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[57] ABSTRACT 

The present disclosure relates to self-piercing fasteners. such 
as studs, bolts or nuts. the method of attaching such fasteners 
to a panel and fastener installation apparatus, including the 
installation head and die button. The fastener includes a 
self-piercing and riveting annular wall which is driven into 
a panel supported against a die member by the installation 
head. The die member includes an annular die cavity sur 
rounding a central projecting die portion which is telescopi 
cally receivable in the free open end of the fastener annular 
wall. The free end of the fastener annular wall includes a 
piercing surface which mates with a piercing surface at the 
outer edge of the projecting die portion to pierce a slug from 
the panel. The panel slug is then pressed into the opening in 
the annular fastener wall by the conical end of the projecting 
die portion and the free end of the annular wall is simulta 
neously deformed radially outwardly in the die cavity form 
ing a rigid mechanical interlock with the pierced panel edge. 

24 Claims, 14 Drawing Sheets 
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INSTALLATION APPARATUS FOR 
INSTALLING SELF-ATTACHING 

FASTENERS 

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

This application is a divisional application of my U.S. 
patent application Sm. No. 491.925 ?led Mar. 12. 1990. now 
U.S. Pat No. 5.092.725 which application is a divisional 
application of my U.S. patent application Ser. No. 196.209 
?led May 19. 1988. now U.S. Pat. No. 4.915.558. which 
application is a divisional application of Ser. No. 892.017. 
?led Aug. 1. 1985. now U.S. Pat. No. 4.765.057. which 
application is a divisional application of Ser. No. 773387. 
?led Sep. 6. 1985. now U.S. Pat. No. 4.633.560. which 
application is a divisional application of Ser. No. 563.833. 
?led Dec. 21. 1983. now U.S. Pat. No. 4.555.838. which 
application is a continuation-in-part application of Ser. No. 
485.099. ?led Mar. 28. 1983. Now U.S. Pat. No. 4.459.073 
and Ser. No. 504.074. ?led Jun. 12. 1983. now U.S. Pat. No. 
4.543.701. which applications are. respectively. divisional 
and continuation applications of Ser. No. 229.274. ?led Jan. 
28. 1981. now abandoned. which claims priority to an 
application ?led Feb. 2. 1980 in the Federal Republic of 
Germany. Ser. No. 3003908. 

The prior art includes self-piercing nuts. which may also 
be simultaneously clinched to secure the nut in the pierced 
panel opening. such as disclosed in U.S. Pat. Nos. 3.299.500 
and 3.314.138. assigned to the Assignee of the instant 
application. The prior art also includes a number of self 
riveting nuts. including nuts having an annular skirt portion 
which is deformed radially outwardly in a die member to 
form a mechanical interlock with the panel. see for example 
U.S. Pat. Nos. 3.938.239 and 4.018.257. The self-riveting 
nuts disclosed in these patents are however secured to a 
panel having a prepierced panel opening. requiring at least 
two separate operations. Further. the nut and panel assembly 
is not suitable or sufficiently rigid to secure a stud. bolt or 
other member having a projecting portion extending from 
the plane of the panel. 

The prior art also discloses means of attaching a stud-like 
fastener. wherein the stud includes an annular end portion 
which penetrates a plate or structural steel member. which 
may be deformed radially inwardly around a plug formed in 
the panel. see for example U.S. Pat. Nos. 4.193.333 and 
3.871.264. The disclosed attachment means and method of 
attachment are not however suitable for many applications. 
particularly automotive applications requiring a rigid con 
nection between a relatively thin panel and stud-like 
fastener. which must be rigidly secured to the thin panel. 

It is understood that the prior art also includes various 
riveting techniques. wherein the fastener includes an annular 
end portion which may be press-?tted through an opening in 
a panel. which is then riveted or radially outwardly 
deformed by a die member having an annular semi-toroidal 
die cavity and may include a projecting central die portion 
which is received in the annular riveting- end of the fastener. 
Examples of such prior art includes U.S. Pat. Nos. 1.976. 
019. 2.456.118. 2.521.505. 3.436.803. 3.754.731. 4.039.099 
and 4.092.773. 

