Office de la Propriete Canadian CA 2202015 C 2002/03/12

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 202 01 5
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aﬁ;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1997/04/07 (51) CL.Int.%/Int.C1.° F16B 15/06
(41) Mise a la disp. pub./Open to Public Insp.: 1997/11/22 (72) Inventeurs/Inventors:
ol _ SHELTON, Lawrence S., US;
(45) Date de deéelivrance/lssue Date: 2002/03/12 ECKMANN Elizabeth J.. US:
(30) Priorité/Priority: 1996/05/22 (08/651,552) US KISH, Frederick A., US

(73) Proprietaire/Owner:
ILLINOIS TOOL WORKS INC., US

(74) Agent: FINLAYSON & SINGLERHURST

(54) Titre : ARTICLE DE FIXATION EN ACIER COMPORTANT UNE TIGE CANNELEE
(54) Title: STEEL FASTENER HAVING GROOVED SHANK

1/

|
' 26

28

(57) Abrége/Abstract:

A steel fastener has an elongate shank, an enlarged head formed at one end of the shank, and a generally pointed tip formed at
the other end of the shank. A grooved portion of the shank is formed with helical grooves defining helical ribs and with annular
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(57) Abréege(suite)/Abstract(continued):

grooves defining annular rings. The shank has a cylindrical portion between the grooved portion and the tip and a cylindrical
portion between the grooved portion and the head. Each of the annular grooves has a root where deepest and each of the
annular rings has a crest where largest. The roots define an imaginary cone diverging toward the tip. The crests define an
Imaginary cone converging toward the tip. The shank has an exterior surface coated with a polymeric coating, which is formed
from an agueous composition containing a water-based acrylic resin and a water-based polyurethane resin. A zinc layer and a
chromate conversion layer are provided between the polymeric coating and the exterior surface of the shank.
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STEEL FASTENER HAVING GROOVED SHANK

Abstract

A steel fastener has an elongate shank, an enlarged head formed at one end
of the shank, and a generally pointed tip formed at the other end of the shank. A
grooved portion of the shank is formed with helical grooves defining helical ribs
and with annular grooves defining annular rings. The shank has a cylindrical
portion between the grooved portion and the tip and a cylindrical portion between
the grooved portion and the head. Each of the annular grooves has a root whefe
decpest and each of the annular rings has a crest where largest. The roots define
an imaginary cone diverging toward the tip. The crests define an imaginary cone
converging toward the tip. The shank has an exterior surface coated with a
polymeric coating, which is formed from an aqueous composition containing a
water-based acrylic resin and a water-based polyurethane resin. A zinc layer and
a chromate conversion layer are provided between the polymeric coating and the

exterior surface of the shank.
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STEEL FASTENER HAVING GROOVED SHANK

Technical Field of the Invention

This invention pertains to a steel fastener having a unique configuration along its
shank and useful primarily for fastening a workpiece having a given thickness to a metal

substrate having a thinner wall and secondarily for fastening such a workpiece to a wooden

substrate.

Background of the Invention

Steel fasteners of various configurations are known for fastening relatively thick
workpieces, such as boards made of plywood or plasterboard, to various substrates, such as
metal framing members, wooden framing members, and wooden underlayments. Commonly,
such fasteners have elongate shanks defining axes and are designed to be axially driven by
powered tools, such as pneumatically powered tools or combustion-powered tools.

Such a fastener having an elongate shank, an enlarged head at one end of the shank,
and a point at the other end of the shank with annular grooves defining annular rings along
the shank and with helical grooves defining helical ribs along the shank is exemplified in
Japanese Utility Model Publication No. 57-35693 dated August 6, 1982. The annular grooves
have roots defining an imaginary cylinder of a given diameter. The annular rings have crests
defining an imaginary cylinder of a larger diameter.

Such a fastener having a tapered shank, an enlarged head at one end of the shank, and
a point at the other end of the shank with annular grooves defining annular rings along the
shank and with helical grooves defining helical ribs along the shank is exemplified 1n
Rockenfeller et al. U.S. Patent No. 4,718,802. The annular grooves have roots defining an

imaginary cone converging toward the point. The annular rings have crests defining an

imaginary cone converging toward the point.
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An improved fastener having an elongate shank divided by a cylindrical land or
cylindrical lands into ringed subportions, an enlarged head at one end of the shank, and a
point at the other end of the shank with annular grooves defining annular rings along each
ringed subportion and with helical grooves defining helical ribs along each ringed subportion
1s exemplified in Gabriel et al. U.S. Patent No. 5,489,179, supra. The annular grooves have
roots defining an imaginary cylinder of a given diameter. The annular rings have crests
defining an imaginary cylinder of a larger diameter.

