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Bolt and fastening arrangement

FIELD OF THE INVENTION

The invention relates generally to an apparatus and to a method for fastening a stud to
an underlying surface, and to such a stud.

BACKGROUND OF THE INVENTION

Numerous apparatuses and methods are known, by which various studs are fastened
to an underlying surface in different applications. For example, a stud is brought into
contact with the underlying surface and an electric current is applied to it. As soon as
the electric current flows between the stud and the underlying surface, the stud is lifted
off the underlying surface, with an arc being formed. The energy that is released
causes the material of the stud and the underlying surface 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
underlying surface in a materially bonded manner.

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

In applications in building construction or shipbuilding for example, use is made of
threaded studs of various sizes, to which an item is screwed in order to fasten the item
to the underlying surface. Some parameters of the fastening method, for example the
duration and electrical power of the electric current, need to be set on the apparatus by
a user and to be adapted to the stud that is used. Finally, the user assesses the quality
of the connection between the stud and the underlying surface by means of a visual
inspection. Therefore, the quality of the connection also depends on the experience
and capabilities of the user.
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In the case of studs that have a sealing ring, care should be taken to ensure that the
sealing ring has been sufficiently pressed following fastening, in order to achieve a
sufficient sealing effect. Otherwise, the sealing should not be excessively compressed,
in order not to be excessively deformed.

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 an underlying surface is improved. In particular, a region of the
fastening is intended to be sealed off reliably.

This object is achieved in the case of a stud for fastening an attachment element to an
underlying surface, having a shank that defines a fastening direction, having a sealing
element for sealing off a contact zone between the shank and the underlying surface,
and having a force transmission element for transmitting compressive forces from the
attachment element to the underlying surface. Under certain circumstances, the force
transmission element transmits an attachment force and/or a lateral force
perpendicularly to the fastening direction and/or a bending moment about an axis
perpendicular to the fastening direction and/or a torque about an axis parallel to the
fastening direction of the attachment element to the underlying surface, such that the
sealing element is not subjected to the particular force or the particular moment/torque.
The sealing element is made preferably of an elastic material such as an elastomer, for
example rubber or EPDM. The force transmission element is made preferably of a rigid
material such as a metal, an alloy, ceramic or the like.

One advantageous embodiment is characterized in that the force transmission element
has a bearing surface for the attachment element to bear on the force transmission
element and a supporting surface for supporting the force transmission element on the
underlying surface. Preferably, a distance between the bearing surface and the
supporting surface in the fastening direction is the same as or greater than a length of
the sealing element in the fastening direction.

Likewise preferably, the force transmission element has a contact pressure surface for
the sealing element to press against the underlying surface. Particularly preferably, a
distance between the contact pressure surface and the supporting surface in the
fastening direction is less than a length of the sealing element in the fastening
direction. A ratio of the distance between the contact pressure surface and the
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supporting surface to the length of the sealing element is preferably between 50% and
90%.

One advantageous embodiment is characterized in that a cross-sectional area of the
sealing element perpendicularly to the fastening direction decreases in the fastening
direction. As a result, the sealing area between the sealing element and the underlying
surface increases with increasing contact pressure force with which the sealing
element is pressed against the underlying surface.

One advantageous embodiment is characterized in that the stud is a welding stud, a
setting stud or a bolt.

One advantageous embodiment is characterized in that the sealing element is
configured in an annular manner, wherein the sealing element bears internally against
the shank and/or bears externally against the force transmission element.

One advantageous embodiment is characterized in that the force transmission element
is configured in an annular manner.

One advantageous embodiment is characterized in that the sealing element and/or the
force transmission element is circular.

One advantageous embodiment is characterized in that the stud has a thread for tightly
screwing the attachment element on the stud.

One advantageous embodiment is characterized in that the stud is inserted into a
fastening arrangement having an underlying surface and an attachment element.
Preferably, the force transmission element is clamped in place between the attachment
element and the underlying surface.