The prior art known to the applicant does not disclose or 
suggest an installation head suitable for feeding. orienting 
and driving self-piercing and riveting fasteners of the type 
described herein in mass production. wherein the annular 
self-piercing and riveting wall of the fastener must be 
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2 
accurately aligned and oriented with a die member prior to 
each installation. The prior art does. of course. disclose 
automatic riveting apparatus and driving tools. however the 
installation apparatus disclosed in the prior art are not 
suitable for installing the stud-like fasteners disclosed 
herein. 

The self-attaching fastener of the present invention forms 
a unique and improved fastener and panel assembly in 
relatively thin panels and which is sufficiently rigid to secure 
a stud-like fastener having a projecting end portion. Further. 
the fastener. method and installation tooling of this invention 
is suitable for mass production. particularly automotive 
applications utilizing automatic presses. Finally. the fastener 
and panel assembly may be formed in one continuous 
operation in a die press or the like. eliminating the require 
ment for secondary operations. including prepiercing the 
panel. 

FIELD OF THE INVENTION 

The present invention relates to self-piercing and riveting 
fasteners. including studs. bolts. nuts or the like. the method 
of attaching such fasteners to a panel and the fastener 
installation apparatus. including the installation head which 
feeds. orients and drives the fastener into the panel. and the 
die button which forms the fastener and panel installation 
assembly. 

SUMMARY OF THE DIVENTION 

The self-attaching member or fastener of the present 
invention includes at head or body portion and a self 
piercing and riveting annular wall which extends from the 
body portion. The annular wall includes an outer surface and 
preferably a generally smooth inner surface terminating in a 
piercing surface adjacent the free end of the annular wall 
which pierces a slug from the panel during installation. The 
panel slug is then disposed in the cavity or chamber in the 
annular wall. which supports the annular wall against col 
lapse as the free end of the fastener annular wall is deformed 
radially outwardly to form a mechanical interlock with the 
panel. In the most preferred embodiment of the self 
attaching fastener of this invention. the fastener piercing 
surface is de?ned by an outwardly angled annular piercing 
face or changer extending from adjacent the free end of the 
annular wall to the inner surface. wherein the panel is 
pierced along the annular piercing face. forming a panel slug 
having a diameter slightly greater than the internal diameter 
of the annular wall and wherein the slug forms a press ?t 
against the inner surface of the annular wall. This embodi 
ment is particularly preferred where the fastener is a stud 
like fastener and the inner surface of the annular wall 
terminates in a bottom wall. The panel slug is then deformed 
against the chamber bottom wall. securely retaining the slug 
in the chamber and the slug becomes an integral part of the 
assembly. In the preferred embodiment of the nut fastener. 
the piercing surface is at relatively sharp piercing edge 
adjacent the free inner end of the annular wall and the slug 
is moved after assembly. 
The method of attaching the fastener of this invention 

includes ?rst locating the fastener opposite a panel with the 
annular wall free end portion facing the panel and a die 
member located on the opposite side of the panel. The 
preferred die member includes an annular concave die cavity 
surrounding a projecting central die portion which is coaxi 
ally aligned with and telescopically receivable within the 
fastener annular wall opening. The method then includes 
engaging the panel with the fastener annular wall free end. 
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piercing a slug from the panel. which is supported. centered 
and carried into the annular wall opening by the projecting 
central die portion. The annular wall free end portion is then 
deformed radially outwardly in the concave annular die 
cavity. forming a mechanical interlock between the fastener 
annular wall free end portion and the panel portion adjacent 
the pierced edge. 

In the preferred method of this invention. the panel is ?rst 
deformed by the fastener annular wall ?'ee end into the die 
cavity and against the free end of the projecting central die 
portion. which is preferably conical. having a relatively 
sharp apex. The free end of the central die portion then 
centers. orients. and supports the panel slug in the annular 
wall opening. Further. the outer edge of the projecting 
central die portion preferably includes a relatively sharp 
piercing edge which mates with the piercing surface of the 
annular wall to pierce a slug from the panel. 
The fastener body portion preferably includes a base 

portion having a side surface and a bottom surface joined by 
an arcuate surface and the annular wall is preferably inte 
grally joined to the base portion spaced inwardly from the 
side of the base portion. The method then includes driving 
the fastener base portion into the panel. after a slug is pierced 
from the panel. and during the deformation of the fastener 
annular wall free end. forming a relatively ?ush mounting of 
the base portion in the panel. Where the fastener is a 
stud-Like fastener. the shank portion of the stud extends from 
the ?ush mounting of the fastener base portion in the panel. 

