
THREADED FASTENER  BACKGROUND AND SUMMARY [0001] The present invention
relates generally to threaded fasteners of any size, and may  be useful for
threaded fasteners having a major diameter between about 0.8 millimeter and
about 6 millimeter. [0002] Threaded fasteners such as screws are used in
many applications to connect one  component or part to another. Many screws
are installed through a portion of one component  and threaded into second
component to clamp the components together. Many component  shapes and
configurations have been contemplated for retaining a threaded fastener,
such as a  blind or through hole formed in the component for engaging the
threads of the fastener. The  blind or through hole may be provided in an
embossment or may be provided in the  component material thickness. [0003]
Many applications including automotive, electronic, and consumer products
require threaded fasteners that maintain desired clamping forces through
vibration and other  in-use loads. A common problem with prior fasteners
included loosening under vibration.  Other prior fasteners stripped too
easily during installation providing reduced clamping and  premature
assembly failure. Certain prior fasteners create excessive radial stress
around the  hole during installation, particularly in an embossment, that
weakens the component and may  cause premature assembly failure. [0004]
Fastener coatings have been developed to compensate for some of the
failures of  prior fasteners, such as thread-sealing adhesives, thread
lubricants, and anti-vibration  coatings. However, thread coatings require
additional material cost and application cost, and  are increasingly
difficult to apply as fastener sizes become smaller. There remains a need
for  a threaded fastener that overcomes these and other disadvantages of
the prior art. [0005] We have found that increasing the range of seating
torque for installing the  fastener, or the seating torque window, reduces
strip-out failures by providing for greater  variability of the screw
driver. Therefore, what is disclosed is a threaded fastener comprising  a
threaded portion with a ratio of pitch diameter to minor diameter less than
1.28, and the  threaded portion with a major diameter portion. a leading
flank having a normal angle  between 100 and 60, a trailing flank having a
normal angle between 10 and 30. and a shank  



portion extending between the trailing flank and the leading flank of
adjacent threads of a  arcuate surface having a radius greater than the
thread height. where the ratio between the  axial length of the shank
portion to thread height is between 1.5 and 3.0. The arcuate surface
forming the shank portion may have a radius between 1.2 and 1.8 times the
thread height.  [0006] The normal angle of the leading flank of the
threaded portion may be greater than  the normal angle of the trailing
flank of the threaded portion. Alternatively or in addition, the  normal
angle of the leading flank of the threaded portion may be between 1.5 and
2.5 times  the normal angle of the trailing flank of the threaded portion.
Alternatively.. the normal angle  of the leading flank and the normal angle
of the trailing flank may be substantially the same.  In yet another
alternative, the normal angle of the leading flank and the normal angle of
the  trailing flank may be compound angles. [0007] The threaded fastener
may be adapted to assemble parts made from materials of  plastic, brass,
aluminum, wood, concrete, and steel. [0008] The threaded fastener may
include a plurality of grooves extending transversely  through the major
diameter portion of the threaded portion. Alternatively or in addition, the
threaded fastener may include a plurality of grooves extending.
transversely through the major  diameter portion of adjacent threads of the
threaded portion. [0009] The major diameter portion of the threaded portion
may be tapered toward the  leading flank. the trailing flank. or both.
Alternatively, the major diameter portion of the  threaded portion may be
arcuate. [0010] The threaded fastener may have at least one minor
protrusion formed along at  least a portion of the shank portion of the
threaded portions positioned between the trailing  flank and the leading
flank of adjacent threads. The minor protrusion may be continuous  along
the shank portion positioned between the trailing flank and the leading
flank of  adjacent threads. Alternatively, the minor protrusion may be
intermittent along at least a  portion of the shank portion positioned
between the trailing flank and the leading flank of  adjacent threads. The
height of the minor protrusion may be not more than 30% of the thread
height. Alternatively, the height of the minor protrusion may be not more
than 20% of the  thread height. At least a part of the minor protrusion may
have a cross-sectional shape  selected from the group consisting of
arcuate, rectangular. ellipictical. trapezoidal. and  



