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Description

TECHNICAL FIELD

[0001] This disclosure relates to a method of resistance spot welding by multistep current passage in which the current
pattern has two or more steps. In particular, this disclosure attempts to form a suitable nugget by utilizing adaptive control
welding in each step.

BACKGROUND

[0002] Resistance spot welding, which is a type of lap resistance welding, is typically used to join overlapping steel
sheets.
[0003] This welding method is a method to join two or more overlapping steel sheets by applying a high welding current
for a short time between a pair of electrodes squeezing the steel sheets from above and below. A point-like weld is
obtained using the resistance heat generated by passing the high-current welding current. Such a point-like weld is
referred to as a nugget and is the portion where both of the overlapping steel sheets fuse and coagulate at a location
of contact between the steel sheets when current is applied to the steel sheets. The steel sheets are joined in a point-
like manner by this nugget.
[0004] In order to obtain good weld quality, it is important to form the nugget which has an appropriate diameter. The
nugget diameter is determined by welding conditions such as the welding current, welding time, electrode shape, electrode
force, and the like. Therefore, to form an appropriate nugget diameter, the above welding conditions need to be set
appropriately in accordance with the conditions of materials to be welded, such as the material properties, sheet thickness,
number of sheets overlapped, and the like.
[0005] For example, when manufacturing automobiles, spot welding is performed at several thousand points per
automobile, and workpieces that arrive one after another need to be welded. At this time, if the conditions of materials
to be welded, such as the material properties, sheet thickness, number of sheets overlapped, and the like are identical,
then the same nugget diameter can be obtained under the same welding conditions such as the welding current, welding
time, electrode force, and the like. During consecutive welding, however, the surfaces of the electrodes in contact with
the materials to be welded gradually wear, so that the contact area gradually expands beyond that of the initial state. If
the same welding current as in the initial state is applied after the contact area has thus expanded, the current density
in the materials to be welded lowers, and the temperature rise in the weld is reduced. The nugget diameter therefore
decreases. Hence, for every several hundred to several thousand spots of welding, the electrodes are either dressed
or replaced, so that the electrode tip diameter does not expand excessively.
[0006] A resistance welding device provided with a function (stepper function) to increase the welding current after
welding a predetermined number of times, so as to compensate for the reduction in current density due to wear of the
electrodes, has also been used conventionally. To use that stepper function, the above-described pattern for changing
the welding current needs to be set appropriately in advance. Performing tests or the like, however, to derive a pattern
for changing the welding current that corresponds to numerous welding conditions and conditions of materials to be
welded is highly time-consuming and expensive.
[0007] The state of progress of electrode wear also varies during actual work. Therefore, the predetermined pattern
for changing the welding current cannot always be considered appropriate.
[0008] Furthermore, when there is a disturbance at the time of welding, such as when a point that has already been
welded (previously welded point) is located near the point being welded, or when the surface of the materials to be
welded is highly uneven and a contact point between the materials to be welded is located near the point being welded,
then current diverts to the previously welded point or the contact point. In such a state, the current density is reduced
at the position to be welded directly below the electrodes, even when welding under predetermined conditions. A nugget
of sufficient diameter therefore cannot be obtained.
[0009] In order to compensate for this insufficient amount of heat generated and to obtain a nugget of sufficient
diameter, it becomes necessary to set a high welding current in advance.
[0010] Techniques such as the following have been proposed to resolve the above problem.
[0011] For example, JP H9-216071 A (PTL 1) discloses a control unit of a resistance welder that obtains a set nugget
by comparing an estimated temperature distribution of the weld with a target nugget and controlling output of the welder.
[0012] JP H10-94883 A (PLT 2) discloses a method of controlling welding conditions of a resistance welder to achieve
good welding by detecting the welding current and the voltage between tips, performing a simulation of the weld by heat
transfer calculation, and estimating the formation state of the nugget.
[0013] Furthermore, JP H11-33743 A (PTL 3) discloses the achievement of a good weld, regardless of the type of
materials being welded or the wear state of the electrodes, with a welding system that first uses the sheet thickness of
the materials being welded and the welding time to calculate the cumulative amount of heat generated per unit volume
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that allows for good welding of the materials being welded and then adjusts the welding current or voltage that yields
the calculated amount of heat generated per unit volume and unit time.
[0014] Another example can be seen in document JP 2012 061487 A (PTL 4).

