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SPIRAL DRIVE SYSTEM FOR THREADED FASTENERS

Field e i
This invention relates to drive systems for threaded fasteners, tools for their
manufacture and drivers for driving the fasteners.

Background of the invention

Threaded fasteners commonly used in industrial applications typically are
driven by power tools at high speeds and under high torque loads. Such conditions
present difficult design considerations, particularly with respect to the drive systems
and, more particularly, with threaded fasteners having a driver engageable recess in
the fastener head. ldeally, such a drive system should be easily manufactured, both
as to recess and head geometry as well as to associated tooling for forming the
fastener head and drivers for engaging the recess. The strength of the head of the
fastener should not be adversely affected by the recess. The driver should be easily
insertable into and easily withdrawn from the recess. The driver and recess, when
mated, should distribute the stress loads uniformly to avoid formation of highly
localized regions of stress that might result in deformation of the recess, or driver, or
both, leading to premature failure of the drive system. The drive system should resist
cam-out of the driver from the recess when the fastener is driven. In many
applications, it is very important that the fastener must be capable of withstanding
several cycles, as in applications where the fasteners must be removed in order to
repair or replace parts or to remove and replace access panels. The fastener drive
system ideally should be capable of such repeated cycling, particularly in
environments where the recess may become contaminated, painted, corroded or
otherwise adversely affected in use. In such environments, it is essential that the
drive system maintain driving engagement while applying torque in a removal
direction. it may be necessary for the drive system to be capable of applying even
higher levels of torque when removing the fastener, as may occur when the fastener

is over-torqued during initial assembly, or where corrosion develops at the interface at
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the engaged threads, or if thermal cycling of the assembled components has placed
increased stress on the fastener. Where one or mare of these, and other,
characteristics may present competing considerations, compromises of one in favor of
another may be made.

A variety of recess and driver configurations are in common use, including a
number of cross-recesses, such as those described in U.S. patents Re. 24,878 (Smith
etal.); 3,237,506 (Muenchinger) and 2,474,994 (Tomalis). Other fastener geometries
include multi-lobe geometries of the type described in U.S. patent 3,763,725 (Reiland)
and ribbed drive systems as described in U.S. patent 4,187,892 (Simmons). Also
among the common recess configurations is the Allen system which is essentially a
straight walled hexagonally shaped socket receptive to a similarly shaped driver. With
the exception of the ribbed systems, the walls and faces of the driver and recess
typically are designed to fit closely with each other in an effort to achieve face-to-face
contact of the driving and driven surfaces. With cross-recess fasteners, such face-to-
face engagement can occur only, if at all, when the driver is properly aligned and
seated within the recess. As a practical matter, however, in order to enable the driver
to be inserted into the recess, there necessarily must be some clearance between the
two. The necessity for such clearance is even more critical with recesses having
substantially vertical drive walls, as in the Reiland ‘725 patent and Allen head
systems. In all of these systems, the practical resuilt of the necessity for such
clearance is that substantial face-to-face, broad area contact between the driver and
recess surfaces is seldom achieved, if at all. With most drive systems for threaded
fasteners, the driver mates with the recess in the head in a manner that resuits in
point or line contact rather than face-to-face broad area contact. The actual area of
contact typically is substantially less than full face-to-face contact. Consequently,
when torque is applied by the driver, the forces applied to the screw head tend to be
concentrated in localized areas with resulting high localized stresses. Such localized
high stress can plastically deform the recess, forming ramps or other deformations
resulting in premature, unintended disengagement of the driver from the recess.

The foregoing difficulties have been recognized in the art. For example, U.S.

patent 2,248,695 (Bradshaw) discloses a screw head and driver arrangement in which
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the driving and driven faces of the driver and fastener, respectively, are curved and
located eccentrically with respect to the screw axis. In the Bradshaw fastener, any
“suitable curvature” such as circular or log spiral may be used as long as it is oriented
to bind or lock together by frictional engagement. Notwithstanding Bradshaw's
teachings, later fastener drive systems, as those referred to above, do not appear to
have adopted the Bradshaw teaching of relying on frictional engagement.

It is among the general objects of the invention to provide a drive system for a
threaded fastener that achieves many of the desirable characteristics for threaded

fastener drive systems with less compromise of competing characteristics than has
been the case with the prior art.

