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(57) ABSTRACT

A fastening element (1), 1n particular for blind riveting, has a
setting head (4), a deformation segment (2) and a shank end
(3). The deformation segment (2) 1s arranged between the
setting head (4) and the shank end (3). The fastening element
(1) 1s hollow, optionally having a mandrel (7) inside the
fastening element (1). The mandrel includes a head (23) and
a Toot (24) at least tension-resistantly connected to the shank
end (3). The shank end (3) includes a punching edge (6)
extending substantially along the outermost periphery of the
shank end (3). Also 1dentified are a process for setting the
fastening element (1), a riveted connection to the fastening
clement (1), a device for setting the fasteming element (1), an
employment of the riveted connection obtained, and a die
suitable for setting the fastening element (1).

48 Claims, 6 Drawing Sheets
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SELF-PIERCING RIVE'T, PROCESS AND
DEVICE FOR SETTING A RIVET ELEMENT,
AND EMPLOYMENT THEREOFK

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Re-issue of U.S. Pat. No. 7,040,006,
issued on May 9, 2006, which is a Continuation of Interna-
tional Application No. PCT/DE02/00764, filed Mar. 1,

2002[. This application], which claims the benefit of German
Patent Application 10160771.7 filed Dec. 11, 2001, German
Patent Application 10121218.6 filed Apr. 30, 2001, and Ger-
man Patent Application 10111692.6 filed Mar. 9, 2001. The
disclosures of the above applications are incorporated herein
by reference.

FIELD OF THE INVENTION

The invention relates to a fastening element, in particular
a blind rivet, having a setting head, a deformation segment
and a shank end, and to a process and device for setting the
said fastening element, a punch die, the riveted connection
made by the process and/or device, and an employment of
said riveted connection.

BACKGROUND OF THE INVENTION

Numerous types of rivets are known 1n the art. Blind rivets
are distinguished 1n that the force required to set the blind
rivet 1s not applied by force-absorbing stirrups on either side
of a part to be riveted, but the head and foot of the rivet are
pressed together by pulling on a mandrel passing through the
interior of the blind rivet, the head being held at the part of
the foot pulled towards the head by means of the mandrel.

The advantage of the blind rivet consists 1n that access to
only one side of the work 1s required. Various “designs™ have
been developed for self-drilling blind rivets, but the creation
of self-piercing blind rivets has not been considered, since
the necessary deformability of the shank does not permit
exertion of a piercing force.

A disadvantage of the blind rivet consists in that holes
must be drilled or punched 1n the work 1n order to set the
blind rivet. This 1s difficult especially when two parts are to
be connected to each other, the parts not being movable rela-
tive to each other. Production of the holes in conjunction
with orientation of the parts sometimes presents difficulties,
so that the drilling and the setting of the rivet must take place
in a fixed relative position of the parts. Even 1n the case of
the self-drilling blind rivets, this problem arises, since during,
the drilling, two parts to be connected to each other may
exhibit a small interval, and upon setting of the rivet, the two
parts are shifted towards each other, so that owing to the
shearing stresses, quality of the riveted connection 1s com-
promised. Besides, in the case of self-drilling blind rivets,
chips are produced, which may damage the surfaces.

On the other hand, however, self-piercing rivets are
known, as well as self-piercing nuts and bolts. In their case,
the problem of finding a hole, or of displacement of the parts
relative to each other, does not arise. A disadvantage of seli-
piercing nuts 1s that only comparatively small tensions and
torques can be thus absorbed, since the nuts can be freed
from the work with comparative ease. Furthermore, these
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rivets and nuts are usually processed in stationary
installations, rendering this operation comparatively inflex-

ible vis-a-vis changes of position.

The object of the present invention, then, 1s to specily a
rivet element and a device, a die suited to the purpose, and a
process for setting said rivet element, and/or a riveted con-
nection and an employment of said riveted connection,
whereby the disadvantages described are to be overcome.
Furthermore, a fundamentally novel concept of a rivet

clement, a device and a process for setting a rivet element,
for a rniveted connection, and for an employment of said

riveted connection, are to be specified.

SUMMARY OF THE INVENTION

This object 1s accomplished, according to the invention,
by a fastening element having the features of the claims.
Advantageous embodiments and modifications, that may be
adopted singly or 1n combination with each other, are the
subject of the various dependent claims.

The fasteming element according to the ivention, in par-
ticular for blind riveting, has a hollow shank comprising a
setting head at its free end, a deformation segment to form a
closure head, and a connecting segment formed inside the
shank and serving to form a tension-resistant connection
with a mandrel, 1n particular with the foot of a mandrel. The
connecting segment comprises a punching edge extending
substantially along the outermost periphery of the shank at
the end of the shank opposed to the setting head.

Alternatively, a fastening element according to the
invention, i particular for blind riveting, has a hollow shank
comprising a setting head at 1ts free end, a deformation seg-
ment to form a closure head, and a mandrel 1nside the shank
comprising a head and a foot, the foot of the mandrel being
at least tension-resistantly connected to an end of the shank
opposed to the setting head. The end of the shank or the foot
of the mandrel 1includes a punching edge extending substan-
tially along the outermost periphery of the shank or of the
foot of the mandrel. Punching forces are transmitted by the
mandrel mto the foot having the punching edge.

The superordinate 1dea of both fastening elements accord-
ing to the mvention consists in that the self-piercing and the
drawing (to form the closure head) are combined with each
other. This serves to combine advantages of a blind rivet
connection with advantages of self-piercing.

