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FASTENER WITH PROLATE CROSS-SECTION

BACKGROUND

[0001] Fastener designs have been used to improve specific characteristics fasteners in
different materials. Ultimately, the fastener needs to bind one material to another securely and
efficiently. Screw-type fasteners generally include a threaded shank with a pointed tip at one
end thereof and a head at the other end. The head has a recess for accepting a driver tip. Some
heads are designed to be recessed in a fastened material, while others are designed to embed

into the material so that the head is flush with a surface of the bound material.

SUMMARY

[0001a] In accordance with the present invention there is provided a fastener,
comprising: a shank having a conical point at a first end and a head at a second end, the shank
comprising a first portion having a circular cross-section with a diameter, the shank including
a first sub-region having an elongated cylindrical shape with a first sub-region cross-section
through the elongated cylindrical shape having polar cross-sectional distance greater than an
equatorial cross-sectional distance, the equatorial cross-sectional distance being smaller than
the diameter, the first portion being on a first side of the first sub-region, the shank including a

second portion having a circular cross-section on a second side of the first sub-region.

[0001Db] The present invention also provides a fastener, comprising: a first region
formed at a first end and having a helical thread, the first region having a cylindrical section
with a circular cross-section of a first diameter; a first sub-region within the first region such
that the cylindrical section is on a first side and a second side of the first sub-region, the helical
thread surrounding the cylindrical cross-section and the first sub-region, the first sub-region
having polar cross-sectional distance greater than an equatorial cross-sectional distance; and a
second, thread-free region having a circular cross-section of a second diameter adjacent to the
first region, wherein the equatorial cross-sectional distance is smaller than the first diameter

and the second diameter.
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[0001¢] The present invention further provides a fastener, comprising: a shank having a
first pointed end and a second head end, the shank having a first region having a first circular
cross-section portion having a first diameter; a first sub-region in the first region; a second
sub-region in the first region and adjacent to the first sub-region; and a helical thread in the
first region surrounding the circular cross-section portion and the first and second sub-regions;
wherein each said sub-region has a cross section with an equatorial cross-sectional distance
greater than a polar cross-sectional distance, and wherein each polar cross-sectional distance is

smaller than the first diameter.

[0002] Technology is described herein which comprises a fastener having one or more
prolate cross-section regions formed in the shank. The fastener includes a shank having a first
region with a generally cylindrical cross-section with a helical thread, which may or may not
be followed by a thread-free shank section. In one embodiment where a thread free section is
provided, the first region has a smaller cylindrical diameter than the thread-free region. One or
more prolate cross-section regions may be formed in the first section and the thread free
section. One or more prolate cross-section regions may be formed to a length approximately
equal to the pitch of the helical thread, or larger or smaller lengths. Each prolate cross-section
region may have a polar diameter greater than the cylindrical diameter of the region in which
it is formed and an equitorial diameter smaller than the corresponding cylindrical diameter of
the region in which it is formed. Two generally adjacent prolate cross-section regions have
cross-sections offset with respect to each other by ninety-degrees. The cross-sectional offset

may be at any angle between 1 and 90 degrees.
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[0003] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description.
This Summary is not intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used as an aid in determining

the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is a perspective view of a first embodiment of a fastener in

accordance with the present technology.

[0005] Figure 2 depicts a plan view of a first embodiment of a fastener in

accordance with the present technology.

[0006] Figure 3 depicts an end view of a first embodiment of a fastener in

accordance with the present technology.

[0007]  Figure 4 depicts a partial, cross-sectional view of a first embodiment

of a fastener in accordance with the present technology.

[0008]  Figure 5 is a partial plan view of the first embodiment.
[0009] Figure 6 is a view along line Y — Y in Figure 5. F
[0010] Figure 7 is a view along line Z — Z in Figure 5.

[0011]  Figure 8 is a view along line D — D in Figure 5.
[0012] Figure 9 is a view along line E — E in Figure 5.

[0013] Figure 10 depicts another embodiment of the fastener in accordance
with the present technology including prolate cross-section regions following

the threaded region.
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[0014]  Figure 11 depicts another embodiment of the fastener in accordance

with the present technology including leading prolate cross-section regions.

[0015]  Figure 12 depicts another embodiment of the fastener in accordance
with the present technology including multiple pairs of prolate cross-section

regions in the threaded region.

