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(57) Abrége/Abstract:

As formed from a predetermined length of carbon steel wire, such as AlS| C 1062 steel wire or high-manganese carbon steel
wire, In seguential forming, rolling, and austempering steps, a pin for axial, non-rotational penetration into a steel, concrete, or
masonry substrate has a head, a tapered shank, a point having a tip, and a transition zone between the tapered shank and the
head. The head has an outer diameter at least about 2.6 times greater than the initial diameter of the wire predetermined length.
The smaller end of the tapered shank has a diameter about 0.6 times the Initial diameter thereof. The larger end of the tapered
shank has a diameter about 0.7 times the Initial diameter thereof. The point Is joined unitarily to the smaller end of the tapered
shank and conforms except at the tip, which is rounded, substantially to a tangent ogive, which Is tangent to the tapered shank.
The transition zone has a tapered portion with a smaller end joined unitarily to the larger end of the tapered shank and a with
larger end joined unitarily to the head at a circumferential fillet. The larger end of the tapered portion of the transition zone has a
diameter about 1.1 times greater than the initial diameter of the wire predetermined length. The axial length of the transition zone
IS less than about one half of the axial length of the tapered shank. The austempering step provides the pin with a surface

hardness not greater than about Rockwell C 48 and with a core hardness In a range from about Rockwell C 48 to about
Rockwell C 58.
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HARDENED STEEL PIN, PIN AND WASHER FASTENER,
WASHER FOR FASTENER, AND PIN-MAKING METHOD

ABSTRACT

As formed from a predetermined length of carbon steel wire, such as AISI
C 1062 steel wire or high-manganese carbon steel wire, in sequential forming,
rolling, and austempering steps, a pin for axial, non-rotational penetration into a
steel, concrete, or masonry substrate has a head, a tapered shank, a point having
a tip, and a transition zone between the tapered shank and the head. The head has
an outer diameter at least about 2.6 times greater than the initial diameter of the
wire predetermined length. The smaller end of the tapered shank has a diameter
about 0.6 times the initial diameter thereof. The larger end of the tapered shank
has a diameter about 0.7 times the initial diameter thereof. The point is joined
unitarily to the smaller end of the tapered shank and conforms except at the tip,
which is rounded, substantially to a tangent ogive, which is tangent to the tapered
shank. The transition zone has a tapéred portion with a smaller end joined
unitarily to the larger end of the tapered shank and a with larger end joined
unitarily to the head at a circumferential fillet. The larger end of the tapered
portion of the transition zone has a diameter about 1.1 times greater than the initial
diameter of the wire predetermined length. The axial length of the transition zone
1s less than about one half of the axial length of the tapered shank. The
austempering step provides the pin with a surface hardness not greater than about

Rockwell C 48 and with a core hardness in a range from about Rockwell C 48 to
about Rockwell C 58.




10

15

20

25

30

CA 02254250 1998-11-18

ITW CASE 8022
TITLE OF THE INVENTION

HARDENED STEEL PIN, PIN AND WASHER FASTENER,

WASHER FOR FASTENER, AND PIN-MAKING METHOD
TECHNICAL FIELD OF THE INVENTION

This invention pertains to a steel pin for axial, non-rotational penetration
Into a steel, concrete, or masonry substrate, to a fastener comprising such a pin and
a steel washer, and to a steel washer useful in the fastener. This invention also
pertains to a method of makihg such a pin.

BACKGROUND OF THE INVENTION

As exemplified in Almeras et al. U.S. Patent No. 4,824,003, which issued
to Societe de Prospection et d’Inventions Techniques S.P.I.T. of Paris, France, it
is known to provide a steel pin having a head, a shank, and a point with a steel
washer having an outer diameter equal approximately to the outer diameter of the
head, for guiding the steel pin 1n the muzzle, barrel, or nosepiece of a driving or
setting tool. The steel washer is carried on the shank, in axially spaced relation
to the head, and i1s movable toward the head when the pin with the washer 1s driven
forcibly into a substrate, either directly or through a workpiece, so that the washer
bears against the substrate or the workpiece. As exemplified therein, the steel
washer also performs an energy-absorbing function.

As exemplified by a steel pin made and sold by Societe de Prospection et
d’Inventions Techniques S.P.1.T., supra, under Product Designation SBR 14, it is
known for the steel pin to have a head, an ogival point, a knurled shank, which is
not tapered, and a transition zone having a tapered portion between the knurled
shank and the head. The SBR 14 pin is made from carbon steel having a carbon
content in a range from 0.58 percent to 0.62 percent.

