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Description

Technical Field

[0001] The present invention relates to a direct resistance heating apparatus and a direct resistance heating method
in which an electric current is applied to a workpiece such as a steel blank.

Background Art

[0002] Heat treatment is applied to, for example, vehicle structures such as a center pillar and a reinforcement to
ensure strength. Heat treatment can be classified into two types, namely, indirect heating and direct heating. An example
of indirect heating is a furnace heating in which a workpiece is placed inside a furnace and the temperature of the furnace
is controlled to heat the workpiece. Examples of direct heating include induction heating in which an eddy current is
applied to a workpiece to heat the workpiece, and a direct resistance heating (also called as a direct electric conduction
heating) in which an electric current is applied directly to a workpiece to heat the workpiece.
[0003] According to a first related art, a metal blank is heated by induction heating or direct resistance heating prior
to being subjected to plastic working by working means. For example, the heating means having electrode rollers or an
induction coil is disposed upstream of the working means having a cutter machine, and the metal blank is heated while
continuously being conveyed (see, e.g., JP06-079389A).
[0004] According to a second related art, to heat a steel plate having a substantially constant width along the longitudinal
direction of the steel plate by direct resistance heating, electrodes are arranged on respective end portions of the steel
plate in the longitudinal direction, and a voltage is applied between the electrodes. In this case, because an electric
current flows uniformly through the steel plate, an amount of heat generation is uniform over the entire steel plate. On
the other hand, to heat a steel plate having a varying width along the longitudinal direction of the steel plate, a set of
multiple electrodes are disposed side by side on one side of the steel plate in the widthwise direction, and another set
of multiple electrodes are disposed side by side on the other side of the steel plate in the widthwise direction, such that
the electrodes disposed on respective sides of the steel plate in the widthwise direction form multiple pairs of electrodes.
In this case, an equal electric current is applied between each of the pair of electrodes, so that the steel plate is heated
to a uniform temperature (see, e.g., JP3587501B2).
[0005] According to a third related art, a first electrode is fixed to one end of a steel rod, and a clamping-type second
electrode is provided to hold the boundary between a portion of the steel rod to be heated and a portion of the steel rod
to be non-heated, so that the steel rod is partially heated (see, e.g., JP53-007517A).
[0006] US 4,473,738A describes a method and apparatus for hot forming a polygonal head on a snap tie rod and
teaches to apply a current between electrodes to heat the rod, and to move the electrode to press the rod into a cavity,
thereby forming a polygonal head.
[0007] US 5,515,705A describes an apparatus and method for deforming a workpiece and teaches to move a die
provided with electrodes to deform the workpiece while heating the workpiece by direct resistance heating.
[0008] When heating a workpiece, in particular, a workpiece having a varying width along the longitudinal direction of
the workpiece, it is preferable that an amount of heat applied per unit volume is the same over the entire workpiece, like
in the furnace heating. However, a heating furnace requires large-scale equipment, and a temperature control of the
furnace is difficult.
[0009] Accordingly, in terms of production cost, direct resistance heating is preferable. However, when a plurality of
pairs of electrodes is provided like in the second related art, an amount of electric current to be applied is controlled for
each of the pairs of electrodes, which increases installation cost. Further, arrangement of a plurality of pairs of electrodes
with respect to one workpiece reduces productivity.

Summary of Invention

[0010] It is an object of the present invention to provide a direct resistance heating apparatus and a direct resistance
heating method requiring less number of electrodes for uniformly heating a workpiece or heating a workpiece to have
a desired temperature distribution.
[0011] According to an aspect of the present invention, a direct resistance heating apparatus includes a pair of elec-
trodes adapted to be electrically coupled to a power supply unit and having a first electrode and a second electrode,
and a moving mechanism configured to move at least one of the first electrode and the second electrode to change a
distance between the first electrode and the second electrode, wherein the moving mechanism moves the at least one
of the first electrode and the second electrode with the first electrode and the second electrode both contacting a
workpiece and with an electric current being applied from the power supply unit to the workpiece through the pair of
electrodes, wherein the at least one of the first electrode and the second electrode is configured to roll or to slide on the



EP 2 786 636 B1

3

5

10

15

20

25

30

35

40

45

50

55

heating target region of the workpiece while contacting the heating target region.
[0012] Each of the first electrode and the second electrode may have a length extending across a heating target region
of the workpiece.
[0013] The moving mechanism may include an adjusting unit configured to control a moving speed of the at least one
of the first electrode and the second electrode, and a drive mechanism configured to move the at least one of the first
electrode and the second electrode in accordance with the adjusting unit.
[0014] The adjusting unit may be configured to obtain the moving speed based on shape and size data of the workpiece,
so that the drive mechanism moves the at least one of the first electrode and the second electrode at the moving speed
obtained by the adjusting unit.
[0015] Each of the first electrode and the second electrode may include a main electrode portion, an auxiliary electrode
portion, and a lead portion connected to the power supply unit to apply the electric current to the main electrode portion.
The main electrode portion and the auxiliary electrode portion may be arranged to hold the workpiece from above and
below the workpiece.
[0016] The moving mechanism may be configured to move only one of the first electrode and the second electrode.
Alternatively, the moving mechanism may be configured to move both of the first electrode and the second electrode.
[0017] The at least one of the first electrode and the second electrode may be configured to roll or to slide on the
heating target region of the workpiece while contacting the heating target region.
[0018] According to another aspect of the present invention, a direct resistance heating method includes steps of
providing a workpiece having a heating target region, a resistance of which per unit length in one direction thereof varying
along the one direction, placing a first electrode and a second electrode such that a space is provided between the first
electrode and the second electrode and such that each of the first electrode and the second electrode extends across
the heating target region, and moving at least one of the first electrode and the second electrode with an electric current
being applied to the heating target region such that the at least one of the first electrode and the second electrode rolls
or slides on the heating target region of the workpiece while contacting the heating target region and such that a time
during which the electric current is applied to each part of the heating target region is adjusted in accordance with a
change of the resistance per unit length, thereby heating the workpiece such that the each part of the heating target
region is heated to a temperature within a target temperature range.
[0019] The electric current applied from a power supply unit to the first electrode and the second electrode may be
constant.
[0020] The heating target region of the workpiece may be configured such that a cross-sectional area of the heating
target region is reduced in the one direction, and the at least one of the first electrode and the second electrode is moved
in accordance with a reduction of the cross-sectional area.
[0021] According to one or more aspects of the present invention, when the heating target region of the workpiece is
virtually divided into a plurality of sub-regions along the electrode moving direction in a stripe pattern, it is possible to
reduce the amount of heat to be applied to the respective sub-regions along the electrode moving direction.
[0022] Accordingly, first, in a case where the resistance per unit length along one direction of the heating target region
of the workpiece changes along the longitudinal direction, for example, a cross-sectional area increases or decreases
along the one direction, the first electrode and the second electrode may be disposed on both sides in the longitudinal
direction, and in a state in which electricity is being applied, at least one electrode is moved in a direction in which the
resistance per unit length along the one direction decreases. Further, in accordance with the decrease in the resistance
per unit length along the one direction, the electrode moving speed is adjusted. Therefore, the amount of electricity in
each of the sub-regions, into which the heating target region is virtually divided in a stripe pattern along the movement
direction, do not depend on the location of the sub-region and falls within the same range. As a result, even in a case
where the resistance per unit length along one direction changes, it is possible to equalize the amounts of heat to be
applied to the sub-regions and to heat the heating target region almost uniformly without arranging a plurality of pairs
of electrodes.
[0023] Second, in a case where a heating target region of a workpiece is heated by direct resistance heating to have
a different temperature distribution, for example, in a case where a heating target region has a substantially constant
cross-sectional area and is heated by direct resistance heating to have a temperature distribution in which the temperature
decreases from a high temperature to a low temperature in one direction, at least one electrode is moved in the one
direction, whereby the amount of electricity in the respective sub-regions, into which the heating target region is virtually
divided in a stripe pattern along the movement direction, are made different depending on the location of the sub-regions,
thereby enabling to heat the workpiece with a desired temperature distribution.

