Fastening method and fastening system

DESCRIPTION

The present invention relates to a method for fastening a fastening element to a
substrate, in which a blind hole is made in the substrate and a fastening element is
anchored in the blind hole. Furthermore, the invention relates to a fastening system
having a substrate and a fastening element attached thereto.

Fastening methods and systems are known in which a shaft of the fastening element
has an end face pointing in a fastening direction, i.e. is blunt, with a circumferential
surface adjoining the end face. The outer dimensions of the end face exceed a diameter
of the blind hole, so that when driven into the blind hole the shaft displaces a part of the
substrate material and is welded on the substrate at the circumferential surface. The

welding contributes to the holding force of the fastening element to the substrate.

The object of the present invention is to provide a fastening method and a fastening
system in which a large holding force of the fastening element is ensured on the
substrate at a given blind hole depth.

The object is achieved, on the one hand, by a method for fastening a fastening element
consisting of a first material to a substrate consisting of a substrate material, in which a
blind hole defining a depth direction with a blind hole diameter is made in the substrate,
a fastening element is provided which has a shaft defining a fastening direction having
an end face pointing substantially in the fastening direction and having a circumferential
surface immediately adjacent to the end face, and the shaft is driven into the blind hole
to anchor the fastening element in the blind hole. The outer dimensions of the end face
exceed the blind hole diameter, so that when driven into the blind hole the shaft
displaces a part of the substrate material in the depth direction and is welded on the
substrate at the circumferential surface. The circumferential surface is slanted or

stepped in relation to the fastening direction.

On the other hand, the object is achieved by a fastening system comprising a substrate

consisting of a substrate material and a fastening element which has a shaft defining a



fastening direction having an end face pointing substantially in the fastening direction
and having a circumferential surface adjoining directly to the end face, wherein the shaft
is welded on the substrate, and wherein the circumferential surface is slanted or stepped
relative to the fastening direction.

An advantageous embodiment is characterized in that the fastening element has an
anchoring region, which is anchored in the blind hole and includes the shaft, and a
connecting region protruding from the base element after the anchoring for connecting

an attachment to the fastening element.

An advantageous embodiment is characterized in that a cross-sectional area of the
shaft oriented perpendicular to the fastening direction has external dimensions which
increase steadily along the fastening direction starting from the end face. Preferably,
the cross-sectional area has the shape of a circle, wherein the outer dimensions
comprise a diameter of the circle. Particularly preferably, the circumferential surface is
in the form of a truncated cone.

An advantageous embodiment is characterized in that the circumferential surface has a
plurality of different angles of inclination relative to the fastening direction, starting from

the end face against the fastening direction.

An advantageous embodiment is characterized in that an angle of inclination of the
circumferential surface relative to the fastening direction is between 1° and 6°.
Preferably, the angle of inclination is between 1.5° and 5°, particularly preferably
between 2° and 4°.

An advantageous embodiment is characterized in that the end face comprises at its
edge an in particular circumferential lead-in chamfer for easier insertion of the shaft into
the blind hole. The lead-in chamfer preferably comprises a bevel.

An advantageous embodiment is characterized in that the blind hole diameter remains
the same in the depth direction.

An advantageous embodiment is characterized in that the blind hole is drilled in the
substrate. Preferably, a depth T of the blind hole is predetermined by means of a drill
with a stop. Also preferably, a depth T of the blind hole is predetermined by means of a
depth stop.

An advantageous embodiment is characterized in that the blind hole has a depth T with



T<10 mm in the depth direction. Preferably, the depth T<8 mm, more preferably the
depth T<6 mm.

An advantageous embodiment is characterized in that the shaft is driven in a linear
manner into the blind hole. Preferably, a bolt-firing tool is used for this purpose.

An advantageous embodiment is characterized in that a driving angle between a
surface of the substrate and the depth direction is at least 80°. The driving angle is

preferably at least 85°, particularly preferably 90°.

An advantageous embodiment is characterized in that the first material comprises a
metal or an alloy. Particularly preferably, the first material consists of a metal or an

alloy.

An advantageous embodiment is characterized in that the substrate material comprises
a metal or an alloy. Particularly preferably, the substrate material consists of a metal or

an alloy.

The invention is explained in more detail below on the basis of embodiments with
reference to the drawings. in which:

Fig.1 shows a fastening system in a cross-sectional view,
Fig. 2 shows a fastening element in a partial view, and

Fig. 3 shows a fastening element in a partial view.