Summary of the Invention

The advantages of the invention may be achieved by configuring the driving
and driven surfaces of the driver and fastener, respectively, to conform to a segment
of a spiral and, particularly, in a spiral configuration that enables a substantial and
generous clearance between the driver and the recess during insertion and removal
of the driver but in which the fully seated driver is permitted to rotate to take up that
clearance. The spiral configurations of the drive walls of the driver and the driver-
engageable walls of the recess are such that when the spiral walls engage, they do

so over a relatively broad area thereby applying and distributing the stress over that

" broad area. The spirally configured driving and driven walls are oriented to direct a

major portion of the applied torque substantially normal to the fastener radius with
little, if any, reliance on frictional, near-tangential engagement. The drive walls of the
driver and the driver-engageable walls of the recess may be formed to be as close to
vertical as is practical, although some draft angle of several degrees may be
acceptable. The configuration of the drive walls enables high levels of torque to be
delivered without inducing substantial axially directed cam-out forces tending to urge
the driver axially out of the recess. By so minimizing the tendency for cam-out, the
recess may be relatively shallow, thereby resulting in a stronger screw head than

would be the case with a deep, conventional recess.



10

15

20

25

30

WO 99/23389 PCT/US98/22864
-4-

A recess embodying the invention preferably includes a central portion and a
plurality of generally radial wings, at least two of which have at least one heightwise
extending, spiral driver-engageable wall. Recesses may be provided in which the
spiral drive surfaces engage only in an installation direction, or only in a removal
direction, or in both installation and removal directions. Additionally, the spiral
surfaces may be arranged to have different arc lengths and orientations so that the
torque capacity can be higher in one direction than in the other. A screw thus can be
made capable of transmitting higher torque loads in a removal direction than in the
installation direction so that sufficient torque can always be applied to overcome the
torque that was previously applied during installation.

In a further aspect of the invention, the spiral configuration of the engageable
driver and recess faces is configured and located with respect to the longitudinal axis
of the screw so that when the driver face meets its associated recess face, it will tend
to do so uniformly along the common engaging area of the those faces. The spiral
configuration of the driver face preferably is substantially identical to that of the recess
face. Consequently, when the driver is rotated to bring its spiral face into
engagement with the driven face of the recess, the full surface area of the driver will
engage the corresponding full surface area of the recess. So engaged, continued
torque will be applied from the driver to the recess with the major proportion of the
force being applied in a direction substantially perpendicular to the radius of the _
fastener. The transverse cross-sectional contour of the driver is somewhat smalier
than that of the recess so as to leave a generous clearance that enhances the ability
for the driver to be inserted and removed from the recess. The spirally configured
driver surfaces enable the clearance to be taken up during the initial portion of driver
rotation so that when the driver and recess drive walls engage they will do so in broad
face-to-face contact. In its most preferable form, the mating spiral faces of the driver
and recess are configured and oriented so that their spiral faces will substantially
parallel each other throughout the range of permitted free rotation of the driver within
the recess. in a still further aspect of the invention, the spiral engageable walls of the
driver and recess are confined to the region of the spiral at its innermost portion. The

initial point of the spiral may be located at a defined radius from the longitudinal axis
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of rotation of the fastener and the length of the spiral extends to a point that is a
multiple of that initial radius, up to about three or three and one-half times the initial
radius.

In ancther aspect of the invention a punch is provided for forming a recess in
the head of a fastener blank in which the punch includes a main body having an end
contoured to form a portion of the fastener head and a nib adapted to form the spiral
recess of the invention in a conventional two-blow header technique. The radial
extending wings of the nib may include one or two spiral surfaces adapted to form
complementary spiral surfaces when impacted against the head end of the fastener.
In a further aspect of the invention, the drive system may be used with externally
driven fasteners in which the driving tool defines the recess and the driven surfaces
on the fastener are defined by peripheral surfaces on the fastener head.

Itis among the objects of the invention to provide a drive system for a threaded
fastener by which torque can be effectively transmitted while minimizing localized
stresses in the screw head and the driver.

Another object of the invention is to provide a drive system for a threaded
fastener in which the driver engageable surfaces in the fastener are formed with a
spiral contour and are adapted to be engaged by identically spiral contoured driver
elements.

A further object of the invention is to provide a drive system for a threaded
fastener in which the driving and driven faces of the driver and fastener respectively
provide a generous clearance between the driving surfaces when the driver is fully
inserted in the recess while still enabling broad face-to-face driving contact of the
driver and recess drive walls.