Brief Description of Drawings

[0024]
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FIG. 1A is a plan view of a direct resistance heating apparatus according to a first embodiment of the present
invention, illustrating a state before electric conduction;
FIG. 1B is a front view of the direct resistance heating apparatus of FIG. 1A, illustrating the state before electric
conduction;
FIG. 1C is a plan view of the direct resistance heating apparatus of FIG. 1A, illustrating a state after electric conduction;
FIG. 1D is a front view illustrating the direct resistance heating apparatus of FIG. 1A, illustrating the state after
electric conduction;
FIG. 2 is a diagram for explaining a relational expression related to direct electric conduction;
FIG. 3 is a front view of an example of a detailed configuration of the direct resistance heating apparatus of FIGS.
1A to 1D;
FIG. 4 is a left side view of the detailed configuration of the direct resistance heating apparatus of FIG. 3;
FIG. 5 is a plan view of a portion of the detailed configuration of the direct resistance heating apparatus of FIG. 3;
FIG. 6 is a right side view of the detailed configuration of the direct resistance heating apparatus of FIG. 3;
FIG. 7A is a plan view of a direct resistance heating apparatus according to a second embodiment of the present
invention, illustrating a state before electric conduction;
FIG. 7B is a front view of the direct resistance heating apparatus of FIG. 7A, illustrating the state before electric
conduction;
FIG. 7C is a plan view of the direct resistance heating apparatus of FIG. 7A, illustrating a state after electric conduction;
FIG. 7D is a front view of the direct resistance heating apparatus of FIG. 7A, illustrating the state after electric
conduction;
FIG. 8A is a plan view of a direct resistance heating apparatus according to a third embodiment of the present
invention, and shows a state before electric conduction;
FIG. 8B is a front view of the direct resistance heating apparatus of FIG. 8A, illustrating the state before electric
conduction;
FIG. 8C is a plan view of the direct resistance heating apparatus of FIG. 8A, illustrating a state when electricity is
being applied;
FIG. 8D is a front view of the direct resistance heating apparatus of FIG. 8A, illustrating the state when electricity is
being applied;
FIG. 8E is a plan view of the direct resistance heating apparatus of FIG. 8A, illustrating a state after electric conduction;
FIG. 8F is a front view of the direct resistance heating apparatus of FIG. 8A, illustrating the state after electric
conduction;
FIG. 9A is a plan view of a direct resistance heating apparatus according to a fourth embodiment of the present
invention, and shows a state before electric conduction;
FIG. 9B is a front view of the direct resistance heating apparatus of FIG. 9A, illustrating the state before electric
conduction;
FIG. 9C is a plan view of the direct resistance heating apparatus of FIG. 9A, illustrating a state after electric conduction;
FIG. 9D is a front view of the direct resistance heating apparatus of FIG. 9A, illustrating the state after electric
conduction;
FIG. 10A is a plan view of a direct resistance heating apparatus according to a fifth embodiment of the present
invention, illustrating a state before electric conduction;
FIG. 10B is a front view of the direct resistance heating apparatus of FIG. 10A, illustrating the state before electric
conduction;
FIG. 10C is a plan view of the direct resistance heating apparatus of FIG. 10A, illustrating a state after electric
conduction;
FIG. 10D is a front view of the direct resistance heating apparatus of FIG. 10A, illustrating the state after electric
conduction;
FIG. 11A is a plan view of a direct resistance heating apparatus according to a sixth embodiment of the present
invention, illustrating a state before electric conduction;
FIG. 11B is a front view of the direct resistance heating apparatus of FIG. 11A, illustrating the state before electric
conduction;
FIG. 11C is a plan view of the direct resistance heating apparatus of FIG. 11A, illustrating a state after electric
conduction; and
FIG. 11D is a front view of the direct resistance heating apparatus of FIG. 11A, illustrating the state after electric
conduction.

Description of Embodiments

[0025] Hereinafter, embodiments of the present invention will be described in detail with reference to the drawings. A



EP 2 786 636 B1

5

5

10

15

20

25

30

35

40

45

50

55

direct resistance heating apparatus and a direct resistance heating method according to one or more embodiments of
the present invention can be applied, not only to a workpiece having a uniform thickness and a constant width along the
longitudinal direction of the workpiece, but also to a workpiece having a region of the workpiece to be heated (hereinafter,
"heating target region") whose width and/or thickness changes along the longitudinal direction of the heating target
region so that the cross-sectional area of the heating target region is reduced along the longitudinal direction of the
heating target region, and also to a workpiece having a heating target region formed with an opening or notch so that a
cross-sectional area of the heating target region is reduced along the longitudinal direction of the heating target region.
The workpiece is, for example, a steel blank which can be heated by applying an electric current. The workpiece may
be a single member, or may include a plurality of members having different resistivities and formed in a one-piece
structure by welding or the like. Further, a workpiece may include not only one but more than one heating target regions.
When the workpiece has more than one heating target regions, the heating target regions may be contiguous or be
separated.

First Embodiment

[0026] A direct resistance heating apparatus 10 according to a first embodiment of the present invention will be
described with reference to FIGS. 1A to 1D.
[0027] The direct resistance heating apparatus 10 includes a pair of electrodes 13 electrically coupled to a power
supply unit 1 and having a first electrode 11 and a second electrode 12, and a moving mechanism 15 configured to
move at least one of the first electrode 11 and the second electrode 12.
[0028] In this example, with the first electrode 11 and the second electrode 12 both contacting a workpiece w and an
electric current being applied from power supply unit 1 to the workpiece w through the pair of electrodes 13, the moving
mechanism 15 moves the first electrode 11, to change a distance between the first electrode 11 and the second electrode
12.
[0029] That is, the first electrode 11 is a moving electrode which is moved by the moving mechanism 15, and the
second electrode 12 is a fixed electrode just contacting the workpiece w. In another example, the second electrode 12
may be configured as a moving electrode and the first electrode 11 may be configured as a fixed electrode. In another
example, both of the first electrode 11 and the second electrode 12 may be configured as moving electrodes.
[0030] From when electricity starts to be applied from the power supply unit 1 to the pair of electrodes 13 and until the
applying of electricity stops, the moving electrode (the first electrode 11) is moved along a heating target region of the
workpiece w such that the amount of heat is controlled for each of the sub-regions into which the heating target region
is virtually divided in a stripe pattern along the electrode moving direction.
[0031] In this example, the heating target region is the entire region of the workpiece w, and has a gradually narrowing
width along the electrode moving direction. While applying a constant current from the power supply unit 1 to the workpiece
w through the pair of electrodes 13, the moving speed of the first electrode 11 is adjusted to control the amount of heat
for each of the sub-regions.
[0032] The moving mechanism 15 includes an adjusting unit 15a configured to the moving speed of a moving one of
the first electrode 11 and the second electrode 12, and a drive mechanism 15b configured to move the moving electrode
in accordance with the adjusting unit 15a. The adjusting unit 15a obtains the moving speed of the moving electrode from
data on the shape and size of the workpiece w, and the drive mechanism 15b moves the moving electrode at the obtained
moving speed. The moving speed which is obtained by the adjusting unit 15a will be described below.
[0033] A temperature rise θ0 as a result of applying a current I for a time period to (sec) to a cross-sectional area A0
of a unit length as shown in FIG. 2 can be obtained from the following equation: 

wherein pe is resistivity (Ω·m), ρ is a density (kg/m3), and c is specific heat (J/kg·°C).
[0034] A temperature rise θn as a result of applying a current I for a time period tn (sec) to a cross-sectional area An
of a unit length can be obtained from the following equation. 