In the most preferred method of this invention. the free 
end of the fastener annular wall is deformed radially out 
wardly in the annular die cavity into a generally U-shaped 
channel in cross-section. and the panel adjacent the pierced 
panel edge is driven into the U-shaped channel. forming a 
rigid mechanical interlock between the panel and the fas 
tener annular wall. An annular bead may thus be formed in 
the edge of the pierced panel opening. locked in the 
U-shaped channel. forming a particularly rigid assembly. 
As described. the preferred die member for securing the 

self-attaching fastener of this invention to a panel. includes 
an annular die cavity surrounding a central die portion 
projecting from the die cavity and preferably includes a 
panel supporting shoulder located on at least two sides of the 
die cavity. As described. the free end of the central die 
portion preferably includes a central conical die surface 
having a relatively sharp apex which centers. orients and 
supports the panel slug in the annular wall opening. and the 
outer edge of the central die portion preferably includes a 
relatively sharp piercing edge which surrounds the conical 
die surface. The free end of the central die portion is 
preferably spaced below the panel supporting shoulder. such 
that the panel is ?rst deformed into the die cavity. prior to 
piercing. as described. 

In the most preferred embodiment of the die member. the 
annular die cavity includes a smooth concave arcuate annu 
lar die sun-face extending from adjacent the piercing edge 
through the bottom surface of the die cavity. which initially 
receives the inner surface of the fastener annular wall and 
which deforms the annular wall radially outwardly. as 
described. The outer surface of the die cavity is preferably 
inclined outwardly and blends into the panel supporting 
shoulder in an arcuate surface which receives the panel as it 
is deformed into the die cavity. In this embodiment of the die 
member. the annular die cavity includes an annular lip 
spaced above the bottom surface of the die cavity and below 
the plane of the panel supporting shoulder. The annular lip 
supports the panel portion adjacent the pierced panel edge as 
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the pierced panel edge is deformed into the hook or 
U-shaped channel in the free end of the fastener annular wall 
and forms the preferred ?ush-mounted assembly. as 
described. 
The self-piercing and riveting fastener and die member 

thus comprise a die set assembly forming the preferred 
fastener and panel assembly in one continuous operation. 
wherein the panel is ?rst deformed into the die cavity. the 
panel is then pierced between the mating piercing surfaces 
of the annular fastener wall and the outer edge of the 
projecting die portion. and ?nally. the annular fastener wall 
is deformed radially outwardly against the bottom surface of 
the die cavity. and the pierced panel edge is deformed into 
the hook or U-shaped channel formed in the free end of the 
annular wall. As described. the preferred embodiment of the 
fastener and panel assembly includes a relatively rigid 
mechanical interlock between the self-piercing and riveting 
annular wall of the fastener and the panel portion adjacent 
the pierced panel edge. In the preferred embodiment of the 
assembly. the fastener annular wall portion includes a ?rst 
tubular portion adjacent the body portion having generally 
parallel walls and a second radially outwardly hook-shaped 
end portion. The slug pierced from the main portion of the 
panel is disposed in the ?rst tubular annular wall portion. 
preferably in engagement with the internal surface of the 
?rst tubular portion. The portion of the panel adjacent the 
pierced panel edge is preferably displaced from the plane of 
the main panel portion in engagement with the exterior 
surface of the ?rst tubular annular wall portion of the 
fastener and deformed in the hook-shaped portion. forming 
a strong mechanical interlock between the panel and the 
fastener annular wall portion. In the most preferred embodi 
ment of the assembly. the pierced panel edge includes an 
enlarged reinforcing annular bead and the hook-shaped 
portion of the fastener annular wall is deformed around the 
bead. forming a rigid assembly. 

The installation apparatus of this invention for installing 
the self-attaching fasteners includes a die member or die 
button. as already described. and an installation head The 
installation head receives the self-attaching fasteners. orients 
the fasteners for installation and drives the fastener against 
the panel and into the die member to form the fastener and 
panel assembly. In a typical application. the die button is 
located on the bottom shoe of a mechanical. hydraulic or 
pneumatic press. such as utilized by the automotive industry 
to form panels. brackets and the like. The installation head 
may be attached to the upper reciprocating die shoe. such 
that a fastener is attached to the panel with each stroke of the 
press. It will be understood. however. that the die press may 
include several installation apparatus assemblies. wherein 
several fasteners are installed with each stroke of the press. 
Further. the arrangement may be reversed. wherein the die 
button is located on the moveable die member and the 
installation head is secured to the ?xed die press member. 