CITATION LIST

Patent Literature

[0015]

PTL 1: JP H9-216071 A
PTL 2: JP H 10-94883 A
PTL 3: JP H11-33743 A
PTL 4: JP 2012 061487 A

[0016] With the resistance spot welding methods in PTL 1 and PTL 2, however, complicated calculations are necessary
in order to estimate the temperature of the nugget based on a heat transfer model (heat transfer simulation) or the like.
The structure of the welding control unit not only becomes complicated, but the welding control unit itself also becomes
expensive.
[0017] The resistance spot welding method recited in PTL 3 always allows for good welding regardless of the degree
of electrode wear by controlling the cumulative amount of heat generated to be a target value. When the set conditions
of materials to be welded and the actual conditions of materials to be welded greatly differ, however, for example in
cases such as when there is a disturbance nearby such as the aforementioned previously welded point, when the time
variation pattern of the amount of heat generated changes greatly in a short period of time, or when welding hot-dip
galvanized steel sheets with a large coating weight, then adaptive control cannot keep up. In some cases, the necessary
nugget diameter is not obtained, or splashing occurs due to excessive heat input.
[0018] Furthermore, all of the techniques in PTL 1 to PTL 3 effectively address the change when the electrode tip
wears, yet do not at all take into account the case of diversion having a large effect, such as when the distance from a
previously welded point is short. Hence, adaptive control sometimes does not actually work.
[0019] It could therefore be helpful to propose a resistance spot welding method that can be applied to resistance spot
welding by multistep current passage, that also effectively addresses wear of the electrode tip and the presence of a
disturbance, and that can obtain a good nugget.

SUMMARY

[0020] The inventive method is disclosed in claim 1.
[0021] In an embodiment of the invention a timing for dividing into the two or more steps is a point in time at which a
weld is formed between the materials to be welded.
[0022] Before actual welding, in performing test welding to form an appropriate nugget by passing welding current
with constant current control, the current pattern is divided into two or more steps, and in each step, the time variation
of the instantaneous amount of heat generated per unit volume and the cumulative amount of heat generated per unit
volume are stored as target values, thereby allowing for adaptive control welding in each step during actual welding.
Therefore, wear of the electrode tip and the presence of a disturbance can also effectively be addressed, a good nugget
can be obtained, and application of adaptive control welding to multistep resistance spot welding that requires multistep
current passage becomes possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the accompanying drawings:

FIG. 1(a) is a weld cross-section when performing test welding, and FIG. 1(b) illustrates the corresponding change
over time of the welding current, electrical resistance, and cumulative amount of heat generated;
FIG. 2(a) is a weld cross-section when performing two-step adaptive control welding, and FIG. 2(b) illustrates the
corresponding change over time of the welding current, electrical resistance, and cumulative amount of heat gen-
erated;
FIG. 3(a) is a weld cross-section when performing conventional constant current control welding, and FIG. 3(b)
illustrates the corresponding change over time of the welding current, electrical resistance, and cumulative amount
of heat generated; and
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FIG. 4(a) is a weld cross-section when performing conventional one-step adaptive control welding, and FIG. 4(b)
illustrates the corresponding change over time of the welding current, electrical resistance, and cumulative amount
of heat generated.