triangular. A lead side of the minor protrusion may, have a normal angle
between 10 and 60.  [00111 Also disclosed is a threaded fastener comprising
a threaded portion with a major  diameter portion. a leading f l a n k
having a normal angle between 1  and 60. a trailing flank  having a normal
angle between 1  and 60, and a shank portion extending between the
trailing flank: and the leading flank of adjacent threads. and at least one
minor protrusion 2 formed along at least a portion of the shank portion of
the threaded portions positioned  between the trailing flank and the
leading flank of adjacent threads. [0012] The minor protrusion may be
continuous along the shank portion positioned  between the trailing flank
and the leading flank of adjacent threads. Alternatively, the minor
protrusion may be intermittent along at least a portion of the shank:
portion positioned  between the trailing flank and the leading flank of
adjacent threads. The height of the minor  protrusion may, be not more than
30/b of the thread height. Alternatively. the height of the  minor
protrusion may be not more than 20% of the thread height. At least a part
of the minor  protrusion may have a cross-sectional shape selected from the
group consisting of arcuate,  rectangular, ellipictical, trapezoidal, and
triangular. A lead side of the minor protrusion may  have a normal angle
between 10 and 60. [0013] The leading flank of the fastener may have a
normal angle between 10 and 60.  and the trailing flank may have a normal
angle between 1 and 30. BRIEF DESCRIPTION OF THE DRAWINGS [0014] FIG. 1 is
a plan view of "a threaded fastener of the present disclosure, [0015] FIG.
2 is a plan view of an alternative threaded fastener of the present
disclosure,  [0016] FIG. 3 is an enlarged view of a thread form according
to the present disclosure,  [0017] FIG. 4 is an enlarged view of the thread
form of FIG. 3 contrasting a standard  thread form, [0018] FIG. 5 is an
enlarged view of an alternative thread form according to the present
disclosure, [0019] FIG. 6 is an enlarged view of yet another alternative
thread form with a minor  protrusion according to the present disclosure,
[0020] FIG. 7 shows partial plan views of alternative minor protrusions of
the thread  form of FIG. 6, 



[0021] FIG. 8 are details of alternative profile shapes for the minor
protrusions of the  thread form of FIGS. 6 and 7. [0022] FIG. 9 is a plan
view of a threaded fastener with grooves extending transversely  through
the threads, [0023] FIG. 10 are details of alternative profile shapes for
the tips of the threads of the  present disclosure. [0024] FIG. 11 is a
table of parameters of one application of threaded fastener for various
sizes of threaded fastener having a major diameter between about 0.8
millimeter and 2.2  millimeter, [0025] FIG. 12 is a table of parameters of
one application of threaded fastener for various  sizes of threaded
fastener having a major diameter between about 2.5 millimeter and 6
millimeter, [0026] FIG. 13 is a chart showing a seating torque window for
sample fasteners, [0027] FIG. 14 is a graph of torque versus angle of
rotation for present fastener Samples  A. [0028] FIG. 15 is a graph of
torque versus angle of rotation for present fastener Samples  B, [0029]
FIG. 16 is a graph of torque versus angle of rotation for comparative
fastener  Samples C, and [0030] FIG. 17 is a graph of torque versus angle
of rotation for comparative fastener  Samples D. DETAILED DESCRIPTION OF
THE DRAWINGS [0031] Referring now to FIG. 1, a threaded fastener 20
includes an elongated shank 22  having a threaded portion 24 along at least
a portion of the shank 22, a lead end 26, and a  head 28. The threaded
portion 22 has a screw thread disposed helically around the shank 22,  the
adjacent threads axially separated by the distance of the pitch P, as shown
in FIG. 3. The  screw thread includes a leading flank 32 and a trailing
flank 34, and a shank portion 36  extending between the trailing flank and
the leading flank of adjacent threads. The thread tip  38, or the major
diameter portion 38, is the outer portion of the thread between an end of
the  leading flank 32 and an end of the trailing flank 34 defining the
major diameter DN1 of the  threaded fastener. 