The disclosed installation head or apparatus of this inven 
tion is particularly. although not exclusively. adapted for 
installation of stud-like fasteners having a projecting 
portion. such as a shank. extending from the body or head 
portion of the fastener. This type of fastener presents unique 
installation problems in mass production because the elon 
gated fastener must be accurately oriented in the head and 
aligned with the die button to prevent damage to the instal 
lation apparatus. The installation apparatus of the present 
invention includes two alternative embodiments of the 
installation head. The ?rst embodiment includes a base 
member and a relatively moveable spaced nose member. The 
nose member includes a ?rst passage receiving the self 
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attaching fasteners and communicating with a transverse 
plunger passage. The head includes a plunger moveable with 
the base member telescopically receivable through the nose 
plunger passage for driving a fastener through the plunger 
passage into a panel located opposite the plunger. The 
plunger passage terminates in a generally conical recess 
opposite the plunger which receives and supports the self 
piercing and riveting wall of the fasteners. thereby centering 
the fasteners in the plunger passage ready for installation in 
a panel by the plunger. The free end of the plunger includes 
a bore con?gured to receive the free end of the fastener body 
portion and. upon receipt of a fastener in the plunger passage 
conical recess. the nose member moves relative to the 
plunger to ?rst receive the fastener body portion free end in 
the plunger bore. assuring orientation of a fastener. ready for 
installation. The installation head also includes actuating 
means which moves the nose relative to the plunger. through 
the plunger passage and installs the oriented fastener in the 
panel. 

In the ?rst preferred embodiment of the installation head. 
the conical recess in the nose member is composed of at least 
two spring biased members. each member having mating 
concave generally conical surfaces normally supporting the 
annular wall portion of the fastener and the plunger is 
adapted to drive the oriented fastener against the conical 
surface. spreading the spring biased members and installing 
the fastener in the panel. In the disclosed embodiment. the 
base member is attached to the moveable platen of a press 
and the base and nose members are interconnected by a 
piston. The piston is adapted to move the nose member. 
relative to the base member. to receive the fastener body 
portion free end in the plunger bore and the actuating means 
then operates the press to close the space between the base 
and nose members. driving the plunger through the plunger 
passage to install a fastener in the panel. 
The second embodiment of the installation head includes 

a housing having an elongated plunger reciprocal in a 
plunger passage. as described above. a feed transfer means 
transferring fasteners to the plunger passage and the plunger 
includes a longitudinally extending bore con?gured to 
receive the elongated body portion or shank of the stud-like 
fastener. The end of the plunger is adapted to bear against the 
body portion of the fastener to drive the fastener into the 
panel. as described In the second embodiment of the 
installation head. however. the plunger is formed of at least 
two longitudinally extending mating parts intersecting the 
bore in the end of the plunger. including a ?rst part having 
a concave portion of the bore facing the transfer means and 
a second relatively moveable plunger part adapted to close 
the bore and block the transfer path. 
The installation head includes actuation means adapted to 

longitudinally move the second plunger part. relative to the 
?rst plunger part. thereby opening the concave bore portion 
of the ?rst plunger part. The transfer means then transfers a 
fastener to receive the fastener elongated body portion or 
shank in the plunger ?rst part bore portion. orienting the 
fastener for installation. The actuation means then closes the 
second plunger part around the fastener elongated body 
portion or shank. ready for installation. Finally. the actuation 
means drives the plunger through the plunger passage and 
installs the oriented fastener in the panel. 
The self-attaching stud fasteners of the present invention 

are particularly adapted for transfer from a hopper or other 
source of fasteners to the installation head through a ?exible 
tube. As described. the stud fasteners include an elongated 
shank portion and a tubular riveting wall portion generally 
coaxially aligned with the shank portion and preferably 
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6 
having an internal diameter greater than the external diam 
eter of the shank portion. The fastener may then be collected 
in the ?exible tube as a stack of fasteners wherein each 
fastener has an elongated shank portion received in the 
adjacent fastener tubular wall portion and the stack of 
fasteners is sufficiently ?exible for transfer through the 
?exible tube. 