An improved fastener having an elongate shank, an enlarged head at one end of the
shank, and a point at the other end of the shank with annular grooves defining annular rings
along the shank, with helical grooves defining helical ribs along the shank, and with a
polymeric coating on the shank is known. The annular grooves have roots defining an
imaginary cylinder of a given diameter. The annular rings have crests defining an imaginary
cylinder of a smaller diameter.

When such a fastener is made, a problem is encountered if the crests of any of the
annular rings near the tip happen to be slightly larger than the crests of any of the annular
rings elsewhere along the shank, whereupon the holding capability of the fastener in a metal
substrate may be significantly diminished. It can be very difficult to manufacture such a
fastener with sufficient precision to avoid the problem.

This invention has resulted from further efforts to improve such a fastener to be
primarily useful for fastening a workpiece having a given thickness to a metal substrate
having a thinner wall and to be secondarily useful for fastening such a workpiece to a
wooden substrate.

Lat et al. U.S. Patent No. 4,964,774 describes a metal fastener for use in wood
construction, having a thermoplastic, predominantly aliphatic polyurethane coating. Nails
with this coating are collated in strips not coils, primarily because the coating would create
bridging between nails in a coil, and the bridges could not be separated by the nailer during

uncoiling.
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The inventors are also aware of a pallet nail having a soft acrylic coating. Only a
small portion of the nail is coated, in order to reduce the bridging problem. Moreover, the

coating i1s soft and would be stripped off the nail in steel penetration.

Summary of the Invention

This invention provides a steel fastener having an elongate shank, an enlarged head
formed at one end of the shank, and a generally pointed tip formed at the other end of the
shank. A grooved portion of the shank is formed with helical grooves defining helical ribs
and with annular grooves defining annular rings. The shank may have a cylindrical portion
between the grooved portion and the tip and a cylindrical portion between the grooved portion
and the head. Each of the annular grooves has a root where deepest and each of the annular
rings has a crest where largest.

According to this invention, the roots of the annular grooves define an imaginary cone
diverging toward the tip, and the crests of the annular rings define an imaginary cone
converging toward the tip. Consequently, the fastener can be easily made without encountering
the problem discussed above. Additionally, the fastener functions effectively for fastening a
workpiece having a given thickness to a metal substrate having a thinner wall.

Preferably, the shank has an exterior surface coated with one or more protective layers
for corrosion resistance. Thus, the exterior surface of the shank may be coated with a
polymeric coating. Preferably, the polymeric coating 1s formed from a mixture containing a
water-based acrylic resin and a water-based polyurethane resin. Alternatively, the polymeric
coating is a powder coating, which i1s applied.

Preferably, the fastener is provided with a zinc layer and a chromate conversion layer
between the polymeric coating and the exterior surface of the shank. The polymeric

coating provides enhanced lubricity when the fastener is
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driven into or through a metal substrate. The zinc layer, the chromate conversion
layer, and the polymeric coating provide corrosion protection after the fastener has
been driven.

These and other objects, features, and advantages of this invention are
evident from the following description of a preferred embodiment of this invention
with reference to the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a fragmentary, perspective, partly cutaway view of a building‘
assembly compnsing a workpiece having a given thickness, namely a board, a
metal substrate having a thinner wall, namely a metal framing member, and a
fastener constituting a preferred embodiment of this invention.

Figure 2, on a substantially enlarged scale compared to Figure 1, is a
elevational, partly shortened view of the fastener shown in Figure 1.

Figure 3, on a further enlarged scale compared to Figure 2, is a sectional
view taken along line 3--3 of Figure 2, in a direction indicated by arrows.

Figure 4, on a further enlarged scale compared to Figure 3, is a
fragmentary detail of a region indicated by broken lines in Figure 3.

Detailed Description of the Preferred Embodiment

As shown in Figure 1, a building assembly comprises a relatively thick
board 10, a metal framing member 12 having a relatively thin wall 14 and two
relatively thin flanges 16 extending normally from the relatively thin wall 14, and
a fastener 20 constituting a preferred embodiment of this invention.

The fastener 20 has an elongate shank 22 defining an axis, an enlarged head
24 formed at one end of the shank 22 and chamfered where the head 24 faces the
shank 22, and a generally pointed tip 26 formed at the other end of the shank 22.
Preferably, as shown, the tip 26 is frusto-conical except for a rounded end 28.