[0016]  Figure 13 depicts another embodiment of the fastener in accordance
with the present technology including multiple pairs of prolate cross-section

regions in the threaded region and following the threaded region.

[0017] Figures 14 and 15 depict further alternative embodiments of the
fastener in accordance with the present technology including multiple threaded
regions surrounding a thread free region with one or multiple prolate cross-

sections regions in the thread free region.

DETAILED DESCRIPTION

[0018] The technology described herein is a fastener having features
allowing securing elements in wood, composite or other material and providing
improved performance. The fastener requires less torque conventional fasteners
and improves the ability of the head to the screw to enter the fastened material

so that a surface of the screw is flush with a surface of the material.

[0019] The technology includes a threaded fastener having one or more
prolate cross-section regions formed in the shank. Various embodiments of
fasteners with prolate cross-sections are described herein. One embodiment of
the fastener includes a shank having a first region with a generally cylindrical
cross-section with a helical thread, followed by a thread-free shank section. The
first section has a smaller cylindrical diameter than the thread-free section. One
or more prolate cross-section regions may be formed in the first section and the
thread free section. The cross-sections may be formed to a length

approximately equal to the pitch of the helical thread. Each prolate cross-
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section regions may have a polar diameter greater than the cylindrical diameter
of the region in which it is formed and an equitorial diameter smaller than the

corresponding cylindrical diameter of the region in which it is formed.

[0020] A first embodiment of the fastener technology will be described with

respect to Figures 1 —9.

[0021] The fastener 10 of Figures 1 — 9 includes a shank 100 having a
pointed tip 102 at one end thereof and a head 140 at another end. The shank
may be formed of galvanized steel. The first region 110 extends from pointed
tip 102 to second section 120. The body of the shank has a base shank diameter
Ds (Figure 4) in second section 120. The shank in region 120 has a cylindrical
cross-section in regions other than the prolate cross-section regions described
below. A first region 110 of the shank includes a helical thread 112 formed on
the shank 100 extending to the tip 102. The shank in region 110 has a generally
cylindrical shank diameter D1 which is smaller than Ds. The shank in region
110 has a cylindrical cross-section in regions other than the prolate cross-
section regions described below. The thread 112 has an effective diameter T1,
with a first thread height above the shank in the region 110 equivalent to ((T1-
D1)/2) and a pitch P.

[0022] In the embodiment of Figures 1 — 9, prolate cross-section regions
210, 220, 230 and 240 are provided in the shank 100. A prolate cross-section for
purposes of this disclosure includes a cross-section where a polar diameter is
greater than the equatorial diameter, and may include, for example a elliptical
cross-section or a lens-shaped cross-section formed by the intersections of two
circles or disks. A prolate cross-section is shown in Figures 6 and 7. In one
embodiment, the prolate cross-section regions may be a lens-shaped cross-
section defined as formed by the intersection of two equal (symmetric) or
unequal (asymmetric) disks. The intersections of two circles determine a line

known as the radical line and referred to herein as the polar diameter. Although
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symmetric prolate cross-sections are shown herein, asymmetric cross-sections
are within the scope of the technology. Each prolate cross-section has a length
L1 of about one turn of the helical thread 112, or about equal to pitch P. In
other embodiments, the length L1 may be shorter or longer than P. In one
embodiment, all prolate cross-section regions are the same length; in another
embodiment, the length of each prolate cross-section may vary, with multiple
ones of sections provided in a fastener being equal or all prolate cross-section

regions in a fastener being unequal.

{0823]  In one embodiment, the point of joinder of the two arcs — point 150
in Figure 8 -- of each prolate cross-section is not a true hard edge but is joined
at a radius between the two major arcs of the cross-section. Point 150 may have
a radius of .015 inch, for example. Any cross-sectional shape having two
rounded sides intersecting at a point or a rounded vertices of joinder may be

used in the present technology for the prolate cross-section regions.

[0024] 1In Figures 1 - 9, two pairs 210,220, and 230, 240 of prolate cross-
section regions are shown. In alternative embodiments, only one prolate cross-
section is provided in the shank, or multiple cross-sections are provided with a

similar orientation.

{08258] In the case of pairs 210, 220, and 230,240, each prolate shaped
cross-section is rotated 90 degrees with respect to the other in a given pair. In
alternative embodiment, prolate cross-section regions may be rotated or off-set
with respect to their polar diameter by different angles. For example, a trio of
prolate cross-section regions may be provided, each off-set from the other by
120 degrees. In a still further embodiment, only one cross-section may be

provided, without a paired, ninety degree offset section.