It will be understood that the self-attaching fastener of the 
present invention may be of almost any con?guration. For 
example. the fastener may be a stud. bolt. nut. ball joint. 
wherein the end of the shank includes a ball member or other 
fastening means. As used herein. “fastener" refers not only 
to the function of the fastener to attach another structural 
member to the panel. but also the means of attaching the 
fastener to the panel. It will also he understood that the 
self-attaching fastener. method of attachment and installa 
tion apparatus is a complete system. wherein the installation 
apparatus is speci?cally adapted to install the self-attaching 
fastener of this invention by the method of this invention. 
preferably in a continuous operation. The resultant fastener 
and panel assembly is also unique. wherein the mechanical 
interlock between the self-piercing and riveting wall is 
extremely rigid and stronger than the panel to which the 
fastener is installed. 

Other advantages and meritorious featln'es will be more 
fully understood from the following description of the 
preferred embodiments of the fastener. method of installa 
tion and the installation apparatus. the appended claims and 
the drawings. a brief description of which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side. partially cross-sectioned view of one 
embodiment of the self-attaching fastener of this invention 
in the form of a threaded bolt; 

FIG. 2 is a side view of a second embodiment of the 
self-attaching bolt of this invention; 

FIG. 3 is a partially cross-sectioned side view of the 
embodiment of the self-attaching bolt shown in FIG. 1 ready 
for installation in a panel. including one embodiment of the 
installation apparatus; 

FIG. 4 is a side view of the center die portion shown in 
FIG. 3; 

FIGS. 5 and 6 are partially cros s- sectioned side elevations 
of the self-attaching bolt and installation apparatus shown in 
FIG. 3 illustrating the sequence of installation; 

FIG. 7 is a partially cross-sectioned side elevation of 
another embodiment of the self-attaching fastener of this 
invention in the form of a stud; 

FIGS. 8 to 11 are partially cross-sectioned views of the 
self-attaching stud shown in FIG. 7 and an alternative 
embodiment of the installation apparatus illustrating the 
sequence of installation of the stud of FIG. 7 in a panel; 

FIG. 12 is a side cross-sectional view of the die member 
shown in FIGS. 8 to 11; 

FIG. 13 is a top perspective view of one embodiment of 
the die member shown in FIG. 12; 

FIG. 14 is a side partially cross-sectioned view of the stud 
and panel assembly formed in the method sequence illus 
trated in FIGS. 8 to 11; 

FIG. 15 is a side partially cross-sectioned view of one 
embodiment of the installation head apparatus of this inven 
tion with a self-attaching stud fastener ready for installation: 

FIG. 16 is an end partially cross-sectioned view of the 
installation apparatus shown in FIG. 15 in the direction of 
view arrows l6—16; 
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FIG. 17 is a partially cross-sectioned side view of the ‘ 
installation head apparatus shown in FIG. 15 in a further 
stage in the sequence of installation; 

FIG. 18 is a top elevation of the nose assembly shown in 
FIGS. 15 and 17. in the direction of view arrows 18—18; 

FIG. 19 is an end partially cross-sectioned view of the 
installation head apparatus shown in FIGS. 15 to 17 in the 
position shown in FIG. 17; 

FIG. 20 is a side partially cross-sectioned view of another 
embodiment of the installation head apparatus of this inven 
tion; 

FIG. 21 is a top elevation of the nose assembly shown in 
FIG. 20 in the direction of view arrows 2l——21; 

FIG. 22 is a top perspective view of the stop means of the 
transfer mechanism in the installation head apparatus of 
FIG. 20; 

FIGS. 23 to 25 are partially cross-sectioned side eleva 
tions of the installation head apparatus shown in FIG. 20 
illustrating the sequence of installation of the self-attaching 
fastener in the head apparatus; 

FIG. 26 is a partially cross-sectioned side elevation of a 
stack of stud-like fasteners of this invention in a ?exible 
transfer tube; 

FIG. 27 is a partially cross-sectioned side elevation of 
another embodiment of the self-attaching fastener of this 
invention in the form of a nut; 

FIG. 28 is a partially cross-sectioned side elevation of the 
sel?attaching nut fastener shown in FIG. 27 following 
installation in an alternative embodiment of the installation 
apparatus of this invention; and. 