DETAILED DESCRIPTION

[0024] Our method will be described in detail below.
[0025] In our method, resistance spot welding is performed by multistep current passage in which the current pattern
is divided into two or more steps, and before actual welding, test welding is performed to store, for each step as target
values, a time variation of an instantaneous amount of heat generated per unit volume and a cumulative amount of heat
generated per unit volume that are calculated from an electrical property between electrodes when forming an appropriate
nugget. Even if the time variation amount of the instantaneous amount of heat generated deviates during any step from
the time variation curve that is a standard by a difference, adaptive control welding is then utilized to compensate for
the difference during the remaining welding time in the step so as to match a cumulative amount of heat generated in
the actual welding to the cumulative amount of heat generated that is determined in advance in the test welding.
[0026] First, test welding according to our method will be described. In this example, the case of passing welding
current in two steps is described.
[0027] A test on the same type of steel and thickness as the materials to be welded is performed by welding under a
variety of conditions with constant current control in a state with no gap or diversion to a previously welded point. The
welding conditions for obtaining a necessary nugget diameter, i.e. the appropriate electrode force F, welding time T,
and welding current I, are thus discovered.
[0028] An inverter DC resistance spot welder is preferable as the welder, and chromium copper electrodes with DR-
shaped tips may be advantageously adapted for use as the electrodes. Furthermore, the nugget diameter may be
determined by a peel test or by cross-sectional observation at the nugget center (by etching with a saturated picric acid
solution).
[0029] Next, the point in time at which a weld is formed between the steel sheets, which are the materials to be welded,
may be adopted as the timing for division into steps in the case that the current pattern is divided into two steps. In order
to determine this timing, under the same electrode force F and welding current I as above, welding is performed while
changing the welding time to discover the point in time at which the weld forms.
[0030] Formation of the weld may be confirmed by a peel test.
[0031] Assume that the weld forms at welding time T1.
[0032] From the above experiment results, the conditions for test welding are determined as follows.

- First step welding conditions: electrode force F, welding time T1, welding current I
- Second step welding conditions: electrode force F, welding time T2 (equal to T - T1), welding current I

[0033] The time variation of the instantaneous amount of heat generated per unit volume and the cumulative amount
of heat generated per unit volume that are calculated from an electrical property between electrodes during welding
performed under the above conditions are then stored for each step as target values, completing the test welding.
[0034] In this disclosure, the electrical property between electrodes refers to the resistance between electrodes or the
voltage between electrodes.
[0035] Cooling time may be provided between the first step welding conditions and the second step welding conditions
yet is not essential.
[0036] Next, the actual welding is performed.
[0037] The actual welding is started using, as a standard, a time variation curve of the instantaneous amount of heat
generated per unit volume obtained by the test welding, and in each of the steps, when the time variation amount of the
instantaneous amount of heat generated follows the time variation curve that is the standard, welding is performed as
is to completion.
[0038] When the time variation amount of the instantaneous amount of heat generated deviates during any step from
the time variation curve that is the standard, however, adaptive control welding is performed to control the current
passage amount in response to the difference, thereby compensating during the remaining welding time in the step so
as to match a cumulative amount of heat generated in the actual welding to the cumulative amount of heat generated
that is determined in advance in the test welding.
[0039] In this way, the necessary cumulative amount of heat generated is guaranteed even when the electrode tip
wears or when a disturbance is present, thereby yielding an appropriate nugget diameter.
[0040] While the method of calculating the amount of heat generated per unit volume is not limited, PTL 3 discloses
one example, which is used in this disclosure.
[0041] The cumulative amount of heat generated Q per unit volume is calculated with this method as follows.
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[0042] Let the total thickness of the two materials to be welded be t, the electrical resistivity of the materials to be
welded be r, the voltage between electrodes be V, the welding current be I, and the area of contact between the electrodes
and the materials to be welded be S. In this case, the welding current passes through a columnar portion with a cross-
sectional area S and thickness t, generating resistance heat. The amount of heat generated q per unit volume and unit
time in this columnar portion is determined with Equation (1) below.