Another object of the invention is to provide novel tooling for a drive system for
threaded fasteners.

ief Description of the Drawings
The foregoing and other objects and advantages of the invention will be

appreciated more fully from the following further description thereof, with reference to
the accompanying drawings wherein:



10

15

20

25

30

WO 99/23389 PCT/US98/22864

FIG. 1 is an illustration of a flat head screw having a recess in accordance with
the invention;

FIG. 2 is an illustration of the driver in accordance with the invention adapted
for engagement with the recess of the screw shown in FIG. 1;

FIG. 3 is a top view of the head of a screw having, for ease of explanation, a
simplified single lobe spiral recess in accordance with the invention with a driver,
shown in section, within the recess;

FIG. 4 is an illustration similar to FIG. 3 in which the driver has been rotated
relative to the screw to engage the spiral face of the driver with the spiral face of the
recess;

FIG. 5 is a polar coordinate diagram of a constant gap spiral that defines the
most preferable shape for engageable driver and recess walls in accordance with the
invention;

FIG. 6 is a force diagram illustrating the balance of forces between the driver
and the recess of the present invention while torque is applied to the fastener by an
inserted driver;

FIG. 7 is a force diagram similar to FIG. 6 illustrating the component forces
developed between a prior art driver and recess in which the design of the system
relies on frictional engagement between the driver and the recess;

FIGS. 8A-8E illustrate, diagrammatically, top views of fastener heads having
multiple wing recesses in which the spirally contoured recess walis are engageable by
a driver rotated in a counterclockwise direction;

FIGS. 9A-9D are diagrammatic illustrations of spiral shaped recess
configurations having multiple wings with the installation and removal walls of the
wings, each being provided with a spiral configuration;

FIG. 10A is a diagrammatic top view of a screw having a recess in accordance
with the invention in which the wings of the screw provided with asymmetrically
configured spiral installation and removal walls adapted to develop more torque ina
counterclockwise (removal) direction than in a clockwise (instailation) direction, and
further showing the driver in cross-section;

FIG. 10B is an illustration of the screw and driver of FIG. 10A in which the

e
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driver has been rotated, counterclockwise, in a removal direction, with the spiral
removal walls of the driver and recess in engagement; '

FIG. 11A is a diagrammatic top view of a multiwinged recess screw and driver
in which the engageable faces of the screw and driver in one rotated sense are
formed in a constant gap spiral configuration and the proposed drive walls are formed
with a different spiral configuration, further illustrating the installation walls of the
driver having been rotated into engagement with the installation walls of the recess:
and

FIG. 11B is an illustration similar to FIG. 11A but in which the driver has been

rotated counterclockwise relative to the screw head to engage the constant gap spiral
surfaces of the driver and recess.

scripti e Hlustrative Embodim
FIG. 1 illustrates an exemplary threaded fastener 10 having a shank 12 with
threads 14 formed at one end and a head 16 with a recess 18 formed at the other
end. The head 16 may be formed in a conventional two-blow header machine in
which the end of the wire or other material from which the fastener is made is
supported in a die of the header machine and its head end is impacted, first with a
punch that partially forms the head, and then with a finishing punch that finishes the

head and forms the driver- engageable recess. The recess 18 is illustrated as having

- a central portion 20 and a plurality of radially outwardly extending lobes (wings) 22.

The recess in the embodiment of FIG. 1 is formed so that each of its wings 22 has an
installation wall 24 (assuming a right-handed thread 14) and a removal wall 26. The
installation wall 24 and removal wall 26 preferably are formed to be substantially
vertical, defining or closely approximating a cylindrical surface parallel to the
longitudinal axis of the screw. The installation and removal walls, and other surfaces
of the recess, may be formed to include some positive draft, that is, they may diverge
slightly in a direction from the bottom to the top of the recess. By way of example, a
positive draft of up to about 6° should not adversely affect the torque transmission
capability of the system for many applications. The bottom of the recess may be
defined by a conical bottom wall 28. The radially outer end of each wing may be
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contoured to provide a smoothly curved transition between the installation wall 24 and
removal wall 26 of the wing. The recess also includes an inner transition wall 32
between the installation wall 24 of one wing 22 and the removal wall 26 of the next
adjacent wing 22. It should be understood that the invention may be incorporated in
threaded fasteners in a wide variety of configurations including recesses having one
or more wings in which only one of the installation or removal walls 24, 26 is provided
with a spirally contoured segment.

FIG. 2 shows a driver 34 configured for engagement with the multiwing spiral
recess illustrated in FIG. 1. The driver 34 may be considered to include a shank 36
and a multiwing nib 38 formed at the end of the shank 36. The nib 38 includes a
central portion 42 from which a plurality of wings 40 radiate. The end wall 42 of the
driver may be formed in a conical or other configuration. Preferably, the end wall 42
is configured so that when the driver 34 is fully seated in the recess 18, some
clearance will remain between a portion of the end wall 42 and the bottom walt 28 of
the recess. Each of the wings may be considered as having an installation wall 46
and a removal wall 48.

