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Fastening method

TECHNICAL FIELD

The invention relates generally to an apparatus and to a method for fastening a stud to
a substrate and also to such a stud.

PRIOR ART

There are numerous known apparatuses and methods by which various studs are
fastened to a substrate in different applications. For example, a stud is brought into
contact with the substrate and an electric current is applied to it. As soon as the electric
current flows between the stud and the substrate, the stud is lifted off the substrate to
form an arc. The energy that is released causes the material of the stud and of the
substrate to be partially liquefied. The electric current is then switched off and the stud
is immersed in the liquefied material while this material cools down and becomes solid.
The stud is then connected to the substrate in an integrally bonded manner.

In order to provide the necessary energy for liquefying the material of the stud and the
substrate in a sufficiently short time, there are known apparatuses that generate an
electric current of a very high current intensity and use a correspondingly rated electric
cable to feed it to the stud. To avoid oxidizing of the liquefied material, it is known to
surround the area of contact between the stud and the substrate with an inert gas.

In the case of applications in building construction or shipbuilding for example,
threaded studs of various sizes to which an item is screwed are used in order to fasten
the item to the substrate. Some parameters of the fastening method, such as for
example the duration and electrical power of the electric current, are to be set by a user
on the apparatus and are to be adapted to the stud that is used. The user finally
assesses the quality of the connection between the stud and the substrate by means of
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a visual inspection. The quality of the connection consequently also depends on the
experience and capabilities of the user.

In the case that the substrate has a surface layer, such as for example a coating, a
corrosion protection or a dirt layer, this surface layer is customarily ground over a large
area before fastening the stud. After fastening the stud, the ground region is cleaned
and/or provided with a new coating or corrosion protection layer, which is time-

consuming.

SUMMARY OF THE INVENTION

The object of the invention is to provide an apparatus and/or a method with which
fastening of a stud to a substrate is made easier and/or improved.

This object is achieved in a method for fastening a stud to a substrate having a surface
layer, in which a stud, which has a stud diameter at an end side, and an annular
covering element having an inside diameter and an outside diameter are provided, a
recess is created in the substrate by removing the surface layer in a defined surface
region having a surface diameter, wherein the surface diameter is greater than the stud
diameter and less than the outside diameter, the end side and/or the substrate aref/is
liquefied and allowed to solidify in the recess, the end side is contacted with the
substrate in the recess during solidification, and the recess around the stud is covered
by means of the covering element. The surface layer in the defined surface region is
preferably removed by being machined. By virtue of the fact that the substrate is
covered at the location where the surface layer has been removed, a repair of the

surface layer is not required under certain circumstances or is at least simplified.

One advantageous embodiment is characterized in that the end side and/or the

covering element and/or the defined surface region are/is circular.

A further advantageous embodiment is characterized in that the recess is a blind hole.

A further advantageous embodiment is characterized in that the recess is drilled by

means of a preferably hand-operated drilling tool.
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A further advantageous embodiment is characterized in that the recess has a centering
contour and the end side has a mating contour, wherein the centering contour and the
mating contour engage in one another when the stud is placed at the desired position
in the recess. With preference, the centring contour is convex and the mating contour is
concave. Likewise with preference, the centring contour is concave and the mating
contour is convex. With particular preference, the mating contour comprises the entire
end side.

A further advantageous embodiment is characterized in that the the covering element
comprises a sealing ring having a sealing ring inside diameter and a sealing ring
outside diameter, wherein the sealing ring inside diameter is less than or equal to the
stud diameter and the sealing ring outside diameter is greater than the surface
diameter. The sealing ring then seals radially with respect to the stud and axially with
respect to the substrate outside the defined surface region, with the result that the joint
between the stud and the substrate is completely sealed in relation to the surroundings.

A further advantageous embodiment is characterized in that the covering element is
fastened to the stud after the stud has been fastened to the substrate. The covering
element is preferably screwed or plugged onto the stud. An alternative embodiment is
characterized in that the covering element is premounted on the stud before the stud is
fastened to the substrate.

A further advantageous embodiment is characterized in that, during liquefaction and/or
solidification of the material of the stud or of the substrate, the covering element is
likewise partially or completely liquefied and forms an integrally bonded connection with
the stud and/or the substrate.

A further advantageous embodiment is characterized in that the covering element is
deformed after the stud has been fastened to the substrate.

