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[57] ABSTRACT

A fastener having a shank with a head at one end and
a hardened penetrating portion at the opposite end
with a frustoconical exterior wall terminating in a pen-
etrating end. The penetrating portion includes a recess
having a transverse wall axially spaced from the pene-
trating end and at least a portion of the transverse wall
extends laterally outwardly of the penetrating end to
provide an undercut portion. The fastener is adapted
to be driven into a hard material so that the hard ma-
terial flows into the undercut portions of the fastener
without deforming the penetrating portion of the fas-
tener. ,

6 Claims, 27 Drawing Figures
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. DRIVEN FASTENER FOR LIMITED
" PENETRATION OF METAL

CROSS-REFERENCE TO RELATED APPLICATION

This application is a continuation-in-part of applica-
tion Ser. No. 172,381 filed Aug. 17, 1971 and now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to fasteners of vari-
ous kinds and relates particularly to fasteners which
penetrate into metal or other hard material for a lim-
ited distance but do not penetrate entirely through such
material.

2. Description of the Prior Art

Heretofore many fasteners such as nails, screws, riv-
ets and the like have been provided for attaching vari-
ous articles in assembled relationship. Frequently nails
.and screws do not penetrate entirely through the arti-
cles, while other fasteners such as other machine
screws, rivets and the like extend entirely through the
articles and are fastened thereto by nuts or by being
peened over.

Some efforts have been made to provide a fastener
adapted to penetrate a limited amount into hard mate-
rials such as sheet metal and the like ‘and to grip the
metal without penetrating entirely therethrough by de-
forming the penetrating portion of the fastener. An ex-
ample of this type of prior art structure is my U.S. Pat.
No. 3,095,777 in which a fastener is described having
a driven end which partially penetrates the metal and
the penetrating end is deformed to engage a mass to
form a swivel-type connection.

Other patents disclosing fasteners with points in
which portions are provided which are intended to en-
gage the material into which driven are represented by
patents such as Morahan U.S. Pat. No. 44,212 for boot
and shoe nails, Trimbach et al U.S. Pat. No. 1,871,481
for a wedge which is driven into wood, Tucker U.S. Pat.
No. 2,048,234 for a roofing nail, King U.S. Pat. No.
2,329,471 for an electrical terminal which is embedded
in a support, Stuber U.S. Pat. No. 2,346,625 for a
holder for venetian blinds which is embedded in a mass
of wood, Cohn U.S. Pat. No. 2,612,813 for an attaching
means for wood, Sanford U.S. Pat. No. 3,211,043 for
a toothed connector plate, and British' patent No.
21,737 of 1898 to Watwood for various types of
pronged connectors.

While these patents, except for my own patent dis-
close the general idea of fasteners with driven end por-
tions which engage the material, they are intended to
be embedded at a substantially greater depth and gen-
erally operate on different principles than that of the
present fastener.

SUMMARY OF THE INVENTION

The present invention is a fastener for limited pene-
tration into metal and which has a hardened penetrat-
ing portion terminating in a penetrating end and an in-
terior or central recess defining a transverse wall
spaced from the penetrating end. At least portions of
the transverse wall extend laterally outwardly beyond
the penetrating end to form an undercut portion of
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such configuration that when the fastener is driven, the

petietrating portion penetrates the sheet material to a
limited depth and causes the metal into which the fas-

cut portions so that a rigid and secure connection is
formed which substantially resists withdrawal of the
fastener from the metal or other materlal into which it
is driven.

It is an object of the invention to prov1de a fastener
having a hardened penetrating portion with an under-
cut recess for limited penetration into metal without
deforming the penetrating portion but causing the
metal into which the fastener is driven to be upset and
flow into the undercut portions to form a secure rigid
attachment without entirely penetrating the metal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective lllustratmg a first embodiment
of the invention.

FIG. 2 is an end elevation thereof.

FIG. 3 is a side elevation with portlons broken away
for clarlty

FIG. 4 is a sectional view illustrating one application
of the invention.

FIG. § is a fragmentary sectional view 1llustratmg a
first step in forming the fastener of FIG. 1.

FIG. 6 is a fragmentary sectional view illustrating a
second step in forming the fastener of FIG. 1.

FIG. 7 is a perspective illustrating a second embodi-
ment of the invention.

FIG. 8 is a fragmentary sectional view illustrating a
step in forming the fastener of FIG. 7.