[0035] Here, assuming that the current I is constant, and the temperature rise θ0 is equal to the temperature rise θn,
the following relation is established. 
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[0036] Therefore, a time period to apply a constant current such that different cross sections are heated to the same
temperature is proportional to the square of the ratio of cross-sectional areas.
[0037] The speed ΔV of the moving electrode may be set as follows: 

wherein ΔL is the length of the workpiece w in the longitudinal direction of the workpiece w.
[0038] Therefore, the adjusting unit 15a can obtain the moving speed from the data on the shape and size of the
workpiece w such as a steel blank, an amount of current supplied from the power supply unit 1, and a target heating
temperature.
[0039] For example, as shown in FIGS. 1A to 1D, in a case in which the workpiece w has an isosceles trapezoid
shape, a constant thickness, and a width varying in the longitudinal direction of the workpiece w, the resistance per unit
length changes along one direction, i.e. the longitudinal direction of the workpiece w. In this example, the entire region
of the workpiece w is the heating target region. The first electrode 11 and the second electrode 12 are placed such that
a space is provided between the first electrode 11 and the second electrode 12 and such that they extend across the
heating target region in a direction perpendicular to a direction in which the moving mechanism moves at least one of
the first electrode 11 and the second electrode 12, and in a state in which an electric current is being applied from the
power supply unit 1, the at least one of the first electrode 11 and the second electrode 12 is moved. For example, the
moving speed of the first electrode 11 can be adjusted in accordance with a change in the width of the workpiece w, i.e.
a change in the resistance per unit length, along the electrode moving direction, thereby adjusting a time during which
an electric current is applied to each part of the heating target region.
[0040] By adjusting the electric current applying time in a manner described above, when the workpiece w is virtually
divided into sub-regions along the electrode moving direction in a stripe pattern, it is possible to provide an appropriate
amount of current commensurate with the resistance to each of the sub-regions, so that the entire heating target region
of the workpiece w can be heated to a temperature within a target temperature range.
[0041] For example, when the workpiece w has a flat plate shape having a width narrowing toward one end in its
longitudinal direction as shown in FIGS. 1A to 1D, the moving speed of the moving electrode is adjusted in accordance
with the change of the width of the heating target region of the workpiece w contacting the moving electrode. Based on
the foregoing Equation 4, the moving speed is defined by a function proportional to the square of the change rate of
cross-sectional area.
[0042] The power supply unit 1 may be a direct-current power source or an alternating-current power source. When
the power supply unit 1 is an alternating-current power source, an average current in a given period may be maintained
constant. In either case, when heating a workpiece w having a varying cross-sectional area, by adjusting the current
applying time for each part of the heating target region of the workpiece w, it is possible to keep the temperature rise
within the same range in each part of the heating target region of the workpiece w. Each of the electrodes has a size
that extends across the heating target region of the workpiece w. That is, each of the electrodes is arranged to extend
across the virtually divided stripe-shaped sub-region, so that the same amount of electricity can be provided to each of
the stripe-shaped sub-regions to perform uniform heating.
[0043] As described above, according to the direct resistance heating apparatus 10, in a case where the width of the
workpiece w changes in the longitudinal direction, at least the first electrode 11 of the pair of electrodes 13 is moved,
whereby it is possible to uniformly heat the workpiece w. Unlike the related art, it is unnecessary to dispose electrodes
at both end portions of the heating target region of the workpiece w facing each other such that the electrodes form a
plurality of pairs, and control a supply amount such that an electric current flows regardless of the plurality of pairs of
electrodes.
[0044] It is also possible to heat the heating target region of the workpiece w by direct resistance heating such that
the heating target region has a non-uniform temperature distribution. For example, to heat the heating target region
having a constant width along the longitudinal direction by direct resistance heating such that the heating target region
has a temperature distribution in which the temperature changes from a high temperature to a low temperature in the
longitudinal direction, the moving mechanism 13 simply moves the first electrode 11 while applying an electric current
from the power supply unit 1 to the pair of electrodes 13.
[0045] FIGS. 3 to 6 illustrate a direct resistance heating apparatus 20 as an example of a detailed configuration of the
direct resistance heating apparatus 10 of FIGS. 1A to 1D. As shown in FIGS. 3 to 6, the direct resistance heating
apparatus 20 has a moving electrode 21 and a fixed electrode 22. The electrode 21 has a main electrode portion 21 a
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and an auxiliary electrode portion 21b that are arranged to hold the workpiece w from above and below the workpiece
w. The electrode 22 has a main electrode portion 22a and an auxiliary electrode portion 22b that are arranged to hold
the workpiece w from above and below the workpiece w.
[0046] In FIG. 3, the moving electrode 21 is disposed on the left side, and the fixed electrode 22 is disposed on the
right side. The moving electrode 21 has a pair of lead portions 21c, the main electrode portion 21 a that contacts the
workpiece w, and the auxiliary electrode portion 21b that presses the workpiece w against the main electrode portion
21a. Similarly, the fixed electrode 22 has a pair of lead portions 22c, the main electrode portion 22a that contacts the
workpiece w, and the auxiliary electrode portion 22b that presses the workpiece w against the main electrode portion 22a.
[0047] As shown in FIG. 3, a moving mechanism 25 includes a guide rail 25a extending in a longitudinal direction, a
movement control rod 25b, e.g., a threaded shaft, arranged above the guide rail 25a such that it extends in the longitudinal
direction, a slider 25c configured to slide on the guide rail 25a and screwed onto the movement control rod 25b, and a
step motor 25d. When the movement control rod 25b is rotated at an adjusted speed by the step motor 25d, the slider
25c moves in the longitudinal direction.
[0048] The lead portion 21c is disposed on the slider 25c via an insulating plate 21d. A wiring 2a is electrically coupled
to the power supply unit 1, and is fixed to one end portion of the lead portion 21c. The main electrode portion 21a is
fixed to the other end portion of the lead portion 21c. The auxiliary electrode portion 21b is attached to a suspending
mechanism 26 such that the auxiliary electrode portion 21b is vertically movable.
[0049] The suspending mechanism 26 provides a frame having a stage 26a, wall portions 26b, 26c, a bridging portion
26d. More specifically, the suspending mechanism 26 includes the pair of wall portions 26b, 26c provided on one end
portion of the stage 26a such that they are separated in the widthwise direction, the bridging portion 26d bridging the
upper ends of the wall portions 26b, 26c, a cylinder rod 26e attached to the bridging portion 26d on the axis of the
bridging portion 26d, a clamping portion 26f attached to the distal end portion of the cylinder rod 26e, and a holding plate
26g holding the auxiliary electrode portion 21b in an insulated manner. The distal end of the cylinder rod 26e is fixed to
the upper end of the clamping portion 26f, and supporting portions 26i are provided on opposing surfaces of the wall
portions 26b, 26c, and the holding plate 26g is guided in a state in which the holding plate 26g is movable in a swinging
direction around a connecting shaft 26h. In accordance with the vertical movement of the cylinder rod 26e, the clamping
portion 26f, the connecting shaft 26h, the holding plate 26g, and the auxiliary electrode portion 21b move vertically. The
main electrode portion 21 a and the auxiliary electrode portion 21b extend across the heating target region of the
workpiece w, and the holding plate 26g can move in the swinging direction around the connecting shaft 26h, so that the
entire upper surface of the main electrode portion 21 a and the entire lower surface of the auxiliary electrode portion 21
b are pressed against the workpiece w.
[0050] In order for the main electrode portion 21 a and the auxiliary electrode portion 21b to hold the plate-shaped
workpiece w in a state in which the main electrode portion 21a and the auxiliary electrode portion 21b both contact the
workpiece w while the suspending mechanism 26 and the lead portion 21c are moved in the longitudinal direction by
the moving mechanism 25, rotating rollers 27a, 27b are provided for the main electrode portion 21a and the auxiliary
electrode portion 21b, respectively, such that they extend across the workpiece w in the widthwise direction of the
workpiece w. The rotating roller 27a is rotatably supported by a pair of bearings 28a, and the rotating roller 27b rotatably
supported by a pair of bearings 28b. During the movement of the main electrode portion 21a and the auxiliary electrode
portion 21b by the moving mechanism 25, an electric current can be continuously applied to the workpiece w through
the bearings 28a, 28b and the rotating roller 27a. The moving electrode is provided with means for rolling or sliding on
the heating target region of the workpiece while contacting the heating target region, and the rotating rollers 27a, 27b
are examples thereof.
[0051] On the other side of the direct resistance heating apparatus 20, the fixed electrode 22 is disposed. As shown
in FIG. 3, a pulling mechanism 29 is disposed on a stage 29a. The lead portion 22c is disposed on the pulling mechanism
29 via an insulating plate 29b. A wiring 2b is electrically coupled to the power supply unit 1, and is fixed to one end
portion of the lead portion 22c. The main electrode portion 22a is fixed to the other end portion of the lead portion 22c.
The auxiliary electrode portion 22b is attached to a suspending mechanism 31 such that the auxiliary electrode portion
22b is vertically movable. The suspending mechanism 31 is arranged to cover the main electrode portion 22a.
[0052] The pulling mechanism 29 includes a moving means 29c connected to the lower surface of the insulating plate
29b to move the stage 29a in the longitudinal direction, sliders 29d, 29e configured to directly slide the insulating plate
29b in the longitudinal direction, and guide rails 29f arranged to guide the sliders 29d, 29e, and uses the moving means
29c to slide the auxiliary electrode portion 22b, the main electrode portion 22a, and the lead portions 22c in the longitudinal
direction, thereby adjusting their positions. Because the direct resistance heating apparatus 20 includes the pulling
mechanism 29, even when the workpiece w expands by direct resistance heating, it can be planarized.
[0053] The suspending mechanism 31 includes a pair of wall portions 31 b, 31c provided in a standing manner at one
end portion of a stage 31a such that they are separated in the widthwise direction, a bridging portion 31d bridging the
upper ends of the wall portions 31 b, 31 c, a cylinder rod 31e attached to the bridging portion 31d on the axis of the
bridging portion 31d, a clamping portion 31f attached to the distal end portion of the cylinder rod 31 e, and a holding
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plate 31 g holding the auxiliary electrode portion 22b in an insulated manner. The holding plate 31 g is held by the
clamping portion 31f via a connecting shaft 31h. The distal end of the cylinder rod 31e is fixed to the upper end of the
clamping portion 31f, and like in the suspending mechanism 26, the holding plate 31g is supported by supporting portions
provided on opposing surfaces of the wall portions 31 b, 31 c such that the holding plate 31 g is movable in a swinging
direction. In accordance with the vertical movement of the cylinder rod 31e, the clamping portion 31f, the connecting
shaft 31 h, the holding plate 31 g, and the auxiliary electrode portion 22b move vertically. The main electrode portion
22a and the auxiliary electrode portion 22b extend across the heating target region of the workpiece w, and the holding
plate 31 g can move in the swinging direction around the connecting shaft 31h, so that the entire upper surface of the
main electrode portion 22a and the entire lower surface of the auxiliary electrode portion 22b are pressed against the
workpiece w.
[0054] In a state in which the workpiece w is horizontally supported by horizontally supporting means, the workpiece
w is held in a fixed manner between the main electrode portion 22a and the auxiliary electrode portion 22b of the fixing
electrode 22, and is also held between the main electrode portion 21 a and the auxiliary electrode portion 21 b of the
moving electrode 21, and then, the moving mechanism 25 moves the moving electrode 21. The moving mechanism 25
moves the moving electrode 21 at a moving speed controlled by the adjusting unit 15a. The adjusting unit 15a adjusts
the moving speed of the moving electrode 21 in accordance with the shape of the workpiece w such that the heating
target region of the workpiece w is heated uniformly or to have a temperature distribution in which the temperature
changes smoothly from a high temperature to a low temperature.
[0055] As described above, according to the direct resistance heating apparatus 20, the main electrode portion 21a
and the auxiliary electrode portion 21b are disposed to hold the workpiece w from above and below the workpiece w.
The solid main electrode portion 21 a configured to extend across the heating target region of the workpiece w is arranged
to extend across the pair of lead portions 21c (e.g., bus bars) provided along the electrode moving direction. The main
electrode portion 21a, the auxiliary electrode portion 21b, and the pair of lead portions 21c are attached to a structure
which is moved along the electrode moving direction by the moving mechanism 25. At least one of the main electrode
portion 21 a and the auxiliary electrode portion 21b is vertically moved by the cylinder rod 26e serving as a pressing
means to hold the workpiece w between the main electrode portion 21 a and the auxiliary electrode portion 21b, and in
this condition, the main electrode portion 21a and the auxiliary electrode portion 21b are moved to run over the workpiece
w with an electric current being applied from the main electrode portion 21 a to the workpiece w through the bus bars 21 c.
[0056] The example illustrated in FIGS. 3 to 6 can be modified such that, for example, at least one of the main electrode
portion 21 a and the auxiliary electrode portion 21b is vertically moved by the cylinder rod 26e to hold the workpiece w
between the main electrode portion 21a and the auxiliary electrode portion 21b, and in this condition, the main electrode
portion 21 a is moved to run over the pair of bus bars with an electric current being applied from the main electrode
portion 21 a to the workpiece w through the bus bars.