A further advantageous embodiment is characterized in that the covering element is
changed in its position on the stud after the stud has been fastened to the substrate.
EXEMPLARY EMBODIMENTS
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The invention will be explained in more detail below on the basis of exemplary
embodiments with reference to the drawings. In the drawings:

fig. 1 schematically shows a welding apparatus,

fig. 2  shows a fastening arrangement in a cross-sectional view,

fig. 3  shows a further fastening arrangement in a cross-sectional view,

fig. 4  shows a welding stud in a longitudinal sectional view,

fig. 5  shows a further welding stud in a longitudinal sectional view, and

fig. 6  shows a further welding stud in a longitudinal sectional view.

Fig. 1 schematically illustrates a welding apparatus 10 for welding a welding stud 20 to
a substrate 30. A material of the welding stud 20 and a material of the substrate 30 are
electrically conductive, in particular metallic. The welding apparatus 10 comprises a
welding gun 40 with a trigger switch 41, formed as a pushbutton switch, a welding unit
50, afirst electric cable 61, a second electric cable 62 with a connection terminal 63, an
electric supply cable 64, formed for example as a power cable, an electrical
communication line 65, a gas reservoir 70, formed as a gas cylinder, a tubular gas
supply line 71 and a gas hose 72.

The first cable 61 serves for supplying the welding stud 20 with electric current through
the welding unit 50. The second cable 62 serves for electrically connecting the
substrate 30 to the welding unit 50 when the connection terminal 63 is clamped to the
substrate 30. When the welding stud 20 comes into contact with the substrate 30, a
circuit closes, so that welding current, for example in the form of direct current or
alternating current, can be applied to the welding stud 20 by the welding unit 50. For
this purpose, the welding gun 40 comprises a welding-current contact element that is
not shown in fig. 1. The welding unit 50 comprises a device that is not shown for
converting electric current from the supply cable 64 into welding current, which
comprises for example an electrical capacitor, a thyristor, a bipolar transistor with an
isolated gate electrode or other components from power electronics and also an
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associated control unit with a microprocessor, in order to provide the welding current at
the desired voltage and current intensity.

The gas supply line 71 and the gas hose 72 serve for supplying a contact region
between the welding stud 20 and the substrate 30 with an inert gas from the gas
reservoir 70, in order to protect the contact region from oxidation due to oxygen from
the surroundings during a welding operation. For controlling a gas flow to the contact
region, the gas reservoir 70, the gas supply line 71, the welding unit 50, the gas hose
72 or the welding gun 40 comprises a valve, in particular a controllable valve, that is

not shown.

The welding unit 50 has an input device 51 with actuating elements 52 and also an
output device 53 with a visual display element 54 and a wireless transmission unit. The
input device 51 serves for inputting parameters of a welding process to be carried out
with the welding apparatus 10, such as for example the electrical voltage, current
intensity, power and duration of the welding current, position and speed of the stud and
so on, by a user of the welding apparatus 10. The output device 53 serves for
outputting information to the user, such as for example information on parameters of
the welding process, information on detected emissions of the welding process or other
variables, information on a quality of the welding operation, information on measures
for improving the welding operation, information on detected characteristics of the
welding stud or information derived from the aforementioned variables, and/or
recommendations or instructions for cleaning and/or maintaining the welding apparatus

10, in particular the welding gun 40.

The communication line 65 serves for communication between the welding gun 40, in
particular a control device of the welding gun 40 that is not shown in fig. 1, and the
welding unit 50, in particular the control unit and/or the input device 51 and/or the
output device 53. By means of this communication, for example, an exchange of
information about the parameters of a welding operation is accomplished, in order for
example to achieve or facilitate a synchronization of the welding current with a
movement of the welding stud 20. In the case of exemplary embodiments that are not
shown, the communication between the welding gun and the welding unit takes place
wirelessly, by radio or by means of the first electric cable, which carries the welding

current.
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The welding gun 40 has a housing 42 with an opening 46, from which housing a handle
43 with the trigger switch 41 protrudes. The welding gun 40 also has a stud holder 44,
on which the welding stud 20 is held during a welding operation. For this purpose, the
stud holder comprises for example two, three, four or more resilient arms that are not
shown in detail, between which the welding stud 20 is inserted and held by means of a
clamping fit. The welding gun 40 also has, for applying a welding current to the welding
stud 20, a welding-current contact element which is integrated in the stud holder 44, for

example in the form of one or more of the resilient arms.

The welding gun 40 also has a control device 99 for controlling the various components
and devices of the welding gun and of the welding unit 50. The control device 99 is
intended for controlling one or more parameters of the welding operation. For this
purpose, the control device 99 comprises various electronic components, such as for
example one or more microprocessors, one or more temporary or permanent data

memories, and the like.