As known heretofore, the steel pin can be made from a predetermined
length of carbon steel wire, which has a carbon content not less than 0.35 percent
and which can be surface hardened or through hardened. AISI C 1038 steel, which
has a carbon content in a range from 0.35 percent to 0.41 percent, can be thus

used. Moreover, the predetermined length of carbon steel wire is formed in an
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initial step so as to form an intermediate part, which has a head to become the head
of the steel pin, a shank to become the shank of the steel pin, and an end portion,
on which the point is formed in a further step. As known heretofore, the point 1s
formed by rotary swaging or by so-called "pinch pointing"“, which refers to forging
between two forging dies.

SUMMARY OF THE INVENTION

This invention provides improvements in a steel pin for axial, non-rotational
penetration into a steel, concrete, or masonry substrate, in a steel washer useful
with the steel pin, in a fastener comprising the steel pin and the steel washer, and
in a method of making the steel pin. The fastener is designed to be forcibly driven
so that the steel pin is driven into a steel, concrete, or masonry substrate, either
directly or through a workpiece.

As improved by this invention, the steel pin is made from a predetermined
length of carbon steel wire having an initial diameter and having a carbon content
in a range from about the carbon content of AISI C 1038 steel to about the carbon
content of AISI C 1065 steel. AISI C 1062 steel wire 1s preferred for thé
predetermined length of carbon steel wire. Broadly, the steel pin comprises a
head, a tapered shank, a point, and a transition zone.

The head of the steel pin has an outer diameter at least about 2.6 times
greater than the initial diameter of the predetermined length of carbon steel wire.

Thus, the steel pin differs matenally from the pridi? pin sold under Product

Designation SBR 14, in which the head had an outer diameter about 2.3 times the
initial diameter of the predetermined length of carbon steel wire used to make the
prior pin sold thereunder. Heretofore, it was thought that the maximum diameter
of the head of a pin in this carbon range was about 2.3 times the initial diameter,
because the pins would be inconsistent due to non-round heads or to cracks caused
by over work-hardening.

The tapered shank of the steel pin defines a comparatively smaller conical
angle and has a smaller end and a larger end. Its smaller end has a diameter
smaller than the initial diameter of the predetermined length of carbon steel wire,
preferably being about 0.6 times the initial diameter thereof. Preferably, the larger
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end of the tapered shank has a diameter about 0.7 times the initial diameter of the
predetermined length of carbon steel wire. The tapered shank pin is especially
useful in attaching to a bar joist because it develops sufficient holding power by
continuously sizing the hole that it forms in the bar joi'sf."\

Being joined unitarily to the smaller end of the tapered shank, the point
conforms substantially to an ogive, preferably to tangeat ogive, which is tangent
to the tapered shank. Although the point conforms substantially to an ogive, the
point may have a rounded tip.

The transition zone has a tapered portion defining a comparatively larger
conical angle between the tapered shank and the head. The tapered portion of the
transition zone has a smaller end joined unitarily to the larger end of the tapered
shank. The tapered portion thereof has a larger end joined unitarily to the head.

Preferably, the larger end of the tapered portion of the transition zone has
a diameter about 1.1 times the initial diameter of the predetermined length of
carbon steel wire. Preferably, the tapered shank defines a conical angle (total
taper) 1n a range from about 2° to about 4°, and the axial length of the transition
zone is less than about one half of the axial length of the tapered shank.

As 1mproved by this invention, the steel washer is annular and has an

pin-engaging surfaces spaced angularly from one ano;her. Each pin-engaging
surface conforms essentially to a cylindrical section. Collectively, the pin-engaging
surfaces encompass a minor portion of a complete cylinder, not less than about one
third of a complete cylinder.

Preferably, the margin of the central aperture of the washer defines exactly
four of the pin-engaging surfaces, which are spaced regularly from one another.
Preferably, moreover, each pin-engaging surface is configured so as to encompass
about one twelfth of a complete cylinder.

The steel washer improved by this invention can be advantageously
combined with a steel pin, such as the steel pin improved by this invention, to

provide an improved fastener. In the improved fastener, the annular periphery of
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the washer has an outer diameter equal approximately to the outer diameter of the
head and wherein the central aperture of the washer enables the washer to be
tightly fitted over the tapcred shank, near the smaller end of the tapered shank,
when the pin and washer assembly is assembled. Thus, when the fastener is driven
forcibly so that the pin is driven into a steel, concrete, or masonry substrate, the
washer and the head are arranged to guide the fastener through the muzzle, barrel,
or nosepiece of the driving or setting tool and the washer is arranged to be forcibly
moved along the tapered shank, toward the larger end of the tapered shank, as the
pin enters the substrate.