FIG. 9 is a fragmentary sectional view illustrating an-
other step in the formation thereof.

FIG. 10 is a fragmentary sectional view illustrating
the fastener of FIG. 7 in use.

FIGS. 11 and 12 are fragmentary sectional views il-
lustrating the forming steps of a thlrd embodlment of
the invention.

FIG. 13 is a fragmentary sectional view illustrating
the fastener of FIGS. 11 and 12 in use.

FIG. 14 is a fragmentary sectional view of a step in
the formation of a fourth embodiment of the 1nvent10n

FIG. 15 is an end elevation thereof.

FIG. 16 is a fragmentary sectiona} view of another
step in the formation thereof.

FIG. 17 is an end elevation thereof.

FIG. 18 is a fragmentary side elevation illustrating
the use of the fourth embodiment.

FIG. 19 is a fragmentary sectional view of a first step
in the formation of a fifth embodiment of the invention.

FIG. 20 is an end elevation thereof.

FIG. 21 is a fragmentary section of a second step.

FIG. 22 is an end elevation thereof.

FIG. 23 is a fragmentary sectional view of a third step
on the line 23—23 of FIG. 24.

FIG. 24 is a section on the line 24-—24 of FIG. 23.

FIG. 25 is a fragmentary sectional view of a fourth
step on the line 25—25 of FIG. 26.

FIG. 26 is an end elevation thereof.

FIG. 27 is a fragmentary sectional view illustrating
the fifth embodiment in use.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Each embodiment of the fastener of the present in-
vention includes a head or driving end 30 on one end
of a shank 31 which may be of variable length accord-
ing to the application. The opposite end of the shank
includes a penetrating portion which penetrates only
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partially into metal or other relatively dense material.
The metal into which the fastener is driven can be rela-
tively soft thin sheet material or can be relatively hard
structural steel. The fasteners illustrated in FIGs. 1-13
normally partially penetrate sheet material such as
sheet steel and the fasteners illustrated in FIGS. 14-27
normally are used to partially penetrate structural steel
members.

With particular reference to FIGs. 1-6, the shank 31
terminates in a penetrating portion 32 having a rim 33
defined by an inner wall 34, an outer wall 35, and 2 for-
ward extremity or penetrating end 36. The outer wall
35 is spaced inwardly of the circumference of the shank
31 to provide a ledge 37 which restricts penetration of
the penetrating portion 32.

The rim 33 is disposed outwardly of an interior or
central portion 38 of substantially conical shape and
having an outer tapered wall 39 and a forward extrem-
ity or nose 40. The substantially facing inner wall 34 of
the rim 33 and the outer wall 39 of the interior portion
terminate in spaced relation, thereby providing a valley
or recess 41 with a bottom or generally transverse wall
42. The bottom 42 is located laterally outwardly of the
penetrating end 36 to provide an undercut. The pene-
trating end 36 and the nose 46 of the interior portion
lie in a common plane transverse to the axis of the fas-
tener.

The inner and outer walls of the rim 33 are inclined
at an angle toward the axis and in the direction from
the head or the driving end 30. This angle may be se-
lected according to the particular application, the
depth of penetration, the amount of driving force to be
applied, and the nature of the material into which it is
driven. For driving into ordinary sheet metal, it has
been found that the angle “x”’ of the inner wall 34 may
be on the order of approximately 10° and angle *y” of
the outer wall 35 may be approximately 25°. The angle
7 of the outer wall 39 of the interior portion is prefer-
ably greater than the angle x of the inner wall 34 in
order to provide a diverging valley 41 and may be on
the order of 20° or approximately 10° greater than that
of the angle x.

In order to form the penetrating portion 34, as illus-
trated in FIGS. § and 6, the shank 31 is formed of any
desirable material such as 1050 mild steel with the
outer wall 35 of the rim 33 being formed at an angle of
approximately 15° With the shank 31 being held in
fixed position, a forming die 45 having a conical recess
46 with an included angle of approximately 40° is
forced into the end of the shank for a desired distance.
The forming die 45 forms the frusto-conical central
portion 38 of the fastener and forms the inner wall 34
into a substantially cylindrical wall generally concen-
tric with the periphery of the shank. After the central
portion 38 has been formed by the die 48, a second
forming die 47 having a frusto-conical recess 48 is
forced onto the outer wall 35, as illustrated in FIG. 6.
The recess 48 is disposed at an included angle of ap-
proximately 50° so that the rim 33 and the penetrating
end 46 are compressed and moved inwardly so that the
bottom 42 of the valley 41 is undercut relative to the
penetrating end. After the penetrating portion 32 has
been formed, the fastener is heat treated and hardened
to a hardness of approximately Rockwell C 50-55.