The welding gun 40 also has a stud lifting device, which is formed as a first lifting
magnet, which acts on the stud holder 44 with a force away from the opening 46 to the
rear (upwardly in fig. 1) when the stud lifting device is activated. Via a signal line that is
not shown, the control device 99 communicates with the stud lifting device in order to
control the stud lifting device, in particular to activate and deactivate it.

The welding gun 40 also has a stud immersing device, formed as a spring element or
as a second lifting magnet, which acts on the stud holder 44 forwardly with a force
toward the opening 46 (downwardly in fig. 1) when the stud immersing device is
activated. Via a signal line that is not shown, the control device 99 communicates with
the stud immersing device in order to control the stud immersing device, in particular to
activate and deactivate it. If the stud immersing device takes the form of a spring
element, this spring element is preferably tensioned when the stud holder is moved by
the stud lifting device to the rear, with the result that the spring element moves the stud
holder forward as soon as the stud lifting device is deactivated.

In a welding process with the welding apparatus 10, at first the substrate 30 and the
stud 20 are provided. In a further step, information, for example about desired
parameters of the following welding operation, are input by a user via the input device.
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In a further step, a welding current between the welding stud 20 and the substrate 30 is
applied to the welding stud 20 by the welding unit 50 by means of the first cable 61 and
the second cable 62. In a further step, the welding stud 20 is lifted off the substrate by
means of the stud lifting device while maintaining the welding current flowing between
the welding stud 20 and the substrate 30, with an arc being formed between the
welding stud 20 and the substrate 30. Particularly on account of the heat generated by
the arc, a material of the welding stud 20 and/or of the substrate 30 is then partially
liquefied. In a further step, the welding stud 20 is immersed by means of the stud
immersing device in the liquefied material of the welding stud 20 or of the substrate 30.
The liquefied material of the welding stud 20 or of the substrate 30 then solidifies such
that the welding stud 20 is connected to the substrate 30 in an integrally bonded

manner.

Fig. 2 illustrates a fastening arrangement with a welding stud 120 and a substrate 130
during a welding operation. The substrate 130 has a surface layer 140 which
comprises for example a protective layer, in particular against corrosion, an oxide layer,
in particular metal oxide layer, or a dirt layer. At an end side 121 of the welding stud
120, the welding stud has a stud diameter 122 of for example 8 mm, the end side 121
being convex and having the form of a flat cone lateral surface and/or having a circular
cross-sectional area. In a defined circular surface region 131 having a surface diameter
132, the substrate 130 has a recess 133 in the form of a blind hole having a blind hole
depth 134. The surface diameter 132 is for example 20 mm and is greater than the
stud diameter 122.

The recess 133 has a constant depth in its radially outer edge region, this depth being
equal to a thickness of the surface layer 140. In a radially inner central region, the
recess 133 is concave in form and has a likewise concave centering contour 135. The
tip of the conical end side 121 of the welding stud 120 forms a convex mating contour
125, with the result that the centering contour 135 and the mating contour 125 engage
in one another when the welding stud 120 is placed at the desired position in the
recess 133. In an exemplary embodiment that is not shown, the centering contour is
convex and the mating contour is concave. The concave formation of the recess 133
makes it easier to locate the desired welding point by the welding stud feeling its way
toward the recess 133.
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To create the recess 133, the surface layer 140 has been removed in the defined
surface region 131 by having been machined by drilling by means of a drilling tool. The
drilling tool is preferably a step drill which has a peripheral step whose axial distance
from a drilling tip of the step drill is equal to the desired blind hole depth 134.

The welding stud 120 has a supporting means 150 in the form of a peripheral
depression which supports a covering element (not shown) against the substrate 130
when the covering element is fastened to the welding stud 120 after the welding stud
120 has been fastened to the substrate 130. The covering element is designed for
example as one of the covering elements illustrated in figs. 4 to 6 and has an outside
diameter of for example 30 mm, which is greater than the surface diameter 132 in order
that the joint between the welding stud 120 and the substrate 130 and also the recess
133 around the welding stud 120 are completely covered by the covering element. The
covering element is screwed onto the welding stud 120.

Fig. 3 illustrates a fastening arrangement with a welding stud 220 and a substrate 230
in a further exemplary embodiment during a welding operation. The substrate 230 has
a surface layer 240 which comprises for example a protective layer, in particular
against corrosion, an oxide layer, in particular metal oxide layer, or a dirt layer. At an
end side 221 of the welding stud 220, the welding stud has a stud diameter 222 of for
example 6 mm, the end side 221 being planar and having a circular cross-sectional
area. In a defined circular surface region 231 having a surface diameter 232, the
substrate 230 has a recess 233 in the form of a blind hole having a blind hole depth
234. The surface diameter 232 is for example 18 mm and is greater than the stud
diameter 222.