The difference between this vanant of the fastening ele-
ment according to the mvention and the varnant first men-
tioned 1s that 1n the second variant, the mandrel i1s a part of
the fastening element, whereas in the first variant, the man-
drel 1s a part of the tool, 1n particular of the setting device. In
the first variant, the mandrel can be used for additional set-
ting operations.

The fastening element according to the mmvention has a
hollow 1nterior so that a mandrel can be thrust through the
setting head and the deformation segment to achieve an at
least tension-resistant connection of mandrel foot and shank
end. With the punching edge, while the fastening element 1s
being thrust through a part, a hole 1s punched in the work.
Thus, of course, the punching force must be transmitted by
the mandrel into the end of the shank, since the deformation
segment cannot transmit such a force. By virtue of a sharp
punching edge, the punching forces acting on the work are
reduced. Likewise, a formation of cracks in the neighbor-
hood of the punched hole 1s avoided, improving the quality
of the nveted connection. The punching edge 1s a sharp edge,
preferably substantially rectangular.

With the fastening element, a riveted connection 1s
achieved that resembles a blind rivet connection, because the
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configuration of the closure head 1s accomplished by tensile
stresses. Since bilateral access to the work 1s required for the
punching operation, however, this does not constitute a
straightforward blind riveting operation.

The deformation segment 1s deformed 1n that the shank
end 1s drawn towards the setting head by means of the
mandrel, which 1s introduced into the hollow shank and by
means of which a tension-resistant connection with the con-
necting segment 1s made. By the deformation of the defor-
mation segment, a closure head 1s formed. With the closure
head, for example, two parts can be connected to each other.
The deformation segment 1s either made of softer matenal
than the setting head or the shank end, or else rendered more
casily deformable by suitable conformation, ¢.g. by thinner
wall thicknesses and/or openings and/or folds in the defor-
mation segment.

As compared with a (self-)piercing rivet, a blind rivet will
serve for connections capable of assuming greater tensile
and shearing stresses. Besides, the piercing rivet operation
requires ductile material on the die side, which also necessi-
tates a certain minimum thickness. This 1s disadvantageous
in the case of mixed structures. By the invention, this advan-
tage 1s combined with the further advantage that no pre-
drilled holes need be searched for, into which the fastening
clement 1s to be thrust. Furthermore, any production of chips
by drilling of holes 1s avoided. By virtue of the self-piercing
by the fasteming element, the wall of the hole results 1n espe-
cially advantageous properties of the riveted connection with
respect to the maximum allowable tensile and shearing
stresses.

In one aspect of the fastening elements according to the
invention, the shank and the mandrel, 1n particular the foot of
the mandrel and the end of the shank, are releasably connect-
able. Advantages ol a releasable connection are, among
others, that parts can be fastened to the fastening element by
means of the mandrel. Also, a releasable connection permits
use of the mandrel as a tool for forming the closure head.

In another aspect, the shank and the mandrel, 1n particular
the foot of the mandrel and the end of the shank, are dynami-
cally mterlockable. In a preferred aspect, the shank and the
mandrel, 1n particular the foot of the mandrel and the end of
the shank, are geometrically interlocked. For example, the
geometrical connection 1s produced by a bayonet closure or
a screw connection between the shank and the mandrel.

In an advantageous embodiment of the invention, the foot
of the mandrel comprises an external thread and the end of

the shank a matching internal thread into which the foot of
the mandrel 1s screwable.

In yet another embodiment of the invention, the diameter
of the foot of the mandrel 1s greater than or equal to the
outside diameter of the end of the shank. In that case, advan-
tageously the punching edge 1s formed on the foot of the
mandrel. By means of a punching edge at the foot of the
mandrel, a sulliciently large hole 1s punched out.

In still another advantageous embodiment of the
invention, the mandrel comprises a weak point. What this
accomplishes 1s that, by means of the mandrel, firstly the
hole required for the riveted connection can be punched, and
secondly, the mandrel can be removed after deformation of
the deformation segment.

In still another embodiment of the invention, the setting

head 1s greater in diameter than the deformation segment,
the end of the shank or the foot of the mandrel. This ensures

that firstly the fastening element will not be pressed too deep

into or even through the work, and secondly the setting head
can be held against the work without difficulty 1f the end of
the shank 1s drawn towards the setting head.
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Advantageously, the fastening element 1s made of metal,
in particular steel, aluminum or an aluminum alloy.

In a preferred embodiment of the invention, the cross sec-
tion of the fastening element 1s essentially circular.
Alternatively, the cross section of the fastening element 1s
essentially polygonal. By a non-circular shape of the cross
section, an additional resistance to twisting of a niveted con-
nection between two parts 1s achueved. If an 1nternal thread
of the fastening element i1s used for fastening accessory
parts, the polygonal shape affords additional security against
undesired rotation of the fastening element in the work.

r

I'he mandrel preferably comprises a head greater 1n diam-
cter than the shank end. By means of the mandrel, a requisite
compression for punching the fastening element can be
absorbed. The fastening element receives the requisite
strength through the mandrel, so that the fastening element
can be punched into the work. At the enlarged head of the
mandrel, the mandrel can afterwards be grasped and with-
drawn 1n simple manner.