With particular reference to FIG. 4, the fastener is
utilized to connect a material M to sheet material S. In
this modification, the material M is provided with a
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4

preformed hole H and the shank 31 of the fastener is
placed within such hole with the penetrating portion 32
engaging the sheet metal S. The sheet metal is placed
on a hard backing member or anvil A after which a
hammer (not shown) is used to drive the fastener into
the sheet metal. As the fastener is driven, material from
the sheet is upset and is forced to flow upwardly and
outwardly into the valley 41. Since the material within
the valley flows outwardly beyond the penetrating end
36, the fastener remains attached to the sheet metal S.
The penetrating portion 32 of the fastener is harder
than the metal of the sheet material and therefore the
penetrating portion retains its shape while the metal
into which the fastener is driven is forced to flow into
and completely fill the valley 41.

With reference to FIGS. 7-10, the fastener is pro-
vided with a generally rectangular shaped head 30’ so
that a plurality of fasteners can be connected together
by weakened portions to form a string of fasteners re-
ceived within a force applying gun or the like in the
manner of conventional staples. In this modification,
the penetrating portion 5@ includes an outer wall §1
and an inner wall 52 defining a rib 53. The inner wall
52 is connected to a substantially flat horizontally dis-
posed transverse wall 54 axially spaced from the pene-
trating end 55 and forming a recess 56. As illustrated
best in FIG. 8, the recess 56 can be formed by a form-
ing die 57 which is forced upwardly generally axially of
the shank 31. After the recess has been formed, a sec-
ond forming die 58 (FIG. 9) having a frusto-conical re-
cess 59 engages the outer wall 51 of the penetrating
portion 50 and causes the rib 53 to be bent inwardly
while compacting the penetrating end 55 until the inner
wall 52 is disposed at an angle of approximately 10° to
the axis of the shank 31.

In this embodiment, when the fastener is driven into
sheet metal, a column of metal passes into the recess 56
until such column engages the transverse wall 54 after
which the metal of the column is upset and forced to
flow outwardly to substantially completely fill the re-
cess.

The embodiment illustrated in FIGS. 11-13 is similar
to the embodiment shown in FIGS. 7-10 with the ex-
ception that a recess 61 is provided in the end of the
shank 31 and such recess includes a generally cylindri-
cal central portion 62 forming an integral part of the
shank. The central portion extends downwardly to a
position substantially coplanar with the penetrating end
63. In this modification, a forming die 64 having a cen-
tral opening 65 is forced into the end of the shank and
such central opening forms the cylindrical portion 62.
This modification is driven into sheet metal S and a
doughnut shaped column of metal enters the recess 61
until it reaches the upper transverse wall. Thereafter
metal in the column is forced to flow outwardly and
completely fill the recess.

The modifications illustrated and described thus far
are primarily for use with relatively soft sheet metal
such as low carbon sheet steel, aluminum and the like,
when driven by a blow from a hammer or impact gun.
The penetrating portion of each embodiment of the fas-
tener retains its initial shape and the impact forces the
sheet material to flow into the undercut portions of the
fastener. In each of these modifications, the undercut
portion extends substantially entirely around the recess
formed in the penetrating portion of the fastener and
when such fasteners are driven into hard material, such
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as low carbon structural steel having a hardness in the
range of Rockwell B58 to B85 and a thickness in the
range of 1/16 inch to 3% inch, the penetrating portion
has had a tendency to break along a line substantially
coextensive with the bottom of the valley or recess. In
order to provide a fastener for limited penetration into
structural steel members which will not break when
subjected to heavy impact blows, the embodiments il-
lustrated in FIGS. 14-27 have been provided.

With particular reference to FIGS. 14-18, the shank
31 is provided with a penetrating portion 69 including
a tapered outer wall 70 terminating in a penetrating
end 71. A recess or valley 72 is provided within the end
of the shank and such recess is defined by an inner wall
73 and a generally flat transverse wall 74. The inner
wall' 73 is tapered outwardly at an angle of approxi-
mately 20° to prov1de a chisel-shaped rim 75, .