The recess 233 has a constant depth in its radially outer edge region, this depth being
equal to a thickness of the surface layer 240. In a radially inner central region, the
recess 233 is of concave form and has a likewise concave centering contour 235
whose diameter is substantially the same size as the stud diameter 222, with the result
that the centering contour 235 and the end side 221 engage in one another when the
welding stud 220 is placed at the desired position in the recess 233. This makes it
easier to locate the desired welding point by the welding stud feeling its way toward the
recess 233.
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The welding stud 220 has a supporting means 250 in the form of a peripheral
depression which supports a covering element (not shown) against the substrate 230
when the covering element is fastened to the welding stud 220 after the welding stud
220 has been fastened to the substrate 230. The covering element has an outside
diameter of for example 25 mm, which is greater than the surface diameter 232 in order
that the joint between the welding stud 220 and the substrate 230 and also the recess
233 around the welding stud 220 are completely covered by the covering element. The
covering element is plugged onto the welding stud 220.

Fig. 4 illustrates a welding stud 320 having a covering element 300 in a longitudinal
section. The welding stud 320 has a concave end side 321 in the form of a flat cone
lateral surface and with a circular cross-sectional area. Furthermore, the welding stud
has an attachment means 390 in the form of an external thread with a thread diameter
for attaching an add-on element to the welding stud 320. Furthermore, the welding stud
320 has a supporting means 350 in the form of a peripheral depression which supports
the covering element 300 against a substrate (not shown) when the welding stud 320 is
fastened to the substrate.

The covering element 300 comprises a circular sealing ring 360 having a sealing ring
inside diameter 361 and a sealing ring outside diameter and also comprises a likewise
circular-ring-shaped covering disk 370. The sealing ring inside diameter 361 is greater
than the thread diameter of the attachment means 390 in order that the sealing ring
360 can be moved over and beyond the attachment means 390. The covering element
300, in particular the covering disk 370, has a mating supporting means 380 which, in
order to support the covering element 300 against the substrate, is in engagement with
the supporting means 350 of the welding stud 320. The mating supporting means 380
comprises one or more projections which are arranged along a circumference and

protrude radially inwardly from the covering disk 370.

The covering element 300 has already been premounted on the welding stud 320
before fastening the welding stud 320 to the substrate in such a way that the sealing
ring 360 bears with the sealing ring inside diameter 361 against the welding stud 320.
In an exemplary embodiment that is not shown, the covering element is indeed
premounted on the welding stud before fastening but is brought into its final position
after fastening, for example by being displaced in the fastening direction. After
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fastening the welding stud 320 to the substrate, the sealing ring 360 seals radially with
respect to the welding stud 320 and axially with respect to the substrate, with the result
that the joint between the welding stud 320 and the substrate is completely sealed in
relation to the surroundings.

For improved axial sealing with respect to the substrate, the sealing ring 360 has two
peripheral axial projections 362 which are deformed when the stud is fastened to the
substrate. Additionally or alternatively, the material of the sealing ring 360 is likewise
partially or completely liquefied during the liquefaction and/or solidification of the
material of the welding stud 320 or of the substrate and, upon solidification, forms an
integrally bonded connection with the welding stud 320 and/or the covering disk 370
and/or the substrate.

Fig. 5 illustrates a welding stud 420 having a covering element 400 in a longitudinal
section. The welding stud 420 has a concave end side 421 in the form of a flat cone
lateral surface and with a circular cross-sectional area. Furthermore, the welding stud
has an attachment means 490 in the form of an external thread with a thread diameter
for attaching an add-on element to the welding stud 420. Furthermore, the welding stud
420 has a supporting means 450 in the form of a peripheral depression which supports
the covering element 400 against a substrate (not shown) when the welding stud 420 is
fastened to the substrate.

The covering element 400 comprises a circular sealing ring 460 having a sealing ring
inside diameter 461 and a sealing ring outside diameter and also comprises a covering
disk 470. The covering element 400, in particular the covering disk 470, has a mating
supporting means 480 which takes the form of a peripheral projection protruding
radially inwardly from the covering element 400 and which, in order to support the
covering element 400 against the substrate, is in engagement with the supporting
means 450 of the welding stud 420.

The covering element 400 has already been premounted on the welding stud 420
before fastening the welding stud 420 to the substrate in such a way that the sealing
ring 460 bears with the sealing ring inside diameter 461 against the welding stud 420.
After fastening the welding stud 420 to the substrate, the sealing ring 460 seals radially
with respect to the welding stud 420 and axially with respect to the substrate, with the
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result that the joint between the welding stud 420 and the substrate is completely
sealed in relation to the surroundings.