EMBODIMENTS OF THE INVENTION

The invention is explained in more detail in the following text by way of exemplary

embodiments with reference to the drawings, in which:

Figure 1 schematically shows a welding apparatus,

Figure 2 shows a welding stud in a longitudinal sectional view,
Figure 3 shows a welding stud in a longitudinal sectional view, and
Figure 4 shows a welding stud in a longitudinal sectional view.

Figure 1 schematically illustrates a welding apparatus 10 for welding a welding stud 20
to an underlying surface 30. A material of the welding stud 20 and a material of the
underlying surface 30 are electrically conductive, in particular metallic. The welding
apparatus 10 comprises a welding gun 40 having a trigger switch 41 in the form of a
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pushbutton switch, a welding unit 50, a first electric cable 61, a second electric cable
62 having a connection terminal 63, an electric supply cable 64 in the form of a power
cable, for example, an electric communication line 65, a gas reservoir 70 in the form of
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
underlying surface 30 to the welding unit 50 when the connection terminal 63 is
clamped to the underlying surface 30. When the welding stud 20 comes into contact
with the underlying surface 30, a circuit closes, such that welding current, for example
in the form of direct current or alternating current, is able to 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 (not shown in figure 1). The welding unit 50 comprises
a device (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 an associated control unit with a microprocessor, in order to provide
the welding current at the desired voltage and intensity.

The gas supply line 71 and the gas hose 72 serve for supplying a contact region
between the welding stud 20 and the underlying surface 30 with an inert gas from the
gas reservoir 70, in order to protect the contact region from oxidation due to oxygen
from a surrounding area 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 (not shown), in particular a
controllable valve.

The welding unit 50 has an input device 51 having actuating elements 52, and an
output device 53 having a visual display element 54 and a wireless transmission unit.
The input device 51 serves for the input of parameters of a welding method to be
carried out with the welding apparatus 10, for example the voltage, current intensity,
power and time 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 to output
information to the user, for example information about parameters of the welding
method, information about detected emissions of the welding method or other
variables, information about a quality of the welding operation, information about
measures for improving the welding operation, information about detected properties of
the welding stud, or information derived from the aforementioned variables, and/or
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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 (not shown in figure 1) of the welding gun 40, and the
welding unit 50, in particular the control unit and/or the input device 51 and/or the
output device 53. By way of this communication, for example an exchange of
information about the parameters of a welding operation is accomplished, in order for
example to achieve synchronization of the welding current with a movement of the
welding stud 20 or to make this easier. In 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.

The welding gun 40 has a housing 42 with an opening 46, a handle 43 having the
trigger switch 41 protruding from said housing 42. 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
(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 a welding-current contact element for
applying a welding current to the welding stud 20, said welding-current contact element
being integrated into 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
provided for controlling one or more parameters of the welding operation. For this
purpose, the control device 99 comprises various electronic components, for example
one Oor more microprocessors, one or more temporary or permanent data memories,
and the like.

The welding gun 40 also has a stud lifting device in the form of a first lifting magnet,
which subjects the stud holder 44 to a force rearwardly away from the opening 46
(upwardly in figure 1) when the stud lifting device is activated. Via a signal line (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 the latter.

The welding gun 40 also has a stud immersing device in the form of a spring element
or of a second lifting magnet, which subjects the stud holder 44 to a force forwardly
toward the opening 46 (downwardly in figure 1) when the stud immersing device is
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activated. Via a signal line (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 the latter. If the stud immersing device is in the form of a spring
element, this spring element is preferably tensioned when the stud holder is moved
rearwardly by the stud lifting device, such that the spring element moves the stud
holder forward as soon as the stud lifting device is deactivated.