Fig. 1 shows a fastening system 10 having a substrate 20 consisting of a substrate
material and a fastening element 30. The fastening element 30 has an anchoring
region 31 and a connecting region 32 protruding from the base element after the
anchoring. The anchoring region 31 serves to anchor the fastening element 30 in the
substrate 20, and the connecting region 32 serves to connect an attachment (not
shown) to the fastening element 30. For this purpose, the connecting region 32 has an
external thread 33 with a thread diameter 4g of, for example, 8 mm or 10 mm. By
contrast, the anchoring region 31 has a smaller outer diameter, so that the fastening
element 30 has a stop shoulder 34 between the anchoring region 31 and the
connecting region 32. The stop shoulder 34 rests on a surface 21 of the substrate 20,
specifically directly or optionally indirectly by means of a gasket (not shown) when the
anchoring region 31 is anchored in the substrate 20.

The anchoring region 31 comprises a shaft 50 which defines a fastening direction 40



and has an end face 60 having an end face diameter ds pointing substantially in the
fastening direction 40 and having a circumferential surface 70 adjoining directly to the
end face 60. A cross-sectional area of the shaft 50 oriented perpendicular to the
fastening direction 40 has the shape of a circle, the diameter of which increases
steadily and uniformly against the fastening direction 40 starting from the end face 60,
so that the circumferential surface 70 has the shape of a truncated cone. A cone
opening angle of this truncated cone is 6°, so that the circumferential surface 70 is
inclined relative to the fastening direction 40 by an angle of 3°. The diameter of the
cross-sectional area of the shaft 50 then increases from the end face diameter ds to a
maximum shaft diameter 4max- The end face diameter ds is, for example, 4.3 mm, 4.9
mm or 5.0 mm, the maximum shaft diameter dma is, for example, 5.2 mm, 5.4 mm or

5.8 mm, each with a shaft length L of, for example, 6.7 mm or 7.5 mm.

The anchoring region 31 and the connecting region 32 are integrally made of a
weldable first material, such as a metal or an alloy such as steel. The substrate
material also comprises a weldable material, such as metal or an alloy such as steel.
The substrate 20 comprises in particular a coating arranged on the surface thereof, for
example a corrosion protection layer which preferably also comprises a weldable
material such as metal or an alloy such as steel.

For fastening the fastening element 30 to the substrate 20, a blind hole 80 defining a
depth direction 90 is first drilled into the substrate 20 with a blind hole diameter d,
which is constant in the depth direction 90 and with a depth T. The blind hole diameter
d. and the depth T are preferably predetermined by means of a step drill. The depth T
is, for example, 6 mm, the blind hole diameter d, is preferably at least 0.1 mm smaller
than the end face diameter ds, particularly preferably at least 0.2 mm smaller than the
end face diameter ds, for example 0.2 mm, 0.25 mm or 0.3 mm smaller than the end
face diameter ds. Preferably, the blind hole diameter d, is less than 0.98 times the end
face diameter ds, particularly preferably less than 0.96 times the end face diameter ds.
Thereafter, the shaft 50 is driven in a linear manner into the blind hole 80, for example
using a bolt-firing tool. A driving angle between the surface 21 of the substrate 20 and
the depth direction 90 is 90°, so that the fastening direction 40 coincides with the depth
direction 90.

As a result of the fact that the blind hole diameter d, is smaller than the end face
diameter ds, when driven into the blind hole 80 the shaft 50 displaces a part of the
substrate material in the depth direction 90. The resulting heat causes the shaft 50 at
the circumferential surface 70 to weld to the substrate 20 at the borehole 80. Due to the

inclination of the circumferential surface 70 with respect to the fastening direction 40,



this welding and/or a tensioning of the shaft 50 in the blind hole 80 is improved and a
holding force of the fastening element 30 on the substrate 20 is increased.

A significant increase in the holding force of the fastening element to the substrate is
observed at an inclination angle of the circumferential surface relative to the fastening
direction greater than 1°, wherein at an inclination angle greater than 6°, the energy
required for the displacement of the substrate material increases significantly at the
expense of the welding. For example, with a conventional driving energy of 80 joules,
the angle of inclination of the circumferential surface relative to the fastening direction
is therefore advantageously between 1° and 6°. Preferably, the angle of inclination is

between 1.5° and 5°, particularly preferably between 2° and 4°.

The end face 60 comprises at its edge a lead-in chamfer 61 formed as a
circumferential bevel for facilitating insertion of the shaft 50 into the blind hole 80. A
minimum diameter 4mi, Of the lead-in chamfer 61 is advantageously smaller than the
blind hole diameter 4.. A cone opening angle of the lead-in chamfer 61 is preferably
between 60° and 150°, particularly preferably between 75° and 135°, for example 90°
or 120°.