Second Embodiment

[0057] A direct resistance heating apparatus 40 according to a second embodiment of the present invention will be
described with reference to FIGS. 7A to 7D.
[0058] The direct resistance heating apparatus 40 includes a pair of electrodes 43 electrically coupled to a power
supply unit 1 and having a first electrode 41 and a second electrode 42, and moving mechanisms 44, 45 configured to
move the first electrode 41 and the second electrode 42, respectively.
[0059] With the first electrode 41 and the second electrode 42 both contacting a workpiece w and an electric current
being applied from the power supply unit 1 to the workpiece w through the pair of electrodes 43, the moving mechanisms
44, 45 move the first electrode 41 and the second electrode 42 that are disposed so as not to contact each other,
respectively, thereby widening the distance between the first electrode 41 and the second electrode 42.
[0060] The workpiece w has a rhomboid shape in a plan view, such that the width is the largest at the center position
and gradually narrows toward both end portions in the longitudinal direction. To heat this workpiece w uniformly to a
temperature within a target temperature range, the first electrode 41 and the second electrode 42 are placed at the
center position of the workpiece w such that a small space is provided between the first electrode 41 and the second
electrode 42 and such that the first electrode 41 and the second electrode 42 extend across the workpiece w, and the
first electrode 41 and the second electrode 42 are moved at the same speed in opposite directions while applying a
constant current from the power supply unit 1.
[0061] A detailed configuration of the direct resistance heating apparatus 40 may be obtained by providing the moving
electrode structure of the first embodiment illustrated on the left side in FIGS. 3 on both sides of the direct resistance
heating apparatus 40.
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Third Embodiment