In a welding process using the welding apparatus 10, first of all the underlying surface
30 and the stud 20 are provided. In a further step, information, for example about
desired parameters of the following welding operation, is input by a user via the input
device. In a further step, a welding current between the welding stud 20 and the
underlying surface 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 underlying surface by means of the stud lifting device, with the flow of the
welding current being maintained between the welding stud 20 and the underlying
surface 30, wherein an arc is formed between the welding stud 20 and the underlying
surface 30. In particular on account of the heat generated by the arc, a material of the
welding stud 20 and/or of the underlying surface 30 is then partially liquefied. In a
further step, the welding stud 20 is immersed in the liquefied material of the welding
stud 20 or of the underlying surface 30 by means of the stud immersing device. The
liguefied material of the welding stud 20 or of the underlying surface 30 then solidifies
such that the welding stud 20 is connected to the underlying surface 30 in a materially
bonded manner.

Figure 2 illustrates a longitudinal section through a fastening arrangement 100 having
an attachment element 150, an underlying surface 200, and a stud 210 for fastening
the attachment element 150 to the underlying surface 200. The stud 210 has a shank
230 that defines a fastening direction 220, a sealing element 240 for sealing off a
contact zone 250 between the shank and the underlying surface, and a force
transmission element 260 for transmitting compressive forces from the attachment
element 150 to the underlying surface 200. The sealing element 240, which is in the
form of a circular ring, bears internally against the shank 230 and externally against the
force transmission element 260, which is likewise in the form of a circular ring.

The stud 210 is configured for example as a welding stud, a setting stud or a bolt,
wherein the contact zone 250 is then in the form of a weld seam or joining gap or some
other joint, and is provided with a thread 211. A holding element 160 in the form of a
nut is fastened to the stud 210, in the present example screwed onto the thread 211, in
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order to secure the attachment element 150 to the stud 210 and thus to the underlying
surface 200.

The force transmission element 260 has a bearing surface 261 for the attachment
element 150 to bear on the force transmission element 260, and a supporting surface
262 for supporting the force transmission element 260 on the underlying surface. A
distance a between the bearing surface 261 and the supporting surface 262 in the
fastening direction 220 is the same as a length of the sealing element 240 in the
fastening direction 220. As a result, the force transmission element 260 transmits an
attachment force from the attachment element to the underlying surface without
applying the entire attachment force to the sealing element. The force transmission
element 260 is then clamped in place between the attachment element 150 and the
underlying surface 200.

The force transmission element 260 transmits only a contact pressure force to the
sealing element 240, in order to press the sealing element 240 against the underlying
surface 200. For this purpose, the force transmission element 260 has a contact
pressure surface 263, the distance b of which from the supporting surface 262 in the
fastening direction 220 is less than a length of the sealing element 240 in the fastening
direction 220 when the sealing element 240 is relaxed. A ratio of the distance b to the
length of the relaxed sealing element is for example 75%. The sealing element 240 is
then accordingly compressed, in order to deploy its sealing effect. The sealing effect is
independent of the attachment force, i.e. also independent of a force with which the
holding element 160 is fastened to the stud 210.

Figure 3 illustrates a longitudinal section through a stud 310 for fastening an
attachment element (not shown) to an underlying surface (not shown). The stud 310
has a shank 330 that defines a fastening direction, a sealing element 340 for sealing off
a contact zone between the shank 330 and the underlying surface, and a force
transmission element 360 for transmitting compressive forces from the attachment
element to the underlying surface. The sealing element 340, which is in the form of a
circular ring, bears internally against the shank 330 and externally against the force
transmission element 360, which is likewise in the form of a circular ring.

The force transmission element 360 has a bearing surface 361 for the attachment
element to bear on the force transmission element 360, and a supporting surface 362
for supporting the force transmission element 360 on the underlying surface. An end
face 341, directed in the fastening direction, of the sealing element 340 is beveled,
such that a cross-sectional area of the sealing element 340 perpendicularly to the
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fastening direction decreases in the fastening direction. As a result, the sealing area
between the sealing element 340 and the underlying surface increases with increasing
contact pressure force with which the sealing element 340 is pressed against the
underlying surface.