The rim 75 is interrupted by a plurality of dovetail
slots 76 extending through the rim to the outer wall 70.
The wider portions of the dovetail slots are substan-
tially in alignment with and form extensions of the
. transverse wall 74 of the recess, while the narrower
portions of such dovetail slots are located at the pene-
trating end 71.

The dovetail slots can be formed in any desired man-
ner, as by extruding the end of the shank to the configu-
ration illustrated in FIG. 14 or forming the end of the
shank to this configuration by means of a forming die
(not shown). In this configuration, the upper portion of
the outer wall is formed to the desired finished taper
while the lower portion is generally cylindrical. The re-
cess 72 is formed in the end of the shank and thereafter
a plurality of straight-sided slots are cut or broached

. through the rim 75. After the slots have been formed, .

the shank is forced into a forming die 77 which upsets
the lower rim portions inwardly which in turn causes
the lower portions of the straight sides of the groove to
move toward each other and form dovetail grooves, as
illustrated in FIG. 16. It is contemplated that the dove-
tail slots could be produced by forming a continuous
rim 75 with the inner and outer walls disposed at an
angle to each other and thereafter the dovetail slots 76
could be broached in a conventional broaching opera-
tion.

After the fastenur has been heat treated and hard-
ened to a hardness of approximately Rockwell C 50-35,
the fastener can be driven into relatively hard struc-
tural steel. A heavy impact on the driving end of the
fastener causes the material into which the fastener is
being driven to be upset and to flow into the dovetail
slots 76 not only as the fastener is penetrating the
metal, but also after a column of metal engages the
transverse wall 74 and flows outwardly into the dovetail
slots. Due to the chisel-shaped cross-section of the rim
portions, the tendency to crack or break is greatly mini-
mized and therefore the fastener will be securely at-
tached to the structural steel by the material within the
dovetail grooves.

With particular reference to FIGS. 19-27, a fastener
is provided having undercut segments as disclosed in
the first three embodiments interspersed with chisel-
shaped segments as disclosed in the fourth embodiment
but with a substantially continuous penetrating end. In
this modification, the shank 31 is provided with a pene-
trating portion 80 having an inwardly tapered outer
wall 81 termmatlng at a penetrating end 82. A recess
83 is formed in the end of the shank 31 and such recess

10

20

25

35

45

50

55

65

6

is defined by a transverse wall 84 portions of which are
connected-to the penetrating end by an outwardly ta-
pered inner wall 85 defining chisel-shaped rim seg-
ments, and other portions of the transverse wall are
connected to the penetrating end by inwardly tapered
inner walls 86 defining undercut portions of the rim in-
terspersed between chisel-shaped portions.

In making the fastener of this embodiment, a conical
recess is initially formed in the end of the shank with
the side walls of the recess being tapered at an angle of
approximately 45° and terminating in the substantially
flat transverse wall 84. The recess can be formed in-any
desired manner, as by a forming die (not shown). In the
next step the end of the shank is forced into a frusto-
conical recess 87 of a forming die 88 so.that the end of
the shank is compressed and forced inwardly to an in-
termediate position forming a rim 89 having an in-
wardly tapered outer wall 81 and an outwardly tapered
inner wall 85. In the next step (FIGS. 23 and 24) a
fluted forming die 80 having a plurality of recesses 91
located between land areas 92 is forced into the recess
83 of the shank. The land areas 92 of the forming die
90 cut a plurality of straight-sided grooves into the out-
wardly tapered inner wall 84 of the recess 83.

Thereafter a forming die 95 is forced onto the end of
the shank to further compact the penetrating end 82
and increase the angle of taper of the outer wall 81 to
a finished angle of approximately 25°. Increasing the
angle of the outer wall causes the inner wall portions 86
to assume an inwardly tapered configuration to provide
an undercut portion. After the fastener has been heat
treated and hardened, a heavy impact on the driving
end of the fastener causes the fastener to penetrate
structural steel without deforming the penetrating por-
tion 80.

When the fastener is being driven, the chisel-shaped
segments of the rim 89 cause the material into which
the fastener is being driven to be upset and flow into
the recess 83 as well as into the undercut segments lo-
cated between the chisel-shaped segments. Addition-
ally, a column of material in the undercut segments
bottoms against the transverse wall 84 and is forced to
flow outwardly into the undercut portions to securely
connect the fastener to the structural steel member. Al-
though the fastener of this embodiment is provided
with undercut segments, the tendency of the rim 89 to
bend inwardly in the area of such undercut segments is
greatly reduced since such undercut segments are sup-
ported at each side by chisel-shaped segments.