[0043] The electrical resistance R of this columnar portion is calculated with Equation (2) below. 

[0044] By solving for S in Equation (2) and substituting into Equation (1), the amount of heat generated q is given by
Equation (3) below. 

[0045] As it is clear from Equation (3) above, the amount of heat generated q per unit volume and unit time can be
calculated from the voltage between electrodes V, total thickness t of materials being welded, and electrical resistivity
r of the materials being welded. Therefore, the amount of heat generated q is not affected by the area S of contact
between the electrodes and the materials being welded.
[0046] In Equation (3), the amount of heat generated is calculated from the voltage between electrodes V, yet the
amount of heat generated q may also be calculated from the current between electrodes I. In this case as well, the area
S of contact between the electrodes and the materials being welded need not be used.
[0047] Accumulating the amount of heat generated q per unit volume and unit time over the entire welding time period
yields the cumulative amount of heat generated Q per unit volume that is added during welding. As is clear from Equation
(3), this cumulative amount of heat generated Q per unit volume can also be calculated without using the area S of
contact between the electrodes and the materials being welded.
[0048] The case of calculating the cumulative amount of heat generated Q using the method disclosed in PTL 3 has
been described, yet other methods of calculation may of course be used.
[0049] In our method, the current pattern is divided into two or more steps. The following points in time are possibilities
as the timing for division into steps.

- Division into two steps

[0050] The time when the weld forms between steel sheets is preferably used as the dividing point. This is the point
between the beginning of weld formation between the steel sheets and the subsequent process of nugget growth.
[0051] The reason is that the effect of diversion to a previously welded point is large up to the time a stable current
path (weld) is formed directly below the electrodes, and therefore performing adaptive control welding to guarantee the
cumulative amount of heat generated per unit volume up until the weld is formed allows for a stable current path to be
formed even if a previously welded point is located nearby and allows for stable nugget growth in the subsequent second
step.
[0052] The timing at which the weld begins to form between the steel sheets can be determined by observation through
a peel test, or through cross-sectional observation of the weld, after welding by changing the welding time.

- Division into three steps

[0053] When the materials to be welded are coated steel sheets, three-step division that takes fusion of the coating
into account is more preferable. The reason is that when coating is present, there is a large change in the phenomenon
up until a stable current path forms directly below the electrodes, where the effect of diversion is large. Since the melting
point of the coating is lower than that of the steel sheets, the coating between the steel sheets first fuses after passage
of current begins, and a portion of the fused coating is expelled from between the steel sheets due to the electrode force.
The coating that is expelled at this time expands the current conducting area, thereby greatly reducing the resistance
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between electrodes during welding. Conversely, the specific resistance of the materials to be welded increases along
with a rise in temperature. Therefore, the specific resistance increases as the welding time lengthens, and after the
decrease in resistance between electrodes due to the expanded current conducting area, an increase in the resistance
between electrodes occurs due to the rise in temperature of the materials to be welded. Subsequently, the weld forms.
Therefore, dividing the welding process into three steps, i.e. the step in which the coating fuses and the current conducting
area expands suddenly, the step up until a stable current path (weld) forms between the electrodes due to subsequent
passage of current, and the subsequent nugget formation step, and then performing, in each step, adaptive control
welding to guarantee the cumulative amount of heat generated per unit volume allows for a stable current path to be
formed by resistance spot welding of coated steel sheets, even if a previously welded point is located nearby. This
approach also allows for stable nugget growth in the subsequent third step.
[0054] Examples of the disturbance referred to in this disclosure include the above-described presence of a previously
welded point near the welding point or contact point between the materials to be welded, as well as wear of the electrodes
or the like.
[0055] The test welding has been described as being performed in a state without disturbances such as previously
welded points. Performing the test welding in a state with a previously welded point, however, poses no problem what-
soever, as doing so reduces the difference between the conditions of test welding and actual welding, thereby facilitating
effective performance of adaptive control.