In one particular embodiment of the imvention, the end of
the shank 1s open. In an especially advantageous embodi-
ment of the invention, the end of the shank 1s closed. A
closed shank end results in a comparatively tight riveted
connection, rendering leakage of gases, liquids or solids
from one side of the work to the other more difficult.

A process according to the mvention for setting a fasten-
ing element comprising a hollow shank having a setting head
at 1ts free end, a deformation segment to form a closure head,
and a connecting segment formed 1nside the shank and form-
ing a tension-resistant connection with a mandrel, 1n particu-
lar with the foot of a mandrel, the end of the shank opposed
to the setting head being provided with a punching edge
extending substantially along the outermost periphery of the
shank, comprises the following steps.

The mandrel 1s introduced into the fasteming element and
a tension-resistant connection 1s formed between the man-
drel and the shank. The punching operation with the fasten-
ing element connected with the mandrel 1s carried out to
form a punched hole 1n at least one part. The shank 1s 1ntro-
duced into the punched hole so that the shank extends at
least partly 1into the punched hole. A tension 1s applied at the
mandrel, and the setting head i1s held against to form the
closure head.

Alternatively, a process according to the ivention 1s pro-
vided for setting a fastening element including a hollow
shank having a setting head at 1its free end, a deformation
segment to form a closure head, and a mandrel inside the
shank, the mandrel including a head and a foot, and the foot
of the mandrel being at least tension-resistantly connected to
a shank end opposed to the setting head, and the shank end
or the mandrel foot including a punching edge extending
essentially along the outermost periphery of the shank or the
foot of the mandrel, the process comprising: A punching
operation 1s carried out with the fastening element and the
mandrel to form a punched hole 1n at least one part. The
shank 1s mtroduced into the punched hole so that the shank
extends at least part way into the punched hole. A tension 1s
applied at the mandrel, and the setting head 1s held against 1t
to form the closure head.

With the aid of the mandrel, firstly the force required to
punch the hole for the fasteming element can be transmitted
to the work, and secondly, using the mandrel, the shank end
1s drawn towards the setting head. I1 part of the deformation
segment protrudes at the rear of the work, it 1s deformed, 1.e.
in particular widened, by traction on the mandrel. If the
deformation segment does not protrude in the rear, but is
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located inside the work, the deformation segment 1s
deformed in the interior of the work, and by i1ts widening
brings about a clamping, 1.¢. 1n particular a positive dynamic
connection, between fastening element and the work.

If the shank end has an internal thread, the internal thread

can be arranged in the rear of the work, leading to an
enhanced tensional stability.

By means of the fastening element, a plurality of parts can
be connected to each other. Since the mandrel absorbs the
requisite compressions and/or tensions, there 1s more lati-
tude 1n the dimensioning of the fastening element than in the
case of the known rivets. In particular, wall thickness can be
reduced and rivets can be manufactured with less consump-
tion of material. Once the fastening element has been set and
the deformation segment deformed, the mandrel can either
be screwed out or forced out with the aid of a weak spot in
the mandrel. The thread may be used, 1t desired, to attach
accessories, such as for example lines, holders, fairings or
housing parts. Alternatively, however, 1t may serve simply to
accommodate a covering stopper.

The difference between the two variants of the process
according to the mvention for setting a fastening element
consists in that the mandrel 1s employed as a tool for forming
a closure head, 1n particular in that it 1s part of a device for
setting a fastening element, whereas in the second variant
the mandrel 1s a part of the fastening element as such.

In a special embodiment of the mmvention, at least two
parts are connected to each other by means of the fastening,
clement, while punching through at least one part. This
means that at least one punch 1s performed by means of the
fastening element, leading to an especially good retention of
the fastening element. Any additional parts and components
may be fastened to the fasteming element. In particular, a
plurality of parts are fixedly connected to each other by the
deformation of the deformation segment.

In another embodiment of the process according to the
invention, the mandrel 1s pressed into the work with a preas-
signable force and/or by a preassignable distance. To absorb
the forces mvolved 1n the punching, the work 1s backed by a
die, largely avoiding any plastic deformation of the work 1n
the vicinity of the punched hole. The forces due to the
punching are transmitted to the work by way of the mandrel.
With the aid of the preassignable force, 1n particular by pre-
assigning a suitable force curve and/or the preassignable
distance, the properties of the riveted connection are influ-
enced positively.

In a special embodiment of the invention, a screwed con-
nection 1s formed between the mandrel and the fastening
clement. Depending on the process variant, the mandrel per-
tains to the fastening element or to the device of a setting
machine. In the case of a setting machine containing a
mandrel, the mandrel 1s itroduced, e.g. screwed 1n, just
before the setting of the fastening element, and then the
fastening element 1s set with the aid of the mandrel. Lastly,
the mandrel 1s removed from the set fastening element, in
particular unscrewed. In particular, the connection between
the mandrel and the fastening element can be released and/or
produced after the forming of the closure head. That 1s, the
fastened fastening element may for example be employed as
a threaded bore for fastening of objects.

A riveted connection according to the invention 1s charac-
terized by having been produced according to a process hav-
ing the above features. Such riveted connections are distin-
guished by an especially good hole wall.

In one embodiment of the riveted connection according to
the invention, the mandrel, configured as a screw, 1s screwed
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into the internal thread and projects beyond the setting head.
In that case, the mandrel can be grasped in simple manner.