Although it is contemplated that most, but not necessarily all, applications will
employ a multiwinged recess and driver, the principles of the invention may be
illustrated and appreciated with reference to a simplified single lobe embodiment
shown diagrammatically and in exaggeration, in FIGS. 3 and 4. The screw head 16,
shown in plan, is provided with a single lobe recess 18A defining an installation wall
24A and a removal wall 26A (assuming a right-hand threaded fastener). For ease of
explanation, the removal wall 26 is formed in a spiral configuration in that its
intersection with a plane perpendicular to the fastener axis 44 defines a spiral. The
installation wall 24A is illustrated as being substantially flat, extending in a general
radial direction from the initial point to the outer end of the spiral. The driver 34A is
illustrated in section taken along the plane perpendicular to the axis 44 of the fastener
at the top surface of the fastener head 16. The simplified single lobed driver 34A may
be considered to have an instaltation wall 46A and a removal wall 48A both of which
are essentially identical in cross-section geometrical shape to the installation wall 24A
and removal wall 26A of the recess 18A. The removal wall 48A of the driver 34A is

i
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formed to define substantially the same spiral as that of the recess wall 26A. At least
that portion of the nib of the driver 34A that is received within the envelope defined by
the recess has walls oriented to parallel the corresponding walls of the recess. The
driver is dimensioned with respect to the recess so that when seated in the recess, a

substantially uniform clearance 50 may exist between the corresponding drive walls of

_ the driver and the recess. The clearance 50 between the recess and the driver is

generous and should be selected to assure that the driver can be easily inserted into
and removed from the recess under a broad range of operational conditions, including
the presence of contaminants, corrosion or the like in the recess.

FIG. 4 is a diagrammatic illustration of the driver and recess of FIG. 3 with the
driver having been rotated counterclockwise to engage the spiral removal wall 48A of
the driver with the substantially paralleling spiral wall 26A of the recess. From FIG. 4
it can be seen that when the driver has been rotated to engage its spiral surface with
that of the recess, the gap 50 between the spiral removal walls of the driver and
recess is fully taken up while the gap 52 between the installation walls of the driver
and recess increases to define an angle 0 that corresponds to the amount of rotation
necessary to rotate the driver into full engagement with the recess. Thus, as the
driver is rotated in a direction of decreasing spiral radius, the clearance 50 is
eliminated and the spiral surfaces engage fully over a broad surface area. in
accordance with the invention, the spiral curve is selected and oriented to enable
transmission of high torque. ldeally, the complete spiral surface of the driver engages
the complete spiral surface of the recess simultaneously over substantially the full
surface area. Such engagement avoids the development of points of high stress
concentration, distributing the applied load broadly and uniformiy.

It should be understood that in the exaggerated diagrammatic single lobe
illustration of FIGS. 3 and 4, the spiral continues from its initial point, indicated at 54 in
FIG. 4, to its terminal point, indicated at 56 in FIG. 4. in accordance with the
invention, mating faces of the driver and the recess are arranged to conform to the
more inwardly disposed portions of the spiral than the more outwardly disposed
portions because the more inwardly disposed portions will transmit a greater portion
of the applied force as torque, rather than as a radially outwardly directed force that
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does not contribute to driving the fastener. Thus, it may be seen from FIG. 4 that the
more radially inwardly disposed portion of the spiral, suggested, for example, at 58,
will transmit more of the applied force to torque the fastener than for the more radially
outward portion of the spiral, as 60, in which a substantially larger component of the
applied force is directed in a radially outward direction and substantially less is in
torque. It is an important aspect of the invention that the spirally configured walls be
arranged so that their more radially inward regions are employed. Thus, in practical
application, a fastener made in accordance with the invention would include that
segment of the spiral indicated at 58 while that portion represented by segment 60
should not be employed. As described below in further detail, the spiral surfaces are
oriented with respect to the longitudinal axis 44 of the screw so that the major portion
of the torque applied by the driver to the fastener will serve to rotate the fastener
rather than apply the radially outward force. As shown, the torque transmission in a
removal direction would be greater than that which would be applied in an installation
(clockwise) direction. In accordance with the invention, the orientation of the spiral
surfaces may be varied to provide the desired proportion between installation and
removal torque capabilities, depending on the particular application for the fastener.
FIG. § illustrates, in polar coordinates, an ideal spiral having desirable
characteristics for use in the invention in that it can be oriented with respect to the
axis of rotation corresponding to the longitudinal axis of a threaded fastener and that,
when so rotated, as through an angie 0, will remain parallel to and spaced from the

unrotated spiral. As shown in FIG. 5, the ideal spiral indicated at position A, when

rotated through an angle 0 to the position indicated at B, will remain parallel to that of

position A but will be spaced from that of position A by a gap indicated at C. Although
the magnitude of the gap C will increase as the rotation angle 6 in increased, for any
given angle of 8, the gap C will remain constant over the spiral length. The geometry
of the constant gap spiral is defined by the following equation, expressed in polar

coordinates:

0= J(RIR) -1 + Arcsin (R/R)" - (n/2)

e —
S| I

n
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where:

8 = the rotation angle (in radians) of a ray crossing the curve at a
distance r from the axis of rotation;

R; = the initial radius as measured from the axis of rotation to the initial
point of the spiral; and

R = the radius of the spiral at a rotation angle 6, also measured from the
axis of rotation.