Fig. 2 shows a fastening element 230 in a partial view. The fastening element 230
comprises an anchoring region 231 having a shaft 250 defining a fastening direction
240. The shaft 250 has an end face 260 pointing substantially in the fastening direction
240 and a circumferential surface 270 adjoining directly to the end face 260. The
circumferential surface 270 has the shape of a plurality of, in particular precisely two
truncated cones, so that the circumferential surface 270 has a plurality of different
angles of inclination relative to the fastening direction 240, starting from the end face
260 against the fastening direction 240. A cone opening angle of these truncated cones
increases against the fastening direction 240, so that the shaft 250 expands more and
more against the fastening direction 240. Incidentally, the fastening element 230 is

substantially identical to the fastening element 30 shown in Fig. 1.

Fig. 3 shows a fastening element 330 in a partial view. The fastening element 330
comprises an anchoring region 331 having a shaft 350 defining a fastening direction
340. The shaft 350 has an end face 360 pointing substantially in the fastening direction
340, and a circumferential surface 370 adjoining directly to the end face 360. The
circumferential surface 370 has a gradually increasing inclination angle relative to the
fastening direction 340, starting from the end face 360 against the fastening direction
340, so that the shaft 350 widens trumpet-like against the fastening direction 340.
Incidentally, the fastening element 330 is substantially identical to the fastening



element 30 shown in Fig. 1.

In non-illustrated embodiments, the shaft is widened gradually against the fastening
direction, so that the circumferential surface is stepped relative to the fastening
direction.

The invention has been described with reference to a method for fastening a fastening
element to a substrate. The features of the embodiments described can also be
combined with one another as desired within a single fastening system or a single
method. It should be noted that the inventive method is also suitable for other
purposes.



CLAIMS

1. A method of fastening a fastening element consisting of a first material to a
substrate consisting of a substrate material, comprising the following method
steps:

- Creating a blind hole defining a depth direction with a blind hole diameter in
the substrate,

- Providing a fastening element which has a shaft defining a fastening direction
having an end face pointing substantially in the fastening direction and having
a circumferential surface adjoining directly to the end face,

- Driving the shaft into the blind hole in order to anchor the fastening element in
the blind hole,

wherein the outer dimensions of the end face exceed the blind hole diameter, so

that when driven into the blind hole the shaft displaces a part of the substrate

material in the depth direction and is welded on the substrate at the circumferential

surface,

and wherein the circumferential surface is slanted or stepped relative to the

fastening direction.

2. The method according to claim 1, wherein the fastening element has an anchoring
region, which is anchored in the blind hole and includes the shaft, and a connecting
region protruding from the anchoring region after anchoring for connecting an

attachment to the fastening element.

3.  The method according to any of the preceding claims, wherein a cross-sectional
area of the shaft oriented perpendicular to the fastening direction has external
dimensions, which increase steadily along the fastening direction starting from the

end face.

4.  The method according to the preceding claim 3, wherein the cross-sectional area
has the shape of a circle, and wherein the outer dimensions comprise a diameter

of the circle.

5. The method according to any of the preceding claims, wherein the circumferential

surface has the shape of a truncated cone.

6. The method according to any of the preceding claims, wherein the circumferential

surface has a plurality of different angles of inclination relative to the fastening



10.

11.

12.

13.

14.

15.

direction, starting from the end face against the fastening direction.

The method according to any of the preceding claims, wherein the shaft is driven

into the blind hole in a linear manner, in particular by means of a bolt-firing tool.

The method according to any of the preceding claims, wherein the first material
and/or the substrate material comprises a metal or an alloy and consists in

particular of a metal or an alloy.

A fastening system comprising a substrate consisting of a substrate material and
a fastening element, which has a shaft defining a fastening direction having an end
face pointing substantially in the attachment direction and having a circumferential
surface adjoining directly to the end face, wherein the shaft is welded on the
substrate, and wherein the circumferential surface is slanted or stepped relative to

the fastening direction.

The fastening system according to the preceding claim, wherein the fastening
element has an anchoring region, which is anchored in the blind hole and includes
the shaft, and has a connecting region protruding from the anchoring region for

connecting an attachment to the fastening element.

The fastening system according to any of the preceding claims, wherein a cross-
sectional area of the shaft oriented perpendicular to the fastening direction has
external dimensions, which increase steadily along the fastening direction starting

from the end face.

The fastening system according to the preceding claim 11, wherein the cross-
sectional area has the shape of a circle, and wherein the outer dimensions

comprise a diameter of the circle.

The fastening system according to any of the preceding claims, wherein the

circumferential surface has the shape of a truncated cone.

The fastening system according to any of the preceding claims, wherein the
circumferential surface has a plurality of different angles of inclination relative to

the fastening direction, starting from the end face against the fastening direction.

The fastening system according to any of the preceding claims, wherein the first



material and/or the substrate material comprises a metal or an alloy and consists

in particular of a metal or an alloy.