In a device according to the invention for setting a fasten-
ing element in at least one part, 1n particular for performance
of the process according to the invention, preferably for set-
ting a fastening element according to the invention, the
device comprises a die, a ram containing a mandrel releas-
ably connectable to the fastening element, and a holding tool
for holding the setting head against the work, the ram and the
holding tool being movable towards and away from the die
independently of each other in a defined manner.

A modification of the device according to the ivention
for setting a fastening element 1n at least one part, 1n particu-
lar for carrying out a process according to the invention,
preferably for setting a fastening element according to the
invention, has a die, a ram for punching the fastening ele-
ment through the at least one part, a holding tool for holding
the setting head against the work, and a pulling tool for
retracting the mandrel, the ram and the holding tool are mov-
able towards and away from the die independently of each
other 1n a defined manner.

By the relative motion between ram and die, the deforma-
tion segment 1s deformed, forming a closure head. Thus, also
when processing at least two parts to be connected, an espe-
cially intimate contact between the two parts 1s achieved,
and interstices avoided, so that an especially good quality of
the riveted connection 1s obtained.

In a preferred embodiment of the invention, the mandrel
comprises an external thread for making a detachable con-
nection with the fastening element. This 1s especially impor-
tant 1f the mandrel, as part of the device for setting a fasten-
ing element according to the first variant of the device
according to the invention, 1s used again and again. If the
mandrel 1s part of the device, the fastening element requires
less material and 1s lighter in weight.

In another embodiment of the invention, the device
according to the mvention comprises a disposal passage 1n
the die to dispose of punched parts. With the aid of the
disposal passage, parts punched out are carried away from
the work and safely disposed of 1n simple manner.

In an advantageous embodiment of the mvention, the ram
and the die are connected for dynamic interlock with a coun-
terforce closure structure, also known as a C-stirrup.
Through the counterforce structure, the forces occurring
during punching are absorbed and a lateral displacement of
the at least one part 1s avoided. This considerably enhances
precision in the setting of the fastening element.

In another embodiment of the device according to the
invention, means are present for moving and/or determining
the position of the ram and/or of the holding tool, and/or
force sensors to detect the forces arising in the setting of the
rivet. With the aid of the position-determiming means, the
thickness of the part and the length of the fastening element
to be set are checked. The means of motion allow a setting of
the fastening element, 1n particular a punching and a defor-
mation of the deformation segment. By means of the force
sensors, 1t 1s checked how strongly at least two parts are
pressed together, or with what force the deformation of the
deformation segment takes place. Knowledge of the forces
employved and a corresponding control of the means of
motion with the aid of the means for determining position
permit optimization of the riveted connection.

The employment according to the mmvention of a riveted
connection according to the invention is for the releasable
fastening of accessory parts, in particular lines, holders, fair-
ings or housing parts to the work. Thus, the riveted connec-
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tion according to the mvention has two functions: Firstly, 1t
permits the connection of at least two parts to each other, and
secondly, 1t permits the fastening of accessories to the work.

The die according to the invention, having a punch open-
ing of variable diameter for setting a fastening element 1n at
least one part, 1n particular for carrying out the process
according to the ivention, preferably for setting the fasten-
ing element according to the invention, 1n particular with
employment of the device according to the mvention, com-
prises at least two segments to accommodate punching
forces, said segments forming a punch opening enlargeable
in diameter to accommodate a closure head of the fastening
clement, said segments being movable lodged 1n a die mount
and the segments being held together by at least one spring
clement.

The enlargeable punch opening provides adequate space
for forming a closure head during the traction on the
mandrel, backed up by the setting head. The closure head
presses the segment radially outward, so that the punch
opening 1s independently enlarged 1n diameter.

Owing to its property of being enlargeable, the die may be
employed, after the punching operation, when the closure
head 1s formed, as a stop for the work. In particular, the die
need not be removed after the punching operation to make
room for the closure head. This 1s especially important when
a plurality of parts are to be connected to each other and 1t 1s
to be ensured that the parts do not shift against each other.
With the aid of the die according to the invention, 1t is
possible, during the entire operation of setting the fastening
clement, to keep two parts to be connected to each other
under constant pressure, thereby improving the hole walls of
the riveted connection.

Owing to the mobility of the segments, the die becomes
floating, that 1s, upon lateral displacement of fastening ele-
ment and die, e.g. because of an opening of the C-stirrup or
tolerances in the fastening element, no scarring or scraping
will occur on the periphery of the fastening element.
Furthermore, the fastening element 1s more effectively pro-
tected from corrosion and the die from wear.

By means of the spring element, the segments are held
together, so that after completion of an operation of setting,
the fastening element, the segments automatically return to
their original position. This returns the die according to the
invention to 1ts original state.

The segments are so formed that they firstly are able to
absorb great forces in the punching direction without
becoming laterally unstable and e.g. slipping away, but in the
second place, can be opened in simple manner by radial
torces directed away from the punch opening and generated
by the forming of a closure head.

In one embodiment of the die according to the invention,
the segments are radially displaceable. A radial displace-
ment of the segments effects an especially easy opening of
the die. Alternatively, the segments are so formed, or so
mounted on an axis, that the segments execute a rotary or
tilting motion.

In an advantageous modification of the die according to
the invention, the segments comprise a substantially plane
bearing surface and the die mount a substantially plane
matching surface for transmitting the punching forces to the
die mount. Owing to the plane surfaces, great punching
forces can be absorbed by the segments and transmitted to
the die mount, ensuring a stable lodgment of the segments in
the punching operation.