In operation, each embodiment of the fastener is pro-
vided with a penetrating portion having an inwardly ta-
pered outer wall terminating in a penetrating end and
a recess having a transverse wall spaced axially in-
wardly from such penetrating end. At least a portion of
the transverse wall is located outwardly of the penetrat-
ing end so that each of the fasteners is provided with
undercut portions into which metal is forced to flow.
When an impact or driving force is applied to the head
of the fastener, the material into which the fastener is
being driven. enters the recess in the end of the shank
until it engages the transverse wall after which such
metal is forced outwardly into the undercut portions to
firmly secure the fastener to the metal. When a fastener
is being driven into sheet material, a relatively light im-
pact or driving blow can be applied to the head of the
fastener and when the fastener is being attached to a
relatively hard structural steel member, a heavy impact
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force or blow substantially equal to a 3 pound weight
dropped twice from a 3 foot height onto a % inch diam-
eter fastener is required to cause penetration of the fas-
tener into the metal. After the fastener has been at-
tached, a force of approximately 200 to 300 pounds is
required to remove the fastener depending upon the
hardness of the material.

I claim:

1. A fastener for limited penetration into metal com-
prising a smooth generally cylindrical shank with an en-
larged head at one end and a rigid substantially non-
deformable penetrating portion at the other end, said
head being engageable by an impact force which is ap-
plied generally axially of said shank, said penetrating
portion having a generally circumferentially continu-
ous frusto-conical exterior wall tapering inwardly to-
wards the axis of said shank in a direction away from
the head and terminating in a penetrating end, said
penetrating portion having a recess defined by an inner
wall extending from said penetrating end to an abut-
ment wall spaced axially inwardly therefrom, at least
portions of said abutment wall extending laterally out-
wardly of the iinner periphery of said penetrating end,
at least portions of said inner wall being inclined out-
wardly at an angle of substantially 10° from said pene-
trating end to said portions of said abutment wall to
provide significant undercut portions, and said pene-
trating portion being hardened so that it is harder than
the metal into which it is to be driven, whereby when
said fastener is driven substantially axially into metal by
impact, the driving force causes said penetrating por-
tion to penetrate the metal until the metal engages said
abutment wall and is diverted outwardly into said un-
dercut portions to secure the fastener to the metal and
resist withdrawal of the fastener from the metal.

2. The structure of claim 1 including a central por-
tion within said recess, said central portion extending
from said abutment wall to a position substantially co-
extensive with said penetrating end.

3. The structure of claim 2 in which said central por-
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8

tion is substantially conical in cross-section.

4. The structure of claim 2 in which said central por-
tion is substantially cylindrical.

5. The structure of claim 1 in which other portions of
said inner wall are inclined inwardly from said pene-
trating end to other portions of said abutment wall to
provide segments with said exterior wall which are gen-
erally conical in cross-section.

6. A fastener for limited penetration into metal com-
prising a generally cylindrical shank having an enlarged
head at one end and a substantially non-deformable
penetrating portion at the other end, said head being
engageable by an impact force generally axially of said
shank, said penetrating portion including a circumfer-
entially continuous exterior wall tapering inwardly to-
wards the axis of said shank in a direction away from
said head and terminating in a flattened penetrating
end having inner and outer peripheries, said penetrat-
ing portion having a recess defined by an inner wall ex-
tending upwardly from the inner periphery of said pen-
etrating end to a substantially transverse wall spaced
axially therefrom, at least portions of said transverse
wall extending laterally outwardly of the inner periph-
ery of said penetrating end, at least portions of said
inner wall being inclined outwardly at an angle of sub-
stantially 10° from said penetrating end and connected
to said portions of said transverse wall to provide signif-
icant undercut portions, a substantially conical central
portion extending downwardly from said transverse
wall to a position substantially co-extensive with said
penetrating end, and said penetrating portion being
hardened to retain the shape thereof when driven,
whereby when said fastener is driven substantially axi-
ally into metal by impact, the driving force causes said
penetrating portion to penetrate the metal so that the
metal engages said central portion and is diverted out-
wardly to said transverse wall and into said undercut

portions to secure the fastener to the metal.
k% ok *



