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Description

Technical Field

[0001] The present invention relates to welding equipment for metallic materials and a method of welding metallic
materials according to the preamble of claims 1 and 9 respectively (see, for example, JP H09 271962). More specifically,
the invention relates to the welding equipment that forms a nugget in a metallic work using electric power from a power
source for spot welding and heats the work with electric power from a high-frequency power source, and a method for
welding metallic materials.

Background Art

[0002] Spot-welding equipment is used to weld steel plates kept in contact with each other. Exemplary welding devices
are known from documents JP H09 271962 A and JP S61 63381 A. FIG. 24 is a cross-sectional view illustrating the
spot welding of steel plates 50. As shown in FIG. 24, spot-welding of the steel plates 50 is performed by sandwiching
the plates contacting each other with a pair of electrodes 52, and by applying a given force to the electrodes 52 in the
direction of the arrow to pressurize the steel plates 50.
[0003] A large current on the order of kA is then fed to the electrodes 52 while the pressurized state is maintained to
melt the compressed portion of the steel plates 50 instantaneously by Joule heat, thus forming a molten body of a given
diameter called nugget 54 (non-patent literature 1).
[0004] By the way, as automotive materials, ultra-high-tension steel plates have recently been used extensively for
the spot welding in vehicle production lines to reduce weight of vehicles and ensure safety at the same time. FIG. 25
(A) and (B) are plan views of samples used for a tensile test for measuring the spot-weld strength of high-tension steel
plates. FIG. 25 (A) is a superposed joint sample, and FIG. 25 (B) is a cross joint sample. With the superposed joint
sample shown in FIG. 25 (A), the two rectangular steel plates 50 are made to contact each other and spot-welded at
the ends in the longitudinal direction. With the cross joint sample shown in FIG. 25 (B), two rectangular steel plates 50
are made to cross in a cross shape, and the intersection is spot-welded. A nugget 54 formed by welding is shown in an
ellipse enclosed with a dotted line, and the arrows show the direction of force 56 applied in the tensile test.
[0005] It has been reported that in spot welding of high-tension steel plates, the tensile strength of a superposed joint
increases as the strength of the joint material increases, but that the peel strength of a cross joint does not increase with
the improvement of material strength, meaning that it is difficult to obtain stable strength. The reason why stable tensile
strength cannot be obtained under the peeling load applied to the cross joint is assumed to be simultaneous occurrence
of the following two phenomena: the degree of stress concentration on the circumference of the nugget 54 becomes
extremely high, and the binding force around the nugget 54 increases with the increase in strength of the parent metal.
Under such circumstances, to ensure the toughness of the weld region of high-tension steel plates for actual vehicle
bodies, compositional control is performed at present. For example, the amount of carbon is maintained at a certain
level or lower to prevent the weld region from becoming too hard.
[0006] Meanwhile, since the use of high-tension steel plates is an efficient way to reduce the weight of vehicle bodies,
high-tension steel plates with enhanced strength and ductility are much anticipated. By further improving the strength
of steel plates for vehicles, further reduction in weight is expected. By improving the ductility of steel plates for vehicles,
press-molding performance can be improved and sufficient deformability at possible collision in the state of products
are ensured. Normally, the higher the strength of steel plates for vehicles, the lower the ductility. To improve the strength
and ductility of steel plates for vehicles at the same time, it is effective to increase the carbon content in the material. In
this case, however, the spot-weld region becomes extremely hard and brittle, and thus it is difficult to obtain desired
strength stably.
[0007] Various efforts have been made to ensure higher strength of spot-weld regions by improving welding methods.
For example, post-energization for tempering is attempted after a weld joint is formed in a given size. However, with the
resistance spot welding performed in vehicle assembly, the process time per stroke must be kept within one second.
Consequently, if tempering is performed by post-energization using existing welding equipment, the effect of tempering
becomes minimal. Or, to obtain sufficient effect of tempering, the time for tempering far exceeds the specified process
time. This problem is derived from the basic problem of resistance welding that efficient heating cannot be caused in a
short time because the current density of the welded region decreases as the energized area increases after the formation
of a nugget 54.
[0008] Patent literature 1 discloses spot welding equipment having a spot welder and a high-frequency induction
heating means to improve the fatigue strength of the spot-welded region of high-tension steel plates. This high-frequency
induction heating means includes a heating coil for heating the portion of the work to be welded by induction heating
and a high-frequency power source for supplying high-frequency power to the heating coil.
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Citation List

Patent Literature

[0009] Patent literature 1: JP2005-211934A

Non-patent Literature

[0010] Non-patent literature 1: Japan Welding Society, "Welding/jointing guidebook," MARUZEN, September 30, 1990,
pp. 392-398

Summary of the Invention

Technical problem

[0011] With the device for heating and welding metallic materials sandwiched by a pair of electrodes, heating is
performed, focusing only on the apex at the center of the electrodes, and consequently the temperature profile remains
simple. For example, with the spot welding equipment disclosed in patent literature 1, space for installing a heating coil
for heating the region of the work to be welded by induction heating is necessary. However, since the area around the
electrodes of the spot welding equipment is very narrow, it is difficult to separately install a new heating means. In other
words, the heating coil is larger than the diameter of the electrodes of the spot welder. Consequently, it is impossible to
heat only the outer periphery of the nugget 54, which requires re-heating most.
[0012] In view of the above, one of the purposes of the present invention is to provide welding equipment for metallic
materials capable of performing heat treatment, such as tempering based on partial temperature increase, in spot
welding. Another purpose of the present invention is to provide a welding method for preheating metallic materials and
heat-treating the outer peripheral region of nuggets in a short time.

Solution to problem

[0013] To achieve the above objectives, the invention provides welding equipment as recited in claim 1 and a method
for welding metallic materials as recited in claim 9. The welding equipment of metallic materials of the present invention
sandwiches metallic materials with a pair of electrodes, and heats different regions of the metallic materials by ener-
gization, with the pair of electrodes maintained at the same position, wherein the device includes a first heating means,
which is connected to the pair of electrodes, for heating a given region of the metallic materials by applying electric
power having a first frequency, a second heating means, which is connected to the pair of electrodes, for heating a
region of the metallic materials different from the above region by applying electric power having a second frequency,
and an energization control unit for controlling the first heating means and the second heating means independently
from each other.
[0014] In the above configuration, the inside of the given region of the metallic material may be heated by the first
heating means, the area in proximity to the given region of the metallic material may be heated by the second heating
means, and the heating by the first heating means and that by the second heating means may be controlled independently
from each other by the energization control unit.
[0015] The first heating means may heat the inside of a region defined by projecting the cross-sectional area of the
axis of the electrodes on the metallic materials, the second heating means may heat the ring-shaped region along the
circumference of the region defined by projecting the cross-sectional area of the axis of the electrodes described above,
and the heating by the first heating means and that by the second heating means may be controlled by the energization
control unit independently from each other.
[0016] The first frequency may be made lower than the second frequency, and the internal area of the circle may be
welded by applying power having the first frequency to the metallic materials. The second frequency may be made
higher than the first frequency, and the ring-shaped region may be heated by resistance heating, or by both resistance
heating and high-frequency induction heating, by applying power having the second frequency to the metallic materials.
[0017] To achieve the above objectives, the welding equipment for metallic materials of the present invention includes
a pair of electrodes, a welding power source for supplying power for welding to the pair of electrodes, and a high-
frequency power source for supplying high-frequency power to the pair of electrodes, wherein the welding power source
and the high-frequency power source are connected to the pair of electrodes in parallel respectively, an inductance for
blocking current is connected between the high-frequency power source and the pair of electrodes, a capacitor for
blocking current is connected between the high-frequency power source and the pair of electrodes, the inductance blocks
the high-frequency current supplied from the high-frequency power source to the pair of electrodes so as not to flow into
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the welding power source, and the capacitor blocks the current supplied from the welding power source to the pair of
electrodes so as not to flow into the high-frequency power source. As the inductance for blocking current, a gun-arm
floating inductance may be used.
[0018] According to the above configuration, welding equipment having a spot-welding power source connected to a
pair of electrodes via an inductance for blocking current and a high-frequency power source connected to the pair of
electrodes via a capacitor for blocking current, and capable of supplying power from the spot-welding power source and
from the high-frequency power source respectively can be obtained. High-frequency voltage can thus be applied via the
pair of electrodes for spot-welding, and the metallic materials can be heated by direct energization of the outer periphery
of the electrodes.
[0019] Furthermore, the welding equipment for metallic materials may be equipped with a gun arm, and the spot
welding power source and the high-frequency power source may be connected to the pair of electrodes via the gun arm.
The welding power source and the high-frequency power source may be equipped with an energization control unit for
controlling output time and output current. The welding power source may be a low-frequency power source. The low-
frequency power source may be connected to the pair of electrode via a transformer, and a bypass capacitor may be
connected to the winding of the transformer on the side of the pair of electrodes in parallel.
[0020] The welding power source may be a DC power source. The capacitor for blocking current and the inductance
for blocking current may constitute a DC series resonant circuit. The inductance for blocking current and the capacitor
for parallel resonance to be connected at the top and the bottom of the gun arm may constitute a parallel resonance
circuit. The floating inductance of the gun arm may be used as the inductance for blocking current. The high-frequency
power source may supply power directly to the electrodes via the capacitor for blocking current, or power may be supplied
from the base of the gun arm.
[0021] According to the above configuration, spot welding can be performed in accordance with the quality of metallic
materials, and the outer periphery of a nugget formed by the spot welding of the metallic materials can be heated directly
using the high-frequency power source efficiently and in a short time.
[0022] To achieve the above objectives, the method for welding metallic materials according to the present invention
sandwiches metallic materials with a pair of electrodes and welds the metallic materials by energizing and heating the
materials. The method includes a first step of heating a given region of the metallic material by a first energization of the
pair of electrodes, and a second step of heating a region different from the region heated in the first step by a second
energization of the pair of electrodes, with the pair of electrodes sandwiching the metallic materials maintained at the
same position, wherein the heating time of the first step and that of the second step are controlled independently from
each other.
[0023] In the first step described above, the first heating means may heat the inside of the given region of the metallic
materials, and in the second step, the second heating means may heat the proximity of the given region of the metallic
materials, and welding may thus be performed so as to control the heating by the first and the second heating means
independently from each other.
[0024] The region to be heated by the first heating means may be the inside of a circle defined by projecting the cross-
sectional area of the axis of the electrodes on the metallic materials, the region to be heated by the second heating
means may be a ring-shaped near-field region along the circle defined by projecting the cross-sectional area of the axis
of the electrodes on the metallic materials, and the heating by the first and the second heating means may be controlled
independently from each other.
[0025] The equipment performs the heating by the second heating means at higher frequency than the heating by the
first heating means so that the ring-shaped region can undergo resistance heating, or both resistance heating and high-
frequency induction heating. The equipment performs heating by the first heating means at lower frequency than the
heating by the second heating means so that the internal region of the circle can be welded.
[0026] To achieve the above objectives, the method of welding metallic materials according to the present invention
includes a step of sandwiching metallic materials to be welded with a pair of electrodes, and supplying welding power
to the pair of electrodes, thus performing spot welding of the metallic materials, and a step of supplying high-frequency
power to the pair of electrodes and heating the welded region or a region to be welded of the metallic materials.
[0027] Specifically, the method for welding metallic materials according to the present invention includes a welding
step of sandwiching metallic materials to be welded with a pair of electrodes and supplying welding power to the pair of
electrodes, thus performing spot welding of the metallic materials, and a step of heating the region of the metallic materials
having undergone spot welding by supplying high-frequency power to the pair of electrodes while controlling the supply
time and supply volume.
[0028] In the welding step, supply of high-frequency power to the pair of electrodes in the heating step may be started
before the supply of welding power is completed.
[0029] The method for welding metallic materials according to the present invention includes a preheating step of
sandwiching metallic materials with a pair of electrodes and supplying high-frequency power to the pair of electrodes,
thus preheating the region of the metallic materials to be welded, and a welding step of supplying welding power to the
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pair of electrodes, thus performing spot welding of the metallic materials.
[0030] In the preheating step, the supply of welding power to the pair of electrodes in the welding step may be started
before the supply of high-frequency power is completed. Following the welding step, a step of supplying high-frequency
power to the pair of electrodes while controlling the supply time and supply volume, may be included to heat the region
of the metallic materials having undergone spot welding.
[0031] The method for welding metallic materials according to the present invention sandwiches metallic materials to
be welded with a pair of electrodes, supplies welding power to the pair of electrodes, and superposes high-frequency
power to the pair of electrodes while controlling the supply time and supply volume.
[0032] According to the above configuration, welding power and high-frequency power can be supplied to the metallic
materials, high-frequency power can be applied to the metallic materials via the pair of electrodes for performing spot
welding, and the region around the outer periphery of the electrodes can be energized directly to heat the metallic
materials.
[0033] Furthermore, spot welding can be performed in accordance with the quality of the metallic materials, and the
outer peripheral region of the nugget formed by the spot welding of the metallic materials can be energized and heated
directly and efficiently with the high-frequency power in a short time.

