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A nosepiece for fastener driving tools with a contact surface for engagement with the workpiece with a rounded profile to facilitate
driving fasteners at an angle into the workpiece. Preferably, the contact surface has a first radially innermost portion of the contact
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(57) Abrege(suite)/Abstract(continued):
surface for engagement of the workpiece when a screw Is being driven substantially normal to the surface of the workpiece and a

second outer portion of the contact surface radially outwardly from the innermost portion which outer portion is adopted to engage
the work surface when a screw Is being driven at an angle other than substantially normal to the work surface, the characteristics of
the Innermost portion of the contact surface and outermost portion of the contact surface varying such that the outer portion
provides resistance to slippage of the nosepiece on the work surface when a screw Is being driven at an angle to the normal.
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ABSTRACT

A nosepiece for fastener dniving tools with a contact surface for
engagement with the workpiece with a rounded profile to facilitate driving fasteners at an
angle into the workpiece. Preferably, the contact surface has a first radially innermost
portion of the contact surface for engagement of the workpiece when a screw i1s being
driven substantially normal to the surface of the workpiece and a second outer portion of
the contact surface radially outwardly from the innermost portion which outer portion i1s
adopted to engage the work surface when a screw 1s being driven at an angle other than
substantially normal to the work surface, the characteristics of the innermost portion of
the contact surface and outermost portion of the contact surface varying such that the

outer portion provides resistance to slippage of the nosepiece on the work surtace when a

screw 1s being driven at an angle to the normal.
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Title

TOEING NOSEPIECE FOR SCREWDRIVERS

Scope of the Invention

This invention relates to screwdrivers having a nosepiece to engage a
work surface and through which nosepiece a guideway extends via which a screw 1is
driven into the workpiece and, more particularly, to a nosepiéce which 1s adapted for

driving screws at an angle into the workpiece and, preferably, countersinking the screws.

Background of the Invention

Autofeed screwdrivers are known such as those taught in the present
inventor’s U.S. Patent 5,934,162 in which a nosepiece 1s adapted to engage a surface of a

workpiece and a driver shaft is adapted to drive a screw past the nosepiece and into the
workpiece. Many prior art autofeed screwdriving apparatus are particularly adapted to
drive screws into a workpiece with the screw disposed normal to the surface of the
workpiece. The present inventor has appreciated that disadvantages arise when many
known screwdrivers and drivers of other fasteners such as nails and the like are utilized to

drive screws at an angle into a workpiece other than normal. Disadvantages which arise

include an inability to properly countersink a fastener driven at an angle into a workpiece,
difficulties with the nosepiece slipping on the work surface when attempting to drive a
fastener at an angle into the workpiece and difficulties with marking or marring the

surfaces of finished workpieces by the engagement of the nosepieces. The present

inventor has also appreciated that the nosepieces of many autofeed screwdnving
mechanisms when used to drive screws at an angle to the normal to the surface of the
workpiece have the disadvantage of significantly increasing the depth a screw must be

driven to provide for proper countersinking.

The present inventor has also appreciated the disadvantage that the surface

contacting portions of nosepieces of many autofeed fastener driving devices are of larger
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size and diameter than advantageous for driving of screws into the workpiece at an angle

which varies from a normal to the surface of the workpiece.

Summary of the Invention

To at least partially overcome these disadvantages of the previously
known devices, the present invention provides a nosepiece for fastener driving tools with
a contact surface for engagement with the workpiece with a rounded iaroﬁle to facilitate
driving fasteners at an angle into the workpiece. Preferably, the contact surface has a
first radially innermost portion of the contact surface for engagement of the workpiece
when a screw is being driven substantially normal to the surface of the workpiece and a
second outer portion of the contact surface radially outwardly from the innermost portion
which outer portion is adopted to engage the work surface when a screw 1s being driven
at an angle other than substantially normal to the work surface, the charactenstics of the
innermost portion of the contact surface and outermost portion of the contact surface
varying such that the outer portion provides resistance to slippage of the nosepiece on the

work surface when a screw is being driven at an angle to the normal.

It is an object of the present invention to provide a nosepiece with a
contact surface to contact a workpiece 1n normal operation sized so that on tilting of the
nosepiece to drive a screw at an angle to the vertical into a workpiece, the distance a
screw must be driven to be properly countersunk into a workpiece 1s minimized.

It i1s an object of the present invention to provide a nose for fastener

driving devices which is adapted for driving fasteners into a workpiece at an angle to the

normal.

It is an object to provide a nose for a screwdriver which facilitates driving

screws into a workpiece at an angle between about 85° and 70° to a normal to the

workpiece.

It is an object of the present invention to provide a nosepiece for fastener
driving devices which reduces slippage of the nosepiece when used in driving screws at

an angle to a normal to the work surface.




CA 02324623 2000-10-26

It is an object of the present invention to provide a fastener driving tool
which minimizes the increased extent to which a fastener must be driven to properly

countersink a fastener into a workpiece when the fastener is driven at an angle which 1s

not normal to the surface of the workpiece.