[0062] A direct resistance heating apparatus 50 according to a third embodiment of the present invention will be
described with reference to FIGS. 8A to 8E.
[0063] A workpiece w can be virtually divided into two isosceles trapezoid regions that are symmetric to each other
in a plan view. Each of the isosceles trapezoid regions has parallel sides, and long sides of the isosceles trapezoid
regions are disposed on the outer side and short sides of the isosceles trapezoid regions are connected to each other.
In other words, the workpiece w has a shape similar to a shape obtained by connecting two of the workpiece w as shown
in FIG. 1A. In this example, the direct resistance heating apparatus 10 according to the first embodiment may be modified
as follows.
[0064] The direct resistance heating apparatus 50 includes a current applying unit 50a disposed on one side in the
longitudinal direction and another current applying unit 50b disposed on the other side in the longitudinal direction. The
current applying unit 50a has a pair of electrodes 53a and a moving mechanism 56a. The current applying unit 50b has
a pair of electrodes 53b and a moving mechanism 56b. The pair of electrodes 53a disposed on the left side in a plan
view of the workpiece w has a first electrode 51a and a second electrode 52a.
[0065] In the current applying unit 50a on the left side, the first electrode 51a is provided at the left end portion of the
workpiece w in the plan view as a fixed electrode. The second electrode 52a is provided as a moving electrode on the
right side of the first electrode 51a in the plan view with a small space being provided between the first electrode 51a
and the second electrode 52a, and is moved by the moving mechanism 56a.
[0066] In the current applying unit 50b on the right side, the first electrode 51b is provided as a fixed electrode at the
right end portion of the workpiece w in the plan view. The second electrode 52b is provided as a moving electrode on
the left side of the first electrode 51a in the plan view with a small space being provided between the first electrode 51b
and the second electrode 52b, and is moved by the moving mechanism 56b.
[0067] Like in the first embodiment and the second embodiment, the moving mechanisms 56a, 56b include adjusting
units 54a, 54b configured to control the moving speeds of the moving electrodes, and drive mechanisms 55a, 55b
configured to move the moving electrodes in accordance with the adjusting units 54a, 54b. The adjusting units 54a, 54b
obtain the moving speeds of the moving electrodes from data on the shape and size of the workpiece w, and the drive
mechanisms 55a, 55b move the moving electrodes at the obtained moving speeds.
[0068] The electrodes are disposed as shown in FIGS. 8A and 8B, and in a state in which an electric current is being
applied from the power supply unit 1 to the workpiece w through the pair of electrodes 53a, 53b, the second electrodes
52a, 52b are moved by the moving mechanisms 56a, 56b such that the second electrodes 52a, 52b move away from
the first electrodes 51a and 51b, respectively, as shown in FIGS. 8C and 8D. Then, as shown in FIGS. 8E and 8F, both
of the second electrodes 52a, 52b are moved vertically such that the second electrodes 52a, 52b are separated from
the workpiece w. The the current from the power supply unit 1 to the pair of electrodes 53a, 53b is temporarily stopped,
and a switch is used to switch a circuit, an then the power supply unit 1 restarts to apply an electric current between the
first electrode 51 a and the first electrode 51b. In this way, a portion of the workpiece w between the second electrode
52a and the second electrode 52a can be heated by electric conduction.
[0069] Also in the third embodiment, the moving mechanisms 56a, 56b move the second electrodes 52a, 52b serving
as moving electrodes at moving speeds controlled based on the shape and size of the workpiece w, an electric current
is applied by the pair of electrodes 53a to a portion of the workpiece w between the first electrode 51a and the second
electrode 52a, an electric current is applied to by the pair of electrodes 53b to a portion of the workpiece w between the
first electrode 51 b and the second electrode 52b, whereby the amount of heat is equalized for each part the workpiece
w to uniformly heat the workpiece w.
[0070] As for the configuration of each of the current applying units 50a and 50b, it is possible to apply the same
configuration as that of the first embodiment, and a detailed configuration may be the same as the configuration shown
in FIGS. 3 to 6.

Fourth Embodiment

[0071] A direct resistance heating apparatus 10 according to a fourth embodiment will be described with reference to
FIGS. 9A to 9D.
[0072] The configuration of the direct resistance heating apparatus 10 shown in FIG. 9A is the same as that of the
direct resistance heating apparatus 10 shown in FIG. 1A. In other words, the direct resistance heating apparatus 10
includes a pair of electrodes 13 electrically coupled to a power supply unit 1 and having a first electrode 11 and a second
electrode 12, and a moving mechanism 15 configured to move at least one of the first electrode 11 and the second
electrode 12. With the first electrode 11 and the second electrode 12 both contacting a workpiece w and an electric
current being applied to the workpiece w through the pair of electrodes 13, the moving mechanism 15 moves the first
electrode 11 to change the distance between the first electrode 11 and the second electrode 12.
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[0073] The fourth embodiment is different from the first embodiment in the shape of the workpiece w. That is, the
workpiece w has a constant width along the longitudinal direction in a plan view, but the thickness of the workpiece w
is reduced toward one side. Therefore, the cross-sectional area is reduced toward one side.
[0074] Also in the fourth embodiment, from when an electric current starts to be applied from the power supply unit 1
to the pair of electrodes 13 to when the applying of the current stops, the moving electrode, e.g., the first electrode 11,
is moved. Therefore, it is possible to control the amount of heat for each of the sub-regions into which a heating target
region of the workpiece w is virtually divided in a stripe pattern along the electrode moving direction.
[0075] Also when the thickness of the workpiece w reduces toward the left side as shown, for example, in FIG. 9B,
the moving speed is defined by a function proportional to the square of the change rate of the cross-sectional area,
based on the foregoing Equation 4.

Fifth Embodiment

[0076] A direct resistance heating apparatus 10 according to the fifth embodiment of the present invention will be
described with reference to FIGS. 10A to 10D.
[0077] The direct resistance heating apparatus 10 shown in FIG. 10A has the same configuration as that of the direct
resistance heating apparatus 10 shown in FIG. 1A. The fifth embodiment is different from the first embodiment in that
a heating target region of a workpiece w is not the entire workpiece w but is a region on one side in the longitudinal
direction. In other words, the entire region of the workpiece w is divided into two regions, namely, a heating target region
w1 and a non-heating region w2. For example, the workpiece w is formed by making a heating target region w1 and a
non-heating region w2 from different materials and joining the heating target region w1 and the non-heating region w2
by welding. As an example of use of this type of workpiece w, a member may be configured to absorb an impact by a
non-heating region w2 by increasing the hardness of a heating target region w1 and making the non-heating region w2
easily deformed by an impact. In this case, the first electrode 11 and the second electrode 12 are disposed on a side of
the heating target region w1 where the cross-sectional area along a direction perpendicular to one direction of the
longitudinal direction is larger, and the first electrode 11 is moved in a direction in which the cross-sectional area de-
creases. The moving speed may be set based on the Equation 4. Accordingly, also in the fifth embodiment, from when
an electric current starts to be applied from the power supply unit 1 to the pair of electrodes 13 to when the applying of
the current stops, a moving electrode, i.e., the first electrode 11, is moved. Therefore, it is possible to control the amount
of heat for each of the sub-regions into which the heating target region w1 of the workpiece w is virtually divided in a
stripe pattern along the electrode moving direction.