Advantageous Effects of Invention

[0034] The present invention provides welding equipment of simple configuration, with a high-frequency power source
connected to the electrodes of the welding equipment, capable of heating outer periphery of the electrodes using the
same electrodes and performing heat treatment of the outer periphery of the nugget formed by spot welding in a short
time. Furthermore, by changing the frequency of the high-frequency power source, flexible heating treatment can be
performed.
[0035] According to the method for welding metallic materials of the present invention, a high-frequency power source
can be connected to the electrodes for spot welding, metallic materials can be heated using the electrodes, and preheating
of the metallic materials and the heating treatment of the outer peripheral region of the nugget formed by spot welding
can be performed in a short time.

Brief Description of Drawings

[0036]

FIG. 1 illustrates a typical configuration of the welding equipment for metallic materials related to an embodiment
of the present invention.
FIG. 2 is an electric circuit diagram of the welding equipment for metallic materials shown in FIG. 1.
FIG. 3 is an electric circuit diagram of modification 1 of the welding equipment for metallic materials.
FIG. 4 is an electric circuit diagram of modification 2 of the welding equipment for metallic materials.
FIG. 5 (A) is a cross-sectional view illustrating a current distribution formed on two steel plates contacting each other
when electric power is applied to the steel plates simultaneously from a low-frequency power source and a high-
frequency power source. FIG. 5 (B) is a cross-sectional view illustrating the heating status of three steel plates laid
on top of one another by high-frequency current.
FIG. 6 illustrates the heating status of steel plates.
FIG. 7 shows heating waveforms obtained when spot welding and heating treatment are performed simultaneously
using the power from a low-frequency power source and that from a high-frequency power source.
FIG. 8 shows a heating waveform obtained when the power from a high-frequency power source is applied after
the power from a low-frequency power source is applied.
FIG. 9 shows a heating waveform obtained when preheating is performed using a high-frequency power source
before the power from a low-frequency power source is applied.
FIG. 10 shows a heating waveform obtained when preheating using a high-frequency power source, heating using
a low-frequency power source, and post-heating using the high-frequency power source are performed consecu-
tively.
FIG. 11 shows a heating waveform obtained when preheating using a high-frequency power source and partial
heating using the high-frequency power source and a low frequency power source are performed simultaneously.
FIG. 12 shows a heating waveform obtained when heating using a low-frequency power source and post-heating
using a high-frequency power source are performed, and furthermore simultaneous partial heating is performed
using the low-frequency power source and the high-frequency power source.
FIG. 13 is an electric circuit diagram of modification 3 of the welding equipment for metallic materials.
FIG. 14 is an electric circuit diagram of modification 4 of the welding equipment for metallic materials.
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FIG. 15 shows heating waveforms obtained when simultaneous heating is performed using a DC power source and
a high-frequency power source.
FIG. 16 shows heating waveforms obtained when a high-frequency power source is used for post-heating.
FIG. 17 shows heating waveforms obtained when a high-frequency power source is used for preheating.
FIG. 18 shows heating waveforms obtained when preheating using a high-frequency power source, heating using
a DC power source, and post-heating using the high-frequency power source are performed consecutively.
FIG. 19 shows heating waveforms obtained when preheating is performed using a high-frequency power source,
and partial and simultaneous heating are also performed using the high-frequency power source and a DC power
source.
FIG. 20 shows heating waveforms obtained when partial and simultaneous heating is performed using a high-
frequency power source and a DC power source, and then post-heating is performed using the high-frequency
power source.
FIG. 21 is a chart illustrating the application of electric power from a low-frequency and high-frequency power supplies.
FIG. 22 is a chart illustrating the hardness distribution on the surface of chromium molybdenum steel (SCM435)
having undergone quenching in embodiment 4.
FIG. 23 is a chart illustrating the hardness distribution on the surface of chromium molybdenum steel (SCM435)
having undergone tempering in embodiment 5.
FIG. 24 is a cross-sectional view illustrating the spot welding of steel plates.
FIG. 25 (A) and FIG. 25 (B) are plan views of the samples used for tensile test for measuring the strength of spot
welding of high-tension steel plates. (A) is a superposed joint sample, and (B) is a cross joint sample.

Reference Signs List

[0037]

1, 25, 30, 35, 40: Welding equipment for metallic materials
1A, 25A, 30A, 35A, 40A: Welding circuit unit of welding equipment
1B, 25B, 30B, 35B, 40B: Welding unit of welding equipment
2: Gun arm
2A: Top portion of gun arm
2B: Top portion of gun arm
3: Electrode support
4: Electrode
5: Floating inductance
6: Low-frequency power source
7: Matching capacitor
8: High-frequency power source
9: Work
9A: Inside the circle
9B: Ring-shaped region
10: Energization control unit
11: Bypass capacitor
12: Commercial power source
13: Inductance for blocking high-frequency current
14: Low-frequency power control unit
16: Welding transformer
18: Oscillator
20: Matching transformer
22: High-frequency current
24: Low-frequency current
26: DC current
36: DC power source

Description of Embodiments

[0038] The embodiments of the present invention will hereafter be described by referring to the drawings.
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(Welding equipment for metallic materials)