Accordingly, in one of its aspects, the present imvention provides a
screwdriver comprising:

a nosepiece having a forward workpiece contact su.rface;

the nosepiece having a guideway extending forwardly therethrough
opening forwardly through the contact surface as fastener exit opening,

an elongate driver shaft received in the guideway rotatable about an axis,

the driver shaft having a forward end to engage and dnive a threaded
fastener,

the driver shaft slidably received in the guideway for relative reciprocal
sliding therein along the axis to drive a fastener out of the nosepiece via the fastener exit
opening,

the contact surface extending from the fastener exit opening radially
outwardly relative the axis and rearwardly,

the contact surface comprises a radially innermost zone adjacent the
fastener exit opening, and an outer zone radially outward and rearward from the
innermost zone, the outer zone includes friction enhancing protrusions,

each protrusion extending forwardly to a forward extent rearward of the
forward extent of the inner zone wherein when the nosepiece 1s urged forwardly into a
flat surface of a workpiece with the axis at an angle between normal to the flat surface of
the workpiece and about five degrees to a normal to the flat surface of the workpiece,

the innermost zone alone engaging a flat surface of a workpiece and the

outer zone and its protrusions not engaging the flat surface;

when the nosepiece 1s urged forwardly into a flat work surface of a
workpiece with the axis at an angle of greater than five degrees to a normal to the flat

surface the protrusions of the outer zone engaging the flat surface.
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In another aspect, the present invention provides a screwdriver
comprising: .

a nosepiece having a forward workpiece contact surface,

the nosepiece having a guideway extending forwardly therethrough
opening forwardly through the contact surface as fastener exit opening,

an elongate driver shaft received in the guideway rotatable about an axis,

the driver shaft having a forward end to engage and drive a threaded
fastener,

the driver shaft slidably received in the guideway for relative reciprocal
sliding therein along the axis to drive a fastener out of the nosepiece via the fastener exit
opening,

the contact surface extending from the fastener exit opening radially
outwardly relative the axis and rearwardly,

the guideway defining a generally cylindrical space coaxially about the
axis having a diameter marginally greater than a head of a fastener to be driven and
adapted to assist in locating a screw within the guideway coaxially aligned with the driver
shaft,

wherein while maintaining the contact surface urged forwardly into
constant engagement with a flat surface of a workpiece, on tilting the screwdriver from a
position with the axis normal the flat surface to a position with the axis at an angle to the
flat surface of not less than 70 degrees, the radially innermost points at which contact
occurs between the contact surface and the flat surface are located on the contact surface
a distance radially from the axis not greater than two times the diameter of the guideway.

Preferably, the contact surface 1s a segment of a spherical surface of a

radius centered on the axis,

the radius of the spherical surface being not greater than about two times

the diameter of the guideway.

More preferably, the exit opening lies in a plane normal the axis,
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the contact surface lies rearward of the surface of a cone extending
rearwardly at an angle of at most 45° and centered on the axis at a point forward of a first

point on the axis where the plane intersects the axis by at least one half a diameter of the

guideway.

Brief Description of the Drawings

Further aspects and advantages of this invention will become apparent
from the following description taken together with the accompanying drawings in which:

Figure 1 is a pictorial view of a power screwdriver in accordance with a

first preferred embodiment of the present invention;

Figure 2 is a rear view of the components of the driver attachment in
Figure 1;

Figure 3 is an exploded pictorial view of the driver attachment shown 1n
Figure 1;

Figure 4 is a schematic partially cross-sectional view of the dmnver
attachment of Figure 1 in a fully extended position as seen in Figure 1 through a plane
passing through the longitudinal axis of the drive shaft and centrally of the screws in the

screwstrip;

Figure 5 is a view identical to Figure 4 but with the drive attachment 1n a
partially retracted position in driving a screw into a workpiece;

Figure 6 is a partial pictorial view of the forward end of the slide body

shown 1n Figure 3;

Figure 7 is a schematic side view showing a forward end of the slide body

of Figure 6 driving a screw into a workpiece, with the screw normal to the outer surface

of the workpiece;

Figure 8 is a schematic side view substantially the same as that shown 1n

Figure 7, however, showing the screw being driven into the workpiece at an angle to the

vertical;
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Figure 9 is a schematic cross-sectional view along line 9-9' in Figure 4
showing merely the screwstrip and the shuttle in a fully advanced position;

Figures 10 and 11 are views the same as Figure 9 but with the shuttle
being withdrawn 1n an intermediate position in Figure 10 and 1in a fully withdrawn
position in Figure 11;

Figure 12 1s a view similar to Figure 9 but with a modified pawl,;

Figure 13 1s a pictorial view of the nosepiece shown in Figure 1
schematically showing a screw received therein;

Figure 14 1s a pictonial view of the nosepiece as in Figure 13 with a screw

in a different position;

Figure 15 1s a cross-sectional view of the nosepiece of Figure 14 along
section line XV-XV';

Figure 16 1s an elevational rear view of the slide body 20 of Figure 3;

Figure 17 1s a cross-sectional view similar to that in Figure 15, however,
of another second embodiment of a nosepiece in accordance with the present invention;

Figure 18 1s a pictorial view of a third embodiment of a nosepiece in

accordance with the present invention.