[0026] As illustrated in Figure 1 and in Figures 6 and 7, each prolate cross-
section has a height or polar diameter dimension HL and a width or equatorial

diameter dimension WL. In one embodiment, HL and WL are the same for
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cach of the prolate cross-section regions 210, 220, 230 and 240.

{08271 In an alternative embodiment, the prolate cross-section regions in
region 110 are slightly smaller than those in region 120. Hence, cross-sections
230 and 240 have dimensions HL2 and WL2, while 210 and 220 have
dimensions HL1 and WLI1.

{B828]  Each prolate cross-section may have a polar diameter (HL) greater
than the cylindrical diameter of the region in which it is formed and a equitorial
diameter (WL) smaller than the corresponding cylindrical diameter of the region
in which it is formed. In one embodiment, HL1:WL1 is approximately 1.0:1.4
and may be about 1.1 — 1.3; and HL2:WL2 is about 1.0 — 1.4 and may be bout
1.1 — 1.3. In one embodiment, the rear cross-section regions 230 and 240 are
approximately 10 percent larger, such that: HL2:HL1 is between 1 and 1.3, and
may be between 1 and 1.17; and WL2: WLI1 is between 1 and 1.3, and may
further be between 1 and 1.15.

[0029] In one embodiment, the relationship between the aforementioned

dimensions includes one or more of the following:
[0030] WL2 to DS is in a range of about 1.0 — 0.7;
[0031] HL2 to DS is in a range of about 1.4 - 1.0;
[0032] WLI to D1 is in a range of about 1.0 to 0.7;
[0033] HLI to DI is in a range of about 1.4 — 1.0;
[0034] TI:D1isin arange of about 1.7 — 1.4;
[0035] LI:Pis in a range of about 0.7 — 2.0;
[0036] TI:DSis in a range of about 1.3 — 1.5; and

[0037] DS:Dl is in a range of about 1 — 1.2;
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[0038] The aforementioned ratios are exemplary for any of a number of

different lengths of shank 100.

{3838]  The use of the prolate cross-section regions in the present technology
has been found to reduce the torque required to insert the screw in a fastened
material. Manufacture of the fastener of the present technology is generally
easier than fasteners with a “polygonal” cross-section as only two sides of the
cross-section — the intersecting arcs — need to be formed. This means that the
smallest dimension across the prolate cross-section is larger than what it would

be if alternative, polygonal cross-sections were used.

[0040] To form the fastener with the prolate cross-section regions, the
prolate cross-section regions are formed by rolling the respective sections of the
fastener. Prior to the rolling process, a head 140 is by providing the base wire
which eventually becomes the fastener through a head forming machine. Once
a head is formed, a rolling press creates the prolate cross-section regions using a
single formative step where the fastener is rolled between two plates that have
all the features created in the roller. Because the area of the cross-sections
along their width WL is greater, and the area of the fastener is only reduced
relative to the shank in one direction, this provides a lower reduction in fastener
bending strength as more steel remains and thus a higher torsional value than

competing technologies is provided.

{0841)  In operation, the leading cross-sections 210, 220 create a larger bore
for the shank section following these cross-sections so that the rear portion 115
minor diameter D1 passes into the bore with less resistance and drag. This in
turn reduces any coating loss on the fastener where the fastener has been
provided with a bore coating. The second pair of cross-sections 230, 240 create

a larger board for the rear portion 125 of the shank attempt to open up

{08421  Figures 10 — 13 illustrate various alternative embodiments of the

present technology. Figure 10 illustrates a fastener 30 with a shank 300 with
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single pair of cross-sections 330, 340, positioned following a helix 312.
Sections 330 and 340 are equivalent in size and relationship to sections 230 and
240 in Figures 1 — 9. Figure 11 illustrates another embodiment with a single
pair of cross-sections. A fastener 40 with a shank 400 with single pair of cross-
sections 410, 420, at the leading edge of the helix. Sections 410 and 420 are

equivalent in size and relationship to sections 210 and 220 in Figures 1 — 9.

{0843]  Figure 12 illustrates another embodiment with back-to-back pairs
cross-sections. A fastener 50 with a shank 500 has two pairs of cross-sections
510, 520, and 530,540 at the leading edge of the helix. Sections 510, 520 are
equivalent in size and relationship to sections 210 and 220 in Figures 1 — 9.
Sections 530 and 540 may be equivalent to sections 210 and 220 or may be

equivalent to sections 230 and 240.