As 1improved by this invention, the method of making a steel pin for axial,
non-rotational penetration of a steel, concrete, or masonry substrate, such as the
steel pin improved by this invention, contemplates making the steel pin from a
predetermined length of carbon steel wire with an initial diameter and with a
carbon content 1n a range from about the carbon content of AISI C 1038 steel to
about the carbon content of AISI C 1065 steel, preferably from a predetermined
length of AISI C 1062 steel wire, by successive forming, rolling, and heat treating
steps.

In the forming step, which may be also called a heading step, the
nredetermined length of carbon steel wire is formed so as to form an intermediate
part, which is elongate and which has a head on one end and a shank between its
ends. If the shank 1s tapered, it is generally tapered m the forming step. In the
rolling step, the intermediate part is rolled so as to form a point conforming
substantially to a tangent ogive, which is tangent to the shank, whereby a pin is
formed. If the shank is knurled, it is knurled in the rolling step. In the heat
treating step, the pin is hardened, preferably by austempering so as to provide the
pin with a surface hardness of not greater than Rockwell C 52, preferably not
greater than Rockwell C 48. The core hardness is preferably between Rockwell
C 48 and Rockwell C 58. Optionally, the pin is decarburized in a conventional
manner, after the rolling step, before the heat treating step.
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These and other objects, features, and advantages of this invention are
evident from the following description of a preferred mode for carrying out this

invention, with reference to the accompanying drawings.

" " BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a fragmentary perspective view of a fastener comprising a steel
pin and a steel washer and constituting a preferred embodiment of this invention,
as used to fasten a steel decking member to a steel bar joist.

Figure 2, on an enlarged scale, is an elevational view of the steel pin and
a cross-sectional view of the steel washer, after the steel pin and the steel washer
have been combined to provide the fastener and before the fastener has been

driven.

Figure 3, on a similar scale, is an elevational view of an intermediate part,
after a predetermined length of carbon steel wire has been formed to form the
Intermediate part and before the intermediate part has been rolled to form the steel
pin.

Figure 4, on a similar scale, is a plan view of the steel washer, as seen

from above.

Figure 5, on a similar scale, is a sectional view of the steel washer, as taken
along line 5--5 of Figure 4, in a direction indicated by arrows.

Figure 6 is a further enlarged, fragmentary detail, as taken from Figure 4.

Figures 7, 8, and 9 are schematic views of initiai, intermediate, and final
stages 1n a rolling process, as seen from below, in which the intermediate part is
rolled between two rolling dies to form the steél pin.

Figures 10, 11, and 12 are schematic views of the same stages of the rolling
process, as seen from one end of the rolling dies.
DETAILED DESCRIPTION OF THE PREFERRED MODE

As shown 1n Figure 1, an improved fastener 10 comprising a steel pin 100
in an improved form to be later described and a steel washer 200 in an improved
form to be later described and constituting a preferred embodiment of this invention
is useful for fastening a steel decking member 12, which is made from thin sheet

steel oftentimes of 18 to 22 gauge, to a steel bar joist 14 of a thickness of 0.125
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inch to about 0.1875 inch and a minimum tensile strength of 36,000 psi. Here, the decking
member 12 1s regarded as a workpiece and the bar joist 14 is regarded as a substrate. The

fastener 10 1s shown in Figure 2, as assembled from the pin 100 and the washer 200, before

the fastener 10 is driven.

In a preferred application of this invention, the fastener 10 can be forcibly driven
by a fastener—driving tool, such as a powder—actuated tool, as exemplified by the powder—
actuated, nosepiece—equipped, fastener—driving tool disclosed in Dewey et al U.S. Patents No.
5,193,729, No. 5,199,506 and No. 5,199,625, the disclosures of which may be referred to for

further details. If such a tool is used, the fastener 10 is sized to be axially guided in its

nosepiece, in a manner to be later described.

In an alternative application of this invention, the fastener 10 can be forcibly driven
by a powder—actuated, fastener—driving tool, as exemplified by the powder—actuated, muzzle—
equipped, fastener—driving tool disclosed in Almeras et al U.S. Patent No. 4,824,003, the
disclosure of which may also be referred to for further details. If such a tool is used, the

fastener 10 1s sized to enable the fastener 10 to be muzzle—loaded, in a manner disclosed

therein.

Broadly, the steel pin 100 comprises a head 110, a shank 120, a point 130 and a
transition zone 140 between the shank 120 and the head 110. The washer 200 is carried on
the shank 120, 1n axially spaced relation to the head 110 and 1s movable toward the head 110

when the fastener 10 1s driven forcibly through the decking member 12, into the bar joist 14,

so that the washer 200 bears against the decking member 12.