Detailed Description of the Drawings
Toeing Nosepiece

Reference 1s made first to Figure 1 which shows an autofeed screwdriver
attachment of the type disclosed 1n U.S. Patent 5,934,162, 1ssued August 10, 1999,

The operation of the device shown in Figures 1 to 5 is known and,
therefore, 1ts operation will now only be briefly disclosed with reference to Figures 1 to
5. The major components of the mechanism comprise a housing 18 and a slide body 20.
The housing 18 1s adapted to be secured to a driver housing 30 (only shown in Figure 4)
of a power dnver 11 with a chuck 32 of the power driver engaging a driver shaft 34 for

rotation of the driver shaft about an axis 52. The slide body 20 is received within the
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housing 18 for relative sliding parallel the axis 52. The slide body 20 has a nose portion
24 with a guideway 82 extending axially therethrough coaxially about the driver shaft 34.
A screw feed channel element 76 provides a channelway 88 which extends radially
relative the longitudinal axis 52 to intersect with the guideway 82 and provide a
mechanism for screws 16 held in a plastic strip 13 to be successively fed into the
guideway 82 into axial alignment with the driver shaft for drniving forwardly from the
guideway 82 by the bit 122 carried on the forward end of the driver shaft 34. An exit
opening 87 is provided in the guide tube 74 to permit spent plastic strip 13 from which
screws 16 have been driven to exit from the guideway 82. An advance mechanism 1s
provided to successively advance screws into the guideway 82 with each subsequent
cycle of retraction of the slide body 20 into the housing 18 so as to drive a screw, and
extension of the slide body 20 out of the housing 18 to withdraw the driver shaft 34
rearwardly and advance a new screw into the guideway 82.

In one aspect, the present invention 1s directed to the configuration of the
forward end of the nose portion 24 for advantageous engagement with a workpiece.

As may be best seen in Figures 6 and 7, the nose portion of the slide body
20 has a forward contact surface generally indicated 130 adapted to engage the outer
surface 132 of a workpiece 134. The nose portion is shown in Figure 6 with the
guideway 82 opening forwardly through the contact surface 130 as a fastener exit
opening 136. The contact surface 130 1s shown to extend from the fastener exit opening
136 radially outwardly relative the axis 52 and rearwardly.

The contact surface 130 1s shown as comprising a smooth, part spherical
surface 140 and a plurality of protrusions 142. As best seen 1n Figure 7, the part
spherical surface 140 is effectively shown as a portion of a sphere of a radius 143
centered on point 144 on axis 52. The center of the sphere i1s located relative to the
fastener exit opening 136 such that from the fastener exit opening 136, the surface 140
extends radially to the side and rearwardly but not forwardly. The part spherical surface
140 is shown extending radially from the exit opening 136 to a rearward edge 146

rearward of which the surfaces of the nose portion are shown to extend rearwardly at
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least at an angle of about 75° from the axis 52 as indicated by surface 145 on the left-
hand side of Figure 7. Preferably, the radius 143 of the sphere 1s as small as possible so
that when driving a screw with the axis 52 tilted only a minimal additional distance is
required for driving the screw into a fully countersink position compared to that when the
axis 52 1s normal the surface of the workpiece. Preferably, the radius 143 of the sphere 1s
not greater than three times, more preferably, two times or one times the diameter of the
guideway 82. Preferably, the radius 143 1s about equal to the diameter of the guideway
82 although the radius 143 may be less than the diameter of the guideway 82.

A plurality of protrusions 142 are shown provided in an array on the
surface 140. Each of the protrusions is shown as a spike-like member which extends at
least partially forwardly from a base at the surface 140 to a distal end. Preferably, as
shown, the protrusions extend from the surface 140 parallel to axis 52 about the base.
Alternatively, the protrusions may extend normal to the surface 140. Each of the distal
ends of the protrusions are preferably adapted to provide for increased frictional

engagement with a work surface as 1s advantageous to prevent slippage.

Figures 5, 6 and 7 show the fastener exit opening 136 lying in a plane
normal the axis 52 such that the surface 140 immediately adjacent the fastener exit
opening 136 comprises the forwardmost portion of the surtace 140.

As shown in Figures 6 and 7, the contact surface 140 includes a radially
innermost zone 154 adjacent the fastener exit opening 136 which innermost zone 154 is
adapted to engage a flat surface of a workpiece when the nose portion 24 is urged 1nto a
workpiece with the axis 52 substantially normal to the flat surface of the workpiece. As
seen in Figure 6, radially outward of the innermost zone 154, an outer zone 156 1s
indicated. The protrusions 142 are provided on this outer zone 156 of the contact surface
radially outwardly from the innermost zone 154 and rearward of the innermost zone 154.
As shown in Figure 7, the forward distal ends of the protrusions 142 have a forward
extent which is rearward of the innermost zone 154. In Figure 7, the flat surface 132 of

the workpiece 134 represents a plane in which the exit opening 136 lies with the axis 52

normal to the flat surface 132 of the workpiece. As seen in Figure 7, the forwardmost
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extent, i.e. the distal ends, each of the protrusions 142 are spaced rearwardly from flat
surface 132 by a distance indicated as 158 and, thus, the protrusions 142 are located such
that they do not engage a flat surface of a workpiece when the axis 52 is normal the flat
surface of the workpiece. The protrusions 142 are preferably provided with the
forwardmost distal ends of the protrusions 142 terminating at a forwardmost extent
rearward, relative the axis 52, of the innermost zone 154.