[0039] FIG. 1 illustrates a typical configuration of welding equipment 1 for metallic materials according to the embod-
iment of the present invention. The welding equipment for metallic materials 1 includes an electrode arm 2, electrode
supports 3 whose one end and the other end are respectively connected to the top portion 2A and the bottom portion
2B of the electrode arm 2, a pair of electrodes 4 connected to the other end of each of the electrode supports 3, a welding
power source 6 connected to the electrode arm 2 via an inductance 5, a high-frequency power source 8 connected to
the electrode arm 2 via a capacitor 7, and an energization control unit 10 for controlling each output of the welding power
source 6 and the high-frequency power source 8.
[0040] The welding equipment 1 for metallic materials further includes a fixed base for supporting the electrode arm
2, a drive mechanism for driving the electrode arm 2, and pressing mechanism for pushing out one of the electrodes 4
from the electrode supports 3 (none of them shown). The pressing mechanism is used when the metallic materials 9 to
be welded, which will be described later, are energized with the electrodes 4, 4.
[0041] The electrode arm 2 has a top portion 2A and a bottom portion 2B connected to the electrodes 4, 4 respectively
via each electrode support 3. The electrode arm 2 is also called a gun arm. Since the gun arm 2 shown is in a shape of
C, it is called C-type gun arm. In addition to C-type gun arm, X-type gun, etc. are used as well for portable- or robot-type
welding equipment. The electrode arm 2 of any shape is applicable. The following description assumes C-type gun arm 2.
[0042] The pair of electrodes 4, 4 are facing opposite to each other across a gap, into which two steel plates 9 are
inserted as metallic materials 9. The electrodes 4 are made of copper, for example, and in a circular or elliptical shape
or in a shape of a rod.
[0043] FIG. 2 is the electric circuit diagram of the welding equipment 1 for metallic materials shown in FIG. 1. As shown
in FIG. 2, the electric circuit of the welding equipment 1 for metallic materials includes a welding circuit 1A enclosed by
dotted line and a welding unit 1B. The welding circuit unit 1A includes electric circuits such as welding power source 6,
high-frequency power source 8, inductance 5, capacitor 7, and an eneregization control unit 10 for controlling the output
from the welding power source 6 and the high-frequency power source 8. The welding unit 1B, or a circuit electrically
connected to the welding circuit unit 1A, includes a gun arm 2, a pair of electrodes 4, 4 electrically connected to the gun
arm 2, and metallic materials 9 sandwiched by the pair of electrodes 4, 4.
[0044] The welding power source 6 is a low-frequency power source including a commercial power source 12 whose
output frequency is 50 or 60 Hz, a low-frequency power source control unit 14 connected to one end of the commercial
power source 12, and a welding transformer 16 connected to the other end of the commercial power source 12 and to
the output end of the low-frequency power source control unit 14. Both ends of the secondary winding of the welding
transformer 16 are connected to the left end of the top portion 2A, and to the left end of the bottom portion 2B, of the C-
type gun arm 2 respectively. The low-frequency power source control unit 14 included of a power control semiconductor
device, such as thyristor and gate drive circuit, controls the power supplied from the commercial power source 12 to the
electrodes 4.
[0045] A bypass capacitor 11 is connected to the secondary winding 16A, namely the side of the welding transformer
16 close to the gun arm 2, in parallel. The bypass capacitor 11 has low-capacitive impedance to the frequency of the
high-frequency power source 8. Consequently, the high-frequency voltage applied from the high-frequency power source
8 to the secondary winding 16A can be minimized, and high-frequency inductive voltage to the primary side of the welding
transformer 16 can be decreased.
[0046] The high-frequency power source 8 includes an oscillator 18 and a matching transformer 20 connected to the
output end of the oscillator 18. One end of the matching transformer 20 is connected to the top portion 2A of the C-type
gun arm. The other end of the matching transformer 20 is connected to the bottom portion 2B of the C-type gun arm 2
via a capacitor 7. The capacitor 7 can also function as a matching capacitor of the DC resonance circuit, which will be
described later. The capacity of the capacitor 7 depends on the oscillating frequency of the oscillator 18 and the floating
inductance 5 of the C-type gun arm 2. The oscillator 18, which includes an inverter using various transistors, controls
the power supplied from the high-frequency power source 8 to the electrodes 4.
[0047] As shown in FIG. 2, the route from the C-type gun arm 2 connected to the secondary winding of the welding
transformer 16 to the electrodes 4, 4 has inductances 5. As the inductance 5, a floating inductance formed in the C-type
gun arm 2 can be used.
[0048] If the capacitor 7 also functions as a matching capacitor, a DC resonance circuit may be configured with the
matching capacitor 7 and the inductance 5.

(Modification 1 of the welding equipment for metallic materials)

[0049] FIG. 3 is an electric circuit diagram of modification 1 of the welding equipment 1 for metallic materials. With the
electric circuit of the welding equipment 25 for metallic materials shown in FIG. 3, the high-frequency power source 8 is
connected directly to a pair of electrodes 4, 4 not via a C-type gun arm 2, whereas with the electric circuit of the welding
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equipment 1 for metallic materials shown in FIG. 2, the high-frequency power source 8 is connected to the electrodes
4, 4 via the C-type gun arm 2. The high-frequency power source 8 may be connected to the base of the electrodes 4,
4 via the capacitor 7. Since other circuit configurations are the same as those shown in FIG. 2, description is omitted.

(Modification 2 of the welding equipment for metallic materials)

[0050] FIG. 4 is an electric circuit diagram of modification 2 of the welding equipment for metallic materials. The electric
circuit of the welding equipment 30 for metallic materials shown in FIG. 4 differs from the welding equipment 1 for metallic
materials shown in FIG. 2 in that a capacitor for parallel resonance 32 is connected between a pair of electrodes 4, 4 in
parallel. Namely, the capacitor for parallel resonance 32 is connected to the top portion 2A and the bottom portion 2B
of a C-type gun arm 2 in parallel. Consequently, the capacitor for parallel resonance 32 and the inductances 5 constitute
a parallel resonance circuit. In this case, the capacitor 7 has the function of blocking the low-frequency current from the
low-frequency power source 6. Since other circuit configurations are the same as those shown in FIG. 2, description is
omitted.

(Separation of low-frequency power source 6 and high-frequency power source 8)

[0051] The relation between the low-frequency power source 6 and the high-frequency power source 8 is described
below.
[0052] The inductances 5 and the capacitor 7 are connected between the low-frequency power source 6 and the high-
frequency power source 8, and the inductive reactance XL (XL =2πfLL, where fL is the frequency of the low-frequency
power source 6, and L is the value of the inductance 5) of the inductance 5 (L) is small at low frequency. Meanwhile,
the capacitive reactance XC (XC = 1/(2πfLC)) of capacitor 7 (C) is large at low frequency (fL). Consequently, leakage of
current from the low-frequency power source 6 to the high-frequency power source 8 can be blocked with the large
capacitive reactance XC of the capacitor 7 at low frequency (fL). Namely, the capacitor 7 functions as a capacitor for
blocking low-frequency current.
[0053] Of the impedances with the low-frequency power source 6 viewed from the high-frequency power source 8,
the capacitive reactance XC (XL = 1/(2πfHC), where fL is the frequency of the high-frequency power source 8) is small
at high frequency.
[0054] Meanwhile, at high frequency, the inductive reactance XL (XL = 2πfHL, where fH is the frequency of the high-
frequency power source 8) is large at high frequency. Consequently, the leakage of current from the high-frequency
power source 8 to the low-frequency power source 6 is blocked by the large inductive reactance XL of the inductance 5
at high frequency (fH). Namely the inductance 5 functions as the inductance for blocking high-frequency current.
[0055] In the welding equipment 1, 25, 30 for metallic materials, the capacitor 7 functions as a capacitor for blocking
the flow of current from the low-frequency power source 6 to the high-frequency power source 8, and the inductance 5
functions as an inductance for blocking the flow of current from the high-frequency power source 8 to the low-frequency
power source 6, namely functions as a choke coil.
[0056] C-type gun arms 2 of various shapes are used depending on the size of steel plates 9 to be subject to spot
welding. Therefore, if the floating inductance 5 of the C-type gun arm 2 is not large, an inductance 13 for blocking high-
frequency current may be added so that a predetermined inductive reactance XL is obtained at high frequency in the
welding equipment 1, 25, 30 for metallic materials. This external inductance 13 can be connected to the secondary
winding of the welding transformer 16 on the side of the low-frequency power source 6, for example.
[0057] The features of the welding equipment 1, 25, 30 for metallic materials according to the present invention include
that the low-frequency power source 6 and the high-frequency power source 8 are separated from each other using the
inductance 5 and the capacitor 7 and that power from the low-frequency power source 6 and the high-frequency power
source 8, namely the power having two different frequencies, can be applied to the electrodes 4 simultaneously.

(Current distribution on steel plates)

[0058] FIG. 5 (A) is a cross-sectional view illustrating the current distribution seen on two steel plates 9 contacting
each other when electric power is applied to the steel plates 9 simultaneously from a low-frequency power source 6 and
a high-frequency power source 8. FIG. 6 illustrates the heated status of the steel plates 9.
[0059] The solid line in FIG. 5 (A) represents the flow of high-frequency current 22 from the high-frequency power
source 8, and the broken line represents the flow of low-frequency current 24 from the low-frequency power source 6.
The electrodes 4, which is made of copper, has the diameter of 6 mm, and the frequency of the low-frequency power
source 6 is 50 Hz. Each steel plate is 2 mm thick, and the frequency of the high-frequency power source 8 is 40 kHz.
The low-frequency current flows within the entire area of the electrodes 4, 4, and the steel plates 9 are energized within
the width approximately the same as the cross-sectional area of the nugget.
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[0060] FIG. 6 (A) is a plan view illustrating the region of the steel plates 9 heated by low-frequency current 24 only.
The major heated region is the inside of the circle 9A defined by projecting the cross-sectional area of the axis of the
electrodes 4 on the steel plates 9. FIG. 6 (B) is a chart showing the temperature distribution seen along the line X-X in
FIG. 6 (A). It is apparent that the inside of the circle 9A, namely the projection of the cross-sectional area of the axis of
the electrodes 4, of the steel plates 9 are heated intensively.
[0061] Meanwhile, the high-frequency current 22 flows mainly on the surface of the electrodes 4 and along the outer
peripheral region of the nugget. The difference in distribution between the low-frequency current 24 and the high-
frequency current 22 derives from so-called skin depth.
[0062] FIG. 6 (C) is a plan view illustrating the region of the steel plates 9 heated by high-frequency current 22 only.
The major heated region is the outer periphery of the circle defined by projecting the cross-sectional area of the axis of
the electrodes 4, and the proximity of the outer periphery of the circle, namely the outermost ring-shaped area 9B close
to the circle. FIG. 6 (D) is a chart illustrating the temperature distribution seen along the line X-X in FIG. 6 (C). It is
apparent that the outer periphery of the circle, defined by projecting the cross-sectional area of the axis of the electrodes
4 on the steel plates 9, and the ring-shaped proximity 9B of the outer periphery undergo resistance heating. In this case,
the region heated by high-frequency current 22 includes the area of the steel plates 9 close to the high-frequency current
22 flowing on the surface of the electrodes 4 and therefore subject to induction heating. This induction heating is different
from general induction heating performed using an induction heating coil. Consequently, the circle defined by projecting
the cross-sectional area of the axis of the electrodes 4 on the steel plates 9, and the ring-shaped region 9B in proximity
the outer periphery can be heated by resistance heating by the high-frequency current 22, or by the above high-frequency
induction heating superposed on the resistance heating.
[0063] In FIG. 6 (D), by further changing the operating frequency of the high-frequency power source 8, the width of
the ring-shaped region 9B can be changed. In actual spot welding performed by actually feeding low-frequency current
24, it was confirmed that with the change of the operating frequency of the high-frequency power source 8, the width of
the high-temperature area in the outer peripheral region of the nugget also changed. Consequently, the circle defined
by projecting the cross-sectional area of the axis of the electrodes 4 on the steel plates 9, and the ring-shaped region
9B in proximity to the periphery of the circle can be heated by resistance heating by the high-frequency current 22, or
by the above high-frequency induction heating superposed on the resistance heating.
[0064] In view of this, if electric power is applied to two steel plates 9 contacting each other from the low-frequency
power source 6 and the high-frequency power source 8 simultaneously, the heated region on the steel plates 9 is the
superposed region of the inside of the circle 9A, namely the region where the low-frequency current 24 flows, and the
ring-shaped region 9B, namely the region where the high-frequency current 22 flows, as shown in FIG. 6 (E). Furthermore,
as shown in Fig. 6 (F), the temperature distribution on the steel plates 9 obtained by feeding these currents 22, 24 is
the superposition of the temperature distribution by the low-frequency current 24 (FIG. 6 (B)) and that by the high-
frequency current 22 (FIG. 6 (D)). Namely, the inside of the circle 9A defined by projecting the cross-sectional area of
the axis of the electrodes 4 on the steel plates 9, the periphery of the circle defined by projecting the cross-sectional
area of the axis of the electrodes 4 on the steel plates 9, and the ring-shaped region 9B in proximity to the periphery of
the circle of the steel plates 9 are heated.