EXAMPLES

(Example 1)

[0056] Mild steel (thickness: 1.6 mm) was prepared as the materials to be welded. The welding current was passed
with a two-step current passage method.
[0057] Two sheets of the materials to be welded were overlapped and welded with constant current control in a state
with no gap or diversion to a previously welded point. The welding conditions for obtaining a suitable nugget diameter
were thus obtained. An inverter DC resistance spot welder was used as the welder, and chromium copper electrodes
with 6 mm face diameter DR-shaped tips were used as the electrodes. For the welding conditions, an electrode force
of 3.43 kN (350 kgf) and a welding time of 16 cyc (50 Hz (hereinafter, time units all refer to the number of cycles at 50
Hz)) were kept constant, and the welding current was changed to a variety of settings to determine the current at which
a nugget diameter of 4√t (t: sheet thickness) was obtained. In this example, the appropriate nugget diameter is 4√t =
5.1 mm.
[0058] As a result, it was found that a nugget diameter of approximately 5.1 mm was obtained with a welding current
of 6.2 kA.
[0059] Next, in order to determine the timing for dividing the welding process into two steps, welding was performed
under the conditions of an electrode force of 3.43 kN (350 kgf) and a welding current of 6.2 kA, while changing the
welding time (2, 3, 4, 5, ... cyc). The timing at which the weld formed between the two steel sheets was then confirmed
with a peel test. Under these conditions, it was confirmed that the weld formed at 4 cyc.
[0060] From the above experiment results, the conditions for test welding were determined as follows.

- First step welding conditions: electrode force, 3.43 kN (350 kgf); welding time, 4 cyc; welding current, 6.2 kA
- Second step welding conditions: electrode force, 3.43 kN (350 kgf); welding time, 12 cyc; welding current, 6.2 kA

[0061] No cooling time was provided between the first step welding conditions and the second step welding conditions.
[0062] Welding was performed under the above conditions, and the time variation of the instantaneous amount of heat
generated per unit volume and the cumulative amount of heat generated per unit volume that were calculated from the
change in voltage and the electrical resistance during welding performed under the above conditions were stored for
each step as target values, completing the test welding.
[0063] FIG. 1(a) illustrates a weld cross-section when performing this test welding, and FIG. 1(b) illustrates the cor-
responding change over time of the welding current, electrical resistance, and cumulative amount of heat generated.
[0064] As illustrated in FIG. 1(a), in this test welding, a nugget with the target diameter of 5.1 mm was obtained.
[0065] The target cumulative amount of heat generated that was obtained in the test welding was 138 J for the first
step and 167 J for the second step. Therefore, the final target cumulative amount of heat generated was 305 J.
[0066] Next, the actual welding was performed under the following conditions.
[0067] Multistep adaptive control resistance spot welding according to our method was performed with the above test
welding as a standard, under the conditions of a previously welded point present near the welding point (distance between
centers of points: 7.5 mm) and a large effect of diversion. In other words, resistance spot welding was performed using,
as a standard, the time variation curve of the instantaneous amount of heat generated per unit volume obtained by test
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welding.
[0068] FIG. 2(a) illustrates a weld cross-section at that time, and FIG. 2(b) illustrates the change over time of the
welding current, electrical resistance, and cumulative amount of heat generated.
[0069] For comparison, resistance spot welding with constant current control (Comparative Example 1) and adaptive
control welding with conventional one-step current passage were performed under the condition of a previously welded
point present near the welding point (distance between centers of points: 7.5 mm). The constant current control welding
was performed under the conditions of an electrode force of 3.43 kN (350 kgf), welding time of 16 cyc, and welding
current of 6.2 kA. The adaptive control welding with conventional one-step current passage was performed under the
condition of a previously welded point being present while using, as a standard, test welding with one-step current
passage performed under the conditions of an electrode force of 3.43 kN (350 kgf), welding time of 16 cyc, welding
current of 6.2 kA, and the absence of previously welded points.
[0070] FIG. 3(a) illustrates a weld cross-section when performing constant current control welding, and FIG. 3(b)
illustrates the corresponding change over time of the welding current, electrical resistance, and cumulative amount of
heat generated.
[0071] FIG. 4(a) illustrates a weld cross-section when performing adaptive control welding with conventional one-step
current, and FIG. 4(b) illustrates the corresponding change over time of the welding current, electrical resistance, and
cumulative amount of heat generated.
[0072] As is clear from FIG. 2(a), in the case of the Example, the current greatly changed so that the cumulative
amount of heat generated became equivalent to the case of the test welding. As a result, the obtained nugget had a
nugget diameter of 5.0 mm, nearly the target diameter.
[0073] In the Example, in particular in the earlier part of the first step, an insufficient amount of heat generated was
observed due to the effect of diversion caused by the previously welded point, yet it is clear that in the latter part of the
first step, the welding current was increased to compensate for this insufficiency, thus guaranteeing the target amount
of heat generated.
[0074] In the actual welding, the cumulative amount of heat generated was 135 J in the first step and 172 J in the
second step. The resulting cumulative amount of heat generated of 307 J thus nearly equaled that of the test welding.
[0075] Conversely, in the constant current control welding of Comparative Example 1, the total heat input was insuf-
ficient due to diversion, and only a nugget with a small diameter of 4.0 mm was obtained.
[0076] During the adaptive control welding with conventional one-step current, the current control could not keep pace
with the change in the welding phenomenon, and the cumulative amount of heat generated grew larger than that of the
test welding. The nugget diameter of 5.6 mm was too large, and a state in which splashing occurred easily was reached.
[0077] Next, Table 1 compares the cumulative amount of heat generated in the first step (up to the fourth cycle) for
the test welding, two-step adaptive control welding according to our method, conventional constant current control
welding, and conventional one-step adaptive control welding.

