wires. The wires drawn with D,, =10.4%, in com-
parison to the wires drawn with D,, =26.5%, are
distinguished by 20% higher fatigue strength. The
high fatigue strength of the wires drawn with a small
draft is related, among the others, to their better geo-
metrical structure and lower residual stresses.

For a single draft D,, =16.5-26.5% did not find
distinct in fatigue strength of the drawn wires. On
the one hand higher strength properties of the wires
drawn with the single draft 26.5% could improve
fatigue strength of wires, but in other hand the wires
from variant A have worse surface and higher resid-
ual stresses.

From the investigation carried out it has been stat-
ed that in manufacturing of rope wires small single
draft should be applied. It allows to obtain products
of good plasticity properties, low deformation inho-
mogeneity and residual stresses, high bending and
fatigue strength.
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10. In the author’s view, it is not advisable to apply

medium (approx. 15%) single drafts while drawing
high-carbon wires, as they have the worst combina-

tion of service properties.

11. The obtained data investigations can be applied in
the wire industry while designing the production
process of rope wires.
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