(Skin depth)

[0065] The skin depth (δ) is expressed by formula (1) shown below: 

where, p represents the resistivity of the material, m represents the relative permeability of the material, and f represents
frequency (Hz).
[0066] Since the skin depth changes in proportion to the one-half power of the frequency, the lower the frequency,
the thicker the skin depth, and the higher the frequency, the thinner the skin depth, on condition that the material is the
same. Since the frequency of the power source used for spot welding is generally 50 Hz or 60 Hz, current is fed in the
entire electrodes if the diameter of the electrodes is approximately 6 mm.
[0067] Meanwhile, to heat the surface of the steel plates 9 only, the frequency of the high-frequency power source 8
can be set using the above formula (1) so that a predetermined skin depth can be obtained. Consequently, the heating
width of the outer peripheral region of the nugget can be selected by setting frequency. Namely, by changing the frequency
of the high-frequency current 22, the heating width of the outer peripheral region of the nugget can be changed, and the
ring-shaped region 9B can undergo heat treatment such as tempering. Therefore, if relatively soft materials, such as
S20C annealed material for example, are used as steel plates 9, the ring-shaped region 9B can be softened.
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[0068] The magnitude of the high-frequency current 22 at the skin depth of the material is expressed as 1/e (e: natural
logarithm) of the value on the outermost surface, namely approximately 1/3. The skin depth of the steel plates 9 is
approximately 9.3 mm when the frequency is 50 Hz, and 0.3 mm when the frequency is 40 kHz.

(Selection of the frequency of high-frequency power source)

[0069] The frequency of the high-frequency power source 8 is determined by the capacity of the inductance 5 connected
to the secondary winding of the welding transformer 16, inductance 13 that is inserted as required, and matching capacitor
7. When the floating inductance of the gun arm 2 is used as inductance 5, the capacity of the inductance 5 is determined
by the shape of the gun arm 2. As a result, the frequency is determined by the capacity of the matching capacitor 7. If
the frequency increases, the heating width in the temperature increase pattern of the outer peripheral region becomes
narrow and local due to skin effect. However, since the inductance 5 (ωL) of the gun arm 2 is proportional to the frequency,
the voltage of the matching capacitor 7 also increases. The circuit with the electrodes 4, 4 viewed from the high-frequency
power source 8 is a series resonance circuit. At the series resonance frequency, since the voltage of the inductance 5
and that of the matching capacitor 7 are identical, with the increase of the voltage of the matching capacitor 7, combination
of dual frequencies, namely low and high frequencies, becomes difficult and an inductance 5 for blocking large current
or inductance 13 must be provided. Since the inductances 5, 13 for blocking large current affect the low-frequency
current 24, the secondary voltage of the conventional spot welding equipment must be increased significantly.
[0070] On the contrary, if the series resonance frequency decreases, the heating width of the temperature increase
pattern of the outer peripheral region of the nugget increases. However, since the voltage of the matching capacitor 7
decreases, combination of dual frequencies becomes easier. The gun arm 2 must be equipped with a welding transformer
16, bypass capacitor 11, and inductance 13 for blocking current as necessary. Of these, the weight of the welding
transformer 16 is the heaviest, and it is inversely proportional to the frequency. In view of the above, the optimum
operating frequency falls within 5 kHz to 40 kHz range, provided that a gun arm 2 is mounted to the welding equipment
such as welding robot. It is desirable that the difference between the low frequency and the high frequency be 10 times
higher than two-frequency synthesis circuit.

(Heat treatment using welding equipment for metallic materials)

[0071] Spot welding and heat treatment using the welding equipment 1, 25, 30 for metallic materials according to the
present invention will hereafter be described.
[0072] Metallic materials 9 are welded as follows: a pair of electrodes sandwiches the metallic materials 9 and power
is applied to the materials to heat them. For example, it is sufficient that the spot welding has a first step of heating a
predetermined region of metallic materials 9 by first energization to the pair of electrodes 4, 4, and a second step of
heating a region different from that of the first step by second energization to the pair of electrodes 4, 4, with the pair of
electrodes 4, 4 that sandwich the metallic materials 9 maintained at the same position. In this case, the heating time in
the first step and that in the second step can be controlled independently from each other. If the first energization is
performed with the low-frequency power source 6, the region of the metallic materials 9 heated by the first energization
is the region within the circle 9A described above. If the second energization is performed with the high-frequency power
source 8, the region of the metallic materials 9 heated by the first energization is the ring-shaped region 9B described
above. The first and the second steps described above may be combined.
[0073] FIGS. 7 to 9 are charts illustrating the waveform of the current flowing in the pair of electrodes 4, 4. In FIGS.
7 to 9, the horizontal axis represents time (arbitrary scale), and the vertical axis represents waveform (arbitrary scale)
of the current 22, 24 fed from the high-frequency power source 8 and the low-frequency power source 6.
[0074] FIG. 7 shows heating waveforms obtained when spot welding and heating treatment are performed simulta-
neously using the power from the low-frequency power source 6 and that from the high-frequency power source 8. As
shown in FIG. 7, the entire nugget formed by welding is heated by the power from the low-frequency power source 6,
and at the same time, the outer peripheral region of the nugget is also heated by the power from the
high-frequency power source 8. The entire area of the nugget corresponds to the internal area 9A of the circle defined
by projecting the cross-sectional area of the axis of the electrodes 4 on the steel plates 9. The outer peripheral region
of the nugget corresponds to the circle defined by projecting the cross-sectional area of the axis of the electrodes 4 on
the steel plates 9, and the ring-shaped region 9B in proximity to the periphery of the circle.
[0075] The current distribution obtained when power is simultaneously applied from the low-frequency power source
6 and the high-frequency power source 8 indicates that according to the welding equipment 1, 25, 30 for metallic materials
of the present invention, spot welding of steel plates 9 can be performed using the low-frequency power source 6, and
that the surface of the two steel plates 9 surrounding but not contacting the electrodes 4 can be heated by the high-
frequency power source 8.
[0076] FIG. 8 shows a heating waveform obtained when the power from the low-frequency power source 6 is applied
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and then the power from the high-frequency power source 8 is applied. As shown in FIG. 8, when the power is applied
from the low-frequency power source 6 first and then from the high-frequency power source 8 after the first power
application is stopped, the steel plates 9 are spot-welded by the application of power from the low frequency power
source 6. By the power from the high-frequency power source 8, the region on the surface of the two steel plates 9,
which is the outer peripheral region of the nugget and does not contact the electrodes 4, is heated.
[0077] According to the welding equipment 1, 25, 30 of the present invention, by applying the power from the low-
frequency power source 6 and then from the high-frequency power source 8, heating treatment (also called annealing)
of the outer peripheral region of the nugget formed by spot welding can thus be performed. By adjusting the temperature
and heating time, this treatment can be adopted to tempering, etc. of the steel plates 9 and those made of other materials.
[0078] FIG. 9 shows a heating waveform obtained when preheating is performed using a high-frequency power source
8 before the power from a low-frequency power source 6 is applied. As shown in FIG. 9, if the power from the high-
frequency power source 8 is applied and then the power from the low-frequency power source 6 is applied, the surface
of the region of the steel plates 9 not spot-welded, namely the region in proximity to but not contacting the copper
electrodes 4, is heated first. By applying the power from the low-frequency power source 6 after this preheating is
performed, the two steel plates 9 are spot-welded.
[0079] According to the welding equipment 1, 25, 30 for metallic materials of the present invention, by applying power
from the high-frequency power source 8 and then from the low-frequency power source 6, the proximity of the region to
be spot-welded can also be preheated before being welded. By adjusting the temperature and heating time of the
preheating, hardening that may occur during spot welding can be prevented.
[0080] The current distribution on two steel plates 9 contacting each other was described above. The current distribution
on three or more steel plates 9 laid on top of one another will hereafter be described.
[0081] FIG. 5 (B) is a cross-sectional view illustrating the heating status of three steel plates 9 laid on top of one another
by high-frequency current. As shown in FIG. 5 (B), when three steel plates 9 are laid on top of one another, ring-shaped
regions B at two positions, edge portions C of the contacting faces of the steel plates 9 at two positions, namely ring-
shaped regions at four positions in all, are heated by the high-frequency current 22.

(Skin depth)

[0082] When power having low or high frequency is applied to steel plates 9, the skin depth changes in proportion to
the minus one-half power of the frequency, Therefore, the lower the frequency, the thicker the skin depth, and the higher
the frequency, the thinner the skin depth, on condition that the material is the same. Since the frequency of the power
source used for spot welding is generally 50 Hz or 60 Hz, current is fed in the entire electrodes if the diameter of the
electrodes is approximately 6 mm.
[0083] Meanwhile, to heat the surface of the steel plates 9 only, the frequency of the high-frequency power source 28
can be set so that a given skin depth can be obtained. Consequently, the heating width of the outer peripheral region
of the nugget can be selected by setting frequency. Namely, by changing the frequency of the high-frequency current
22, the heating width of the outer peripheral region of the nugget can be changed, allowing the ring-shaped regions B
to be subject to heat treatment such as tempering to soften the ring-shaped regions 2B.
[0084] The magnitude of the high-frequency current 22 at the depth of the skin depth of the material is expressed as
1/e (e: natural logarithm) of the value of the outermost surface, namely approximately 1/3. The skin depth of the steel
plates 9 is approximately 9.3 mm when the frequency is 50 Hz, and 0.3 mm when the frequency is 40 kHz.