The tapered shank 120 of the steel pin 100 defines a conical angle, (total taper),
preterably 1n a range from about 2° to about 4° and has a knurled surface 122, a smaller end
124 and a larger end 126. The smaller end 124 has a diameter smaller than the initial diameter
of the predetermined length of carbon steel wire, preferably being about 0.6 times the initial
diameter thereof. The larger end 126 has a diameter about 0.7 times the initial diameter of the

predetermined length of carbon steel wire.
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Being joined unitarily to the smaller end 124 of the tapered shank 120, the

point 130 has a tip 132 and conforms except at the tip 132, which is rounded,

substantially to a tangent ogive, which is tangent to the tapered shank 120.

Being between the tapered shank 120 and the head 110, the transition zone
140 has a tapered portion 142 defining a comparatively larger conical angle,
preferably a conical angle (total taper) of about 40°. The tapered portion 142 has
a smaller end 144 joined unitarily to the larger end 126 of the tapered shank 120.
The tapered portion 142 has a larger end 146 joined unitarily to the head 110, via
a circumferential fillet 148, which is regarded as an integral part of the transition
zone 140.

The larger end 146 of the tapered portion of the transition zone has a
diameter larger than the initial diameter of the predetermined length of carbon steel
wire, preferably about 1.1 times the initial diameter thereof. The axial
predetermined length of the transition zone 140, which includes the circumferential
fillet 148, is less than about one half of the axial length of the tapered shank 120.
It is convenient next to describe the material used to make the steel pin 100.

The steel pin 100 is made from a predetermined length of carbon steel wire,
which has a carbon content in a range from about the carbon content of AISI C
1038 steel, which has a carbon content from 0.35 percent to 0.38 percent, to about
the carbon content of AISI C 1065 steel, which has a carbon content from 0.60
percent to 0.70 percent. A high-manganese carbon steél having a carbon content
in a similar range, such as AISI C 1562 high-manganese carbon steel, can be
alternatively used. In a preferred mode for carrying out this invention, a
predetermined length of AISI C 1062 steel wire is used, which has an initial
diameter of about 0.208 inch.

In an alternative embodiment, such as a pin for fastening to thinner steel,
a lower core hardness for the pin may be used, so that a lower carbon wire may
be used to create the pin. Also, a more aggressive knurl may be preferred in this
application, possibly a knurl with a slight helix.

In a preferred mode for carrying out this invention, the steel pin 100 has

novel proportions, which may be conveniently referenced to the initial diameter of
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the predetermined length of carbon steel wire used to make the pin 100. The head
110 has an outer diameter at least about 2.6 times greater than the initial diameter
of the predetermined length of carbon steel wire. The tapered shank 120 has a
larger end 122, which has a diameter about 0.7 times the initial diameter of the
predetermined length of carbon steel wire, and the larger end of the tapered portion
of the transition zone has a diameter about 1.1 times the initial diameter of the
predetermined length of carbon steel wire.

In an initial step, which is a forming step that may be also called a heading
step and which is performed with conventional head-forming equipment for
forming heads on pins or screws, the predetermined length of carbon steel wire is
formed so as to form an intermediate part 150, which is elongate and has a headed
end 152 and an opposite end 154. Suitable head-forming equipment 1s available
commercially from National Machinery Company of Tiffin, Ohio, under Model 56.

As shown in Figure 3, the intermediate part 150 has the head 110, which
is formed on the headed end 152, the shank 120, which 1s tapered but not yet
knurled, the transition zone 140, which is disposed between the head 110 and the
shank 120, and the opposite end 154. In a further step to be next described, the
point 130 is formed on the opposite end 154, and the tapered shank 120 may be
knurled. It is preferred for‘ the tapered shank 120 to be knurled.

In the further step, which is a rolling step performed with conventional
form-rolling equipment for rolling threads on screws, tﬁe intermediate part 150 1s
rolled between two rolling dies D,, D,, which employ the head 110 as a datum and
which are configured suitably. Suitable form-rolling equipment is available
commercially from E. W. Menn GmbH Maschinenfabrik of Hilgenbach, Germany,
under Model GW 120-H.

As the rolling dies undergo relative movement from an initial stage shown
schematically in Figures 7 and 10, through an intermediate stage shown
schematically in Figures 8 and 11, to a final stage shown schematically in Figures
9 and 12, the intermediate part 150 is rolled so as to form the point 130 and so as
to knurl the tapered shank 120, if the tapered shank 120 is to be knurled, whereby
the pin 100 is formed. As formed in the rolling step, the point 130 has a tip 132
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and conforms except at the tip 132, which 1s rounded, substantially to a tangent
ogive, which is tangent to the tapered, knurled shank 120. A fragment 156 of the
pointed end 154 is removed at the end of the die travel. It has been found that
relatively long dies are preferable so that the movement of material in the win 18
slow and the point of the pin is not overheated, and thus over work-hardened,
whereby a uniform, smooth surface results, without laps or seams.