Sixth Embodiment

[0078] A direct resistance heating apparatus 40 according to a sixth embodiment of the present invention will be
described with reference to FIGS. 11A to 11D.
[0079] The direct resistance heating apparatus 40 shown in FIG. 11A has the same configuration as that of the direct
resistance heating apparatus 40 shown in FIG. 7A. The sixth embodiment is different from the second embodiment in
that one side of the workpiece w in the longitudinal direction is a region w1 to be almost uniformly heated to a hot working
temperature, and the other side is a region w2 to be uniformly heated to a warm working temperature lower than a
quenching temperature. That is, the entire region of the workpiece w has the regions w1, w2 to be heated to different
temperatures, respectively. Like in the fifth embodiment, the workpiece w may formed by making the region w1 and the
region w2 of different materials, and joining the region w1 and the region w2 by welding. In this example, moving
mechanisms 44, 45 move moving electrodes 41, 42 respectively. The left region w1 is uniformly heated to a hot working
temperature, whereas the right region w2 is heated to a warm working temperature, such that pressing can be easily
performed in the next process. To this end, while a constant current is applied between the moving electrodes 41, 42,
the moving mechanism 44 moves the moving electrode 41 such that the relation of Equation 4 is satisfied, whereby the
region w1 is uniformly heated to a hot working temperature, and the moving mechanism 45 moves the moving electrode
42 such that the region w2 is heated to a warm working temperature. The movement start timings and the movement
stop timings of the moving electrodes 41, 42 may be set in accordance with the sizes of the regions w1 and w2 in the
longitudinal direction, the target hot working temperature, and the target warm working temperature.
[0080] While the invention has been described with reference to certain embodiments thereof, the scope of the invention
is not limited to the embodiments described above, and it will be understood by those skilled in the art that various
changes and modifications may be made therein without departing from the scope of the invention as defined by the
appended claims.
[0081] For example, such changes and modifications may be made in accordance with the shape and size of a
workpiece w. The shape of the workpiece w is not limited to those illustrated in the drawings, and as long as a workpiece
includes a region where the resistance per unit length decreases due to, for example, a reduction in the cross-sectional
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area along one direction, the region can be uniformly heated by moving an electrode in the one direction. Also, lateral
sides of the workpiece w connecting the respective ends of the workpiece w in the longitudinal direction need not be
straight lines, and may be curved, or may be configured by connecting a plurality of straight lines and/or curved lines
having different curvatures.
[0082] The examples described above includes a case where the entire workpiece w is a heating target region, a case
where a portion of the workpiece w is a heating target region, and a case where the workpiece w is divided into a plurality
of heating target regions. According to another example, the heating target region may be divided into a plurality of
heating target regions in a direction intersecting the moving direction of one of the first electrode and the second electrode
that are disposed on the workpiece w with a space provided therebetween, that is, not in the longitudinal direction of the
workpiece w but in the widthwise direction of the worpiece w, and the moving electrode may be provided for each of the
heating target regions. In this case, the heating target regions may be contiguous in the widthwise direction, or may be
separated in the widthwise direction.
[0083] As described above, changes and modifications may be made such that one or more moving electrodes are
provided to heat the workpiece w by electric conduction in accordance with the shape and size of a workpiece w and a
heating target region of the workpiece w, and a use a fixed electrode is optional.

Industrial Applicability

[0084] One or more embodiments of the invention provide a direct resistance heating apparatus and a direct resistance
heating method in which an electric current is applied to a workpiece such as a steel blank.

Claims

1. A direct resistance heating apparatus (10, 20, 40, 50) comprising:

a pair of electrodes (13, 43, 53a, 53b) adapted to be electrically coupled to a power supply unit (1), the pair of
electrodes (13, 43, 53a, 53b) comprising a first electrode (11, 21, 41, 51a, 51b) and a second electrode (12,
22, 42, 52a, 52b); and
a moving mechanism (15, 25, 44, 45, 56a, 56b) configured to move at least one of the first electrode (11, 21,
41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) to change a distance between the first electrode
(11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b),
characterized in that the moving mechanism (15, 25, 44, 45, 56a, 56b) moves the at least one of the first
electrode (11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) with the first electrode (11, 21,
41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) both contacting a workpiece (W) and with an
electric current being applied from the power supply unit (1) to the workpiece (W) through the pair of electrodes
(13, 43, 53a, 53b), wherein the at least one of the first electrode (11, 21, 41, 51a, 51b) and the second electrode
(12, 22, 42, 52a, 52b) is configured to roll or to slide on the heating target region of the workpiece (W) while
contacting the heating target region.

2. The direct resistance heating apparatus (10, 20, 40, 50) according to claim 1, wherein each of the first electrode
(11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) has a length extending across a heating
target region of the workpiece (W).

3. The direct resistance heating apparatus (10, 20, 40, 50) according to claim 1, wherein the moving mechanism (15,
25, 44, 45, 56a, 56b) comprises:

an adjusting unit (15a, 44a, 45a, 55a, 55b) configured to control a moving speed of the at least one of the first
electrode (11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b); and
a drive mechanism (15b, 44b, 45b, 54a, 54b) configured to move the at least one of the first electrode (11, 21,
41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) in accordance with the adjusting unit (15a, 44a,
45a, 55a, 55b).

4. The direct resistance heating apparatus (10, 20, 40, 50) according to claim 3, wherein the adjusting unit (15a, 44a,
45a, 55a, 55b) is configured to obtain the moving speed based on shape and size data of the workpiece (W), and
wherein the drive mechanism (15b, 44b, 45b, 54a, 54b) moves the at least one of the first electrode (11, 21, 41,
51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) at the moving speed obtained by the adjusting unit (15a,
44a, 45a, 55a, 55b).
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5. The direct resistance heating apparatus (20) according to claim 1, wherein each of the first electrode (21) and the
second electrode (22) comprises:

a main electrode portion (21 a, 22a);
an auxiliary electrode portion (22a, 22b); and
a lead portion (21c, 22c) connected to the power supply unit (1) to apply the electric current to the main electrode
portion (21 a, 22a),
wherein the main electrode portion (21a, 22a) and the auxiliary electrode portion (22a, 22b) are arranged to
hold the workpiece (W) from above and below the workpiece (W).

6. The direct resistance heating apparatus (10, 20, 50) according to claim 1, wherein the moving mechanism (15, 25,
56a, 56b) is configured to move only one of the first electrode (11, 21, 51a, 51b) and the second electrode (12, 22,
52a, 52b).

7. The direct resistance heating apparatus (40) according to claim 1, wherein the moving mechanism (44, 45) is
configured to move the first electrode (41) and the second electrode (42).

8. A direct resistance heating method comprising:

providing a workpiece (W) having a heating target region, wherein a resistance of the heating target region per
unit length in one direction of the heating target region changes along the one direction;
placing a first electrode (11, 21, 41, 51a, 51b) and a second electrode (12, 22, 42, 52a, 52b) such that a space
is provided between the first electrode (11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b)
and such that each of the first electrode (11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b)
extends across the heating target region; and
moving at least one of the first electrode (11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b)
with an electric current being applied to the heating target region such that the at least one of the first electrode
(11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) rolls or slides on the heating target region
of the workpiece (W) while contacting the heating target region and such that a time during which the electric
current is applied to each part of the heating target region is adjusted in accordance with a change of the
resistance per unit length, thereby heating the workpiece (W) such that the each part of the heating target region
is heated to a temperature within a target temperature range.