In a preferred embodiment of the die according to the
invention, the segments comprise receptacles for spring ele-
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ments. A spring element 1s guided 1n the receptacles. This
makes 1t possible for the segments, after completion of a
setting operation, to return into their original position and be
available for another setting operation.

Advantageously, the die according to the invention com-
prises a die mount containing an annular stop. With the aid
of the annular stop, the part to be fastened 1s firmly held
during the setting operation, in particular ensuring that any
lateral motion of the work 1s avoided. The annular stop pre-
vents lateral displacement of the segment. The annular stop
thus effects a secure retention of the object during the setting,
operation.

In a preferred embodiment of the die according to the
invention, the annular stop for ensuring mobility of the seg-
ments during the operation of setting the fastening elements
comprises an annular stop surface and the segments com-
prise a segment stop surface, the segment stop surface being
located, 1n relation to the work, at a distance from 0.1 to 0.3
mm, preferably from 0.15 to 0.25 mm, behind the annular
stop surface. Owing to such an arrangement of the stop
surfaces, the annular stop of the die mount 1s arranged closer
to the work than the segment. The result of this 1s that the
work 1s securely held by the annular stop and that any slip-
page of the work during the punching operation or the rivet-
ing operation 1s prevented. Thus, the segments are able to
move radially (floating) even 1n pre-stressed condition of the
work.

In a special embodiment of the die according to the
invention, the die comprises less than 3, 1n particular 4, and
preferably 3 segments. In another special embodiment of the
die according to the invention, the spring element 1s formed
by a rubber ring. The spring element ensures that the mov-
able segments, after completion of the operation of setting a
fastening element, are automatically shifted back into their
original position.

In an alternative special embodiment of the die according
to the invention, the spring element 1s a spiral ring.

Advantageously, the die according to the invention com-
prises a transverse vent hole with which punched-out parts
can be removed through a disposal passage by means of
compressed air.

To prevent a rotation of the fastening element relative to
the work, or a rotation of two parts relative to each other, the
punch opening formed by the segments 1s rotationally asym-
metrical 1n cross-section. Advantageously, the punch open-
ing 1s substantially polygonal in cross-section. To further
support a protection against rotation, the segments are pro-
vided with teeth, so that the punch opening comprises a
toothing 1n cross-section. With the aid of the rotationally
asymmetrical punch opening, a corresponding rotationally
asymmetrical punched hole 1s formed, with which the fas-
tening element, even 11 of rotationally symmetrical configu-
ration as such, will make smooth contact during 1ts deforma-
tion. Combining the fastening element with the rotationally
asymmetrical punched hole achieves a rotationally fixed
connection.

BRIEF DESCRIPTION OF THE DRAWINGS

Other special embodiments and advantages of the inven-
tion are illustrated with reference to the accompanying draw-
ings. The drawings are to be understood as an exemplary
instance of the invention, not intended to limit the invention
in 1ts spirit and significance.

FIG. 1 1s a fragmentary sectional view showing a fasten-
ing element according to the mvention with a mandrel thrust
into a piece of work;
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FIG. 2 1s a sequenced flow diagram showing a process
routine according to the invention, in which the fastening
clement containing a mandrel 15 set by a device for setting a
fastening element 1n a part;

FIG. 3 1s a fragmentary sectional view showing a riveted
connection according to the invention, an accessory part
being attached to the work by means of the mandrel;

FIG. 4 1s a fragmentary sectional view showing a portion
of a device according to the mnvention for setting a fastening
clement with a fastening element and a part shortly before
the fastening element 1s set;

FI1G. 5 15 a fragmentary sectional view showing an alterna-
tive embodiment of a fastening element according to FIG. 1,
having a mandrel thrust into a part;

FIG. 6 1s a fragmentary sectional plan view showing the
weak spot of the mandrel;

FI1G. 7 1s a sequenced flow diagram showing an alternative
process routine according to the invention in which the fas-
tening element 1s set 1n a part by a device for setting a fasten-
ing element comprises a mandrel;

FIG. 8 1s a cross-sectional view showing a die according,
to the invention;

FIG. 9 15 across-sectional view showing a segment of the
die according to the mvention as 1 FIG. 8, 1n longitudinal
section;

FIG. 10 1s a top view showing the three segments of the
die according to the mvention as in FIG. 8;

FIG. 11 1s a fragmentary top view showing a die accord-
ing to the mvention having a rotationally asymmetrical
punch opening; and

FIG. 12 1s a fragmentary top view showing a die accord-
ing to the mvention having an additional rotationally asym-
metrical punch opening.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a fastening element 1 according to the
invention, having a setting head 4, a deformation segment 2
and a shaft end 3 with an internal thread 3 and a punching
edge 6, hollow, into which a mandrel 7 having a head 23 and
a foot 24 1s screwed. The tension-resistant connection

between the mandrel 7 and the shank 27 1s made by means of

a connecting segment 28. The connecting segment 28 1is
made up of an internal thread 5 in the shank 27. The internal
thread 5 1s screwed onto an external thread 29 on the man-
drel 7. The fastening element 1 1s punched through a first
part 8 and a second part 9, the two parts 8, 9 having the
aspect of sheets lying one upon another. The fastening ele-
ment 1 punches 1ts own hole 11 through the parts 8, 9. The
shank end 3 and part of the deformation segment 2 are
located 1n the rear 10 of the second part 9. The deformation
segment 2 has a thin wall thickness compared to the shank
end 3. The mandrel 7 includes a head 23, to which firstly
accessories 22 (not shown) can be fastened, and with which
the mandrel 7 can be drawn towards the setting head 4. The
setting head 4 rests firmly on the first part 8.