In a final step, which is an austempering step performed with conventional
heat treating equipment, the pin 100 is austempered so as to have a surface
hardness not greater than about Rockwell C 48, or not greater than about Rockwell
C 52 if the tapered shank 120 is not knurled, and a core hardness in a range from
about Rockwell C 48 to about Rockwell C 58. Suitable heat treating equipment 1s
available commercially from numerous sources. Optionally, the pin 100 1s
decarburized in a conventional manner, after the rolling step, before the
austempering step.

The steel washer 200 is stamped from a sheet of carbon steel, such as AISI
C 1038 steel, which is preferred. Being annular, the washer 200 has an annular
periphery 202 and a central aperture 210, which has a margin 212 with a novel
configuration. The washer 200 is solid between the annular periphery 202 and the
margin 212 of the central aperture 210. The margin 212 of the central aperture
210 defines four pin-engaging protrusions 214, which have concave pin-engaging
surfaces 216, which are similar to one another, and which are spaced angularly and
regularly from one another by four similar recesses 218. Before the washer 200
is fitted onto the pin 100, each pin-engaging surface 216 conforms essentially to
a section of an imaginary cylinder of a given diameter. Each recess 218 conforms
essentially to a section of an imaginary cylinder of a larger diameter.

Collectively, as contemplated by this invention, the pin-engaging surfaces
216 encompass a minor portion of a complete cylinder. As shown, in the preferred
mode for carrying out this invention, each pin-engaging surface 216 encompasses
about 30°, which is one twelfth of a complete cylinder. Collectively, 1n the
preferred mode for carrying out this invention, the pin-engaging surfaces 216

encompass about one third of a complete cylinder.
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In the improved fastener 10, the annular periphery 202 of the washer 200
has an outer diameter equal approximately to the outer diameter of the head 110
of the pin 100. Further, the central aperture 210 of the washer 200 enables the
washer 200 to be tightly fitted over the taperéd shank 120 of the pin 100, near the
smaller end 124 of the tapered shank 120, when the fastener 10 1s assembled.
Thus, there is sufficient contact area that when the fastener 10 is driven by a
powder-actuated tool or an equivalent tool and 1s accelerated, the washer 200 does
not move significantly along the tapered shank 120 but stays near the point 130.
Being spaced axially, the washer 200 and the head 100 of the pin guide the fastener
10 without permitting the fastener 10 to tumble in the nosepiece of a nosepiece-
equipped, fastener-driving tool, as discussed above.

Also, when the fastener 10 is driven, the washer 200 1s arranged to be
forcibly moved along the tapered shank 120, toward the larger end 126 of the
tapered shank 120, when the washer 200 engages a workpiece or a substrate.
Because the pin-engaging surfaces 214 of the washer 200 encompass about one
third of a complete cylinder, the pin-engaging surfaces 214 limit potential damage
to the knurled surface 122 of the tapered shank 120 of the pin 100 when the washer
200 is moved along the tapered shank 120, toward the larger end 126 of the
tapered shank 120.

Various modifications may be made in the preferred mode for carrying out

this invention without departing from the scope and spirit of this invention.
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The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows:

1. A pin for axial, non—rotational penetration into a steel, concrete, or masonry
substrate, said pin formed from a with predetermined length of carbon steel wire with an initial
diameter and with a carbon content in a range from about the carbon content of AISI C 1038
steel to about the carbon content of AISI C 1065 steel, the pin having a surface hardness not
greater than about Rockwell C 52 and a core hardness in a range from about Rockwell C 48

to about Rockwell C 58 and comprising:

() a head having an outer diameter at least about 2.6 times greater than the
initial diameter of the predetermined length of carbon steel wire;

(b) a tapered shank defining a conical angle and having a smaller end and a
larger end, the smaller end of the tapered shank having a diameter smaller than the initial
diameter of the predetermined length of carbon steel wire;

(C) a point joined unitarily to the smaller end of the tapered shank and

conforming substantially to an ogive; and

(d) a transition zone having a tapered portion defining a conical angle
between the tapered shank and the head, the transition zone having a smaller end joined
unitarily to the larger end of the tapered shank and a larger end joined unitarily to the head,
wherein the conical angle defined by the tapered portion of the transition zone 1s larger than

the conical angle defined by the tapered shank.

2. The pin of claim | wherein the point conforms substantially to a tangent ogive,

which 1s tangent to the tapered shank.

3. The pin of claim 1 wherein the smaller end of the tapered shank has a diameter

about 0.6 times the initial diameter of the carbon steel wire.