[0032] The threaded portion 24 may have a ratio of pitch diameter dF to
minor diameter  dm less than 1.28. Alternatively, the ratio of pitch
diameter dF to minor diameter dm may be  less than 1.15. In vet another
alternative. the ratio of pitch diameter dF to minor diameter dm  may be
less than 1.12. The pitch diameter dF is defined as the diameter above the
minor  diameter dm where the dimension through the thread at the pitch
diameter is equal to the  distance between adjacent threads at the same
diameter. 4 [0033] The leading flank 32 is angled toward the lead end 26
defined in profile by an  angle between the leading flank 32 and a plane
normal to the longitudinal axis of the fastener,  or normal angle a, as
shown in FIGS. 3 and 4. The trailing flank 34 is angled toward the head  28
defined in profile by an angle between the trailing flank 34 and a plane
normal to the  longitudinal axis of the fastener, or normal angle [3, as
shown in FIGS. 3 and 4. The normal  angle a of the leading flank 32 may be
greater than the normal angle (3 of the trailing flank  34. Alternatively
or in addition, the normal angle a of the leading flank 32 of the threaded
portion 24 may be between 1.5 and 2.5 times the normal angle (3 of the
trailing flank 34 of the  threaded portion 24. Alternatively, the normal
angle a of the leading flank 32 and the normal  angle R of the trailing
flank 34 may be substantially the same. [0034] The leading flank 32 may
have a normal angle a between about 10 and 60, and  the trailing flank 34
may have a normal angle [3 between about 1 and 30. Alternatively, the
leading flank 32 may have a normal angle a between about 15 and 40, and the
trailing flank  34 may have a normal angle G between about 5 and 20. In one
application, the leading flank  32 may have a normal angle a of 20 and the
trailing flank 34 may have a normal an gle R of  10. [0035] Optionally, the
normal angle a of the leading flank 32 may be a compound angle  as shown in
FIG. 5. The leading flank 32 may include a leading compound angle 01 from
the  leading flank 32 surface. Alternatively or in addition, the normal
angle [3 of the trailing flank- ' 4 may be a compound angle as shown in
FIG. 5. The trailing flank 34 may include a trailing  compound angle 82
from the trailing flank 34 surface. The leading compound angle 0: and the
trailing compound angle 82 may be approximately the same. Alternatively,
the leading compound angle 81 may be greater than the trailing compound
angle 02. In yet another  alternative, the leading compound angle 81 may be
less than the trailing compound angle 02.  



The leading compound angle 0] may be between about 1 and 20. Similiarly,
the trailing  compound angle 82 may be between about 1  and 20. [0036] As
shown in FIGS. 3 and 4, the shank portion 36 extending between the trailing
flank and the leading flank of adjacent threads may be a arcuate surface
having a radius R  greater than the thread height. The radius R of the
arcuate surface forming the shank portion  36 may be between 1.2 and 1.8
times the thread height H. The thread height H may be  determined by the
difference between the major diameter D,,j and the minor diameter dm
divided by two. In one alternative, the arcuate surface forming the shank
portion 36 may have  a continuous radius R greater than the thread height.
The center of the radius R may be 5 axially positioned a distance
approximately half of the pitch P between the threads, identified  by
reference "a" on FIG. 3. Alternatively, the center of the radius R may be
axially positioned  closer to the leading thread or the trailing thread as
desired. The ratio between the axial length RL of the shank portion to
thread height may be between about 1.5 and 3.0. [0037] As shown in FIGS. 3
through 5, the shank portion 36 may be adapted such that the  arcuate
surface of the shank portion 36 intersects the flank 32, 34
non-tangentially. Stated  another way, at the intersection of the flank 32.
34 and the arcuate shank portion 36, the flank  is not tangent to the
arcuate surface. A fillet may be provided at the intersection between the
flank 32, 34 and the shank portion 36 (not shown). [0038] The threaded
fastener 20 may have at least one minor protrusion 40 formed along  at
least a portion of the shank portion 36 of the threaded portions 24
positioned between the  trailing flank 34 and the leading flank 32 of
adjacent threads as shown in FIGS. 2 and 6. The  minor protrusion 40 may be
provided to improve the performance of the fastener under  vibration. The
minor protrusion 40 is not a thread form but a protrusion that may be
provided  to fill voids between the shank portion 36 and the component
material the fastener is threaded  into increasing contact area between the
thread portion 24 and the component. [0039] The minor protrusion 40 may be
continuous along the shank portion 36 positioned  between the trailing
flank 34 and the leading flank 32 of adjacent threads as shown in FIG. 7.
Alternatively, the minor protrusion 40 may be intermittent along at least a
portion of the  shank portion 36 by providing intermittent gaps 42 in the
minor protrusion 40 as shown in  FIG. 7. It is contemplated that the gaps
42 may further improve retention of the threaded  