Refernng to Figure 7, a dashed line 160 1s shown as a line at an angle 162
to the ax1s 52 and which line 160 represents a plane in which a flat surface of a workpiece
would need to be disposed so as to engage both the innermost zone 154 and the distal end
of a radially innermost protrusion 142. It 1s to be appreciated that any flat surface
disposed at an angle to the axis 52 in between the line 160 and surface 132 would merely
engage the surface 140 over the innermost zone 154 with the protrusions 142 spaced
rearwardly therefrom. The angle 162 between the line 160 and surface 132 is preferably
in the range of about 2° to 10° and, more preferably, about 5°. In this application, an
angle referred to as bemng “substantially normal the axis™ is to be interpreted as meaning
an angle of not greater than 10° to a normal. The imnermost zone 154 is preferably
defined as being that portion of the surface 140 radially about the fastener exit opening
136 which engages a flat surface of a workpiece when the axis 52 is substantially normal
the flat surface, 1.e. when the axis 52 1s at an angle of less than 10°, more preferably, less
than 5° from a normal.

Thus, as seen 1n Figure 7, the protrusions 142 do not engage a flat surface
of a workpiece when the axis 52 1s substantially normal the flat surface of the workpiece
as, for example, when the axis 52 1s disposed at an angle of 10° or 5° or less to a normal
to the flat surface. The protrusions 142 are adapted to engage a flat surface of a
workpiece only when the axis 52 1s disposed at an angle equal to or greater than angle
162, preferably, at an angle greater than about 10° or 5° to a normal to the flat surface.

As seen 1n Figure 6, the protrusions 142 are shown as arranged in two
concentric rings with radially inner protrusions in the inner nng and radially outer

protrusions in the outer ring. In Figure 7, a dashed line 164 represents the surface of a
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flat workpiece disposed to engage the distal ends of both a radially mner protrusion 142
and a radially outer protrusion 142. As seen, line 164 does not engage the innermost

zone 154. A further line 166 represents the surface of a flat workpiece disposed to

engage a radially outer protrusion 142 and the rearward edge 146 of the part spherical

surface 140.

It is to be appreciated that, as seen in Figure 7, a nose portion 24 may be
engaged on a work surface with the axis perpendicular to the work surface and then
angled to one side to successively adopt configurations in which the relative position of
the workpiece flat surface 132 is indicated by lines 132, 160, 164 and 166 in succession.
In accordance with a preferred aspect of the invention, the line 160 1s disposed at an
angle of about 70° to 80° to the axis 52, line 164 1s disposed at an angle of about 50° to
60° to the axis 52 and the line 166 is disposed at an angle of about 20° to 30° to the axis
52.

Figure 7 illustrates the condition in which the nose portion of the slide
body in accordance with the present invention is utilized to drive a screw into a surface of
a workpiece 134 with the axis 52 normal to the upper surface 132 of the workpiece. In
the condition shown in Figure 7, the protrusions 142 do not engage the flat upper surface
132 of the workpiece 134, rather, engagement 1s accomplished merely over the innermost
zone 154 of the surface 140.

Referring to Figure 7, line 168 is provided corresponding to line 164,
however, representing a condition where, in effect, the axis 52 1s tilted an equal amount
in an opposite direction. The two lines 168 and 164 intersect at the axis 52 at a point 170.
It is to be appreciated that the contact surface 130 1s provided rearwardly from each of
these lines 164 and 168, with the lines, when rotated about the axis, effectively defining a
cone at an angle of angle 172 from the axis and with the point 170 located a set distance
from the point 171 on the axis lying in the plane of the fastener exit opening 136.
Preferably, the contact surface 130 lies rearward of the surface of the cone extending
rearwardly at an angle of, at most, 45° from the axis 52 and centered on the axis 52 at a

point such as 170 forward of the point 171 on the axis where the plane of the fastener exit
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opening intersects the axis by a distance of at least one half the diameter of the guideway
82.

A preferred tool in accordance with the present invention is particularly
adapted for driving screws at an angle into a workpiece. Driving screws at an angle into
a workpiece is referred to as “toeing” a screw into a workpiece. Driving screws at an
angle is particularly preferred where screws are used to secure plywood floors to floor
joists. Figure 8 schematically shows two one-half inch thick piecesﬂ of wood flooring
plywood 172 and 174 in abutting relationship overlying a conventional wood floor
stringer 173 of nominal two-inch thickness which has an actual thickness of about 1 5/8
inches. As it is preferred that the screw being driven to secure the edge of each piece of
plywood 174 into the stringer 173 be spaced about a half inch from the edge of the
plywood, it is preferred, therefore, that the screw be driven at an angle to the flat upper
surface of the plywood down into the stringer. Preferred angles for driving screws, such
as shown in Figure 8, are in the range of 60° to 85° and, more preferably, about 65° to
80° and, even more preferably, about 75°. Figure 8 shows an arrangement with the axis
52 disposed at an angle of 65° to a normal to the upper surtace 132 of the plywood 174.
Under the conditions shown i1n Figure 8, the protrusions 142 engage the upper surface
132 of the plywood and assist in preventing the nose portion 24 from slipping on the
upper surface 132.