FIG. 29 is a partially cross-sectioned side elevation of the 
self-attaching nut fastener and installation apparatus shown 
in FIG. 28 in the ?nal step of the installation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

As described above. the self-attaching fastener of this 
invention is particularly adapted for permanent attachment 
of the fastener to a plate or panel. particularly a metal sheet 
or the like. such as utilized in the automotive industry for 
component parts. The self-attaching fastener and installation 
apparatus of this invention is particularly suitable for instal 
lation in a conventional press. such as utilized by the 
automotive industry to form sheet metal parts. including 
body panels and the like. In such applications. the press 
installs one or more fasteners with each stroke of the press. 
wherein the fastener becomes a permanent part of the panel 
and is utilized to al?x other structural members. such as 
brackets or the like to the panel. Further. as described above. 
the self-attaching fastener of this invention is particularly 
suitable for attachment to relatively thin sheets or panels. 
such as utilized by the automotive and appliance industries. 
As used herein. “panel" refers to any plate. panel or metal 
sheet having a thickness thin enough for the annular self 
piercing and riveting wall to penetrate the panel and provide 
su?icient clearance for riveting attachment. as described 

FIG. 1 illustrates a self-piercing and riveting bolt 10 
which consists essentially of a cylindrical shank 20 having 
an external thread. a head portion or ?ange extending 
radially outwardly from the shank portion and an annular 
piercing and riveting portion 40 coaxially aligned with the 
shank portion and forming an extension of the shank axis on 
the side of the head 30 remote from the shank 20. 
More speci?cally. the head 30 of the self-attaching bolt 

shown in FIG. 1 is situated on the end surface opposite the 
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free end 21 of the shank and includes an annular pressing 
surface 31 which surrounds the shank 20. The opposite side 
of the head portion includes an annular bearing surface 32 
surrounding the self-piercing and riveting portion and 
bounded by a stamping edge 33. The free end portion 41 of 
the annular wall includes an opening into a central recess 43 
which tapers slightly conically to a bottom wall 42. In the 
disclosed embodiment. the bottom wall 42 is conical and 
convex. extending at an angle 45 obliquely from the axis of 
the self-attaching bolt 10. The outer edge 42a of the conical 
bottom wall 42 and the bearing surface 32 lie in approxi 
mately the same plane in the disclosed embodiment. As 
disclosed more fully hereinbelow. the bottom wall 42 of the 
recess 43 of the stud type fasteners may be either convex or 
concave to accommodate various panel thicknesses. 
The free end 41 of the annular wall 46 includes a curing 

or piercing edge 47. which bounds the central recess 43. and 
an annular arcuate driving and drawing surface 48. The 
driving and drawing surface 48 is oriented generally per 
pendicular to the axis of the self-attaching bolt 10 and the 
outer surface of the free end of the annular wall includes a 
rounded driving and drawing surface 49 interconnecting the 
drawing surface 48 and the external keying wall 50. In the 
disclosed embodiment of the self-attaching bolt. the keying 
wall 50 tapers from the driving and drawing surface 49 
towards the head portion 30 at a clearance angle 51 relative 
to the axis of the bolt 10 and blends into the bearing surface 
32 of the head 30 in an arcuate surface. 

FIG. 2 illustrates a second embodiment of the self 
attaching fastener in the form of a self-piercing and riveting 
screw fastener 100. The screw fastener of FIG. 2 di?iers from 
the self-piercing bolt 10 of FIG. 1 in that a guiding and 
spacing step 125 is located on the axis of the riveting screw 
between the end face of the threaded shank 120 and the head 
130. The guiding and spacing step 125 includes an annular 
pressing surface 126 which surrounds the shank 120 and 
includes a transition at a shoulder into an adjacent pressing 
surface 131 of the head 130. 
The installation apparatus shown in FIG. 3 includes a 

