
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
91

3 
07

1
A

1
*EP003913071A1*

(11) EP 3 913 071 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
24.11.2021 Bulletin 2021/47

(21) Application number: 21173625.1

(22) Date of filing: 12.05.2021

(51) Int Cl.:
C21D 1/40 (2006.01) C21D 9/62 (2006.01)

F27B 9/06 (2006.01) F27B 9/28 (2006.01)

F27D 99/00 (2010.01) H05B 3/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 19.05.2020 IT 202000011635

(71) Applicant: Metallurgica Luigi Pessina Acciai 
S.p.A.
21042 Caronno Pertusella (VA) (IT)

(72) Inventor: GREPPI, Giovanni Luigi
22070 Cassina Rizzardi (CO) (IT)

(74) Representative: Riccardi, Sergio
Riccardi & Co. 
Via Macedonio Melloni, 32
20129 Milano (IT)

(54) DEVICE FOR CURRENT TRANSMISSION IN A HEATING PROCESS

(57) A device (1) for transmission of electric current
in a continuous Joule effect heating process to a steel
strip, wire, pressed or drawn wire (2), comprising at least
a support structure (12) for the continuous Joule effect
heating process of a steel strip, wire, pressed or drawn
wire (2), and a plurality of electrodes (3) having their en-
tire body made of graphite and being mounted inside said
support structure (12) on a contact element (11), said
electrodes (3) being in physical and electrical contact with
said steel strip, wire, pressed or drawn wire (2), and being
arranged in a row of lower electrodes (3) and a row of
upper electrodes (3), in respect of said steel strip, wire,
pressed or drawn wire (2), and said rows are staggered
and capable of achieving a serpentine passage of said
steel strip, wire, pressed or drawn wire (2) between said
electrodes (3).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a device for
transmission of electric current in a continuous Joule ef-
fect heating process to a steel strip, wire, pressed or
drawn wire, according to claim 1.
[0002] More particularly, the device comprises innova-
tive electrodes for transmission of electric current to a
steel strip, wire, pressed or drawn wire in a continuous
heating process. Devices of this kind are disclosed in
patent documents FR 608538 A and CN 201713552 U.

BACKGROUND OF THE INVENTION

[0003] In the field of thermal treatments for steel com-
ponents, in this case strips, wires, pressed or drawn
wires, various technologies are known, allowing to carry
out processes such as hardening, tempering, annealing
and others; all these treatments provide for a heating
stage, up to a desired temperature, followed by a cooling
stage, so as to modify the mechanical properties, the
crystal structure of the grains and also the distribution of
the chemical species inside the steel element.
[0004] This field includes also facilities for continuous
treatment of steel strip, wire, pressed or drawn wire, with
the steps of unwinding, heat treating and rewinding their
coils at a predetermined speed.
[0005] In the heating stage, energy is being supplied
substantially in the form of heat to steel to be treated;
such a heating stage may be implemented with various
technologies, such as by convection, conduction and ra-
diation, where the material is introduced in a chamber
heated by burners or electric resistors.
[0006] Indirect heating by convection, conduction and
radiation provides for taking to the required temperature
the entire insulated structure, thus including supports,
walls and others, to warrant a uniform heat distribution
in the element to be processed, and consequently a uni-
form thermal treatment.
[0007] The Joule effect heating, also known as "resist-
ance heating", provides for the passage of an electric
current inside the element to be processed through the
thermal treatment (direct heating).
[0008] The Joule effect heating technologies, involving
an induction heating, are not considered in this disclo-
sure, because these are not suitable for treating the ma-
terials considered adapted to be treated with the device
of the present invention, in view of the difficulty of making
a winding suitable to be produce a sufficient heating ho-
mogeneity and efficiency for all sizes of the specific ele-
ments to be treated.
[0009] Each abovementioned solution has some rec-
ognized drawbacks. For instance, in the indirect heating
plants, use of burners or electric resistors produces a
relatively low efficiency, in view of the poor directivity of
the energy/heat flow, that cannot be sent selectively only