The present invention has been described with reference to a nosepiece for
an autofeed screwdriver. It i1s to be appreciated that a similar nose could be provided
with tools of various types to drive fasteners including devices to drive a wide variety of
different fasteners including screws and other threaded fasteners and nails, tacks, studs,
posts and the like.

The protrusions 142 are shown in Figure 6 as comprising an array of
protrusions comprising a first radially inner row of protrusions disposed in a circular arc
about the axis 52 and a second radially outward row of protrusions disposed 1n a second
arc about the axis 52 radially outwardly from the first arc. About seventeen protrusions

are shown in the inner row and more In the outer row. With the protrusions 142

11
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preferably being of similar length as shown, it follows that the distal ends of the
protrusions lie on a Spherical surface formed by rotating a radius on centerpoint 144 with
the radius being greater than the radius 143 by the length of the protrusions. The length
of the protrusions 142 is small relative to the radius 143 of the sphere of the contact
surface 140, preferably in the range of less than about 1/10 or 1/15 or 1/20 of the radius
143. Protrusions 142 are preferred to be provided of a spike-like configuration to
frictionally engage the surface of a workpiece, however, various other friction enhancing
surfaces and surface treatments may be provided in substitution for the protrusions 142
and their spike-like distal ends.

The preferred embodiment shows the innermost zone 154 of the surface
130 as being smooth as is preferred so as to avoid marking or marring the surface of a
workpiece when a screw 1s being driven into a workpiece with the axis 52 substantially
normal the surface of the workpiece. It 1s appreciated that the innermost zone 154 need
not be smooth but, rather, may merely be provided with any other configuration which
reduces the likelihood of marking or marning a surface of the workpiece. The surface of
the innermost zone 154 is to be contrasted with the contact surfaces over the outer zone
156 which is to provide for frictional engagement as characterized in the preferred
embodiment by the spike-like distal ends of the protrusions 142.

The preferred embodiment shows the contact surface 130 which tapers
inwardly and rearwardly almost entirely surrounds about the fastener exit opening 136. It
1s to be appreciated that the nose portion may merely have its contact surface tapered

inwardly on one or both sides of the fastener exit opening 130.

A screw 1s fully countersunk when no portion of the screw 16 i1s above the
surface 132. When driving a screw into a workpiece with the axis 52 normal the flat
surface of the workpiece as seen in Figure 7, full countersinking arises by driving the

screw so that no portion of the screw 1s above the flat surface 132 which coincides with a

plane in which the fastener exit opening 136 lies.

In accordance with an aspect of the present invention, it 1s advantageous

that on tilting of the nose portion to drive a screw at an angle, that the radially innermost

12
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point of contact of the contact surface 130 with the workpiece be as close to the axis 52
as possible. This aspect is illustrated with reference to Figure 8. Figure 8 schematically
shows a screw 16 which has been countersunk into the workpiece when the screw is
driven into the workpiece with the axis 52 at an angle to the flat surface 132 of the
workpiece. As seen in Figure 8, point 180 1s a point about which the contact surface 130
tilts. This point 180 is shown as the radially innermost point of contact of the contact
surface 130 with the flat surface 132 of the workpiece. In tilting of the nosepiece 24
relative the surface 132, point 180 is a fulcrum about which tilting occurs. In Figure 8,
line 176 represents a plane in which the head of the screw 16 lies when the screw 16 has
been fully countersunk. Line 178 represents a plane in which the fastener exit opening
136 lies and, therefore, also represents a plane in which the head of the screw 16 would
lie if the screw 16 had been driven normal a surface 132 of the workpiece and fully
countersunk. The distance Y between the two parallel lines 176 and 178 represents the
increased distance the screw had to be driven to fully countersink when the screw is
driven at an angle to the normal as contrasted with when the screw 1s driven normal the
workpiece. The distance from the axis 52 to a point 180 about which the nosepiece
pivots for tilting 1s shown as X. The distance Y can be calculated as tollows:
Y = 2X tangent (angle A)

where A 1s the angle of the axis 52 to a line 179 normal to the surface 132. For any given
angle A, therefore, the location of the tilt or fulcrum point 180 from the axis 52 increases
the distance Y which the screw must be dniven to be fully countersunk.

An autofeed screwdriver as illustrated in Figures 1 to 5 may be provided
with a depth adjustment mechanism which restricts the depth to which the driver shaft 34
drives a screw 1nto a workpiece. It 1s advantageous if the screwdriver may be provided to
have mimimal required adjustment of countersinking. To have the innermost contact and
fulcrum point 180 at which the contact surface 130 of a nosepiece engages the workpiece

located as close as possible to the axis 52 1s advantageous.