From the foregoing, it will be appreciated that when the driver is formed with
drive walls embodying the constant gap spiral and is driven to engage the spiral walls
of the recess, the spiral drive wall on the driver will engage fully and simultaneously,
the corresponding spiral drive wall on the recess. !t should be understood that, as
described above in connection with FIG. 4, the polar coordinate graph of FIG. 5 is
intended merely to illustrate an ideal spiral in which the gap between rotated positions
of the spiral is constant so that the spirals may be considered as paralleling.

In accordance with the invention, the spiral face(s) on the drive wall of a wing
of the recess is located so that the initial point 54 of the spiral is radially spaced from
the central axis 44 of the recess by a radius R, . In accordance with the invention,
those portions of the spiral faces that are located closer to the initial point 54 will

transmit a greater portion of the applied torque in a direction that will rotatably drive

- the screw than more outwardly located portions. The spiral driver face and driver

engageable recess will be most effective in transmitting torque by configuring those
faces to conform to the portions of the spiral that are more closely disposed to the
initial point 54. In accordance with the invention, the force transmitting walls should
be curved to conform to that portion of the spiral that extends from R = 1 on FIG. 5 to
no more than about R = 3.5 (indicated at point 62) and, more preferably, within the
range of

R =1to about R =2. Considered in terms of the angle of the circular arc subtended
by the desired inner portion of the spiral, the angle may include, at a maximum, about
125° more preferably about 90° or less and, most preferably, about 45° or less.
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FIGS. 6 and 7 are force diagrams showing the force components acting at an
arbitrary point along a curved surface of an engaged driver and recess walls. FIG. 6
ilustrates a force diagram for the present invention. FIG. 6 shows a driver 34B having
a removal drive wall 48B in face-to-face engagement, along the curved interface 68,
with the removal wall 26B of a recessed fastener head 16B. FIG. 6 represents,
diagrammatically, the force vectors when a counterclockwise torque, as suggested at
70 is applied, about the axis 448 of the screw. At a selected point of interest 72, the
driver 34B applies a force 74 to the recess face 26B along a direction that is normal to
the interface 68. Normal force 74 resolves into a component 76 that applies only
torque to the screw and another component 78 that generates radially outward
compressive stress, but no torque. Additionally, the normal force 74 results in the
development of a frictional force 80 directed along a tangent 82 to the interface 68.
The frictional force 80, in turn, resolves into a component 84 that is additive to the
torque component 76 and another component 86 that opposes and is subtractive with
respect to the radial outward component 78. The magnitude of the frictional force 80
relative to the normal force 74 depends on the coefficient of friction that, of course,
will vary with the surface smoothness, lubricity and material of the screw. The
coefficient of friction may, for example, range between about 0.1 and 0.4, with a
coefficient of friction of 0.4 having been selected in the development of the force
diagrams of FIGS. 6 and 7. Thus, FIG. 6 illustrates that with the geometry of the drive
and driven walls of the present invention, the torque is produced primarily by the
normal force component 108, even with a high frictional coefficient, assumed for
purposes of illustration. The torque transmission capability of a fastener embodying
the invention does not depend, to any significant degree, on the vector component 84
of the frictional force.

FIG. 7 is a force diagram similar to that of FIG. 6 but depicting the effect of a
driver-recess curved interface 68' that is oriented so that a tangent 82' to the curved
interface 68' at a point 72' will be oriented more nearly perpendicular to a radius
drawn from the screw axis 44B’ to the point 72'. Such an arrangement is typified by
that described in Bradshaw patent 2,248,695. From a comparison of FIG. 7 with FIG.

6, it will be apparent that prior art cdnﬁguration results in a substantially higher radially
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outward loading of the screw head, as evidenced between the differences in length of
the vector components 78' and 86', and is primarily dependent upon variable and
often unpredictable frictional phenomena for producing torque. The reliance, in the
prior art, on friction is apparent by comparing the relative contributions of the frictional
component 84' with the component 76'. From the foregoing, it may be appreciated
that a line perpendicular to a tangent to the spiral segment will make an angle to a
radius from the longitudinal axis to the point of tangency representative of the degree
to which the force applied by the driver will be transmitted as torque to the fastener.

In applicants’ invention, that angle should not be less than 17° and, preferably, is
substantially more than 17°. Among the significant objectives of the present invention
is to provide a drive system by which high torque can be transmitted from a driver to
the fastener with reduced risk of yieiding or fracturing the screw head and without
significant reliance on frictional characteristics.