to the element to be treated, and is then diffused to the
entire oven environment. The costs related to this tech-
nology therefore are high, since they comprise high costs
of insulation and low efficiency of use of the energy re-
sources.
[0010] Another problem of indirect heating consists of
the high dead time, due to the need of cooling the whole
environment, before allowing to make any change in the
device using said technology. The direct heating increas-
es efficiency and reduces the heating and cooling dead
times.
[0011] In the field of Joule effect direct heating, in the
specific continuous heating treatment of steel strip, wires,
pressed or drawn wires, the state of the art comprises
electrodes in the form of contact rollers made of the same
materials of the elements to be treated, said electrodes
having a support structure which must also allow the ro-
tation of the rollers and the passage of electric current to
the element, so as to heat the element through the Joule
effect. In this case, the amount of current (Ampere) to be
transmitted by rollers in contact with a steel strip, flows
through a very limited section, causing several troubles.
Indeed, the contact between roller and material must
have such a pressure to warrant the most possible elec-
tric continuity, in order to ensure a good passage of cur-
rent. If these conditions are not met, concentric sparks
and discharges occur, irreparably spoiling the surface of
both the roller and the material. Said contact pressure
causes also deformations of material, such as the lami-
nation effect, more particularly where the increasing tem-
perature of the material substantially reduces the me-
chanical properties.
[0012] Moreover, in this configuration, it is necessary
to electrify and drive current in several complex moving
components, such as bearings, supports and rollers, with
the consequence that these components must be made
of materials capable to withstand this kind of stress.

SUMMARY OF THE INVENTION

[0013] In this situation, the technical object of the
present invention is to devise a device for current trans-
mission in a continuous Joule effect heating process, to
a steel strip, wire, pressed or drawn wire, suitable to sub-
stantially remove at least part of the abovementioned
drawbacks.
[0014] An object of the present invention is to make a
device, limiting the unwanted effects of metal compo-
nents used as electrodes in continuous Joule effect ther-
mal treatments with direct heating, such as sparks, in-
dentations, abrasions, deformations of material and oth-
ers.
[0015] A further object of the device is to provide for a
high directivity and selectivity of energy supplied for ob-
taining heating, thus a device with high energetic efficien-
cy.
[0016] The specified technical problem and objects are
met by a device for current transmission in a Joule effect
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continuous heating process, to a steel strip, wire, pressed
or drawn wire, wherein at least an electrode of non-fer-
rous material is provided at a contact station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The characteristics and advantages of the
present invention are hereinafter clarified by the detailed
description of its preferred embodiments, making refer-
ence to the annexed drawings, in which:

Fig. 1 is a section plane of a contact station, showing
the electrodes in one of the arrangements, according
to an embodiment of the invention;
Fig. 2 is a side view of the internal arrangement of a
contact station, showing the electrodes in another
embodiment of the invention; and
Fig. 3 is a section plane of a contact station for a
continuous thermal treatment by means of Joule ef-
fect direct heating, showing prior art electrodes (met-
al rollers).

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0018] With reference now to Figures 1 and 2, two em-
bodiments of a device 1 are illustrated, for the transmis-
sion of current in a Joule effect continuous heating proc-
ess for a steel strip, wire, pressed and/or drawn wire,
generally indicated by reference numeral 2.
[0019] Said device 1 is a part of a heating line for con-
tinuous thermal treatment of steel strip, wire, pressed
and/or drawn wire 2, wherein said line comprises at least
a heating stage.
[0020] A heating stage of a heating line for thermal
treatments may include a number of devices 1, crossed
by said strip, wire, pressed and/or drawn wire 2, wherein
the temperature increases in the advancement direction.
[0021] The steel strip, wire, pressed and/or drawn wire
2 is moved by motion means arranged outside the heat-
ing line. Between inlet and outlet, the steel strip, wire,
pressed and/or drawn wire 2 define a longitudinal direc-
tion 1a. Moreover, the plane defines a vertical direction
1b perpendicular to the longitudinal direction, but not nec-
essarily parallel to the gravitational gradient, and a trans-
versal direction 1c, perpendicular to both the longitudinal
1a and vertical 1b directions.
[0022] The treatment is considered to be continuous
when used in this connection, because the thermal treat-
ment is effected on a portion of steel strip2, which is un-
wound from a coil, processed in said line of thermal treat-
ment, that goes on processing said steel strip 2 without
any stop, i.e. continuously. Preferably, said device 1 com-
prises at least one contact element 11 for the continuous
thermal treatment by Joule effect of strip, wire, pressed
and/or drawn wire 2.
[0023] Said device 1, as shown in figures 1 and 2, is
arranged in a closed outer support structure 12, provided