fastener in the component as component material flows into the gaps 42
during installation.  The height of the minor protrusion 40 may be not more
than 30% of the thread height.  Alternatively, the height of the minor
protrusion 40 may be not more than 20% of the thread  height. As shown in
FIGS. 6 and 7, at least a part of the minor protrusion 40 may have a
cross-sectional shape that is arcuate or semi-circular in shape.
Alternatively, as shown in FIG.  8, the minor protrusion 40 may have a
cross-sectional shape that is rectangular 40c,  ellipictical 40b,
trapezoidal 40d, triangular 40a, or other non-thread shape that is desired.
A  lead side of the minor protrusion 40 may have a normal angle between 10
and 60. [0040] The threaded fastener 20 may include a plurality of grooves
46 extending  transversely through the major diameter portion 38 of the
threaded portion as shown in FIGS.  7 and 9. Alternatively or in addition.
the threaded fastener 20 may include a plurality of  grooves 46 extending
transversely through the major diameter portion 38 of adjacent threads 6 of
the threaded portion. The depth and orientation of the grooves may be
varied as desired for  the component material the fastener will be threaded
into. [0041] The major diameter portion 38 of the threaded portion, or the
thread tip 38 may  have a flat surface an angled surface, an arcuate
surface, or other shape as desired. The major  diameter portion 38 may be
tapered toward the leading flank, the trailing flank, or both. such  as
shown by alternative examples in FIG. 10. Alternatively, the major diameter
portion of the  threaded portion may be arcuate such as shown by
alternative examples in FIG. 10. [0042] The presently disclosed fasteners
may be made from low carbon steel. alloy steel,  aluminum, brass. or other
material as desired. The threaded fasteners may be made of a  material
selected as desired adapted to assemble parts made from materials selected
from  plastic, brass, aluminum, wood, concrete, steel, or other component
materials. [0043] Parameters for one application of the present disclosure
is shown in FIGS. 11 and  12, in conjunction with FIGS. 3 and 4.
Experimental samples of the presently disclosed  fasteners were produced
and tested and compared with two commercially available  comparative
fasteners. Sample A is a fastener having a thread form configured as shown
in  FIG. 5 with a leading normal angle a of 25 degrees and a trailing
normal angle [3 of 25  degrees. Sample B is a fastener having a thread form
configured as shown in FIG. 3 with a  leading normal angle a of 20 degrees
and a trailing normal angle [3 of 10 degrees. Sample C is  



a commercially available fastener sold under the trademark Delta PTC.
Sample D is a  commercially available fastener sold under the trademark
Remform(r). Tested samples A  through D all have a major diameter of 1.6
millimeters. [0044] FIGS. 14 through 17 show plots of the torque measured
as the samples were  installed into pre-drilled holes in a plastic test
block. As shown in FIGS. 14 through 17, as the  fasteners are rotated into
the test block, the torque gradually increases until the head of the
fastener reaches the surface of the block, at which point additional
rotation of the fastener  provides rapidly increasing clamping torque until
failure. In the present tests, the samples  failed by strip-out. Strip-out
occurs when the shape of the hole deforms and/or the hole  enlarges such
that the threads of the screw cannot engage the material around the hole
enough  to tighten the screw. The drive torque was measured as the greatest
torque right before the  rapid torque rise to failure. Table 1 below
provides the drive torque for the samples as tested. 7 TABLE 1: Drive
Torque Sample A i Sample B Sample C Sample D  (a = 25, i (a = 20,
Comparative Comparative  [3 = 25) (3 = 10) Fasteners Fasteners Mean 1.090
1.119 0.999 1.162  Std. Dev. 0.141 0.053 0.059 0.113  Mean -r3 Std Dev
1.514 1.278 1.176 1.500  Mean -3 Std Dev 0.666 0.961 0.822 0.824 [004] The
failure torque is shown in Table 2. The failure torque was measured as the
highest torque achieved before strip-out. TABLE 2: Failure Torque Sample A
Sample B Sample C I Sample D  (a = 25, (a = 20, Comparative Comparative
25) = 10) Fasteners Fasteners Mean 2.135 2.135 1.849 2.326  Std. Dev. 0.100
0.119 0.101 0.129  Mean +3 Std Dev, 2.436 2.491 2.153 ^.714  Mean -3 Std
Dev 1.834 1.779 1.546 1.938 



[0046] When the fasteners are used in an assembly application, it is
typically desired to  install the fasteners to a seating torque greater
than the drive torque and less than the failure  torque. Fasteners are
often installed in commercial applications using automated drivers that
may have variability from one screw installation to another. For this
reason, it may be useful  to provide a seating torque within a range of
seating torques, or a seating torque window. A  larger seating torque
window may reduce strip-out failures by providing for greater variability
of the screw driver. [0047] To determine the seating torque window, an
upper seating torque and lower  seating torque are calculated. The upper
seating torque is the mean failure torque minus three  standard deviations
of the failure torque data. The lower seating torque is the mean drive
torque plus three standard deviations of the drive torque data. The seating
torque is selected  as the midpoint between the upper and lower seating
torques. As shown in FIG. 13 and Table  3. Sample B was the highest
performing fastener of the samples because the seating torque  window was
the greatest. 8 TABLE 3: Seating Torque Window Sample A Sample B Sample C
Sample D  (a = 25, (a = 20, Comparative Comparative  R = 25) I R = 10)
Fasteners Fasteners j Upper Seating Torque 1.834 1.779 1.546 1.938 I
Seating Torque I 1.674 I 1.528 1.361 1.719  Lower Seating Torque 1.514 I
1.278 1.176 1.500  Seating Torque Window 0.319 0.501 0.370 0.438 [0048] The
disclosed threaded fastener may comprise a threaded portion with a ratio of
pitch diameter to minor diameter less than 1.28, and the threaded portion
with a major  diameter portion, a leading flank having a normal angle
between 10 and 60, a trailing flank  having a normal angle between 1  and
30. and a shank portion extending between the  trailing flank and the
leading flank of adjacent threads of a arcuate surface having a radius
greater than the thread height, where the ratio between the axial length of
the shank portion to  thread height is between 1.5 and 3.0. [0049] The
arcuate surface forming the shank portion of the threaded fastener may have
a  