4. The pin of claim 3 wherein the larger end of the tapered portion of the transition
zone has a diameter greater than the initial diameter of the predetermined length of carbon steel

wire.
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5. The pin of claim 4 wherein the larger end of the tapered shank has a diameter
about 0.7 times the initial diameter of the predetermined length of carbon steel wire and

wherein the larger end of the tapered portion of the transition zone has a diameter about 1.1

times the 1initial diameter of the predetermined length of carbon steel wire.

6. The pin of claim 5 wherein the tapered shank defines a conical angle in a range
from about 2° to about 4° and has an axial length and wherein the transition zone has an axial

length, which 1s less than about one half of the axial length of the tapered shank.

7. The pin of any one of claims 1 through 6 wherein the tapered shank 1s knurled.
8. The pin of claim 7 wherein the point has a rounded tip.
9. The pin of any one of claims 1 through 6, as formed from a predetermined

length of AISI C 1062 steel wire, with a surface hardness not greater than about Rockwell C

48 and with a core hardness in a range from about Rockwell C 48 to about Rockwell C 53.

10. The pin of claim 7, as formed from a predetermined length of AISI C 1062 steel
wire, with a surface hardness not greater than about Rockwell C 48 and with a core hardness

in a range from about Rockwell C 48 to about Rockwell C 358.

11. The pin of any one of claims 1 through 5, as formed from a length of high-

manganese carbon steel wire having a carbon content in the same range.

12. A method of making a steel pin for axial, non—rotational penetration of a steel,
concrete, or masonry substrate, from a predetermined length of carbon steel wire with an initial
diameter and with a carbon content in a range from about the carbon content of AISI C 1038
steel to about the carbon content of AISI C 1062 steel, the method comprising the steps of:

(a) forming the predetermined length of carbon steel wire so as to form an
intermediate part, which i1s elongate and which has two ends, a head on one end of the
intermediate part and a shank between the ends of the intermediate part;

(b) rolling the intermediate part so as to form a point conforming
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substantially to an ogive, upon the second end of said intermediate part, whereby a pin 1is

formed; and

(¢) heat treating the pin so as to harden the pin.

13. The method of claim 12 wherein the intermediate part 1s rolled so as to form the

point conforming substantially to a tangent ogive, which 1s tangent to the shank.

14, The method of claim 12 wherein the heat treating step comprises austempering

the pin so as to provide the pin with a surface hardness not greater than about Rockwell C 48.

15. The method of claim 12 wherein the heat treating step comprises austempering

the pin so as to provide the pin with a core hardness in a range from about Rockwell C 48 to

about Rockwell C 58.

16. The method of claim 12 wherein the heat treating step comprises austempering
the pin so as to provide the pin with a surface hardness not greater than about Rockwell C 43

and with a core hardness in a range from about Rockwell C 48 to about Rockwell C 53.

17. The method of claim 16 wherein the predetermined length of carbon steel wire
is formed in the forming step so that the head has an outer diameter at least about 2.6 times

greater than the initial diameter of the predetermined length of carbon steel wire.

18. The method of claim 17 wherein the predetermined length of steel wire is formed

in the forming step so that the shank is tapered between a larger end, which 1s nearer to the

head and a smaller end, at which the point is formed.

19. The method of claim 18 wherein the predetermined length of carbon steel wire

is formed in the forming step so that smaller end of the tapered shank has a diameter about 0.6

times the initial diameter of the carbon steel wire.

20. The method of claim 19 wherein the predetermined length of carbon steel wire

is formed in the forming step so that the intermediate part has a transition zone having a
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tapered portion with a smaller end, which is joined unitarily with the larger end of the tapered

shank and with a larger end, which is joined unitarily to the head.

21. The method of claim 20 wherein the predetermined length of carbon steel wire
1s formed 1n the forming step so that the larger end of the tapered portion of the transition zone

has a diameter greater than the initial diameter of the predetermined length of carbon steel wire.

22. The method of claim 21 wherein the predetermined length of carbon steel wire
1s formed 1n the forming step so that the larger end of the tapered shank has a diameter about
0.7 times the initial diameter of the predetermined length of carbon steel wire and wherein the

larger end of the tapered portion of the transition zone has a diameter about 1.1 times the 1nitial

diameter of the predetermined length of carbon steel wire.

23. The method of any one of claims 12 through 22 wherein the predetermined

length of carbon steel wire 1s rolled in the rolling step so that the shank 1s knurled between the

larger and smaller ends of the shank.

24, The method of any one of claims 12 through 22 wherein the pin i1s formed from

a predetermined length of AISI C 1062 steel wire.

25. The method of claim 24 wherein the predetermined length ot AISI C 1062 steel

wire is rolled in the rolling step so that the shank is knurled between the larger and smaller

ends of the shank.