with an inlet 11a and an outlet 11b, allowing the contin-
uous passage through the device 1 of the material 2 to
be treated. The group of features shown in figures 1 and
2 will be indicated as the contact station. This contact
station is also provided with at least an electric supply.
[0024] Preferably said contact station, in the embodi-
ment shown in figures 1 and 2, further comprises means
13 allowing the physical and electrical contact of said
steel strip, wire, pressed or drawn wire 2, during passage
of said steel strip, wire, pressed or drawn wire 2 in the
contact station for the thermal treatment.
[0025] Said means 13 may have any form, may com-
prise different structural components or elements, and
consist of any material or combinations of materials, said
elements being capable of allowing the physical and elec-
trical contact of said steel strip, wire, pressed or drawn
wire 2, during passage of said steel strip, wire, pressed
and/or drawn wire 2 in the contact station for the thermal
treatment.
[0026] Additionally, preferably in one of the preferred
embodiments of the invention, the position of said means
13 may be modified, to warrant the best possible position
and pressure for the contact.
[0027] Still preferably, said device 1 comprises at least
an electrode 3, connected with said means 13, and ar-
ranged inside said support structure 12, wherein said at
least one electrode 3 in in physical and electric contact
with said steel strip, wire, pressed or drawn wire 2.
[0028] Said connection is a physical and electric con-
tact capable of allowing passage of electric current
through said steel strip, wire, pressed or drawn wire 2,
so as to heat said material 2 to be treated at the desired
temperature.
[0029] The electrodes 3 are indeed preferably in direct
contact with electrical connections, for instance connect-
ed with the electric network or other sources. The total
power of the device is preferably comprised in the range
between 50 kW and 500 kW, and more preferably be-
tween 200 kW and 300 kW.
[0030] The control of the desired temperature for the
process is carried out by controlling the quantity of current
supplied, that is passed through said steel strip, wire,
pressed or drawn wire 2, between two or more contact
stations.
[0031] Preferably, the physical and electric contact
with said strip, wire, pressed or drawn wire 2, is made of
non-ferrous material.
[0032] Still more preferably, at least one side or surface
of said at least one electrode 3 in physical and electric
contact with said steel strip, wire, pressed or drawn wire
2 is made of graphite.
[0033] Moreover, preferably three electrodes, wherein
at least one of said electrodes 3, and preferably all said
electrodes, have the abovementioned inventive features.
[0034] The above described embodiments, compris-
ing electrodes 3 provided with at least one side or surface
of non-ferrous material, electrodes 3 provided with at
least one side or surface of graphite, and electrodes 3
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with the entire body made of graphite, may be used al-
ternatively or in various combinations, to obtain the de-
vice 1 according to the present invention.
[0035] Preferably, according to the present invention,
at the said contact station, the continuous Joule effect
heating of said steel strip, wire, pressed or drawn wire 2,
is carried out by the passage of current to said material
2 to be treated, wherein the contact between the moving
material 2 to be treated and said non-ferrous material is
a sliding contact.
[0036] In a preferred embodiment of the invention, said
electrode 3 has a prismatic shape, so as to obtain a wide
flat contact surface (instead of the limited contact of a
roller, as shown in figure 3, illustrating the known prior
art).
[0037] It is to be noted that the prismatic shape of elec-
trodes 3 is one of the forms achieving more advantages
for the embodiments of the present invention; however,
electrodes 3 of any other shape, having a side or surface
or element made of graphite or other non-ferrous mate-
rial, but still capable of achieving said contact, are in any
case comprised in the here described inventive concept.
[0038] Preferably, said electrodes 3 have the form of
a right parallelepiped with a preferably rectangular and
more particularly square base, and a main axis preferably
at right angles with said base. Said main axis is preferably
parallel to the cross direction 1c. Said base preferably
has a side with a length between 1cm and 10 cm, and
more preferably between 4 cm and 6 cm. The length of
the main axis is preferably between 1 dm and 5 dm, more
preferably between 1 dm and 3 dm, still more preferably
of 2 dm, and most preferably of 25 cm.
[0039] Preferably, as an alternative to the above de-
scribed electrode 3, said electrodes 3 may be in any
number that should be capable of warranting the physical
and electrical contact with said steel strip, wire, pressed
or drawn wire 2.
[0040] With reference now to the position of said elec-
trodes 3 inside the contact station, said electrodes 3, in
physical and electrical contact with said steel strip, wire,
pressed or drawn wire 2, are arranged in any desired
position relative to said steel strip, wire, pressed or drawn
wire 2.
[0041] For instance, in the embodiment shown in
figure1, a plurality of electrodes 3 are arranged paired
above and under the steel material to be treated.
[0042] Still more particularly, the lower rows of elec-
trodes 3 or the upper rows of electrodes 3 are mutually
staggered in longitudinal direction, so as to produce a
serpentine effect between electrode 3 and steel material
2 to be treated (figure 2). The electrodes 3 also have
outer sides, facing the wire, preferably not aligned in the
vertical direction 1b, preferably the upper electrodes
have outer sides arranged under the outer sides of the
lower electrodes, for the purpose of forming said serpen-
tine. The mutual offset of said outer sides is preferably
comprised between 0.05 and 2 times the height in the
vertical direction 1a of the electrodes 3, and more pref-