9. The direct resistance heating method according to claim 8, wherein the electric current applied from a power supply
unit (1) to the first electrode (11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) is constant.

10. The direct resistance heating method according to claim 8, wherein the heating target region of the workpiece (W)
is configured such that a cross-sectional area of the heating target region is reduced in the one direction, and the
at least one of the first electrode (11, 21, 41, 51a, 51b) and the second electrode (12, 22, 42, 52a, 52b) is moved
in accordance with a reduction of the cross-sectional area.

Patentansprüche

1. Direkte Widerstandsheizvorrichtung (10, 20, 40, 50), umfassend:

ein Paar Elektroden (13, 43, 53a, 53b), die angepasst sind, elektrisch mit einer Stromversorgungseinheit (1)
verbunden zu sein, wobei das Paar Elektroden (13, 43, 53a, 53b) eine erste Elektrode (11, 21, 41, 51a, 51b)
und eine zweite Elektrode (12, 22, 42, 52a, 52b) umfasst; und
einen Bewegungsmechanismus (15, 25, 44, 45, 56a, 56b), der so konfiguriert ist, dass er zumindest die erste
Elektrode (11, 21, 41, 51a, 51b) und/oder die zweite Elektrode (12, 22, 42, 52a, 52b) bewegt, um einen Abstand
zwischen der ersten Elektrode (11, 21,41, 51a, 51b) und der zweiten Elektrode (12, 22, 42, 52a, 52b) zu
verändern,
dadurch gekennzeichnet, dass der Bewegungsmechanismus (15, 25, 44, 45, 56a, 56b) zumindest die erste
Elektrode (11, 21, 41, 51a, 51b) und/oder die zweite Elektrode (12, 22, 42, 52a, 52b) bewegt, wobei sowohl die
erste Elektrode (11, 21, 41, 51a, 51b) als auch die zweite Elektrode (12, 22, 42, 52a, 52b) ein Werkstück (W)
kontaktieren und wobei ein elektrischer Strom durch die Stromversorgungseinheit (1) durch das Paar Elektroden
(13, 43, 53a, 53b) an dem Werkstück (W) angelegt wird, wobei zumindest die erste Elektrode (11, 21, 41, 51a,
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51b) und/oder die zweite Elektrode (12, 22, 42, 52a, 52b) so konfiguriert ist, dass sie auf dem Erwärmungsziel-
bereich des Werkstücks (W) rollt oder gleitet, während sie den Erwärmungszielbereich kontaktiert.

2. Direkte Widerstandsheizvorrichtung (10, 20, 40, 50) nach Anspruch 1, wobei sowohl die erste Elektrode (11, 21,
41, 51a, 51b) als auch die zweite Elektrode (12, 22, 42, 52a, 52b) eine Länge aufweist, die sich über einen Erwär-
mungszielbereich des Werkstücks (W) erstreckt.

3. Direkte Widerstandsheizvorrichtung (10, 20, 40, 50) nach Anspruch 1, wobei der Bewegungsmechanismus (15, 25,
44, 45, 56a, 56b) umfasst:

eine Einstelleinheit (15a, 44a, 45a, 55a, 55b), die so konfiguriert ist, dass sie eine Bewegungsgeschwindigkeit
zumindest der ersten Elektrode (11, 21, 41, 51a, 51b) und/oder der zweiten Elektrode (12, 22, 42, 52a, 52b)
steuert und/oder regelt; und einen Antriebsmechanismus (15b, 44b, 45b, 54a, 54b), der so konfiguriert ist, dass
er zumindest die erste Elektrode (11, 21, 41, 51a, 51b) und/oder die zweite Elektrode (12, 22, 42, 52a, 52b) in
Übereinstimmung mit der Einstelleinheit (15a, 44a, 45a, 55a, 55b) bewegt.

4. Direkte Widerstandsheizvorrichtung (10, 20, 40, 50) nach Anspruch 3, wobei die Einstelleinheit (15a, 44a, 45a, 55a,
55b) so konfiguriert ist, dass sie die Bewegungsgeschwindigkeit auf der Grundlage von Form- und Größendaten
des Werkstücks (W) erhält, und
wobei der Antriebsmechanismus (15b, 44b, 45b, 54a, 54b) zumindest die erste Elektrode (11, 21, 41, 51a, 51b)
und/oder die zweite Elektrode (12, 22, 42, 52a, 52b) mit der von der Einstelleinheit (15a, 44a, 45a, 55a, 55b)
erhaltenen Bewegungsgeschwindigkeit bewegt.

5. Direkte Widerstandsheizvorrichtung (20) nach Anspruch 1, wobei sowohl die erste Elektrode (21) und die zweite
Elektrode (22) umfassen:

einen Hauptelektrodenabschnitt (21a, 22a);
einen Nebenelektrodenabschnitt (22a, 22b); und
einen Leitungsabschnitt (21c, 22c), der mit der Stromversorgungseinheit (1) verbunden ist, um den elektrischen
Strom an dem Hauptelektrodenabschnitt (21 a, 22a) anzulegen,
wobei der Hauptelektrodenabschnitt (21a, 22a) und der Nebenelektrodenabschnitt (22a, 22b) so angeordnet
sind, dass sie das Werkstück (W) von oberhalb und unterhalb des Werkstücks halten (W).

6. Direkte Widerstandsheizvorrichtung (10, 20, 50) nach Anspruch 1, wobei der Bewegungsmechanismus (15, 25,
56a, 56b) so konfiguriert ist, dass er entweder die erste Elektrode (11, 21, 51a, 51b) oder die zweite Elektrode (12,
22, 52a, 52b) bewegt.

7. Direkte Widerstandsheizvorrichtung (40) nach Anspruch 1, wobei der Bewegungsmechanismus (44, 45) so konfi-
guriert ist, dass er die erste Elektrode (41) und die zweite Elektrode (42) bewegt.

8. Direktes Widerstandsheizverfahren umfassend:

Bereitstellen eines Werkstücks (W) mit einem Erwärmungszielbereich, wobei sich ein Widerstand des Erwär-
mungszielbereichs pro Längeneinheit in einer Richtung des Erwärmungszielbereichs entlang der einen Richtung
ändert;
Anordnen einer ersten Elektrode (11, 21, 41, 51a, 51b) und einer zweiten Elektrode (12, 22, 42, 52a, 52b), so
dass sich ein Raum zwischen der ersten Elektrode (11, 21, 41, 51a, 51b) und der zweiten Elektrode (12, 22,
42, 52a, 52b) ergibt und so dass sowohl die erste Elektrode (11, 21, 41, 51a, 51b) als auch die zweite Elektrode
(12, 22, 42, 52a, 52b) sich über den Erwärmungszielbereich erstrecken; und
Bewegen zumindest der ersten Elektrode (11, 21, 41, 51a, 51b) und/oder der zweiten Elektrode (12, 22, 42,
52a, 52b), wobei ein elektrischer Strom an dem Erwärmungszielbereich angelegt wird, so dass zumindest die
erste Elektrode (11, 21, 41, 51a, 51b) und/oder die zweite Elektrode (12, 22, 42, 52a, 52b) auf dem Erwär-
mungszielbereich des Werkstücks (W) rollt oder gleitet, während sie den Erwärmungszielbereich kontaktiert,
und so dass eine Zeitspanne, während derer der elektrische Strom an jedem Teil des Erwärmungszielbereichs
angelegt wird, in Übereinstimmung mit einer Änderung des Widerstandes pro Längeneinheit eingestellt wird,
wodurch das Werkstück (W) erhitzt wird, so dass jeder Teil des Erwärmungszielbereichs auf eine Temperatur
innerhalb eines Zieltemperaturbereichs erwärmt wird.
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9. Direktes Widerstandsheizverfahren nach Anspruch 8, wobei der elektrische Strom, der durch eine Stromversor-
gungseinheit (1) an die erste Elektrode (11, 21, 41, 51a, 51b) und die zweite Elektrode (12, 22, 42, 52a, 52b) angelegt
wird, konstant ist.