FIGS. 8A-8E illustrate, diagrammatically, recessed head fasteners embodying
the invention and including two to six wings 22A-22E. In these embodiments, the
recesses are configured to have the spiral shaped contour on the removal walls to
favor greater torque application in a removal direction than in an installation direction.
In these diagrammatic illustrations, the installation walis are shown as being
substantially flat, although it should be understood that the installation wall may take
any desirable shape, including a spiral shape in accordance with the invention.

FIGS. 9A-9D illustrate the use of the invention in a bidirectional spiral drive
system adapted to develop substantially the same torque both in removal and
installation directions. In these embodiments, the removal walls and installation walls
of one or more of the wings are each provided with spiral contours oriented in
opposite directions to provide the characteristics attendant to the spiral contoured
drive wall, both in the installation and removal direction. In the embodiments
illustrated in FIGS. 9A-9D, the installation and removal walls of a wing may be
essentially mirror images of each other.

FIGS. 10A and 10B illustrate a multiwinged drive system in which the wings
(three are shown for illustration) include spiral drive walls both in the installation and

the removal directions but in which one of the drive walls in each wing is of greater
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torque capacity than the other. The embodiments illustrated in FIGS. 10A and 10B
provide greater torque capacity in the removal direction because the removal drive
walls have a greater arc length and corresponding area than do the installation drive
walls. Because the forces are applied over a greater surface area in the removal
direction greater torque may be applied in that direction.

Although the invention may be most efficiently practiced with the constant gap
spiral described above, systems may be provided that incorporate spirals that vary
somewhat from the most preferable substantially constant gap spiral while still
providing significant advantages over the prior art. FIGS. 11A and 11B illustrate an
example of such recess and driver 34F in which the recess includes four wings 22F,
each having a removal drive wall 26F configured to have a constant gap spiral and an
installation drive wall 24F having a different spiral configuration that is oriented to
direct the major proportion of force from the driver to the recess in a torque producing
direction. The transitions 90, 901, 92, 92' of the installation and removal surfaces on
each of the driver and recess wings may be formed in an arcuate contour. For all of
the embodiments, it is desirable that a sufficiently generous clearance be provided,
suitable for the particular application, between the driving surfaces of the driver and
those of the recess. Unlike prior art systems in which a substantial clearance
between the envelope defined by the driver surface and the recess envelope tends to
exaggerate the high concentration of stresses at a point or line contact, the present
invention is substantially unaffected by such generous clearances because the
clearance is taken up un_iformly as the spirally configured drive surfaces are rotated
through the clearance angle 0 into engagemeht with the mating spiral recess
surfaces. By way of example, a clearance gap of the order of 0.002 to about 0.004
inches fully about and between the driver envelope and the recess envelope should
not significantly adversely affect the forque capacity of the system.

The depth of the recess may depend on the shape and dimensions of the

“screw head and the shank, the material from which the fastener is made as well as
the other dimensions of the recess. The depth should be selected to retain adequate
screw head strength, particularly with 100° flat head screws 71 in which the relatively
shallow flat head typically leaves little material into which the recess may penetrate

s
=
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before the strength of the juncture between the head and the shank is compromised.
Where the present invention may be used to provide enhanced torque capability
resulting from broad surface area contact between the driver and recess, even at
shallow recess depths, high driving torques may be enabled even in such flat head
screws without compromising the strength of the screw head.

The drivers and recesses of the present invention may be manufactured in a
conventional two-blow header machine. The punch typically will be formed to include
a body and a nib that corresponds substantially to the geometry of the driver,
illustrated in FIG. 2. Because of the inherent difficulties in manufacturing recesses
having perfectly vertical walls, some positive draft in the recess walls, possibly of the
order of 1°, may result even if precise vertical walls are attempted to be made. Such
slight taper should not significantly affect the performance of the spiral contoured
drive system. Moreover, it may be desirable to form the recess to intentionally include
a greater positive draft; for example, the draft of the wall could be increased to
approximately 5° to 6° from the vertical without significantly diminishing the benefits of
the invention. Punches may be formed according to conventional punch-forming
techniques such as use of hobbing dies. Drivers in accordance with the invention
also can be manufactured using conventional techniques, such as by stamping a
driver blank with one or more shaped dies to form the desired shape wings or, by
milling the driver bit using specially shaped milling cutters.

It also should be understood that the fl)regoing description of the invention is
intended merely to be illustrative thereof and that other embodiments, modifications
and equivalents may be apparent to those skilled in the art without departing from its
spirit. Having thus described the invention, what | desire to claim and secure by
Letters Patent is:
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1. A threaded fastener having a longitudinal axis and a driver-engageable

recesé at an end of the fastener, the recess comprising:

a central portion;

a plurality of wings radiating outwardly from the central portion, the
wings each being defined by a pair of side walls;

at least one of the side walls being configured to define a segment of a
spiral that has an initial point spaced from the longitudinal axis of the fastener by an
initial radius and extends to an outer terminal point at a radius that is no more than

about 3.5 times that of the initial radius.