plunger or pressing die 60 and a female die or die button 70 
having a central counter-hole die or bore 80. The pressing 
die or plunger 60 may be a component of a relatively 
complex installation system which includes an installation 
head. shuttle and transfer means. as described more fully 
hereinbelow. The pressing die or plunger includes a central 
recess or bore 62 which receives the shank 20 of the bolt 
fastener and. an annular end portion 61 which engages the 
pressing surface 31 of the body portion of the fastener. In the 
disclosed embodiment of the installation apparatus. a self 
piercing and riveting screw or bolt 10 as shown in FIG. 1 is 
located ready for installation with the threaded shank 20 
received in the central recess 62 and the annular pressing 
surface 61 of the die 60 engaging the pressing surface 31 of 
the bolt 10. The drawing surface 48 at the free end of the 
annular wall 46 bears against the panel 90. It will be noted 
that the panel 90 is generally perpendicular to the longitu 
dinal axis of the self-piercing and riveting bolt 10 and the 
panel is supported on the seating surface 71 of the female die 
70. The female die 70 includes an axial depression or 
concave die cavity 72 which is coaxially aligned with the 
annular wall 40 and the panel supporting or seating surface 
71 is connected to the die cavity through a blending radius 
73. The die cavity 72 includes a bottom wall 74 which. in the 
disclosed embodiment. is generally parallel to the seating 
surface 71 and includes a central cylindrical bore 75. 

In the embodiment of the die assembly shown in FIG. 1. 
a cylindrical counter-hole die 80 is telescopically located in 
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the cenn‘al die bore 75. In the embodiment of the female die 
assembly shown in FIG. 3. one free end of the counter-hole 
die 80 penetrates into the die cavity 72 of the female die or 
die button 70 forming an annular die cavity. As shown in 
FIG. 4. the ?'ee end of the counter-hole die 80 includes a 
truncated conical splaying body 81. the base 82 of which is 
situated at approximately the level of the bottom wall 74 of 
the die cavity 72 and which extends generally as far as a 
cylindrical cutting projection 83. ‘This cutting projection 83 
has a diameter generally equal to the internal diameter of the 
recess 43 of the self-piercing and riveting bolt 10 and is 
radially bounded at the free end face by a cutting edge 84 
which mates and cooperates with the cutting edge 47 of the 
self-attaching bolt 10 to pierce a slug from the panel 90. 
Further. the cutting projection 83 includes a central splaying 
cone 85 on its free end surface which prevents lateral 
relative movement of the panel slug upon ?rst contact of the 
cone with the panel. 

It will he understood that an intermediate step in the 
disclosed process includes inserting the self-attaching bolt 
10 in the recess 62 of the die member or plunger 60 as will 
be described more fully hereinbelow. The plunger 60 then 
moves relative to the female die member 70 to pierce the 
panel and install the bolt fastener as illustrated in FIGS. 5 
and 6. 
As the pressing die or plunger 60 moves with the self 

piercing and riveting bolt 10 relative to the female die 70 
with the counter-hole die 80 and panel 90. the portion of the 
panel covering the depression or die cavity 72 in the female 
die is deformed into the die cavity by the driving and 
drawing surface 48 of the self-attaching bolt around the 
bending radius 73 and into the female cavity 72 of the 
female die 70. The panel is then pierced or sheared between 
the piercing or cutting edge 47 of the self-riveting bolt 10 
and the cutting edge 84 of the counter-hole die 90. forming 
a slug generally corresponding in diameter to the internal 
diameter of the recess 43 of the annular wall of the self 
attaching bolt 10. The slug is punched or trepanncd out of 
the panel by the mating piercing surfaces as shown in FIG. 
5. The panel slug 91. which is domed ova the splaying cone 
85 of the counter-hole die 80. is pushed during the further 
movement of the splaying cone 85 into the conically taper 
ing recess 43 in the annular wall. 

During continued relative movements of the self 
attaching bolt 10 and the female die assembly. the annular 
wall 46 of the bolt 10 is pressed against the extaior wall 
surface of the splaying body 81 on the counter~hole die 80 
and the free end of the annular wall is deformed radially 
outwardly in an L-shape against the bottom wall 74 of the 
female die cavity 72. An annular peripheral groove 52 is thus 
formed in the riveting wall 46 which is de?ned by the 
L-shaped riveting wall 46 and the bearing surface 32 of the 
fastener head 30. The portion of the panel 90 which is 
deformed into the female die cavity 72 is then deformed 
inwardly into the peripheral groove 52. forming a secure 
fastener and panel assembly. 