radius between 1.2 and 1.8 times the thread height. [0050] The normal angle
of the leading flank of the threaded portion may be greater than  the
normal angle of the trailing flank of the threaded portion. Alternatively,
the normal angle  of the leading flank of the threaded portion may be
between 1.5 and 2.5 times the normal  angle of the trailing flank of the
threaded portion. [0051] In one example of the disclosed threaded faster,
the normal angle of the leading  flank and the normal angle of the trailing
flank are substantially the same. In vet another  alternative, the normal
angle of the leading flank and the normal angle of the trailing flank  may
be compound angles. [0052] The threaded fastener is adapted to assemble
parts made from materials selected  from the group consisting of plastic.
brass. aluminum, wood, concrete, and steel. [0053] The threaded fastener
may include a plurality of grooves extending transversely  through the
major diameter portion of the threaded portion. Alternatively, the threaded
fastener may include a plurality of grooves extending transversely through
the major diameter  portion of adjacent threads of the threaded portion.
[0054] The major diameter portion of the threaded portion may be tapered
toward the  leading flank. the trailing flank, or both. Alternatively, the
major diameter portion of the  threaded portion is arcuate. 9 [0055] The
threaded fastener may have at least one minor protrusion is formed along at
least a portion of the shank portion of the threaded portions positioned
between the trailing  flank and the leading flank of adjacent threads. The
minor protrusion may be continuous  along the shank portion positioned
between the trailing flank and the leading flank of  adjacent threads.
Alternatively, the minor protrusion is intermittent along at least a
portion of  the shank portion positioned between the trailing flank and the
leading flank of adjacent  threads. [0056] If present, the minor protrusion
may have a height not more than about 30% of the  thread height.
Alternatively, the height of the minor protrusion is not more than 20% of
the  thread height. At least a part of the minor protrusion may have a
cross-sectional shape  selected from the group consisting of arcuate,
rectangular, ellipictical, trapezoidal. and  triangular. Additionally, a
lead side of the minor protrusion may have a normal angle between  



about 10 and 60. [0057] Also disclosed is a threaded fastener comprising
having a threaded portion with a  major diameter portion, a leading flank
having a normal angle between 1  and 60, a trailing  flank having a normal
angle between 1 and 60, and a shank portion extending between the  trailing
flank and the leading flank of adjacent threads, and at least one minor
protrusion  formed along at least a portion of the shank portion of the
threaded portions positioned  between the trailing flank and the leading
flank of adjacent threads. [0058] The minor protrusion may be continuous
along the shank portion positioned  between the trailing flank and the
leading flank of adjacent threads. Alternatively, the minor  protrusion is
intermittent along at least a portion of the shank portion positioned
between the  trailing flank and the leading flank of adjacent threads.
[0059] The minor protrusion may have a height not more than about 30% of
the thread  height. Alternatively, the height of the minor protrusion is
not more than 20% of the thread  height. At least a part of the minor
protrusion may have a cross-sectional shape selected from  the group
consisting of arcuate, rectangular, ellipictical, trapezoidal, and
triangular.  Additionally, a lead side of the minor protrusion may have a
normal angle between about 10  and 60. [0060] In one alternative, the
leading flank of the threaded fastener may have a normal  angle between
about 10 and 60, and the trailing flank may have a normal angle between
about 1 and 30. [0061] This invention has been described with reference to
illustrative embodiments and  is not meant to be construed in a limiting
sense. It will be apparent to one skilled in the art  10 that elements or
process steps from one or more embodiments described herein may be used  in
combination with elements or process steps from one or more other
embodiments  described herein, and that the present invention is not
limited to the specific embodiments  provided herein but only as set forth
in the accompanying claims. Various modifications of  the illustrative
embodiments, as well as additional embodiments to the invention will be
apparent to persons skilled in the art upon reference to this description.
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