In a situation where the diameter of the guide tube is represented by a

given diameter, which diameter is preferably only marginally greater than the diameter of

13
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a screw to be driven, the present inventor has appreciated that preferred nose portions 24
in accordance with the present invention provide for the innermost contact point 180 of
the contact surface 130 to be within a radius of not greater than three times or two times
the diameter of the guideway. Preferably, when the axis 52 is tilted at an angle to a
normal to the surface 132 of up to about 60°, the innermost point of contact 180 1is
located a distance from the axis 52 not greater than a distance equal to twice the radius of
the guideway and, preferably, not greater than a distance equal to 1.5 times the radius of

the guideway, more preferably, not greater than a distance equal to 1.25 times the radius

of the gmideway.

Driver Attachment

Reference 1s again made to Figure 1 which shows a complete power
screwdriver assembly 10 in accordance with the present invention. The assembly 10
comprises the power driver 11 to which a dnver attachment 12 1s secured. The driver
attachment 12 receives a collated screwstrip 14 comprising a plastic strip 13 and spaced
screws 16 held by the strip 13 to be successively driven.

Reference i1s made to Figure 3 showing an exploded view of major
components of the driver attachment 12 as housing 18 and a shide body 20 comprising a
rear portion 22 and a nose portion 24. Figures 4 and 5 show 1n cross-section the
interaction of these components.

As seen in Figure 3, the rearmost end 26 of the housing 18 has a
rearwardly directed socket 27 with a longitudinal slot 28 1n its side wall to receive and
securely clamp the housing 18 onto the driver housing 30 of the power driver 11 so as to
secure the housing 18 of the driver attachment to the housing 30 of the power driver
against relative movement. The power driver 11 has a chuck 32 rotatable in the driver

housing 30 by an electric motor (not shown). The chuck 32 releasably engages the drniver

shaft 34 in known manner.

As seen in Figure 4, the slide body 20 is slidably received in the housing
18 with the driver shaft 34 received in a bore passing through the slide body 20. A

14
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compression spring 38 disposed between the housing 18 and the slide body 20 coaxially
about the driver shaft 34 biases the slide body away from the housing 18 from a retracted
position towards an extended position. As shown, the spring 38 1s disposed between the
housing 18 and the slide body 20. Slide stops 25, best shown 1n Figure 3, are secured to a
rear portion 22 of the slide body. Two slide stops 25 slide 1n two longitudinal slots 40 on
each side of the side wall 42 of the housing 18 to key the slide body to the housing 18
against relative rotation and to prevent the slide body being moved out of the housing 18
past a fully extended position.

The rear portion 22 comprises a generally cylindrical element 44 with a
radially extending flange element 46 on one side. A lever 48 is pivotally mounted to the
flange element 46 by axle 50 for pivoting about an axis of axle 50 normal to the
longitudinal axis 52 which passes centrally through the drive shaft 34 and about which
the drive shaft is rotatable. Lever 48 has a forward arm 54 extending forwardly to its
front end 56 and a rear arm 58 extending rearwardly to its rear end 60.

The rear arm 58 of the lever 48 carries a cam pin 502 near its rear end 60.
The cam pin 502 is a removable cylindrical pin threadably received in threaded opening
503 in rear arm 58. A cam slot 506 is provided in the side wall 302 of the housing 18.

The cam slot 506 has a first camming surface 508 and a second camming
surface 510 spaced therefrom and presenting different profiles as best seen in side view 1n
Figure 3. The cam pin 502 is received in cam slot 506 between the first and second
camming surfaces 508 and 510 for engagement of each under different conditions of
operation. Spring 69 about axle 50, as shown in Figure 5, biases the lever 48 in a
clockwise direction as seen in Figure 5 and thus biases the lever to pivot 1n a direction
which moves a shuttle 96 shown in Figure 2 towards the axis 52 of the guide tube and

biases the cam pin 502 towards the first camming surtace 508.

In operation of the driver attachment, the slide body 20 moves relative the
housing 18 in a cycle of operation in which the slide body moves in a retracting stroke
from the extended position to the retracted position and then moves in an extending

stroke from the retracted position to the extended position. Whether in any position 1n a
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cycle the cam pin 502 will engage either the first camming surface 508 or the second
camming surface 510 will depend on a number of factors. Most significant of these
factors involve the resistance to movement of the shuttle 96 in either direction as
compared to the strength of the spring 69 tending to move the shuttle 96 towards axis 52.
Under conditions in which the bias of the spring 69 is dominant over resistance to
movement of the shuttle 96, then the bias of the spring will place the cam pin 502 1nto
engagement with the first camming surface S08 with relative motion of the lever 48 and
therefore the shuttle 96 relative the position of the slide body 20 in the housing 18 to be
dictated by the profile of the first camming surface 508. Under conditions where the
resistance to movement of the shuttle 1s greater than the force of the spring 96, then the
cam pin 502 will either engage the first camming surface 508 or the second camming
surface 510 depending on the direction of such resistance and whether the slide body is in
the retracting stroke or the extending stroke. For example, 1n an extending stroke when
the shuttle 96 is engaging and advancing the next screw to be driven and the resistance
offered to advance by the screwstrip may be greater than the force of the spring 69, then
the cam pin 502 will engage on the second camming surface 510.