(Modification of heat treatment using the welding equipment for metallic materials)

[0085] Yet another heating method by the welding equipment 1 for metallic materials will hereafter be described.
[0086] FIGS. 10 to 12 show typical waveforms of the current fed to a pair of electrodes. The horizontal axis represents
time (arbitrary scale), whereas the vertical axis represents the waveforms 22, 24 (arbitrary scale) of the voltage applied
from the low-frequency power source 6 and the high-frequency power source 8 to the pair of electrodes.
[0087] FIG. 10 shows a heating waveform obtained when preheating using a high-frequency power source 8, heating
using a low-frequency power source 6, and post-heating using the high-frequency power source 8 are performed con-
secutively. The term post-heating is defined as the heating to be performed after preheating. Namely, post-heating is
the heat treatment to be performed after the spot welding of the steel plates 9 is performed using the low-frequency
power source 6.
[0088] If power is applied from the high-frequency power source 8 and then from the low-frequency power source 6,
the surface area of the steel plates 9 not spot-welded is heated first. By applying the power from the low-frequency
power source 6 after this preheating, the two steel plates 9 are spot-welded. Furthermore, heat treatment of the outer
peripheral region of the nugget, which is formed by spot-welding, can be performed by post-heating using the power
from the high-frequency power source 8. By adjusting the temperature and heating time, the treatment is adaptable to
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the heat treatment of steel plates 9 such as tempering.
[0089] FIG. 11 shows a heating waveform obtained when preheating using a high-frequency power source 8 and
partial heating using the high-frequency power source 8 and a low frequency power source 6 are performed simultane-
ously. As shown in FIG. 11, the power from the high-frequency power source 8 is applied for the period of preheating,
and for the predetermined initial period starting from the time when the application of power from the low-frequency
power source 6 is started. Namely, for the initial period of application of power from the low-frequency power source 6
only, the power from the high-frequency power source 8 is superposed. The effect of preheating similar to that of the
heating method shown in FIG. 6 can be expected. Furthermore, since the power from the low-frequency power source
6 and the high-frequency power source 8 are applied to the steel plates 9 partially superposed, spot-welding can be
performed using the simultaneous heating method as shown in FIG. 7, and at the same time, the outer peripheral surface
of the two steel plates 9 not contacting the electrodes 4 can also be heated using the power from the high-frequency
power source 8.
[0090] FIG. 12 shows a heating waveform obtained when heating using a low-frequency power source 6 and post-
heating using a high-frequency power source 8 are performed, and then simultaneous partial heating is performed using
the low-frequency power source 6 and the high-frequency power source 8. As shown in FIG. 12, the power from the
high-frequency power source 8 is applied for a given period before the completion of application of power from the low-
frequency power source 6 and for the period of post-heating performed immediately after that period. Since the power
from the low-frequency power source 6 and the high-frequency power source 8 are superposed partially, spot-welding
having the heating waveform as shown in FIG. 7 can be performed, and at the same time, the region on the surface of
the two steel plates 9 that falls within the outer peripheral region of the electrodes 4 and does not contact the electrodes
4 can also be heated using the power from the high-frequency power source 8. The effect of the post-heating similar to
the heating method shown in FIG. 8 can be expected.
[0091] Since the heating time of the steel plates 9 by the high-frequency power source 8 described above can be
controlled by the energization control unit 10, the temperature of the region of the steel plates 9 to be spot-welded only
can be increased, and consequently the power consumption for the heating can be reduced.

(Modification 3 of the welding equipment for metallic materials)

[0092] Modification 3 of the welding equipment for metallic materials will be described below.
[0093] FIG. 13 is the electric circuit diagram of modification 3 of the welding equipment for metallic materials. The
welding equipment 35 for metallic materials shown in FIG. 13 is the same as the welding equipment 1 shown in FIG. 2
except that a DC power source 36 is used as a spot-welding power source 6 instead of low-frequency power source.
The DC power source 36 uses an inverter, etc., and the magnitude of DC current and the energization time are controlled
by the energization control unit 10. Since other configurations are the same as those of the welding equipment 1 for
metallic materials, description is omitted.

(Modification 4 of the welding equipment for metallic materials)

[0094] Modification 4 of the welding equipment for metallic materials will be described below.
[0095] FIG. 14 is the electric circuit diagram of modification 4 of the welding equipment for metallic materials. The
welding equipment 40 for metallic materials shown in FIG. 14 is the same as the welding equipment 30 for metallic
materials shown in FIG. 4 except that a DC power source 36 is used instead of the low-frequency power source 6. The
DC power source 36 uses an inverter, etc. and the magnitude of direct current and energization time are controlled by
the energization control unit 10. Since other configurations are the same as those of the welding equipment 30 for metallic
materials, description is omitted.
[0096] With the welding equipment 35, 40 for metallic materials also, the capacitor 7 functions as a capacitor for
blocking current from the DC power source 36 to the high-frequency power source 8, and the inductance 5 functions as
an inductance for blocking the flow of current from the high-frequency power source 8 to the low-frequency power source
6, namely functions as a choke coil.
[0097] According to the welding equipment 35, 40 for metallic materials, since spot-welding is performed by feeding
direct current to the electrodes 4, 4, no skin effect is expected unlike the case where the low-frequency power source
6 is used, and that is why the size of the electrodes 4, 4 can be selected depending on the work 9.

(Heating method to be adopted when DC power source is used as welding power source)

[0098] With the welding equipment 35, 40 for metallic materials using a DC power source 36 as a welding power
source 6 also, the heating methods applied to the welding equipment 1, 25, 30 for metallic materials can be adopted.
[0099] FIGS. 15 to 19 provide heating waveforms of the welding equipment 35, 40 for metallic materials. The horizontal
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axis of each figure represents time (arbitrary scale), whereas the vertical axis represents the magnitude of the waveforms
26, 22 of the current fed from the DC power source 36 and the high-frequency power source 8 (arbitrary scale).
[0100] FIG. 15 shows heating waveforms obtained when simultaneous heating is performed using the DC power
source 36 and the high-frequency power source 8. The effect of the simultaneous heating is the same as that of the
simultaneous heating performed using the low-frequency power source 6 and the high-frequency power source 8 shown
in FIG. 7.
[0101] FIG. 16 shows heating waveforms obtained when the high-frequency power source 8 is used for post-heating.
The effect of the post-heating using the high-frequency power source 8 is the same as that of post-heating performed
using the high-frequency power source 8 shown in FIG. 8.
[0102] FIG. 17 shows heating waveforms obtained when the high-frequency power source 8 is used for preheating.
The effect of the preheating using the high-frequency power source 8 is the same as that of the preheating performed
using the high-frequency power source 8 shown in FIG. 9.
[0103] FIG. 18 shows heating waveforms obtained when preheating using the high-frequency power source 8, heating
using the DC power source 36, and post-heating using the high-frequency power source 8 are performed sequentially.
The effect of the heating in this case is the same as that of the heating method shown in FIG. 10.
[0104] FIG. 19 shows heating waveforms obtained when preheating is performed using the high-frequency power
source 8, and partial and simultaneous heating are also performed using the high-frequency power source 8 and the
DC power source 36. In this case, the high-frequency power source 8 applies power for preheating, and keeps applying
power for a given period immediately after the start of application of power from the DC power source 36. Namely, the
power from the high-frequency power source 8 is superposed for the initial period of application of power from the low-
frequency power source 6. The effect of the preheating is the same as that of the heating method shown in FIG. 11.
[0105] FIG. 20 shows heating waveforms obtained when partial and simultaneous heating is performed using the high-
frequency power source 8 and the DC power source 36, and then post-heating is performed using the high-frequency
power source 8. In this case, the power from the high-frequency power source 8 is applied for a given period immediately
after the completion of application of power from the DC power source 36. Namely, the power from the high-frequency
power source 8 is superposed immediately before the completion of the application of the power from the low-frequency
power source 6. The effect of the pre-heating is the same as that of the heating method shown in FIG. 12.
[0106] Since the heating time of the steel plates 9 by the high-frequency power source 8 described above can be
controlled by the energization control unit 10, the temperature of the region of the steel plates 9 to be spot-welded only
can be increased, and consequently the power consumption for the heating can be reduced.
[0107] According to the present invention, by connecting the high-frequency power source 8 to the work 9 via the
electrodes 4 of the welding equipment 1, 25, 30, 35, 40 for metallic materials, partial heating of non-contacting region
can be performed. The timing for performing high-frequency heating of the work 9 can be selected from before, after,
and at the same time as the application of the power from the low-frequency power source 6 or the DC power source 36.
[0108] With the welding equipment 1, 25, 30, 35, 40 for metallic materials, the steel plates 9 can be hardened as a
result of quenching performed after welding. In this case, as the direction of quenching, heat dissipation in the horizontal
direction of the steel plates 9 (FIG. 7) and the heat transfer from the electrodes 4, 4 in the vertical direction are assumed.
The effect of heat transfer from the electrodes 4, 4 in the vertical direction is significant because the electrodes 4, 4 are
water cooled. As a specific example of heat reservoir, high-frequency energization is performed after spot-welding to
create a region where heat is reserved along the outer peripheral region of the nugget, and the nugget is then cooled
based on the heat transfer in the vertical direction of the electrodes 4, 4. Consequently, since heat transfer occurs in
the vertical direction only, unlike the case in which high-frequency energization is not performed and therefore heat
transfer occurs both in the vertical and horizontal directions, formation of tissues due to solidification can be controlled.
[0109] With the temperature increase profile of steel plates 9 of conventional spot welders, the temperature of the
central area, where the electrodes 4, 4 and the steel plates contact each other, becomes the highest, and a nugget is
formed in this high-temperature region. Namely, with the conventional spot welders, the region immediately under the
electrodes 4, 4 is heated. However, when the high-frequency current 22 is fed to the electrodes 4, 4, the high-frequency
current 22 concentrates on the surface of the electrodes 4, 4 due to skin effect, and if the electrodes 4, 4 contact with
the steel plates 9, the high-frequency current 22 flows on the surface of the steel plates 9 due to skin effect. In this
current circuit, the region where the temperature of the steel plates 9 becomes highest is the outer periphery of the
electrodes 4, 4, namely the outer peripheral region of the nugget.
[0110] In this way, by feeding high-frequency current 22 supplied from the high-frequency power source 8 to the
electrodes 4, 4, partial heating of the outer peripheral region of the nugget only is ensured, and the temperature of this
region becomes the highest. In addition, by narrowing this partial heating region, the heating method becomes more
efficient compared to the heating of the entire region just below the electrodes 4, 4. Since high-frequency energization
ensures the heating of outer peripheral region of the electrodes 4, 4, state of thermal well can be created. Consequently,
melting and solidification are ensured in a state in which heat removal within the steel plates 9 is suppressed, and thus
welding can be performed in a short time.