Figure 4 illustrates a longitudinal section through a stud 410 for fastening an
attachment element (not shown) to an underlying surface (not shown). The stud 410
has a shank 430 that defines a fastening direction, a sealing element 440 for sealing off
a contact zone between the shank 430 and the underlying surface, and a force
transmission element 460 for transmitting compressive forces from the attachment
element to the underlying surface. The sealing element 440, which is in the form of a
circular ring, bears internally against the shank 430 and externally against the force
transmission element 460, which is likewise in the form of a circular ring.

The force transmission element 460 has a bearing surface 461 for the attachment
element to bear on the force transmission element 460, and a supporting surface 462
for supporting the force transmission element 460 on the underlying surface. An end
face 441, directed in the fastening direction, of the sealing element 440 has two
encircling recesses 4432, in particular grooves, such that a cross-sectional area of the
sealing element 440 perpendicularly to the fastening direction decreases in the
fastening direction. As a result, the sealing area between the sealing element 440 and
the underlying surface increases with increasing contact pressure force with which the
sealing element 440 is pressed against the underlying surface.

The sealing element is produced preferably by being cut out of sheet material,
stamped, injection-molded or by similar processes. In particular in the case of injection-
molding, specific shaping is advantageous, by which a surface pressure of the sealing
element is locally increased and/or a development of the surface pressure along a
contact pressure path is set such that the sealing function is ensured even in the case
of a changing contact pressure path.

In order to avoid damage to an underlying-surface coating that may be present, in an
exemplary embodiment that is not shown, a radially outer region of the sealing element
projects between the force transmission element and the underlying surface. In further
exemplary embodiments that are not shown, the sealing element and the force
transmission element are manufactured in one piece from the same material. For
example, by suitable shaping (in particular with grooves as shown in figure 4), a
behavior that is initially elastic along the contact pressure path and subsequently much
greater stiffness are achieved.



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 with one another as
desired within a single fastening apparatus or a single production method. It should be
noted that the apparatus according to the invention and the method according to the
invention are also suitable for other purposes.
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PATENT CLAIMS

1. A stud for fastening an attachment element to an underlying surface, having a
shank that defines a fastening direction, having a sealing element for sealing off a
contact zone between the shank and the underlying surface, and having a force
transmission element for transmitting compressive forces from the attachment element

to the underlying surface.

2. The stud as claimed in claim 1, wherein the force transmission element has a
bearing surface for the attachment element to bear on the force transmission element
and a supporting surface for supporting the force transmission element on the
underlying surface.

3. The stud as claimed in claim 2, wherein a distance between the bearing surface
and the supporting surface in the fastening direction is the same as or greater than a
length of the sealing element in the fastening direction.

4. The stud as claimed in claim 2, wherein the force transmission element has a
contact pressure surface for the sealing element to press against the underlying
surface.

5. The stud as claimed in claim 4, wherein a distance between the contact pressure
surface and the supporting surface in the fastening direction is less than a length of the
sealing element in the fastening direction.

6. The stud as claimed in claim 5, wherein a ratio of the distance between the contact
pressure surface and the supporting surface to the length of the sealing element is
between 50% and 90%.

7. The stud as claimed in either of claims 5 and 6, wherein a cross-sectional area of
the sealing element perpendicularly to the fastening direction decreases in the
fastening direction.

8. The stud as claimed in one of the preceding claims, wherein the stud is a welding

stud, a setting stud or a bolt.
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9. The stud as claimed in one of the preceding claims, wherein the sealing element is
configured in an annular manner, and wherein the sealing element bears internally

against the shank and/or bears externally against the force transmission element.

10. The stud as claimed in one of the preceding claims, wherein the force transmission

element is configured in an annular manner.

11. The stud as claimed in one of the preceding claims, wherein the sealing element

and/or the force transmission element is circular.

12. The stud as claimed in one of the preceding claims, wherein the stud has a thread
for tightly screwing the attachment element on the stud.

13. A fastening arrangement having an underlying surface, a stud, and an attachment
element, wherein the stud is configured as claimed in one of the preceding claims.

14. The fastening arrangement as claimed in claim 13, wherein the force transmission
element is clamped in place between the attachment element and the underlying
surface.