2. A fastener as defined in claim 1 wherein no portion of the spiral segment
has a tangent to which a perpendicular line makes an angle to a radius from the

longitudinal axis to the point of tangency that is less than 17°.

3. A threaded fastener as defined in claim 1 wherein the spiral comprises a
constant gap spiral.

4. A threaded fastener as defined in claim 3 wherein the spiral is defined

by the equation
o= J(R/Ry -1 + Arcsin(R/R)" - (n/2)

where:

6 = the rotation angle (in radians) of a ray crossing the curve at a distance R
from the axis of rotation;

R; = the initial radius as measured from the axis of rotation to the initial point of
the spiral; and

R = the radius of the spiral at a rotation angle 9, also measured from the axis of

rotation.
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5. A threaded fastener as defined in claim 4 wherein the spiral segment
defined by the drive wall extends from the initial point to an outer terminal point that
lies at a radius that is about three times that of the initial radius.

6. A threaded fastener as defined in claim 2 wherein the spiral segment
defined by drive wall extends from the initial point to an outer terminal point that lies at
a radius that is about two times that of the initial radius.

7. A threaded fastener as defined in claim 1 wherein the arc circumscribed
by the spiral drive wall is no more than about 125°.

8. A threaded fastener as defined in claim 1 wherein the arc circumscribed
by the spiral drive wall is no more than about 90°.

9. A threaded fastener as defined in claim 1 wherein the arc circumscribed
by the spiral drive wall is no more than about 45°.

10. A threaded fastener as defined in claim 1 wherein the removal wall has
said spiral configuration.

11. A threaded fastener as defined in claim 1 wherein the installation wall is
configured to include said spiral.

12. A threaded fastener as defined in claim 1 wherein both of the installation
and removal walls have said spiral configuration.

13. Athreaded fastener as defined in any one of claims 10-12 wherein one

of the wallls is configured to have a greater torque capacity than the other.

14. A threaded fastener as defined in claim 13 wherein the side wall with
greater torque capacity comprises the removal wall.
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15. A threaded fastener as defined in any one of claims 10-12 wherein each
of the installation and removal walls is configured to have substantially equal torque
capacity.

16. Athreaded fastener as defined in claim 1 wherein the walls of the wing
are symmetrical about a radial plane extending from the longitudinal axis of the
fastener through the wing.

17. A threaded fastener as defined in claim 1 wherein the walls of the wing

are asymmetrically disposed about a radial plane extending from the longitudinal axis
of the fastener through the wing.

18. A threaded fastener having a longitudinal axis and a driver-engageable
recess at an end of the fastener, the recess comprising:

an installation drive wall and a removal drive wall;

at least one of the drive walls being configured to define a segment of a
spiral that has an initial point spaced from the longitudinal axis of the fastener by an
initial radius and extends to an outer terminal point at a radius that is no more than
about 3.5 times that of the initial radius.

19. A threaded fastener having a longitudinal axis and a head comprising:
an external surface extending about at least part of the periphery of the
head, the external surface including at least one side wall configured to define a
segment of a spiral that has an initial point spaced from the longitudinal axis of the
fastener by an initial radius and extends to an outer terminal point at a radius thatis

no more than about 3.5 times that of the initial radius.

20. A fastener as defined in claim 19 wherein no portion of the spiral
segment has a tangent to which a perpendicular line makes an angle to a radius from
the longitudinal axis to the point of tangency that is less than 17°.
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21.  Athreaded fastener as defined in claim 19 wherein the spiral comprises
a constant gap spiral.

22. Athreaded fastener as defined in claim 21 wherein the spiral is defined

by
the equation

o= (R/IRy -1+ Arcsin (R/R)" - (n/2)
where:

6 = the rotation angle (in radians) of a ray crossing the curve at a distance R
from the axis of rotation;

R, = the initial radius as measured from the axis of rotation to the initial point of
the spiral; and

R = the radius of the spiral at a rotation angle 6, also measured from the axis of
rotation.

23. Athreaded fastener having a longitudinal axis and a head comprising:
the head being formed to include driver engageable surfaces disposed
about the longitudinal axis, at least one of the surfaces being configured to define a

segment of a spiral that has an initial point spaced from the longitudinal axis of the

fastener by an initial radius and extends to an outer terminal point at a radius that is

no more than about 3.5 times that of the initial radius.