For improved axial sealing with respect to the substrate, the sealing ring 460 has two
peripheral axial projections 462 which are deformed when the stud is fastened to the
substrate. Additionally or alternatively, the material of the sealing ring 460 is likewise
partially or completely liquefied during the liquefaction and/or solidification of the
material of the welding stud 420 or of the substrate and, upon solidification, forms an
integrally bonded connection with the welding stud 420 and/or the covering disk 470
and/or the substrate.

Fig. 6 illustrates a welding stud 520 having a covering element 500 in a longitudinal
section. The welding stud 520 has a planar end side 521 with a circular cross-sectional
area. Furthermore, the welding stud has an attachment means 590 in the form of an
external thread with a thread diameter for attaching an add-on element to the welding
stud 520. Furthermore, the welding stud 520 has a supporting means 550 in the form of
a peripheral depression which supports the covering element 500 against a substrate
(not shown) when the welding stud 520 is fastened to the substrate. The covering
element 500 comprises a circular sealing ring 560 and a likewise circular-ring-shaped
covering disk 570.

The covering element 500 has already been premounted on the welding stud 520 in
the position illustrated on the left in fig. 6 before fastening the welding stud 520 to the
substrate. After fastening, the covering element 500 is brought into its final position
illustrated on the right in fig. 7, for example by being folded down in the fastening
direction or being deformed in some other way. The deformation is accomplished for
example by a user, in particular with the aid of a tool, or already during the fastening
operation particularly as a result of thermal deformation or by means of a device
provided for this purpose on the welding gun.

In one or more of the exemplary embodiments, the sealing ring is produced from an
elastomer, with the covering disk being produced from metal or ceramic.

The invention has been described on the basis of examples of an apparatus for
fastening a first item to a second item and a production method for such an apparatus.
The features of the described embodiments can also be combined as desired with one
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another within a single fastening device or a single production method. It is pointed out
that the apparatus according to the invention and the method according to the invention
are also suitable for other purposes.
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CLAIMS

A method for fastening a stud to a substrate having a surface layer, comprising the following
steps:

a) providing a stud which has a stud diameter at an end side,

b) providing an annular covering element having an inside diameter and an outside
diameter,

C) creating a recess in the substrate by removing, in particular machining, the surface

layer from the substrate in a defined surface region having a surface diameter, wherein the
surface diameter is greater than the stud diameter and less than the outside diameter,

d) liquefying the end side and/or the substrate in the recess,
e) allowing the end side or the substrate to solidify in the recess,
f) contacting the end side with the substrate in the recess during solidification, and

0) completely covering the recess around the stud by means of the covering element.

The method as claimed in claim 1, in which the end side and/or the covering element and/or
the defined surface region aref/is circular.

The method as claimed in either of the preceding claims, in which the recess is a blind hole.

The method as claimed in one of the preceding claims, in which the recess is drilled by means
of a drilling tool.

The method as claimed in one of the preceding claims, in which the recess has a centering
contour and the end side has a mating contour, wherein the centering contour and the mating
contour engage in one another when the stud is placed at the desired position in the recess.

The method as claimed in claim 5, in which the centering contour is convex and the mating
contour is concave.

The method as claimed in claim 5, in which the centering contour is concave and the mating
contour is convex.

The method as claimed in claim 6, in which the mating contour comprises the entire end side.

The method as claimed in one of the preceding claims, in which the covering element
comprises a sealing ring having a sealing ring inside diameter and a sealing ring outside
diameter, wherein the sealing ring inside diameter is less than or equal to the stud diameter
and the sealing ring outside diameter is greater than the surface diameter.
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The method as claimed in one of the preceding claims, in which the covering element is
fastened to the stud after steps d), e) and f) have been carried out.

The method as claimed in claim 10, in which the covering element is screwed or plugged onto
the stud.

The method as claimed in one of claims 1 to 9, in which the covering element is premounted
on the stud before steps d), e) and f) have been carried out.

The method as claimed in claim 12, in which, during step d), €) and/or f), the covering element
is partially or completely liquefied and forms an integrally bonded connection with the stud
and/or the substrate.

The method as claimed in claim 12, in which the covering element is deformed after steps d),
e) and f) have been carried out.

The method as claimed in claim 12, in which the covering element is changed in its position
on the stud after steps d), e) and f) have been carried out.

The method as claimed in claim 1, wherein the surface layer is formed as a protective layer,
an oxide layer, or a dirt layer.

The method as claimed in claim 1, further comprising completely sealing a joint between the
stud and the substrate from the surroundings by the covering element.