The board 10 may be made from wood, plywood, oriented strand board,
other wood-like matenals, cement board, or plasterboard. The framing member
12 may be made from galvanized steel. The fastener 20 may be made from a
cylindrical wire of 1030 carbon steel, heat-treated to a core hardness of 40 to 45
Rockwell C and to a surface hardness of 42 to SO Rockwell C, and coated with one
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or more protective layers for corrosion resistance, preferably being coated

successively with a zinc layer 32, a chromate conversion layer 34, and a polymeric
layer 36.

The fastener 20 is coated successively with an inorganic coating comprising
the zinc layer 32 and the chromate conversion layer 34 and with an organic layer
comprising the polymeric layer 36 by steps similar to steps disclosed 1n Lat er al.
U.S. Patent No. 4,964,774, the disclosure of which is incorporated herein by
reference. The zinc layer 32 and the chromate conversion layer 34 are similar to
the zinc and chromate conversion layers disclosed in Lat er al. U.S. Patent No.
4.9¢4 774,

Preferably, the polymeric layer 36 1s formed from an aqueous composition
containing a water-based acrylic resin and a water-based polyurethane resin. The
aqueous compbsition 1s applied to the fastener 30 by steps similar to steps disclosed
in Lat er al. U.S. Patent No. 4,964,774 so as to provide, after drying, a
substantially continuous film encasing the fastener 30 and having a thickness of
about 0.3 mil to about 3 mils, a thickness of about 0.5 mil being preferred.
Preferably, the aqueous composition contains a defoamer, such as F & H™
defoamer available from Finnaren & Haley of Conshohocken, Pennsylvania. When
applied to collated fasteners similar to the fastener 20, the aqueous composition
tends to reduce undesirable bridging from fastener to fastener within the collated

coil, and any bridging that does occur is very weak so as not to affect the operation

of a fastener-driving tool. Optimally, the coating is force-dried at an elevated

temperature within 30 seconds, so as to provide desirable film properties.
Particularly suitable are aqueous compositions containing major amounts of
NeoCryl A-550™ aqueous acrylic dispersions and minor amounts of NeoRez R-
9637™ aqueous, aliphatic, polyurethane dispersions, both of which are available
commercially from Zeneca Resins (formerly ICI Resins) of Wilmington,
Massachusetts. In one example, the aqueous composition consists essentially of
NeoCryl A-550™ aqueous acrylic dispersions in an amount of 3 quarts, NeoRez
R-9637m aqueous, aliphatic, polyurethane dispersions in an amount of 5 quarts,

tap water in an amount of 13 quarts, and F & H™ defoamer in an amount of 3.5
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cc, and the aqueous composition is mixed for 10 minutes before its application to

fasteners similar to the fastener 30.

The polyurethane component of the polymeric coating 36 provides enhanced

lubricity when the fastener 20 1s driven into or through a metal sustrate, such as
the wall 14 of the metal framing member 12. The acrylic component of the
polymeric coating 36 provides a hard surface, at least a portion of which does not
scrape off when the fastener 20 is driven. The resulting polyurethane and acrylic
composition produces a fastefier coating that does not allow bridging between
fasteners 1s a coil but is strong enoﬁgh to adhere to the fastener during its intended
driving into wood and steel. The coating also lubricates the fastener during
penetration, for easier driving and less stress on the creation of the hole in the
steel. The zinc layer 32, the chromate conversion layer 34, and the polymeric
coating 36 provide corrosion protection after the fastener 20 has been driven.

Alternatively, but less preferably because of comparative costs, the
polymeric coating 36 may be a powder coating. If the polymeric coating 36 is a
powder coating, the powder coating may be applied as disclosed in U.S. Patent
Application Serial No. 08/472,906, supra.

The shank 22 has a ninged portion 40 formed with a series of annular
grooves 42, which define a series of annular rings 44, and with a circumferential
array of helical grooves 46, which define a circumferential array of helical ribs 48.
Preferably, as shown, the helical grooves 46 are deeper than the annular grooves
42. The shank 22 also has a cylindrical portion 50 between the ringed portion 40

and the head 24 and a cylindrical portion 52 between the ringed portion 40 and the
tip 26. Collating wires (not shown) may be conveniently welded to the cylindrical
portions 50, 52, for collating the fastener 20 and other, similar fasteners (not
shown) 1nto a coil (not shown) in known manner.