[Table 1]

[0078]

[0079] As indicated in Table 1, in the Example, up to the fourth cycle it was possible to provide a cumulative amount
of heat generated equivalent to the cumulative amount of heat generated in the test welding, whereas with the constant
current control welding of Comparative Example 1, a reduction in the amount of heat generated due to diversion was
observed. It is also clear that in the conventional one-step adaptive control welding, only an amount of heat generated
equivalent to that of constant current control welding could be provided, despite performing adaptive control.

Claims

1. A method of resistance spot welding to join materials to be welded by squeezing the materials between a pair of

Table 1

Test 
welding

Example (two-step 
adaptive control)

Comparative Example 
(constant current control)

Comparative Example 2 
(one-step adaptive control)

Cumulative amount of 
heat generated up to 

fourth cycle
138 J 135 J 113 J 113 J
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electrodes and passing current while applying pressure, the materials being a plurality of overlapping metal sheets,
the method comprising:

dividing a current pattern into two or more steps for welding;
before actual welding, performing test welding to store, for each step as a target value, a time variation of an
instantaneous amount of heat generated per unit volume and a cumulative amount of heat generated per unit
volume that are calculated from an electrical property between electrodes when forming an appropriate nugget
by passing current with constant current control; and
subsequently, as actual welding, starting welding using, as a standard, a time variation curve of the instantaneous
amount of heat generated per unit volume obtained by the test welding, characterized by performing adaptive
control welding to control a welding current with the cumulative amount of heat generated that is determined
for each step in advance in the test welding as a target value in order to compensate for a difference during a
remaining welding time in the step, wherein adaptive control is performed when a time variation amount of an
instantaneous amount of heat generated per unit volume deviates during any step from the time variation curve
by the difference.

2. The method of claim 1, wherein a timing for dividing into the two or more steps is a point in time at which a weld is
formed between the materials to be welded.