24. Athreaded fastener and driver therefor, in combination, comprising:

a threaded fastener as defined in claim 23,;

a driving tool having driving surfaces engageable with the drivable
surfaces of the fastener, the driving surfaces of the driving tool substantially
paralleling those of the fastener but being of a different transverse cross-sectional
size to enable the driver to be engaged with the head of the fastener so that their
respective driving and drivable surfaces may be separated by a clearance adapted to
permit limited rotation of the driver with respect to the fastener, the spiral surfaces of
the driver and fastener being configured to enable substantial and simultaneous face-
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to-face contact when the driver is rotated through the ciearance angle and into

engagement with the corresponding faces of the fastener.

25. Athreaded fastener and driver therefor, in combination, comprising:

a threaded fastener as defined in claim 1;

a driver having a shank and a tip formed at the end of the shank, the tip
having a plurality of wings having side walls substantially paralleling those of the
recess but of reduced transverse cross-sectional size to enable the driver to be
inserted into the recess with a remaining clearance between the two and to permit
limited rotation of the driver within the recess, the spiral surfaces of the driver and
recess being configured to enable substantial and simultaneous face-to-face contact
when the driver is rotated through the clearance angle and into engagement with the
driving faces of the recess.

26. A driver and fastener combination as defined in either one of claims 24

or 25 wherein said spiral surfaces are defined by a constant gap spiral.

27.  Adriver and fastener combination as defined in either one of claims 24
or 25 wherein the spiral is defined by the equation:

= J(R/IRY -1  + Arcsin (R/R)" - (z/2)
where:
6 = the rotation angle (in radians) of a ray crossing the curve at a distance R
from the axis of rotation;
R, = the initial radius as measured from the axis of rotation to the initial point of
the spiral; and
R = the radius of the spiral at a rotation angle 8, also measured from the axis of

rotation.

28.  Adriver and fastener as defined in claim 27 wherein the spiral surface
extends from an initial point spaced from the longitudinal axis of the screw by an initial

radius and extends to a terminal point at a radius that is not greater than about 3.5
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29.  Adriver and fastener as defined in claim 27 wherein the terminal point is
at a radius that is not greater than three times the initial radius.

30.  Adriver and fastener as defined in claim 27 wherein the terminal point is
at a radius not greater than about two times the initial radius.

31.  Adriver for driving a recess headed fastener comprising:

a shank, a nib formed at the end of the shank, the nib having a central
portion and a plurality of wings radiating outwardly from the central portion, each of
the wings having an installation wall and a removal wall, the wings being configured
so that at least one of the installation or removal walls defines a segment of a spiral
that has an initial point spaced from the longitudinal axis of the fastener by an initial
radius and extends to an outer terminal point at a radius that is no more than about
3.5 times that of the initial radius.

32.  Adriver as defined in claim 31 wherein no portion of the spiral segment
has a tangent to which a perpendicular line makes an angle to a radius from the
longitudinal axis to the point of tangency that is less than 17°.

323.  Adriver for driving a recess head fastener as defined in claim 31
wherein the spiral comprises a constant gap spiral.

34. Athreaded fastener as defined in claim 31 wherein the spiral is defined
by the equation

= \/(R/R,)Z -1 + Aresin (R/R)" - (n/2)
where:

0 = the rotation angle (in radians) of a ray crossing the curve at a distance R
from the axis of rotation;

R; = the initial radius as measured from the axis of rotation to the initial point of
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R = the radius of the spiral at a rotation angle 9, also measured trom the axis of
rotation.

35.  A-punch for forming the head end of a recessed head fastener

comprising:

a body having a face configured to form and define the outer contour of
the head;

a nib integral with the body and extending from the face, the nib having
a central portion and a plurality of wings radiating outwardly from the central portion,
each of the wings having a surface configured to form an installation wall and a
removal wall, the wings being configured so that at least one of the installation or
removal walls defines a segment of a spiral that has an initial point spaced from the
longitudinal axis of the fastener by an initial radius and extends to an outer terminal
point at a radius that is no more than about 3.5 times that of the initial radius.

36. A punch as defined in claim 31 wherein no portion of the spiral segment
has a tangent to which a perpendicular line makes an angle to a radius from the
longitudinal axis to the point of tangency that is less than 17°.

37. A punch as defined in claim 36 wherein the spiral comprises a constant
gap spiral.

38. A punch as defined in claim 35 wherein the spiral is defined by the
equation '
8= J(R/Ry -1 + Arcsin(R/R)" - (n/2)
where:
6 = the rotation angle (in radians) of a radial crossing the curve at a distance R
from the axis of rotation;
R, = the initial radius as measured from the axis of rotation to the initial point of

the spiral; and

T
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R = the radius of the spiral at a rotation angle 8, also measured from the axis of
rotation.
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