26. The method of any one of claims 12 through 22 wherein the pin is formed from

a predetermined length of high-manganese carbon steel wire having a carbon content 1n the

same range.

27. A pin, for axial, non—-rotational penetration into a steel, concrete, or masonry
substrate so as to secure a workpiece to the steel, concrete, or masonry substrate when said pin
is driven into the steel, concrete, or masonry substrate by a fastener—driving tool, comprising:

a tapered shank defining a predetermined conical angle and having a smaller end
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and a larger end;

a head joined to said larger end of said tapered shank and having an outer

diameter dimension;

a point joined unitarily to said smaller end of said tapered shank and conforming

substantially to an ogive; and

a transition zone having a tapered portion defining a predetermined conical angle
and interposed between said tapered shank and said head such that said transition zone has a
smaller end joined unitarily to said larger end of said tapered shank and a larger end joined
unitarily to said head, wherein said outer diameter dimension of said head 1s approximately 2.36

times greater than said larger end of said tapered portion of said transition zone.

28. The pin of claim 27 wherein the point conforms substantially to a tangent ogive,

which 1s tangent to the tapered shank.

29. The pin of claim 27 wherein the tapered shank defines a conical angle 1n a range
from about 2° to about 4° and has an axial length and wherein the transition zone has an axial

length which is less than about one half of the axial length of the tapered shank.

30. The pin of claim 27 wherein the tapered shank is knurled.
31. The pin of claim 30 wherein the point has a rounded tip.
32. The pin as set forth in claim 27, wherein:

said pin is fabricated from a predetermined length of carbon steel wire which has
a carbon content which is within a range from about the carbon content of AISI C 1038 steel
to about the carbon content of AISI C 1065 steel and wherein the surface hardness is not

greater than about Rockwell C 52.

33. The pin of claim 32, as formed from a predetermined length of AISI C 1062
steel wire, with a surface hardness not greater than about Rockwell C 48 and with a core

hardness in a range from about Rockwell C 48 to about Rockwell C 38.
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34, The pin of claim 32, as formed from a length of high-manganese carbon steel

wire having a carbon content in the same range.

35. A fastener, for axial, non—-rotational penetration into a steel, concrete, or masonry
substrate so as to secure a workpiece to the steel, concrete, or masonry substrate when said
fastener is driven into the steel, concrete, or masonry substrate by a fastener—driving tool
comprising:

a pin having a head having an outer diameter, a tapered shank defining a
predetermined conical angle and having a smaller end and a larger end, a point joined unitarily
to said smaller end of said tapered shank and conforming substantially to an ogive and a
transition zone having a small end joined unitarily to said larger end of said tapered shank and
a large end joined unitarily to said head; and

washer means, mounted upon said tapered shank of said pin at an axial position
spaced from said head of said pin and having a predetermined outer diameter which 1is
substantially the same as said predetermined outer diameter of said head, for cooperating with
sald head of said pin so as to axially guide said pin as said pin is axially driven through the
fastener—driving tool and wherein said washer means remains intact for engaging the workpiece
after said pin i1s driven into the steel, concrete, or masonry substrate by the fastener—driving
tool so as to secure the workpiece to the steel, concrete, or masonry substrate and maintain the
workpiece secured to the steel, concrete, or masonry substrate, said washer means comprising
an annular periphery and a central aperture, said central aperture having a margin defined by
a plurality of concave, pin—engaging surfaces spaced angularly from one another, wherein each
pin—engaging surface conforms essentially to a cylindrical section and wherein further said
pin—engaging surfaces collectively encompass less than one—half of a complete cylinder, but
not less than about one third of a complete cylinder, so as to limit potential damage to said
tapered shank of said pin when said washer means 1s moved axially along said tapered shank

of said pin as said pin is driven into the steel, concrete, or masonry substrate by the fastener—

driving tool.

36. The fastener as set forth in claim 35, wherein:
said point of said pin conforms substantially to a tangent ogive which i1s tangent

to said tapered shank.
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37. The fastener as set forth in claim 35, wherein:

sald tapered shank has a predetermined axial length and defines a conical angle

which 1s within the range of 2 — 4°; and

said transition zone has a predetermined axial length which is less than

approximately one—half said predetermined axial length of said tapered shank.

38. The fastener as set forth in claim 35, wherein:

said tapered shank of said pin is knurled.

39. The fastener as set forth in claim 35, wherein:

said point of said pin 1s rounded.

40. The fastener as set forth in claim 35, wherein:
said pin 1s fabricated from a predetermined length of carbon steel wire which has
a carbon content which is within a range from approximately the carbon content of AISI C

1038 steel to about the carbon content of AISI C 1065 steel and wherein the surface hardness

1S not greater than approximately Rockwell C 52.