Patentansprüche

1. Verfahren zum Widerstandspunktschweißen zum Vereinen von zu schweißenden Materialien durch Quetschen der
Materialien zwischen einem Paar von Elektroden und Durchlaufenlassen von Strom, während Druck angelegt wird,
wobei die Materialien eine Vielzahl einander überlappender Metalltafeln sind, wobei das Verfahren Folgendes um-
fasst:

Teilen eines Strommusters in zwei oder mehrere Schritte zum Schweißen;
vor dem tatsächlichen Schweißen, Ausführen von Testschweißen, um, für jeden Schritt als einen Zielwert, eine
Zeitvariation einer Momentanmenge an Hitze, die pro Volumeneinheit erzeugt wird, und eine kumulative Menge
an Hitze zu speichern, die pro Volumeneinheit erzeugt wird, die aus einer elektrischen Eigenschaft zwischen
Elektroden berechnet werden, wenn eine angemessene Schweißlinse gebildet wird, indem Strom mit konstanter
Stromsteuerung durchgelassen wird; und
anschließend, als tatsächliches Schweißen, Starten des Schweißens, indem, als ein Standard, eine Zeitvaria-
tionskurve der Momentanmenge an Hitze verwendet wird, die pro Volumeneinheit erzeugt wird, die durch das
Testschweißen erhalten wird, gekennzeichnet durch Ausführen von Schweißen mit adaptiver Steuerung, um
einen Schweißstrom mit der kumulativen Menge an Hitze, die erzeugt wird, die für jeden Schritt im Voraus bei
dem Testschweißen bestimmt wird, als einen Zielwert zu steuern, um einen Unterschied während einer restlichen
Schweißzeit bei dem Schritt zu kompensieren, wobei adaptive Steuerung ausgeführt wird, wenn eine Zeitvari-
ationsmenge einer Momentanmenge an Hitze, die pro Volumeneinheit erzeugt wird, während eines beliebigen
Schritts von der Zeitvariationskurve um den Unterschied abweicht.

2. Verfahren nach Anspruch 1, wobei ein Timing für das Teilen in die zwei oder mehreren Schritte ein Zeitpunkt ist, in
dem eine Schweißung zwischen den zu schweißenden Materialien gebildet wird.

Revendications

1. Procédé de soudage par points par résistance pour assembler des matériaux à souder en comprimant les matériaux
entre une paire d’électrodes et en faisant passer un courant tout en appliquant une pression, les matériaux étant
une pluralité de tôles superposées, le procédé comprenant :

la division d’un schéma de passage de courant en deux ou plusieurs étapes pour le soudage ;
avant le soudage réel, la réalisation d’un soudage de test pour stocker, pour chaque étape en tant que valeur
cible, une variation dans le temps d’une quantité instantanée de chaleur générée par volume unitaire et une
quantité cumulative de chaleur générée par volume unitaire qui sont calculées à partir d’une propriété électrique
entre électrodes lors de la formation d’un noyau approprié en faisant passer du courant avec un contrôle de
courant constant ; et
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ensuite, en tant que soudage réel, le démarrage d’un soudage utilisant, en tant que référence, une courbe de
variation dans le temps de la quantité instantanée de chaleur générée par volume unitaire obtenue par le
soudage de test, caractérisé par la réalisation d’un soudage de contrôle adaptatif pour contrôler un courant
de soudage avec la quantité cumulative de chaleur générée qui est déterminée pour chaque étape à l’avance
dans le soudage de test en tant que valeur cible afin de compenser une différence pendant un temps de soudage
restant dans l’étape, dans lequel le contrôle adaptatif est réalisé lorsqu’une quantité de variation dans le temps
d’une quantité instantanée de chaleur générée par volume unitaire s’écarte pendant une quelconque étape de
la courbe de variation dans le temps de la différence.

2. Procédé selon la revendication 1, dans lequel un moment de division en les deux étapes ou plus est un point dans
le temps auquel une soudure est formée entre les matériaux devant être soudés.
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