Simultaneously. the slug 91 pierced from the panel is 
pressed by the splaying cone 85 against the convex conical 
bottom wall 42 of the recess 43 in the stud bolt 10. The 
opposed conical surfaces of the splaying cone 85 and the 
bottom wall 42 of the recess deform the slug 91 radially 
outwardly. ?rmly jamming the slug in the recess 43 against 
the inner wall. The bearing surface 32 of the body portion of 
the self-attaching bolt 10 is simultaneously pressed into the 
opposed surface of the panel 90 as shown in FIG. 6. As the 
bearing surface 32 is pressed into the panel surface. the 
riveted connection of the annular wall 46 and the panel 90 
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is formed. In the ?nal assembly. the annular wall 46 is 
located between the panel portion bearing against the annu 
lar wall and the panel slug 91. which is ?rmly jammed in the 
recess 43. The self-attaching bolt 10 is thus ?rmly and non 
rotatably mounted on the panel 90 in one continuous 
operation. without additional securing means or special 
forming operations. 
The panel slug 91 thus performs an important function in 

the installation process and becomes an integral part of the 
assembly in the stud-like fasteners shown in FIGS. 1 and 2 
having an enclosed recess 43. The slug is centered and 
supported on the free conical and 85 of the counter-hole die 
80 and is located in the annular wall recess generally at the 
location of the greatest inward stress. For example. the panel 
slug 91 is located at the opening of the recess 43 immedi 
ately following piercing. as shown in FIG. 5. thus preventing 
collapse of the annular wall as the pierced panel edge is 
deformed into the die cavity against the external surface of 
the annular wall. as shown. The slug is continuously moved 
into the recess as the annular wall 46 is deformed radially 
outwardly. reinforcing the annular wall during the radial 
deformation of the free end of the wall. Finally. the slug is 
deformed against the bottom wall 42 of the recess. as shown 
in FIG. 6. reinforcing the fastener and panel assembly and 
forming an integral part of the assembly. as described. 

It will be understood that the shape of the annular wall 46 
and the con?guration of the fastener portion will be depen‘ 
dent upon the particular function of the fastener. For 
example. the annular wall 46 may he cylindrical. hexagonal. 
octagonal or other annular con?gurations. The fastening 
portion 20 may he threaded or unthreaded. the shank may 
include. ball. clevis or other fastening means or the entire 
con?guration may be changed for a particular application. 

FIG. 7 illustrates another embodiment of the self 
attaching fastener of this invention in the form of a stud 
fastener 150. The stud fastener includes a head or body 
portion 152 in the form of a radial ?ange. an unthreaded 
shank portion 152 and a self-piercing and riveting annular 
wall 156. ‘The outer surface 158 of the annular wall in the 
disclosed embodiment is generally cylindrical and termi 
nates in a rounded driving and drawing surface 160. The 
annular wall includes a central recess 162 opening through 
the free end of the annular wall. The inner surface 164 of the 
annular wall is also generally cylindrical in the disclosed 
embodiment and terminates in a piercing surface 166 adja 
cent the free end of the annular wall. The recess 162 
terminates in a bottom wall 168. which in the disclosed 
embodiment is conical and concave. 
The top surface 170 of the head 152 provides an annular 

pressing surface adjacent the shank 154 of the stud and the 
bottom surface 172 of the head de?nes an annular bearing 
surface. as described above. The side surface 174 of the head 
smoothly blends into the bottom surface 172 in a rounded or 
arcuate surface 176 and the bottom surface 172 of the head 
smoothly blends into the outer surface 158 of the annular 
wall through a rounded or arcuate sin-face 178. It will be 
understood that “top” and “bottom” are relative terms 
depending upon the orientation of the stud fastener and are 
used herein only for descriptive purposes. As described 
above. the self-attaching fastener of this invention may be 
attached with the die member or button located either on the 
top or the bottom shoe of a die press. for example. Further. 
the annular wall 156 may be any annular con?guration. 
including cylindrical. hexagonal. octagonal. etc. The stud 
fastener of FIG. 7 is. however. a simpli?ed and therefore less 
expensive embodiment of the self-attaching fastener of this 
invention as the outer and inner surfaces (158 and 164) of 
the annular wall are parallel. 
