{0844)  Figure 13 illustrates another embodiment with multiple back to back
pairs of cross-sections. A fastener 60 with a shank 600 has two pairs of cross-
sections 610, 620, and 630,640 within the helix 612 and two pairs of cross-
sections 650, 660, 670, 680 following the helix 612. Sections 610, 620, 630,
640, are equivalent in size and relationship to sections 210 and 220 in Figures 1
— 9 and cross-sections 650, 660, 670, 680 are equivalent in size and relationship

to sections 230 and 240 in Figures 1 — 9.

[0045] Figures 14 and 15 illustrate two additional embodiments of the
present technology. Fastener 700 illustrates an embodiment wherein a threaded
region 710 with thread 712 is followed by a thread free region 720 and a
second threaded free region 750.  Prolate cross section regions are provided in
the thread free middle region. Regions 730 and 740 are 90 degree offsct
regions, but may be offset by any number of degrees. Fastener 800 illustrates
an embodiment similar to that of Figure 14 except that only one prolate region

is provided.
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{0848]  In yet another embodiment, the cross-sections may have a length
longer or shorter than pitch P. One design factor may be to provide that each
forward progression with each rotation of the helix causes a full rotation of the
bore by the cross-sections; hence a pair of cross-sections offset by 90 degrees
may be used. The helix pitch and cross-section length L1 may be selected that
the drive of the fastener into the hole is faster than the rotation of the fastener
into the bore so that the cross-sections alone or in combination with a paired
cross-section rotate fully over the turn of the screw. In another embodiment, the

length of the cross-sections is shorter than one turn of the helix.

{68471  While the prolate cross-sections are illustrated herein in pairs, it
should be understood that in various embodiments, any number of prolate cross-
section regions may be provided, from a single prolate cross-section provided in
cither a fully-threaded fastener, or an unthreaded region of a fastener, to a
plurality of sections comprising the entire length of the shaft. Further, cross-
section regions may have any configuration of off-set relationship relative to
other cross-sections such that any two cross-section regions may be off-set by 0
— 90 Degrees relative to their respective polar diameters. Moreover, the sum-
total of all off-set angles between all prolate regions in a fastener need not total

90 degrees, but may be less than 90 degrees.

{0848]  The screw is designed to be a self-boring screw into the material to

be fastened. However, a pilot hole may be utilized.

[0049] A head 140 is provided at the other end of the shank 100. The head
comprises a top portion which may include a disk 142 having a top surface and
a bottom surface. In one embodiment, the top portion of the head 140 is formed
to have a hex head; alternatively, a Phillips recess, a square or other shaped
recess may be formed in the top of the head 140 to receive a driver. A bottom
surface of disk 142 may include locking teeth 118. In one embodiment, twelve

(12) locking teeth are formed in the bottom surface of the disk.
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[0050] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as

example forms of implementing the claims.

[0051] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and wvariations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group of

integers or steps but not the exclusion of any other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A fastener, comprising:

a shank having a conical point at a first end and a head at a second end, the shank
comprising a first portion having a circular cross-section with a diameter, the shank including a
first sub-region having an elongated cylindrical shape with a first sub-region cross-section
through the elongated cylindrical shape having polar cross-sectional distance greater than an
equatorial cross-sectional distance, the equatorial cross-sectional distance being smaller than the
diameter, the first portion being on a first side of the first sub-region, the shank including a

second portion having a circular cross-section on a second side of the first sub-region.

2. The fastener of claim 1 further comprising a second sub-region adjacent to the first sub-
region, the second sub-region having a polar cross-sectional distance and an equatorial cross-
sectional distance, the polar cross-sectional distance of the second cross-section sub-region is
greater than the equatorial cross-sectional distance, the polar cross-sectional distance of the first
cross-section sub-region oriented at an angle relative to a polar cross-sectional distance of the

second cross-section sub-region.

3. The fastener of claim 1 wherein the shank includes a threaded region, and the first sub-

region is within the threaded region.

4. The fastener of claim 3 wherein the shank includes a non-threaded region, and the first

cross-section sub-region is within the non-threaded region.

5. The fastener of claim 1 wherein the first sub-region has a lens shaped cross-section.
6. The fastener of claim 1 wherein the first sub-region has an elliptical cross-section.
7. The fastener of claim 2 wherein the angle is between 0 and 90 degrees.