erably between 1mm and 1 cm.
[0043] More preferably, the closer electrodes have mu-
tual distances along the longitudinal axis 1a, between
the closest points of the same electrodes 3, comprised
between 0.5 and 3 times the dimensions of said elec-
trodes along the same longitudinal axis, and more par-
ticularly between 1 and 2 times the same dimension.
More preferably, said distance between the electrodes
is comprised between 1 cm and 1 dm, more preferably
between 2 cm and 6 cm, and still most preferably between
3 cm and 5 cm.
[0044] The device 1, for the current transmission in a
continuous Joule effect heating process of a steel strip,
wire, pressed or drawn wire 2 according to the invention,
achieves important advantages.
[0045] Indeed, said graphite / steel contact, when com-
pared with the prior art, since graphite has the property
of a non-metallic electric conductor, as well as the prop-
erties of inorganic solid lubricant, allows an electric con-
tact with a sliding action of good quality, capable of trans-
mitting current while preventing damages to the surface
of the material to be treated.
[0046] Still advantageously, in comparison with prior
art electrodes / rollers, producing a metal / metal contact
in the heating stage, through a Joule effect direct heating,
the electrodes made of non-ferrous material produce a
contact metal / non-metal, that does not deform the ma-
terial to be treated, but merely wears partially the elec-
trode 3 or the face / surface of the electrode 3, in view of
the physical properties of said non-ferrous material.
[0047] It has to be pointed out that only some preferred
embodiments of the invention were herein described and
illustrated, but many variations, additions, modifications
and/or many combinations of the individual elements
may be resorted to, however without departing from the
general innovative concept, nor from its scope of protec-
tion, as resulting also from the annexed claims.

Claims

1. Device (1) for transmission of electric current in a
continuous Joule effect heating process to a steel
strip, wire, pressed or drawn wire (2), comprising

- at least a support structure (12) for the contin-
uous Joule effect heating process to a steel strip,
wire, pressed or drawn wire (2), and
- a plurality of electrodes (3) having their entire
body made of graphite and being mounted in-
side said support structure (12) on a contact el-
ement (11),
- said electrodes (3) being in physical and elec-
trical contact with said steel strip, wire, pressed
or drawn wire (2),
- characterized in that said electrodes are ar-
ranged in a row of lower electrodes (3) and a
row of upper electrodes (3) in respect of said
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steel strip, wire, pressed or drawn wire (2),
- and that said rows are staggered and capable
to achieve a serpentine passage of said steel
strip, wire, pressed or drawn wire (2) between
said electrodes (3).

2. Device (1) according to claim 1, wherein said elec-
trodes (3) have the form of a right parallelepiped.

3. Device (1) according to claim 2, wherein said elec-
trodes (3) have the form of a right parallelepiped with
rectangular base.

4. Device (1) according to claim 3, wherein said elec-
trodes (3) have the form of a right parallelepiped with
square base.

5. Device (1) according to any claim 2 to 4, wherein
said electrodes (3) have a base with dimensions be-
tween 1 cm and 10 cm.

6. Device (1) according to claim 5, wherein said elec-
trodes (3) have a base with dimensions between 4
cm and 6 cm.

7. Device (1) according to any preceding claim, wherein
the steel strip, wire, pressed or drawn wire (2), be-
tween device inlet and outlet, define a longitudinal
direction (1a) and said electrodes (3) have mutual
distances, along said longitudinal direction (1a), be-
tween the closest points of of said electrodes, com-
prised between 0.5 and 3 times the dimensions of
said electrodes (3) along said longitudinal axis (1a).

8. Device (1) according to claim 7, wherein said elec-
trodes (3) have said mutual distances comprised
between1 and 2 times the dimension of said elec-
trodes (3) along said longitudinal axis (1a).

9. Device (1) according to any preceding claim, where-
in, between device inlet and outlet, the steel strip,
wire, pressed or drawn wire (2), define a longitudinal
direction (1a), and said electrodes (3) have mutual
distances, along said longitudinal direction (1a), be-
tween the closest points of said electrodes, com-
prised between 1cm and 1 dm.

10. Device (1) according to claim 7, wherein said elec-
trodes (3) have mutual distances comprised
between2 cm and 6 cm.

11. Device (1) according to any preceding claim, wherein
said electrodes have outer sides, facing said wire,
preferably not aligned in the vertical direction (1 b),
said upper electrodes preferably having outer sides
arranged under said outer sides of said upper elec-
trodes.

7 8 



EP 3 913 071 A1

6



EP 3 913 071 A1

7



EP 3 913 071 A1

8



EP 3 913 071 A1

9

5

10

15

20

25

30

35

40

45

50

55



EP 3 913 071 A1

10

5

10

15

20

25

30

35

40

45

50

55



EP 3 913 071 A1

11

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• FR 608538 A [0002] • CN 201713552 U [0002]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