Eéch annular groove 42 where deepest has a root 52, which is interrupted
by the helical grooves 46 if the helical grooves 46 are deeper, and each annular

ring 44 where largest has a crest 54, which is interrupted by the helical grooves

46. In axial profile, as shown in Figure 4, the annular grooves 46 are rounded at

the roots 52 and the annular rings 44 are rounded at the crests 54.
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As shown in Figure 2, the roots 52 of the annular grooves 42 define an

imaginary cone, which diverges toward the tip 26 and converges toward the head

24 and which defines a small, acute angle « relative to an axially extending line.

As shown therein, the crests 54 of (i= annular rings 42 define an imaginary cone,
which diverges toward the head 24 and converges toward the tip 22 and which
defines a small, acute angle (§ relative to an axially extending line. Preferably, the
acute angle o equals about 0.1°, and the acute angle 8 equals about 0.1°.

In an exemplary process for making the fastener 20, a cylindrical wire of
1030 carbon steel is processed in a Wafios™ nail-forming machine so as to form
the fastener 20 in a preliminary form with the enlarged head 24 and with the
generally pointed tip 26 having the rounded end 28. Next, the fastener 20 1in the
preliminary form is processed in a Rollmax™ thread-forming machine so as to
form the fastener 20 in a final form with the annular grooves 42 defining the
annular rings 44 and with the helical grooves 46 defining the helical ribs 48. In
one embodiment, the imaginary cones are formed by skimming the dies that form
the annular rings 44. It is also contemplated that dies having tapered surfaces cut
into them could be used. After being heat treated to a core hardness of 40 to 45
Rockwell C and to a surface hardness of 42 to 50 Rockwell C, the fastener 20 is
plated successively with the zinc layer 32 and with the chromate conversion layer
36. Next, the fastener 20 is collated with similar fasteners, as by welding wires
to the shanks of the collated fasteners. After being heated, the collated fasteners
including the fastener 20 are dipped into the aqueous composition to form the
polymeric layer 36, whereupon the collated fasteners including the fastener 20 are
heated again to dry the aqueous composition.

As illustrated and described, the shank 22 has a unique configuration,
whereby the fastener 20 can be easily made without encountering the problem
discussed above. The fastener 20 functions effectively for fastening a workpiece
having a given thickness, such as the relatively thick board 10, to a metal substrate
having a thinner wall, such as the metal framing member 12 having the relatively
thin wall 14. Where the wall 14 is penetrated by the tip 26, a flange 60 is formed,
which tends to grip the ringed portion 40 of the fastener 20 tightly.
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Although the fastener 20 is designed primarily for fastening a workpiece

having a given thickness to a metal substrate having a thinner wall, the fastener 20

may be effectively used to fasten a workpiece to a wooden substrate (not shown)
1n-a secondary use.

Various modifications may be made in the preferred embodiment described

above without departing from the scope and spirit of this invention.
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WHAT IS CLAIMED 15:

1. A steel fastener having an elongate shank, an enlarged head formed
at one end of the shank, and a generally pointed tip formed at the other end of the
shank, the shank having a grooved portion formed with helical grooves defining
helical nibs and with annular grooves defining annular rings, wherein each of the
annular grooves has a root where deepest, wherein the roots of the annular grooves
define an 1maginary cone diverging toward the tip, wherein each of the annular
rings has a crest where largest; and wherein the crests of the annular rings define
an imaginary cone converging toward the tip.

2. The fastener of claim 1 wherein the helical grooves are deeper than
the annular grooves.

3. The fastener of claim 1 wherein the shank has a cylindrical portion
between the grooved portion and the tip.

4. The fastener of claim 1 wherein the shank has a cylindrical portion
between the grooved portion and the head.

J. The fastener of claim 1 wherein the shank has a cylindrical portion
between the grooved portion and the tip and a cylindrical portion between the
grooved portion and the head.

6. The fastener of claim 5 wherein the helical grooves are deeper than
the annular grooves.

7. The fastener of claim 1 wherein the shank has an exterior surface
coated with one or more protective iayers for corrosion protection.

8. The fastener of claim 1 wherein the shank has an exterior surface
coated with a polymeric coating.

9. The fastener of claim 8 wherein the polymeric coating is formed
from an aqueous composition containing a water-based acrylic resin and a water-
based polyurethane resin.

10.  The fastener of ctaim 9 wherein the fastener is provided with a zinc
layer and a chromate conversion layer between the polymeric coating and the
exterior surface of the shank.

1. The fastener of claim 8 herein the polymeric coating is a powder
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coating.
12.  The fastener of claim 11 wherein the fastener is provided with a zinc layer and

a chromate conversion layer between the polymeric coating and the exterior surface of the
shank.
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