FIG. 2 describes a routine operation of setting a fastening
clement according to the invention. In the fasteming element
1 according to the mvention, held by a holding tool 13, a
mandrel 7 1s screwed 1. With the aid of moving means 19,
the fastening element 1 1s placed on a first part 8 to be con-
nected to a second part 9. The location of the fastening ele-
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18. Then, the fastening element 1, with the aid of the holding
tool 13, 1s so placed on the first part 8 that the shank end 3 of
the fastening element 1 contacts the first part. Then, with the
aid of aram 12, a force 1s exerted on the mandrel 7 so that the
shank end 3 1s thrust through the parts 8, 9. Meanwhile, 1n
the motion of the ram 12, both the holding tool 13 and a
tension tool 15 are carried along. Punched-out parts 18 drop
into the disposal passage 17, where they are disposed of,
preferably with the aid of a positive or negative pressure line.
Then, the die 14 1s removed from the parts 8, 9, so that the
shank end, or the protruding deformation segment, as the
case may be, 1s Ifreed. Next, the traction tool 15 pulls the
mandrel 7, while the holding tool 13 presses the setting head
against the first part 8. The traction deforms the deformation
segment 2, whereas the shank end 3 1s not plastically
deformed. With the aid of force sensors 21, the traction and
the punching are monitored, and the motion of the traction
and/or holding tool 1s controlled according to the data
detected by the force sensors 21. Finally, the mandrel 7 can
be screwed out of the fastening element 1, or an accessory
part can be fastened with it.

FIG. 3 shows a riveted connection made 1n the manner
described, the deformation segment 2 of the fastening ele-
ment 1 being deformed. With the aid of the mandrel 7 and its
head 23, an accessory part 22, which may be a suspension, 1s
fastened to the parts 8, 9. The parts 8, 9 are firmly clamped

between the setting head 4 and the deformation segment 2.

FIG. 4 shows a detail view of the device for setting the
fastening element 1. The fastening element 1 1s held with the
aid of the holding tool 13 on the mandrel 7 screwed 1nto the
fastening element 1. The traction tool 15 grasps the mandrel
7 by 1ts head 23. The ram 12 presses down on the head 23 of
the mandrel 7. The parts 8, 9 are arranged between the fas-
tening element 1 and the die 14, the die 14 absorbing the
force transmitted by the ram 12 by way of the mandrel 7 to
the parts 8, 9 from the rear 10 of the second part 9.

FIG. 5 shows an alternative embodiment of the fastening
clement 1 according to the mvention as i FIG. 1, having a
mandrel 7 thrust into two parts 8, 9. The hole 11 was
punched 1n the parts 8, 9 with the punching edge 6 formed at
the foot 24 of the mandrel. With the aid of the head 23, the
mandrel 7 can be retracted, so that first the deformation seg-
ment 2 1s deformed, and then the head 23 of the mandrel
tears oil from the foot 24 at a weak point 25. The punching
edge 6 1s formed by a sharp, essentially rectangular edge of
the foot 24 of the mandrel. The tension-resistant connection
between mandrel 7 and shank 27 1s made by the connecting
segment 28.

FIG. 6 shows the weak spot 25 of the mandrel 7 in cross-
section, where the mandrel 7 tapers down to a square core 31
with webs 26 at each corner. The webs 26 contribute to the
guidance of the mandrel 7 1n the fastening element 1 and
prevent a lateral shearing or buckling of the mandrel 7 under
the action of the compressions during the punching opera-
tion.

FIG. 7 describes an alternative process routine according,
to the invention for setting a fastening element according to
the mvention. A mandrel 7 as part of the setting machine 1s
fixedly connected to a ram 12. The mandrel 7 comprises a
foot 24 by which the mandrel 7 1s screwed 1nto the fastening
clement 1. The fastening element 1 comprises a setting head
4 and a shank end 3, the shank end 3 being provided with a
punching edge 6. First, the mandrel 7 1s screwed into the
fastening element 1. Then, the punching operation 1s carried
out. Here, the punching edge 6 by dynamic action of the
mandrel 7 punches a hole 1n the work 8, 9. Here, the die 14
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absorbs the forces ivolved. Thereupon, by retraction of the
mandrel 7 and holding down the setting head 4, the deforma-
tion segment 2 1s deformed. A closure head 30 1s formed.
Finally, the mandrel 7 1s screwed out of the fastening ele-
ment 1 and 1s available for the next setting operation.

FIG. 8 shows a die 14 according to the invention 1n cross-
section. The die 14 comprises a die mount 41 absorbing the
punching forces by way ol movable segments 34. The mov-
able segments 34 are held together with the aid of a spring
clement 33. The movable segments 34 open of their own
accord when a closure head (not shown) 1s formed. The clo-
sure head presses the segments 34 apart against the force of
the spring element 33. The segments 34 each have a bearing
surtace 35 resting on the die receptacle 41. The segments 34
moreover comprise a segment stop surface 43, by way of
which punching forces are transmitted to the segments 34
and, by way of the bearing surface 35, to the die receptacle

41.