41. The fastener as set forth in claim 40, wherein:
sald pin 1s fabricated from a predetermined length of AISI C 1062 carbon steel
wire, with a surface hardness not greater than approximately Rockwell C 48 and with a core

hardness which is within a range from approximately Rockwell C 48 to approximately

Rockwell C 58.

42. The fastener as set forth in claim 40, wherein:

said pin is fabricated from a predetermined length of high-manganese carbon

steel wire.

43. The fastener as set forth in claim 35, wherein:
said margin of said central aperture of said washer means defines four pin-

engaging surfaces which are equiangularly spaced from each other.
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44. The fastener as set forth in claim 43, wherein:

each pin—engaging surface encompasses approximately one—-twelfth of a complete

cylinder.

45. The fastener as set forth in claim 35, wherein:
said margin of said central aperture further comprises a plurality of arcuate

recesses respectively interposed between said plurality of pin—engaging surfaces in a

circumferential array around said central aperture of said washer means.

46. The fastener as set forth in claim 45, wherein:
said plurality of arcuate recesses collectively define a circular locus which has

a diametrical extent which is larger than the diametrical extent or said complete cylinder

collectively defined by said plurality of pin—engaging surfaces.

47. A method of making a steel pin, for axial, non—rotational penetration of a steel,
concrete, or masonry substrate, from a predetermined length of carbon steel wire having an
initial predetermined diameter, comprising the steps of:

forming said predetermined length of carbon steel wire into a part which is
elongate and which has two ends with a head on a first one of said ends of said part and a
shank between said two ends of said part;

rolling said part so as to form a point, conforming substantially to an ogive, upon
a second one of said ends of said part whereby a pin 1s formed; and

heat treating said pin so as to harden said pin.

48. The method of claim 47 wherein the part is rolled so as to form the point

conforming substantially to a tangent ogive, which is tangent to the shank.

49. The method of claim 47 wherein the heat treating step comprises austempering

the pin so as to provide the pin with a surface hardness not greater than about Rockwell C 43.

50. The method of claim 47 wherein the heat treating step comprises austempering

the pin so as to provide the pin with a core hardness 1n a range from about Rockwell C 48 to
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about Rockwell C 58.

51. The method of claim 47 wherein the heat treating step comprises austempering
the pin so as to provide the pin with a surface hardness not greater than about Rockwell C 48

and with a core hardness in a range from about Rockwell C 48 to about Rockwell C 58.

52. The method of claim 51 wherein the predetermined length of carbon steel wire
is formed in the forming step so that the head has an outer diameter at least about 2.6 times

greater than the initial predetermined diameter of the predetermined length of carbon steel wire.

53. The method of claim 52 wherein the predetermined length of steel wire 1s formed
in the forming step so that the shank is tapered between a larger end, which 1s nearer to the

head and a smaller end, at which the point i1s formed.

54. The method of claim 53 wherein the predetermined length of carbon steel wire

is formed in the forming step so that smaller end of the tapered shank has a diameter about 0.6

times the initial predetermined diameter of the carbon steel wire.

55. The method of claim 54 wherein the predetermined length of carbon steel wire
is formed in the forming step so that the part has a transition zone having a tapered portion
with a smaller end, which is joined unitarily with the larger end of the tapered shank and with

a larger end, which is joined unitarily to the head.

56. The method of claim 55 wherein the predetermined length of carbon steel wire

is formed in the forming step so that the larger end of the tapered portion of the transition zone

has a diameter greater than the initial predetermined diameter of the predetermined length of

carbon steel wire.

57. The method of claim 56 wherein the predetermined length of carbon steel wire
is formed in the forming step so that the larger end of the tapered shank has a diameter about
0.7 times the initial predetermined diameter of the predetermined length of carbon steel wire

and wherein the larger end of the tapered portion of the transition zone has a diameter about
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I.1 times the initial diameter of the predetermined length of carbon steel wire.

58. The method of claim 47 wherein the predetermined length of carbon steel wire

is rolled in the rolling step so that the shank is knurled between the larger and smaller ends of

the shank.

59. The method of claim 58 wherein the pin is formed from a predetermined length
of AISI C 1062 steel wire.

60. The method of claim 59 wherein the predetermined length ot AISI C 1062 steel

wire is rolled in the rolling step so that the shank is knurled between the larger and smaller

ends of the shank.

61. The method as set forth in claim 47, further comprising:
fabricating said pin from carbon steel wire which has a carbon content which 1is

within a range of from about the carbon content of AISI C 1038 steel to about the carbon
content of AISI C 1062 steel.

62. The method of claim 58 wherein the pin is formed from a predetermined length

of high—manganese carbon steel wire having a carbon content in the same range.
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