EP 2 351 628 B1

14

5

10

15

20

25

30

35

40

45

50

55

[0111] By selectively heating the outer peripheral region of the nugget, which determines the strength of the welded
region, using high-frequency energization, a spot-welded junction having sufficient strength can be formed in a short
time even if the carbon content of the steel plates is high.
[0112] With the welding equipment 1, 25, 30, 35, 40 for metallic materials, by performing two-frequency energization,
the power from the spot-welding power source 6 can be used to form a melt-textured portion in the steel plates 9, whereas
the power from the high-frequency power source 8 can be used to intensively perform heat treatment of the outer
peripheral region of the nugget, which determines the strength. Consequently, since the area of the steel plates 9 to be
welded can be heated intensively and independently, a desired spot-welding quality can be obtained in a period much
shorter than that of the conventional spot welding.
[0113] With the conventional spot welding adopting the thyristor phase control method, the current is interrupted, which
is undesirable from the viewpoint of welding quality. Meanwhile, the welding equipment 1, 25, 30, 35, 40 for metallic
materials improve the quality of the spot welding of the steel plates 9 because the magnitude of the high-frequency
current 22 is controlled, and the high-frequency current 22 is not interrupted.

(Work that can be used for the present invention)

[0114] The above description assumes that the metallic materials 9 to be spot-welded are steel plates 9, but any other
metallic materials can be used. In addition, any shapes of the work 9 can be selected. The above description assumes
that two steel plates 9 are spot-welded, but three or more plates can be welded.
[0115] Furthermore, the metallic materials 9 to be spot-welded can be selected from those different from each other.

(Electrodes that can be used for the present invention)

[0116] The above description assumes that the shape of the region defined by projecting the cross-sectional area of
the electrodes 4 on the steel plates 9 is circular. However, any shapes other than the circular shape, such as ellipse, or
polygonal shapes including square and triangle, can be selected.

Embodiment 1

[0117] The specific example of spot-welding the steel plates 9 with the welding equipment 1 for metallic materials of
the present invention will hereafter be detailed.
[0118] Spot-welding of two steel plates 9 were performed. FIG. 21 illustrates the application of electric power from a
low-frequency power source 6 and a high-frequency power source 8. The conditions of the steel plates 9, low-frequency
power source 6, and high-frequency power source were as follows:

Steel plates 9: Thickness; 2 mm, Size; 5 cm x 15 cm
Low-frequency power source 6: 50 Hz (Material of electrodes 4: copper, diameter: 6 mm), capacity: 50 kVA
Energization time of low-frequency power source 6: 0.3 to 0.5 sec.
High-frequency power source 8: 30 kHz, 50 kW output
Energization time of high-frequency power source 8: 0.3 to 0.6 sec.

[0119] The steel plates 9 contain carbon (C) in 0.19 to 0.29 weight %, as a component other than iron.
[0120] As shown in FIG. 21, preheating was performed for 0.3 sec. using the electric power from the high-frequency
power source 8. The high-frequency power applied was changed from 4.9 kW to 37.0 kW.
[0121] Welding was then performed by applying power from the low-frequency power source 6. As shown in FIG. 18,
power from the low-frequency power source 6 was applied twice, namely as the first energization and as the second
energization. With the startup of the first current regarded as one cycle, the first energization was performed for two
cycles with the first current value set at 11 kA. After cooling was performed for one cycle, the second energization was
performed for 16 cycles with the second current value set at 8 kA. The two-stage energization by the low-frequency
power source 6 was performed for 20 cycles including cooling, etc., and the welding time was 0.4 sec.

Embodiment 2

[0122] In embodiment 2, the power from the high-frequency power source 8 was applied together with the power from
the low-frequency power source 6 for 0.3 sec. The high-frequency power was changed from 2.7 kW to 39.9 kW. The
power from the low-frequency power source 6 was applied in the same manner as embodiment 1.
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Embodiment 3

[0123] In embodiment 3, the power from the high-frequency power source 8 was applied for 0.3 sec. immediately after
the completion of application of the power from the low-frequency power source 6. The high-frequency power was
changed from 2.7 kW to 39.9 kW. The power from the low-frequency power source 6 was applied in the same manner
as Embodiment 1.

(Comparative example)

[0124] As a comparative example of Embodiments 1 to 3, welding was performed by applying power from the low-
frequency power source 6, without applying power from the high-frequency power source 8. Namely, conventional spot-
welding was performed.
[0125] A cross-tension strength test of the welded samples of the embodiments and comparative example was con-
ducted to find the breaking force. Table 1 summarizes the high-frequency energization patterns, applied high-frequency
power, and the average breaking force of the welded samples of the embodiments and the comparative example.

[0126] In embodiment 1, high-frequency power of 4.9 kW was applied to three welding samples for welding. The
breaking force of each sample was 19.54 kN, 18.46 kN, and 20.28 kN respectively. When the high-frequency power
was set to 8.6 kW, 20.9 kW, 28.5 kW, and 37.0 kW, the breaking force of respective samples was 21.26 kN, 19.59 kN,
17.98 kN, and 19.58 kN. From the above, it was found that the average breaking force of spot-welded samples in
embodiment 1, in which spot-welding was performed using the low-frequency power source 6 after preheating was
performed by high-frequency energization, was 19.5 kN.
[0127] In embodiment 2, high-frequency power of 2.7 to 3.8 kW was applied to two samples. The breaking force of
each sample was 15.97 kN and 17.70 kN respectively. When the high-frequency power was set to 22.8 to 25.0 kW and
33.3 to 39.9 kW, the breaking force of respective samples was 20.5 kN and 21.05 kN. From the above, it was found that
the average breaking force of spot-welded samples in embodiment 2, in which spot-welding was performed using the
low-frequency power source 6 while applying high-frequency power, was 18.8 kN.

[Table 1]

High-
frequency 
energization

High-frequency 
energization pattern

High-frequency 
power (kW)

Number 
of 
samples

Breaking 
force

Average 
breaking 
force

EmbodiMent 
1

Performed

Preheating

4.9 3

19.54

19.5

18.46

20.28

8.6 1 21.26

20.9 1 19.59

28.5 1 17.98

37 1 19.58

EmbodiMent 
2

Simultaneous 
heating

2.7 to 3.8 1 15.97

18.8
2.7 to 3.8 1 17.70

22.8 to 25 1 20.50

33.3 to 39.9 1 21.05

EmbodiMent 
3

Post-heating

4.2 1 18.70

18.7
8.6 1 18.35

30.8 1 17.94

39.9 1 19.73

Comparative 
example 1

Not 
performed

---
--- 1 12.47

12.7
--- 1 12.88
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[0128] In embodiment 3, when the high-frequency power was set to 4.2 kW, 8.6 kW, 30.8 kW, and 39.9 kW, the
breaking force of respective samples was 18.7 kN, 18.35 kN, 17.94 kN, and 19.73 kN. From the above, it was found
that the average breaking force of the welded samples in embodiment 3, in which high-frequency power was applied
after welding was performed using the low-frequency power source 6, was 18.7 kN.
[0129] Two samples were used for comparative example, and the breaking force of the samples was 12.47 kN and
12.88 kN respectively. From the above, it was found that the average breaking force of the samples having undergone
conventional spot-welding based on two-step energization in the comparative example was 12.7 kN.
[0130] The average breaking force of the welding samples having undergone preheating in embodiment 1, simulta-
neous heating in embodiment 2, and post-heating in embodiment 3 was 1.54, 1.48, and 1.47 times as high as that of
the comparative example respectively. More specifically, the average breaking force of the samples used for embodiments
1 to 3 was found to be approximately 50% higher than that of the samples having undergone spot-welding using the
low-frequency power source 6 only. With any of the heating methods used for embodiments 1 to 3, the breaking force
improved significantly compared to the spot-welding performed in comparative example using the low-frequency power
source 6 only, despite the difference in the timing of high-frequency energization performed, namely as preheating, as
simultaneous heating, or as post-heating.
[0131] The breaking force was found to be much higher than that of the comparative example, on condition that the
carbon content of the steel plates 9 falls within the 0.19 to 0.26 weight %.

Embodiment 4

[0132] To check the heating effect of the high-frequency power source 8, chromium molybdenum steel 9 was quenched
using the same welding equipment 1 for metallic materials in embodiment 1. The chromium molybdenum steel 9 made
of SCM435 has the same size as those of the steel plates in embodiment 1. Power was applied from the high-frequency
power source 8 for 0.3 sec. at the same frequency as embodiment 1 to perform quenching.
[0133] FIG. 22 is a chart illustrating the hardness distribution on the surface of chromium molybdenum steel (SCM435)
having undergone quenching in embodiment 4. The horizontal axis of the chart represents the position of the electrodes
4 in the direction of the cross-sectional area of the axis on the surface of the chromium molybdenum steel (SCM4359),
on which the position of the electrodes 4 and its outside dimension are also shown. The vertical axis of the chart represents
Vickers’ hardness (HV) value.
[0134] As shown in FIG. 22, the hardness of the chromium molybdenum steel (SCM435) in embodiment 4 correspond-
ing to the outermost peripheral region of the electrodes 4 was the highest, approximately 670 HV, which is higher than
370 HV, the hardness of the region not having undergone quenching. It was thus found that the ring-shaped region,
namely the outer peripheral region, of the electrodes 4 only, of the chromium molybdenum steel (SCM435), can be
quenched by applying power from the high-frequency power source 8.