The die receptacle 41 contains an annular stop 42 encir-
cling the segments 34. The annular stop 42 has an annular
stop surface 44 with which a part (not shown) 1s held. The
part 1s securely held by the annular stop surface 44, since the
segment stop surface 43 1s arranged farther away relative to
the work. The distance A between the segment stop surface
43 and the annular stop surface 44 1s about 0.2 mm. The
segments 34 form a punch opening 40 through which a
punched part (not shown) can be pressed.

With the aid of a vent hole 39 and a disposal passage 17,
the punched part 1s removed by means of compressed air. A
threaded connection 37 makes possible the simple attach-
ment of a disposal hose (not shown) to the disposal passage
17. The die receptacle 41 1s attached by means of a counter-
bearing receptacle 38 to a counterforce structure, e¢.g. a
C-stirrup (not shown).

FIG. 9 shows a single segment 34 of a die 14 according to
the invention as in FIG. 8, 1n longitudinal section. The seg-
ment 34 comprises a segment stop surface 43 and a bearing
surface 35. The bearing surface 35 1s plane, so that punching
forces can be safely transierred to the die receptacle 41 by
way of the segment stop surface 43 and the bearing surface
35 without having the segment 34 move laterally away from
the punch opening 40 radially. The segment 34 comprises a
spring element receptacle 36 1n which a spring element 33 1s
guided. The spring element 33 1s fabricated as an O-ring of
rubber. Owing to the aspect of the segment 34, 1t is not
necessary to lodge the individual segment 34 with the aid of
a shaft. The segment 34 may be displaced radially and not be
tilted. Alternatively to this aspect, each segment 34 may be
mounted with the aid of a shait (not shown), each segment

34 being tilted about a center of rotation upon opening of the
die 14.

FIG. 10 shows the three segments 34 of FIG. 8 in top
view. It may be seen that the three segments 34 form a ring
permitting the absorption of punching forces. The punch
opening 40 has a diameter D somewhat greater than the
diameter of the fastening element (not shown) to be set. The
segments 34 are held together with the aid of a spring ele-
ment 33. In the formation of a closure head at the end of the
setting operation, the segments 34 are pressed apart, so that
gaps form between them, enlarging the diameter D of the
punch opening 40.

FIG. 11 shows a die 14 according to the invention, having
a rotationally asymmetrical punch opening 40, 1n top view.
Here, the segments 34 form offsets 45 preventing a rotation
of the fastening element 1 in the work 8, 9. This rotation
protection 1s especially advantageous 1n the case of (seli-)
piercing nuts.
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FIG. 12 shows a die 14 according to the invention, having,
a wider rotationally asymmetrical punch opening 40, in top
view, the rotational asymmetry being due to teeth 46 in the
several segments 34. In the deformation of the fastening ele-
ment 1, the periphery of the fastening element 1 makes
smooth contact with the teeth 46 of the segments 34 and
hence with the correspondingly toothed work 8, 9. Detach-
ment of the die 14 from the work 8, 9 after completion of the
setting operation 1s a simple matter owing to the mobility of
the segments 34.

The mvention discloses a fastening element 1, in particu-
lar for blind riveting, having a setting head 4, a deformation
segment 2 and a shank end 3, the deformation segment 2
being arranged between the setting head 4 and the shank end
3, and the fastening element 1 being hollow inside, option-
ally with a mandrel 7 inside the fastening element 1, com-
prising a head 23 and a foot 24 at least tension-resistantly
connected to the shank end 3, the shank end 3 or the foot 23
of the mandrel comprising a punching edge 6 extending sub-
stantially along the outermost periphery of the shank end 3,
or of the foot 24 of the mandrel, and a process for setting the
said fastening element 1, a riveted connection with the said
fastening element 1, a device for setting the fastening ele-
ment 1, an employment of the riveted connection obtained,
and a die suitable for the operation of setting the fastening
clement.

The 1nvention 1s distinguished 1n that, in simple manner,
especially retentive and tensionally strong, self-piercing
blind rivet connections can be produced, the fastening ele-
ment 1 providing the possibility of attaching an accessory
part 22.

What 1s claimed 1s:

1. A fastener setting system, comprising:

a fastener mncluding;:

(1) a non-frangible mandrel having a foot and an enlarged
head; and

(1) a hollow shank 1ncluding;:

(a) a setting head at a free end;

(b) a deformation segment for forming a closure head;

(c) a connecting segment operably forming a fastenable
connection with the mandrel foot; and

(d) a shank end opposed to the setting head having a
workpiece self-piercing edge extending substantially
along an outermost periphery of the shank;

a die;

a ram detachably connectable to the mandrel and operably
advancing the fastener toward the die by pushing
against the head of the mandrel.

2. The system of claim 1, wherein the shank and the man-

drel are positively connectably geometrically.

3. The system of claim 1, wherein the shank and the man-

drel are detachably connectable.

4. The system of claim 3, wherein the shank and the man-

drel are threadable connectable.

5. The system of claim 1, wherein the mandrel foot and

the shank end are threadable connectable.

6. The system of claim 1, comprising;:

the mandrel foot including an external thread; and

the shank end including an internal thread engageable

with the external thread of the mandrel foot.

7. The system of claim 1, wherein the setting head com-
prises a diameter greater than any one of a deformation seg-
ment diameter, a shank end diameter and a mandrel foot
diameter.