8. A fastener, comprising:

a first region formed at a first end and having a helical thread, the first region having a

cylindrical section with a circular cross-section of a first diameter;
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a first sub-region within the first region such that the cylindrical section is on a first side
and a second side of the first sub-region, the helical thread surrounding the cylindrical cross-
section and the first sub-region, the first sub-region having polar cross-sectional distance greater
than an equatorial cross-sectional distance; and

a second, thread-free region having a circular cross-section of a second diameter adjacent
to the first region, wherein the equatorial cross-sectional distance is smaller than the first

diameter and the second diameter.

9. The fastener of claim 8 wherein the first region has the first sub-region and a second sub-
region, the second sub-region having a equatorial cross-sectional distance greater than a polar
cross-sectional distance, the polar cross-sectional distance of the first sub-region rotationally

offset relative to the polar cross-sectional distance of the second sub-region.

10. The fastener of claim 9 wherein the second region includes a third sub-region in the

thread-free region.

11. The fastener of claim 10 wherein second region includes the third sub-region and a fourth
sub-region, each third and fourth sub-region having a polar cross-sectional distance greater than
an equatorial cross-sectional distance, a polar cross-sectional distance of the third sub-region

rotationally offset relative to a polar cross-sectional distance of the fourth sub-region.

12.  The fastener of claim 10 wherein the third sub-region is larger than the second sub-
region.
13. The fastener of claim 9 wherein each sub-region extends a length along the fastener, and

wherein the length of each sub-region is approximately equal to a distance between consecutive

turns of the helical thread.

14.  The fastener of claim 8 wherein the first region has the first sub-region and the second,
thread free region includes a second sub-region within the second region such that the cylindrical
cross-section of the second region is on a first side and a second side of the first sub-region, each

sub-region having a polar cross-sectional distance greater than an equatorial cross-sectional
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distance, a polar cross-sectional distance of the first sub-region rotationally offset relative to a

polar cross-sectional distance of the second sub-region.

15. A fastener, comprising:

a shank having a first pointed end and a second head end, the shank having a first region
having a first circular cross-section portion having a first diameter;

a first sub-region in the first region;

a second sub-region in the first region and adjacent to the first sub-region; and

a helical thread in the first region surrounding the circular cross-section portion and the
first and second sub-regions;

wherein each said sub-region has a cross section with an equatorial cross-sectional
distance greater than a polar cross-sectional distance, and wherein each polar cross-sectional

distance is smaller than the first diameter.

16. The fastener of claim 15 further including:

a second region in the shank having a circular cross-section with a second diameter;

a third sub-region in the second region;

a fourth sub-region in the second region and adjacent to the third sub-region;

wherein each said third sub-region and fourth sub-region has a sub-region cross-section
with the equatorial cross-sectional distance greater than a polar cross-sectional distance;

wherein the helical thread in the first region terminates in the first region.

17. The fastener of claim 16 wherein the helical thread terminates adjacent to the third and

fourth sub-regions.

18. The fastener of claim 16 wherein the third and fourth sub-regions have the polar cross-
sectional distance that is 1 and 1.3 times greater than the equatorial cross-sectional distance of

the first and second sub-regions.

19. The fastener of claim 16 wherein the third and fourth sub-regions have the polar cross-
sectional distance that is 1 and 1.3 times greater than the polar cross-sectional distance of the first

and second sub-regions.
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20. The fastener of claim 16 wherein the equatorial cross-sectional distance of the first or
second sub region is a range of about 1.4-1.0 relative to said second diameter of said second
circular section and said equatorial cross-sectional distance of the first or second sub region is in

a range of about 1.0-0.7 relative to said second diameter of said second circular cross-section.

21. The fastener of claim 15 wherein the polar cross-sectional distance is a range of about
1.4-1.0 relative to said first diameter and said equatorial cross-sectional distance is in a range of

about 1.0-0.7 relative to said first diameter.

22. The fastener of claim 15 wherein the helical thread has a pitch, each of said first and

second sub-regions has a length, and said length is approximately 0.7 to 2.0 times said pitch.

23. The fastener of claim 15 wherein the equatorial cross-sectional distances of the first and

second sub-regions are offset with respect to one another by an angle of about 0-90 degrees.

24. The fastener of claim 15 ratio of the polar cross-sectional distance to the equatorial cross-

sectional distance is about 1.4-1.
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