In the preferred embodiment shown, as best seen 1n Figure 3, the first
camming surface 508 has a first portion 514, a second portion 516 and a third portion
518. The first portion 514 and the second portion 518 are substantially parallel the driver
shaft axis 52. Second portion 516 extends at an angle rearwardly and towards axis 52.

The second camming surface 510 has a first portion 520 which extends

angling forwardly and away from axis 52 and a second portion 522 which 1s substantially

parallel the axis 52.
The third portion 518 of the first camming surface 508 and the second

portion 522 of the second camming surface 510 are parallel and disposed a distance apart

only marginally greater than the diameter of cam pin 502 so as to locate the cam pin 506

therein in substantially the same position whether the cam pin 502 rides on first camming

surface 508 or second camming surface 510.

16
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The cam slot 506 has a front end 512 where the first portion 514 of the
first camming surface 508 merges with the first portion 520 of the second camming
surface 510. In the front end 512, the width of the cam slot 506 1s also only marginally
greater than the diameter of the cam pin 502 so as to locate the cam pin 506 therein in
substantially the same position whether the cam pin 502 rnides on the first camming
surface 508 or the second camming surface 510.

The first portion 520 of the second camming surface 510 1s spaced from
the first camming surface 508 and, in particular, 1ts first portion 514 and second portion
516 by a distance substantially greater than the diameter of cam pin 502.

A more detailed description of the interaction of the cam pin 502 in the
cam slot 508 1s found 1n U.S. Patent 5,934,162 to Habermehl.

The nose portion 24 of the housing 20 has a generally cylindrical screw
guide element or guide tube 75 arranged generally coaxially about longitudinal axis 52

and a flange-like screw feed channel element 76 extending radially from the guide tube

75.
The guide tube 75 has a cylindrical bore or guideway 82 extending axially

through the guide tube with the guideway 82 delineated and bordered by a radially
extending cylindrical side wall 83 and open at its forward axial end and at its rearward

axial end 85.

The guide tube 75 has a rearward section adjacent its rear end 85 1n which
the side wall 83 extends 360° about the guideway 82. Forward of the rearward section,
the guide tube has a forward section which has an access opening 86, shown in Figures 4
and 5 as being on the right hand side of the guide tube 75. Screw access opening 86 is
provided to permit the screwstrip 14 including retaining strip 13 and screws 16 to move
radially inwardly into the guideway 82 from the right as seen 1n Figure 4 and 5. Each

screw preferably has a head 17 with a diameter marginally smaller than the diameter of

the side wall 83. It follows that where the head of the screw 1s to enter the gmideway 82,

the screw access opening must have a circumiferential extent of at least 180°. Where the
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shank of the screw is to enter the guideway, the screw access opening may have a lesser

circumferential extent.

In the forward section, the side wall 83 of the guide tube 75 engages the
radially outermost periphery of the head 17 of the screw 16, to axially locate the screw
head 17 coaxially within the guideway 82 i1n axial alignment with the drive shaft 34. In

this regard, the side wall 83 preferably extends about the screw sufficiently to coaxially

locate the screw head and, thus, preferably extend about the screw head at least 120°,

more preferably, at least 150° and, most preferably, about 180°.
An exit opening 87, shown towards the left-hand side of the guide tube 75
in Figures 4 and 5, is provided of a size to permit the spent plastic strip 13 from which the

screws 16 have been driven to exit from the guideway 82. Forwardly of the exit opening
87, the side wall 83 of the guide tube 75 1s shown as extending about 180° about the

longitudinal axis 52 so as to continue to provide a side wall 83 which can assist and
positively coaxially guiding the head 17 of a screw 16 being driven.

The screw feed channel element 76 is best seen in Figures 2, 3 and 4 as
providing a channelway 88 which extends radially relative the longitudinal axis 52 to
intersect with the guideway 82 in the guide tube 75. In this regard, the channelway 88
opens to the guideway 82 as the screw access opening 86. The channelway 88 provides a
channel of a cross-section similar to that of the screw access opening 86 from the screw
access opening 86 to a remote entranceway opening 90. The channelway 88 1s defined
between two side walls 91 and 92 joined by a top wall 93. The major side wall 91 1s
shown as extending from the heads 17 of the screws 16 forwardly to at least partially
behind the plastic retaining strip 13. The lesser side wall 92 1s shown as extending from
the heads 17 of the screws 16 forwardly to above the plastic strip 13. Stopping the lesser
side wall from extending down over the strip 13 assists in reducing friction between the
strip 13 and the lesser side wall. The side walls 91 and 92 define the channelway 88 with
a cross-section conforming closely to that of the screwstrip 14 and its strip 13 and screws
16 with an enlarged width where the heads of the screws are located and an enlarged

width where the retaining strip 13 is provided about the screws. The side walls 91 and 92
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also have an enlarged funnelling section at the entranceway opening 90 which tapers

inwardly to assist in guiding the screwstrip to enter the channelway.

Pawl Mechanism

As best seen 1n Figure 2, the major side wall 91 1s provided on its exterior
back surface with a raceway 94 extending parallel the channelway 88 and in which a
shuttle 96 is captured to be slidable towards and away from the guide tube 75 between an
advanced position near the guide tube and a withdrawn position remote from the guide
tube. The shuttle 96 has a rear surface in which there 1s provided a rearwardly directed
opening 98 adapted to receive the front end 56 of the forward arm 54 of lever 48 so as to
couple the shuttle 96 to the lever 48 for movement therewith.