Embodiment 5

[0135] Chromium molybdenum steel (SCM435) having the hardness of approximately 620 HV and having undergone
quenching was heated using the same welding equipment 1 for metallic materials used in embodiment 1, and then was
tempered. The energization by the high-frequency power source 8 was conducted for 0.3 sec. at the same frequency
as embodiment 1 to perform tempering.
[0136] FIG. 23 is a chart illustrating the hardness distribution on the surface of chromium molybdenum steel (SCM435)
having undergone tempering in embodiment 5. The horizontal and vertical axes represent the same items as those in
FIG. 23. As shown in FIG. 23, the hardness of the chromium molybdenum steel (SCM435) in embodiment 5 corresponding
to the outermost peripheral region of the electrodes 4 was the lowest, approximately 550 HV, which is lower than the
hardness observed before tempering was performed (approximately 620 HV). It was thus found that the ring-shaped
region, namely the outer peripheral region, of the electrodes 4 only, of chromium molybdenum steel (SCM435), can be
tempered by applying power from the high-frequency power source 8.
[0137] In addition to the embodiments described above, various modifications of the present invention are possible
within the scope of the appended claims of the invention. Needless to say, all of them are included in the scope of the
present invention. The configuration of the gun arm 2 and the electrodes 4, and the capacity of the inductance 5 and
the capacitor 7 can be set arbitrarily depending on the type and shape of the work 9.

Claims

1. Welding equipment (1; 25; 30; 35; 40) for metallic materials (9), sandwiching metallic materials (9) with the pair
electrodes (4) and heating different regions of the metallic materials (9) by energization with the pair of electrodes
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(4) maintained at the same position with respect to the metallic materials (9), comprising:

a first heating means (6) which is a welding power source (6) connected to a pair of electrodes (4) for heating
a given region of the metallic materials (9) by applying electric power having a first frequency to the pair of
electrodes (4);
a second heating means (8) which is a high-frequency power source (8) connected to the pair of electrodes (4)
for heating a region of the metallic materials (9) different from the given region by applying electric power having
a second frequency to the pair of electrodes (4); and
an energization control unit (10) for independently controlling the first heating means (6) and the second heating
means (8),
characterized in that
the welding power source (6) and the high-frequency power source (8) are connected to the pair of electrodes
(4) in parallel respectively,
an inductance (5) for blocking current is connected between the welding power source (6) and the pair of
electrodes (4),
a capacitor (7) for blocking current is connected between the high-frequency power source (8) and the pair of
electrodes (4),
the inductance (5) blocks the high-frequency current (22) supplied from the high-frequency power source (8)
to the pair of electrodes (4) so as not to flow into the welding power source (6), and
the capacitor (7) blocks the current supplied from the welding power source (6) to the pair of electrodes (4) so
as not to flow into the high-frequency power source (8).

2. The welding equipment (1; 25; 30; 35; 40) for metallic materials (9) according to claim 1, wherein
the inside of the given region of the metallic materials (9) is heated by the first heating means (6),
a proximity of the given region of the metallic materials (9) is heated by the second heating means (8), and
the heating by the first heating means (6) and that by the second heating means (8) are independently controlled
by the energization control unit (10).

3. The welding equipment (1; 25; 30; 35; 40) for metallic materials (9) according to claim 2, wherein
the first heating means (6) heats the inside of the region defined by projecting the cross-sectional area of the
electrodes (4) on the metallic materials (9),
the second heating means (8) heats a ring-shaped area along a circumference of the region defined by projecting
the cross-sectional area of the electrodes (4) on the metallic materials (9), and
the heating by the first heating means (6) and the heating by the second heating means (8) are independently
controlled by the energization control unit (10).

4. The welding equipment (1; 25; 30; 35; 40) for metallic materials (9) according to claim 3, wherein the first frequency
is lower than the second frequency, and the inside of the circle is welded by applying power having the first frequency
to the metallic materials (9).

5. The welding equipment (1; 25; 30; 35; 40) for metallic materials (9) according to claim 3, wherein the second
frequency is higher than the first frequency, and the ring-shaped area undergoes resistance heating or induction
heating or both resistance heating and induction heating by applying power having the second frequency to the
metallic materials (9).

6. The welding equipment (1; 25; 30; 35; 40) for metallic materials (9) according to any of the preceding claims, further
comprising a gun arm (2), wherein the spot-welding power source (6) and the high-frequency power source ((8) are
connected to the pair of electrodes (4) via the gun arm (2).

7. The welding equipment (1; 25; 30; 35; 40) for metallic materials (9) according to any of the preceding claims, wherein
the welding power source (6) is a low-frequency power source (6) or DC power source (36).

8. The welding equipment (1; 25; 30; 35; 40) for metallic materials (9) according to claim 7, wherein
the low-frequency power source (6) is connected to the pair of electrodes (4) via a transformer (16), and
a bypass capacitor (11) is connected to the winding of the transformer (16) on the side of the pair of electrodes (4).

9. A method of welding metallic materials (9) by sandwiching the metallic materials (9) with a pair of electrodes (4)
and energizing the metallic materials (9), characterised by comprising the following step :
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providing the welding equipment according to one of the claims 1 to 8,
a first step for heating a given region of the metallic materials (9) by a first energization to the pair of electrodes
(4); and
a second step for heating a region different from the region in the first step by a second energization to the pair
of electrodes (4) performed with the pair of electrodes (4) maintained at the same position as the first step,
wherein the heating time in the first step and that in the second step are independently controlled, wherein the
inside of the given region of the metallic materials (9) is heated by the first heating means (6), the given region
being the internal area of a circle defined by projecting the cross-sectional area of the electrodes (4) on the
metallic materials (9),
a proximity of the given region of the metallic materials (9) is heated by the second heating means (8), the
different region heated by the second heating means (8) being a ring-shaped proximity region along the circle
defined by projecting the cross-sectional area of the electrodes (4) on the metallic materials (9), and
the heating by the first heating means (6) and that by the second heating means (8) are independently controlled.

10. The method according to claim 9, wherein the internal area of the circle is welded by performing the heating by the
first heating means (6) at a frequency lower than that of the heating by the second heating means (8).

11. The method according to claim 9, wherein the ring-shaped outer peripheral region undergoes either resistance
heating or induction heating or both resistance heating and induction heating by performing the heating by the
second heating means (8) at a frequency higher than that of the heating by the first heating means (6).

Patentansprüche

1. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9), welche die metallischen Materialien (9) zwi-
schen einem Paar Elektroden (4) aufnimmt und verschiedene Regionen der metallischen Materialien (9) durch
Energiebeaufschlagung mit dem Paar Elektroden (4) erwärmt, die in derselben Position mit Bezug auf die metalli-
schen Materialien (9) gehalten werden, und die Folgendes umfasst:

ein erstes Erwärmungsmittel (6), das eine Schweißstromquelle (6) ist, die mit einem Paar Elektroden (4) ver-
bunden ist, um eine bestimmte Region der metallischen Materialien (9) zu erwärmen, indem elektrischer Strom,
der eine erste Frequenz aufweist, an das Paar Elektroden (4) angelegt wird;
ein zweites Erwärmungsmittel (8), das eine Hochfrequenzstromquelle (8) ist, die mit dem Paar Elektroden (4)
verbunden ist, um eine Region der metallischen Materialien (9), die von der bestimmten Region verschieden
ist, zu erwärmen, indem elektrischer Strom, der eine zweite Frequenz aufweist, an das Paar Elektroden (4)
angelegt wird; und
eine Energiebeaufschlagungssteuereinheit (10) zum unabhängigen Steuern des ersten Erwärmungsmittels (6)
und des zweiten Erwärmungsmittels (8),
dadurch gekennzeichnet, dass
die Schweißstromquelle (6) und die Hochfrequenzstromquelle (8) jeweils mit dem Paar Elektroden (4) parallel
geschaltet sind,
eine Induktivität (5) zum Sperren von Strom zwischen der Schweißstromquelle (6) und dem Paar Elektroden
(4) verbunden ist,
ein Kondensator (7) zum Sperren von Strom zwischen der Hochfrequenzstromquelle (8) und dem Paar Elek-
troden (4) verbunden ist,
die Induktivität (5) den Hochfrequenzstrom (22) sperrt, der von der Hochfrequenzstromquelle (8) dem Paar
Elektroden (4) zugeführt wird, so dass er nicht in die Schweißstromquelle (6) fließt, und
der Kondensator (7) den Strom sperrt, der von der Schweißstromquelle (6) dem Paar Elektroden (4) zugeführte,
so dass er nicht in die Hochfrequenzstromquelle (8) fließt.

2. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9) nach Anspruch 1, wobei
das Innere der bestimmten Region der metallischen Materialien (9) durch das erste Erwärmungsmittel (6) erwärmt
wird,
eine nähere Umgebung der bestimmten Region der metallischen Materialien (9) durch das zweite Erwärmungsmittel
(8) erwärmt wird, und
das Erwärmen durch das erste Erwärmungsmittel (6) und das Erwärmen durch das zweite Erwärmungsmittel (8)
unabhängig durch die Energiebeaufschlagungssteuereinheit (10) gesteuert werden.



EP 2 351 628 B1

19

5

10

15

20

25

30

35

40

45

50

55

3. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9) nach Anspruch 2, wobei
das erste Erwärmungsmittel (6) das Innere der Region erwärmt, die durch Projizieren der Querschnittsfläche der
Elektroden (4) auf die metallischen Materialien (9) definiert wird,
das zweite Erwärmungsmittel (8) einen ringförmigen Bereich entlang eines Umfangs der Region erwärmt, der durch
Projizieren der Querschnittsfläche der Elektroden (4) auf die metallischen Materialien (9) definiert wird, und
das Erwärmen durch das erste Erwärmungsmittel (6) und das Erwärmen durch das zweite Erwärmungsmittel (8)
unabhängig durch die Energiebeaufschlagungssteuereinheit (10) gesteuert werden.

4. 4. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9) nach Anspruch 3, wobei die erste Frequenz
niedriger ist als die zweite Frequenz und das Innere des Kreises durch Anlegen von Strom mit der ersten Frequenz
an die metallischen Materialien (9) geschweißt wird.

5. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9) nach Anspruch 3, wobei die zweite Frequenz
höher ist als die erste Frequenz und der ringförmige Bereich einer Widerstandserwärmung oder einer Induktions-
erwärmung oder sowohl einer Widerstandserwärmung als auch einer Induktionserwärmung durch Anlegen von
Strom mit der zweiten Frequenz an die metallischen Materialien (9) unterzogen wird.

6. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9) nach einem der vorangehenden Ansprüche,
die des Weiteren einen Pistolenarm (2) umfasst, wobei die Punktschweißstromquelle (6) und die Hochfrequenz-
stromquelle (8) mit dem Paar Elektroden (4) über den Pistolenarm (2) verbunden sind.

7. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9) nach einem der vorangehenden Ansprüche,
wobei die Schweißstromquelle (6) eine Niederfrequenzstromquelle (6) oder eine Gleichstromstromquelle (36) ist.

8. Schweißausrüstung (1; 25; 30; 35; 40) für metallische Materialien (9) nach Anspruch 7, wobei
die Niederfrequenzstromquelle (6) mit dem Paar Elektroden (4) über einen Transformator (16) verbunden ist, und
ein Umgehungskondensator (11) mit der Wicklung des Transformators (16) auf der Seite des Elektrodenpaares (4)
verbunden ist.

9. Verfahren zum Schweißen metallischer Materialien (9), wobei die metallischen Materialien (9) zwischen einem Paar
Elektroden (4) aufgenommen werden und die metallischen Materialien (9) mit Energie beaufschlagt werden, dadurch
gekennzeichnet, dass es die folgenden Schritte umfasst:

Bereitstellen der Schweißausrüstung nach einem der Ansprüche 1 bis 8,
einen ersten Schritt zum Erwärmen einer bestimmten Region der metallischen Materialien (9) durch eine erste
Energiebeaufschlagung des Elektrodenpaares (4); und
einen zweiten Schritt zum Erwärmen einer Region, die von der Region in dem ersten Schritt verschieden ist,
durch eine zweite Energiebeaufschlagung des Elektrodenpaares (4), die ausgeführt wird, während das Paar
Elektroden (4) an derselben Position gehalten wird wie im ersten Schritt, wobei die Erwärmungszeit in dem
ersten Schritt und die Erwärmungszeit in dem zweiten Schritt unabhängig gesteuert werden,
wobei das Innere der bestimmten Region der metallischen Materialien (9) durch das erste Erwärmungsmittel
(6) erwärmt wird, wobei die bestimmte Region der innere Bereich eines Kreises ist, der durch Projizieren der
Querschnittsfläche der Elektroden (4) auf die metallischen Materialien (9) definiert wird,
wobei eine nähere Umgebung der bestimmten Region der metallischen Materialien (9) durch das zweite Er-
wärmungsmittel (8) erwärmt wird, wobei die verschiedene Region, die durch das zweite Erwärmungsmittel (8)
erwärmt wird, eine ringförmigen Umgebungsregion entlang des Kreises ist, der durch Projizieren der Quer-
schnittsfläche der Elektroden (4) auf die metallischen Materialien (9) definiert wird, und
das Erwärmen durch das erste Erwärmungsmittel (6) und das Erwärmen durch das zweite Erwärmungsmittel
(8) unabhängig gesteuert werden.

10. Verfahren nach Anspruch 9, wobei der innere Bereich des Kreises durch Ausführen der Erwärmung durch das erste
Erwärmungsmittel (6) mit einer Frequenz geschweißt wird, die niedriger ist als die bei der Erwärmung durch das
zweite Erwärmungsmittel (8).

11. Verfahren nach Anspruch 9, wobei die ringförmige Außenumfangsregion einer Widerstandserwärmung oder einer
Induktionserwärmung oder sowohl einer Widerstandserwärmung als auch einer Induktionserwärmung durch Aus-
führen der Erwärmung durch das zweite Erwärmungsmittel (8) bei einer Frequenz unterzogen wird, die höher ist
als die bei der Erwärmung durch das erste Erwärmungsmittel (6).
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Revendications

1. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9), prenant en sandwich des matériaux
métalliques (9) avec une paire d’électrodes (4) et chauffant différentes régions des matériaux métalliques (9) par
excitation avec la paire d’électrodes (4) maintenues dans la même position par rapport aux matériaux métalliques
(9), comprenant :

un premier moyen de chauffage (6) qui est une source d’énergie de soudage (6) connectée à une paire d’élec-
trodes (4) pour chauffer une région donnée des matériaux métalliques (9) en appliquant une énergie électrique
ayant une première fréquence à la paire d’électrodes (4) ;
un second moyen de chauffage (8) qui est une source d’énergie à haute fréquence (8) connectée à la paire
d’électrodes (4) pour chauffer une région des matériaux métalliques (9) différente de la région donnée en
appliquant une puissance électrique ayant une seconde fréquence à la paire d’électrodes (4) ; et
une unité de commande d’excitation (10) pour commander indépendamment le premier moyen de chauffage
(6) et le second moyen de chauffage (8),
caractérisé en ce que
la source d’énergie de soudage (6) et la source d’énergie à haute fréquence (8) sont connectées à la paire
d’électrodes (4) en parallèle, respectivement,
une inductance (5) pour bloquer le courant est connectée entre la source d’énergie de soudage (6) et la paire
d’électrodes (4),
un condensateur (7) pour bloquer le courant est connecté entre la source d’énergie à haute fréquence (8) et la
paire d’électrodes (4),
l’inductance (5) bloque le courant à haute fréquence (22) fourni par la source d’alimentation à haute fréquence
(8) à la paire d’électrodes (4) de manière à ce qu’il ne circule pas dans la source d’énergie de soudage (6), et
le condensateur (7) bloque le courant fourni par la source d’énergie de soudage (6) à la paire d’électrodes (4)
de manière à ce qu’il ne circule pas dans la source d’énergie à haute fréquence (8).

2. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9) selon la revendication 1, dans lequel
l’intérieur de la région donnée des matériaux métalliques (9) est chauffé par le premier moyen de chauffage (6),
une proximité de la région donnée des matériaux métalliques (9) est chauffée par le second moyen de chauffage
(8), et le chauffage par le premier moyen de chauffage (6) et celui par le second moyen de chauffage (8) sont
commandés indépendamment par l’unité de commande d’excitation (10).

3. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9) selon la revendication 2, dans lequel
le premier moyen de chauffage (6) chauffe l’intérieur de la zone définie en projetant la section transversale des
électrodes (4) sur les matériaux métalliques (9),
le second moyen de chauffage (8) chauffe une zone annulaire le long d’une circonférence de la région définie en
projetant la section transversale des électrodes (4) sur les matériaux métalliques (9), et
le chauffage par le premier moyen de chauffage (6) et le chauffage par le second moyen de chauffage (8) sont
commandés indépendamment par l’unité de commande d’excitation (10).

4. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9) selon la revendication 3, dans
lequel la première fréquence est inférieure à la seconde fréquence, et l’intérieur du cercle est soudé en appliquant
une puissance ayant la première fréquence aux matériaux métalliques (9).

5. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9) selon la revendication 3, dans
lequel la seconde fréquence est supérieure à la première fréquence, et la zone annulaire subit un chauffage par
résistance ou un chauffage par induction ou à la fois un chauffage par résistance et un chauffage par induction en
appliquant une puissance ayant la seconde fréquence aux matériaux métalliques (9).

6. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9) selon l’une quelconque des
revendications précédentes, comprenant en outre un bras de pistolet (2), dans lequel la source d’énergie de soudage
par points (6) et la source d’alimentation à haute fréquence (8) sont connectées à la paire d’électrodes (4) par
l’intermédiaire du bras de pistolet (2).

7. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9) selon l’une quelconque des
revendications précédentes, dans lequel la source d’énergie de soudage (6) est une source d’énergie à basse
fréquence (6) ou une source d’alimentation en courant continu (36).
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8. Équipement de soudage (1 ; 25 ; 30 ; 35 ; 40) pour des matériaux métalliques (9) selon la revendication 7, dans lequel
la source d’énergie à basse fréquence (6) est connectée à la paire d’électrodes (4) par l’intermédiaire d’un trans-
formateur (16), et
un condensateur de dérivation (11) est connecté à l’enroulement du transformateur (16) du côté de la paire d’élec-
trodes (4).

9. Procédé de soudage de matériaux métalliques (9) en prenant en sandwich les matériaux métalliques (9) avec une
paire d’électrodes (4) et en excitant les matériaux métalliques (9), caractérisé en ce qu’il comprend les étapes
suivantes :

fournir l’équipement de soudage selon l’une des revendications 1 à 8,
une première étape pour chauffer une région donnée des matériaux métalliques (9) par une première excitation
de la paire d’électrodes (4) ; et
une seconde étape pour chauffer une région différente de la région de la première étape par une seconde
excitation de la paire d’électrodes (4) réalisée avec la paire d’électrodes (4) maintenues dans la même position
que dans la première étape,
dans lequel le temps de chauffage dans la première étape et celui dans la seconde étape sont commandés
indépendamment, dans lequel l’intérieur de la région donnée des matériaux métalliques (9) est chauffé par le
premier moyen de chauffage (6), la région donnée étant la zone interne d’un cercle défini en projetant la section
transversale des électrodes (4) sur les matériaux métalliques (9),
une proximité de la région donnée des matériaux métalliques (9) est chauffée par le second moyen de chauffage
(8), la région différente chauffée par le second moyen de chauffage (8) étant une région de proximité de forme
annulaire le long du cercle défini par la section transversale des électrodes (4) sur les matériaux métalliques (9), et
le chauffage par le premier moyen de chauffage (6) et celui par le second moyen de chauffage (8) sont com-
mandés indépendamment.

10. Procédé selon la revendication 9,
dans lequel la zone interne du cercle est soudée en effectuant le chauffage par le premier moyen de chauffage (6)
à une fréquence inférieure à celle du chauffage par le second moyen de chauffage (8).

11. Procédé selon la revendication 9,
dans lequel la région périphérique externe de forme annulaire subit soit un chauffage par résistance soit un chauffage
par résistance ou à la fois un chauffage par résistance et un chauffage par induction en effectuant le chauffage par
le second moyen de chauffage (8) à une fréquence supérieure à celle du chauffage par le premier moyen de
chauffage (6).
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