10. Direktes Widerstandsheizverfahren nach Anspruch 8, wobei der Erwärmungszielbereich des Werkstücks (W) so
konfiguriert ist, dass eine Querschnittsfläche des Erwärmungszielbereichs in der einen Richtung reduziert wird, und
zumindest die erste Elektrode (11, 21, 41, 51a, 51b) und/oder die zweite Elektrode (12, 22, 42, 52a, 52b) in Über-
einstimmung mit einer Verringerung der Querschnittsfläche bewegt wird.

Revendications

1. Appareil de chauffage direct par résistance (10, 20, 40, 50), comprenant :

une paire d’électrodes (13, 43, 53a, 53b) adaptées pour être électriquement couplées à une unité d’alimentation
en énergie électrique (1), la paire d’électrodes (13, 43, 53a, 53b) comprenant une première électrode (11, 21,
41, 51a, 51b) et une seconde électrode (12, 22, 42, 52a, 52b) ; et
un mécanisme de déplacement (15, 25, 44, 45, 56a, 56b) configuré pour déplacer au moins une parmi la
première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b) pour changer une
distance entre la première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b),
caractérisé en ce que le mécanisme de déplacement (15, 25, 44, 45, 56a, 56b) déplace l’au moins une parmi
la première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b), la première électrode
(11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b) entrant toutes les deux en contact avec
une pièce à travailler (W) et un courant électrique étant appliqué à partir de l’unité d’alimentation en énergie
électrique (1) sur la pièce à travailler (W) par l’intermédiaire de la paire d’électrodes (13, 43, 53a, 53b), dans
lequel l’au moins une parmi la première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42,
52a, 52b) est configurée pour rouler ou pour coulisser sur la région cible de chauffage de la pièce à travailler
(W) tout en entrant en contact avec la région cible de chauffage.

2. Appareil de chauffage direct par résistance (10, 20, 40, 50) selon la revendication 1, dans lequel chacune parmi la
première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 41, 52a, 52b) possède une longueur
s’étendant à travers une région cible de chauffage de la pièce à travailler (W).

3. Appareil de chauffage direct par résistance (10, 20, 40, 50) selon la revendication 1, dans lequel le mécanisme de
déplacement (15, 25, 44, 45, 56a, 56b) comprend :

une unité d’ajustement (15a, 44a, 45a, 55a, 55b) configurée pour commander une vitesse de déplacement de
l’au moins une parmi la première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b) ; et
un mécanisme d’entraînement (15b, 44b, 45b, 54a, 54b) configuré pour déplacer l’au moins une parmi la
première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b) conformément à l’unité
d’ajustement (15a, 44a, 45a, 55a, 55b).

4. Appareil de chauffage direct par résistance (10, 20, 40, 50) selon la revendication 3, dans lequel l’unité d’ajustement
(15a, 44a, 45a, 55a, 55b) est configurée pour obtenir la vitesse de déplacement en fonction de données de forme
et de taille de la pièce à travailler (W), et
dans lequel le mécanisme d’entraînement (15b, 44b, 45b, 54a, 54b) déplace l’au moins une parmi la première
électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b) à la vitesse de déplacement obtenue
par l’unité d’ajustement (15a, 44a, 45a, 55a, 55b).

5. Appareil de chauffage direct par résistance (20) selon la revendication 1, dans lequel chacune parmi la première
électrode (21) et la seconde électrode (22) comprend :

une portion d’électrode principale (21a, 22a) ;
une portion d’électrode auxiliaire (22a, 22b) ; et
une portion conductrice (21c, 22c) connectée à l’unité d’alimentation en énergie électrique (1) pour appliquer
le courant électrique sur la portion d’électrode principale (21a, 22a),
dans lequel la portion d’électrode principale (21a, 22a) et la portion d’électrode auxiliaire (22a, 22b) sont agen-
cées pour retenir la pièce à travailler (W) à partir d’au-dessus et d’en dessous de la pièce à travailler (W).
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6. Appareil de chauffage direct par résistance (10, 20, 50) selon la revendication 1, dans lequel le mécanisme de
déplacement (15, 25, 56a, 56b) est configuré pour déplacer seulement une parmi la première électrode (11, 21,
51a, 51b) et la seconde électrode (12, 22, 52a, 52b).

7. Appareil de chauffage direct par résistance (40) selon la revendication 1, dans lequel le mécanisme de déplacement
(44, 45) est configuré pour déplacer la première électrode (41) et la seconde électrode (42).

8. Procédé de chauffage direct par résistance, comprenant :

la fourniture d’une pièce à travailler (W) comportant une région cible de chauffage, dans lequel une résistance
de la région cible de chauffage par longueur unitaire dans une direction de la région cible de chauffage change
le long de l’une direction ;
le placement d’une première électrode (11, 21, 41, 51a, 51b) et d’une seconde électrode (12, 22, 42, 52a, 52b)
de telle sorte qu’un espace soit prévu entre la première électrode (11, 21, 41, 51a, 51b) et la seconde électrode
(12, 22, 42, 52a, 52b) et de telle sorte que chacune parmi la première électrode (11, 21, 41, 51a, 51b) et la
seconde électrode (12, 22, 42, 52a, 52b) s’étende à travers la région cible de chauffage ; et
le déplacement d’au moins une parmi la première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12,
22, 42, 52a, 52b) avec un courant électrique appliqué sur la région cible de chauffage de telle sorte que l’au
moins une parmi la première électrode (11, 21, 41, 51a, 51b) et la seconde électrode (12, 22, 42, 52a, 52b)
roule ou coulisse sur la région cible de chauffage de la pièce à travailler (W) tout en entrant en contact avec la
région cible de chauffage et de telle sorte qu’un temps durant lequel le courant électrique est appliqué sur
chaque partie de la région cible de chauffage soit ajusté conformément à un changement de la résistance par
longueur unitaire, chauffant ainsi la pièce à travailler (W) de telle sorte que chaque partie de la région cible de
chauffage soit chauffée jusqu’à une température au sein d’une plage de température cible.

9. Procédé de chauffage direct par résistance selon la revendication 8, dans lequel le courant électrique appliqué à
partir d’une unité d’alimentation en énergie électrique (1) sur la première électrode (11, 21, 41, 51a, 51b) et la
seconde électrode (12, 22, 42, 52a, 52b) est constant.

10. Procédé de chauffage direct par résistance selon la revendication 8, dans lequel la région cible de chauffage de la
pièce à travailler (W) est configurée de telle sorte qu’une superficie de section transversale de la région cible de
chauffage soit réduite dans l’une direction, et l’au moins une parmi la première électrode (11, 21, 41, 51a, 51b) et
la seconde électrode (12, 22, 42, 52a, 52b) est déplacée conformément à une réduction de la superficie de section
transversale.
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