Shuttle 96 carries a pawl 99 to engage the screwstrip 14 and with
movement of the shuttle 96 to successively advance the strip one screw at a time. As
seen 1n Figure 9, the shuttle 96 has a fixed post 100 on which the pawl 99 1s journalled
about an axis parallel the longitudinal axis 52 about which the driver shaft rotates. The
pawl 99 has a first pusher arm 101 at its forward end to engage a first lead screw 16a and
a second pusher arm 601 to engage a second screw 16b. The pusher arms extend out
from slot 103 1n the shuttle 96 and through a slot 105 1n the major side wall 91 of the feed
channel element 76 to engage and advance the screwstrip. The pawl 99 has a manual
release arm 102 which extends out away from the screwstrip through the opening 104
from slot 103 of the shuttle 99. A torsional spring 615, shown only in Figure 11, 1s
disposed about post 100 between pawl 99 and shuttle 96 and urges the first pusher arm
101 counterclockwise as seen in Figure 9. The torsional spring biases the pusher arms
into the screwstrip 14. The engagement of release arm 102 on the left-hand end of

opening 104 limits the pivoting of the pawl 99 counterclockwise to the blocking position

shown 1n Figure 9.

The first pusher arm 101 has a cam face 107 and the second pusher arm
601 has a cam face 607. On the shuttle moving away from the guide tube 75 towards the
withdrawn position, 1.e., to the rnight from the position in Figure 9, the cam faces 107
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and/or 607 will engage the screws 16b and 16c¢, respectively, and/or the strip 13 and
permit the pawl 99 to pivot about post 100 against the bias of the torsional spring to a
passage position so that the shuttle 96 may move to the right relative the screwstrip 14.

The first pusher arm 101 has an engagement face 108 to engage the screws
16 and the second pusher arm 601 has an engagement face 608 to also engage the screws
16. On the shuttle moving towards the guide tube 75, that 1s, towards the advanced
position and towards the left as seen 1in Figure 11, the engagement faces 108 and 608 will
engage the screw 16b and 16c¢, respectively, and/or strip 13 and advance the screwstrip to
the right as seen in Figure 11 so as to position a screw 16b into the guideway 82 1n a
position to be driven and to hold the screwstrip 14 against movement towards the left.
Preferably, as shown in Figure 4, the engagement face 108 of the first pusher arm 101
engages the screw 16 between its head 17 and the strip 13 as this has been found
advantageous, particularly to avoid misfeeding with a nose portion 24 as shown with
engagement of the screw heads 1n the channelway 88 and engagement of the spent strip
13 with the support surface 125.

The operation of the shuttle 96 and pawl 99 in normal operation to
advance the screwstrip are illustrated in Figures 9, 10 and 11, representing successive

steps in a cycle of reciprocating the shuttle 96 back and forth in the raceway 94.

As seen in Figure 11, a dashed line 611 represents a plane of advance in
which the axis of each of the screws 16 lie and along which the screwstrip 14 1s advanced
towards the left such that screws may successively be brought into alignment with the
driver shaft whose axis 52 1s to occur at the intersection of advance plane 611 with a
dashed axis line 612. To the left of axis line 612, spent strip 13 1s shown with a broken

sleeve 220a from which a screw has been driven.
As seen in Figure 9, the engagement face 108 of the first pusher arm 101
is engaged behind the first screw 16a and the engagement face 608 of the second pusher

arm 601 is engaged behind the second screw 16b, whereby the screwstrip 14 i1s held in a
position blocked against movement of the strip to the right relative the shuttle 96.
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In the position in Figure 9, the first screw 16a 1n sleeve 220a 1s axially in

line with the axis 52 of the driver shaft ready for driving.

From the position of Figure 9, in use of the tool, the lead screw 16a is
driven from sleeve 220a and the shuttle 96 1s withdrawn to the right passing through the
position of Figure 10 to assume the position of Figure 11. Thus, as seen in Figure 10,
arrow 610 represents the withdrawal of the shuttle 96 relative the driver shaft and
screwstrip 14. |

From the position of Figure 9 on movement of the shuttle 96 towards the
right relative the screwstrip 14, it is to be appreciated that the camming surface 107 of the
first arm 101 engages screw 16b and such engagement causes the pawl 99 to pivot about
axis 100 against the bias of the spring. With further relative movement of the shuttle to
the right, the camming surface 107 will continue to pivot the pawl 99 until the camming
surface 607 comes to engage screw 16¢ and further pivot the pawl 99 so that the second
arm 601 may pass to the left of the screw 16¢. Figure 10 1llustrates the shuttle 96 as
moving to the right as indicated by arrow 610 and with cam face 607 of the second
pusher arm 601 engaging screw 16c¢ in sleeve 220c.

The engagement of the cam faces with the screws pivots the pawl 99
against the bias of the torsional spring such that the pawl 99 may rotate clockwise. On
the first pusher arm 101 moving t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>