8. The system of claim 1, wherein the fastener 1s metal.

9. The system of claim 1, wherein a cross section of the
fastener 1s substantially circular.
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10. The system of claam 1, wherein the mandrel head
comprises a fastener driving element.
11. The system of claim 1, wherein the shank comprises
an open end.
12. A device, comprising:
a fastening element having a setting head and a mandrel
engageable into at least one part;
a die;
a ram operably punching the fastening element through
the at least one part;

a holding tool operably holding the setting head against
the at least one part; and

a traction tool operably retracting the mandrel,;

wherein the ram and the holding tool are movable relative

to the die independently of each other.

13. The device of claim 12, wherein the mandrel com-
prises an external thread operably forming a releasable con-
nection with the fastening element.

14. The device of claim 12, wherein the die comprises a
disposal passage operably disposing each of a plurality of
punched parts.

15. The device of claim 12, comprising a counterforce
structure operable to dynamically interlock the ram and the
die.

16. The device of claim 12, comprising at least one of:

a moving means;

a means for determining a ram position;

a means for determining a holding tool position; and

at least one force sensor operably detecting a force
involved 1n setting a rivet.
17. A fastener setting system, comprising:

a Tastener including:
(1) a mandrel having a foot and a head; and

(11) a hollow shank including;:

(a) an enlarged tlange adjacent a first end;

(b) a deformation segment deformable to form a clo-
sure head; and

(c) a connecting segment, adjacent an opposite second
end, contacting with the mandrel foot a ram pushing,
against the head of the mandrel to operably advance
the fastener; and

a traction tool operably pulling the mandrel relative to the
shank 1n order to form the closure head at the deforma-

tion segment.
18. The system of claim 17, further comprising:

the mandrel foot having a first diameter; and

an outside of the second end of the shank having a second
diameter:

wherein the first diameter 1s equal to or greater than the

second diameter.

19. The system of claim 17, wherein the fastener com-
prises at least one of aluminum and an aluminum alloy.

20. The system of claim 17, wherein the head of the man-
drel 1s enlarged.

21. The system of claim 17, wherein the connecting seg-
ment of the shank has a thread which engages the foot of the
mandrel.

22. The system of claim 17, further comprising:

a die operable to create a punch opening having a variable
diameter 1n at least one part, the die including at least
two segments operably absorbing a punching force and
operably forming the punch opening capable of accom-
modating the closure head of the fastening element;

a die receptacle having the segments movably lodged
therein; and
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at least one spring element operably holding the segments
together.
23. The system of claim 22, wherein the segments are
radially displaceable.
24. The system of claim 22, comprising:

cach segment including a planar bearing surface; and

the die receptacle including a substantially planar counter-
surface operably transmitting the punching force to the
die receptacle.
25. The system of claim 22, wherein each segment com-
prises a spring element receptacle.
26. The system of claim 22, wherein the die receptacle
comprises an annular stop.
277. The system of claim 26, further comprising:

the annular stop including an annular stop surface; and
cach segment including a segment stop surface;

wherein the segment stop surface 1s positionable behind
the annular stop surface 1n relation to the at least one
part by a distance ranging between 0.1 to 0.3 mm, the
distance operably ensuring mobility of the segments
during a fastening element selling operation.

28. The system of claim 27, wherein the distance ranges
between 0.15 mm to 0.25 mm.

29. The system of claim 22, comprising less than five of
the segments.

30. The system of claim 22, wherein the spring element
comprises a rubber ring.

31. The system of claim 22, wherein the spring element
comprises a spiral ring.

32. The system of claim 22, wherein the die comprises a
transversely extendable vent hole.

33. The system of claim 22, wherein the punch opening
formable by the segments comprises a rotationally asym-
metrical cross section.

34. The system of claim 33, wherein the punch opening
comprises a substantially polygonal cross section.

35. The system of claim 34, wherein the punch opening
comprises a tooth when viewed in cross section.

36. A device, comprising:

a self-piercing fastening element comprising a setting

head and a mandrel:

a die;

a ram operably advancing the fastening element;

a holder operably holding the setting head; and

a retractor operably retracting the mandrel,;

wherein the ram and the holder are movable relative to the
die independently of each other 1n at least one operating
condition.

37. The device of claim 36, wherein the die further com-
prises movable die segments surrounding a central passage-
way.

38. The device of claim 36, further comprising a force
SENSOr.

39. The device of claim 36, wherein the mandrel includes
an enlarged head.

40. The device of claim 36 further comprising a hollow
shank extending from the setting head.

41. The device of claim 40, turther comprising at least a
second workpiece retained to a first workpiece by the shank,
a portion of the setting head being disposed between the
workpieces and an attached accessory.

42. The device of claim 36, wherein the mandrel 1s non-
frangible.

43. The device of claim 36, wherein the mandrel includes
a frangible stem and an enlarged head opposite the ram.
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44. The device of claim 36, wherein the ram includes the
mandrel and the fasteming element includes an expandable
shank, the mandrel being threadably engageable with the
shank.

45. The device of claim 36, wherein the mandrel com-
prises an external thread operably forming a releasable con-
nection with the fastening element.

46. The device of claim 36, further comprising work-
pieces receiving the fastening element, wherein the die com-

16

prises a disposal passage operably disposing each of a plu-
rality of punched parts of the workpieces.
4'7. The device of claim 36, further comprising a counter-

force structure operable to dynamically interlock the ram
and the die.

48. The device of claim 36, wherein the ram directly con-
tacts against and pushes the mandrel toward the die.

G s x ex e
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