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for engaging the slots of the recess. The spl
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AND CROSS-SLOT BIT

ABSTRACT OF THE DISCLOSURE
An improved fastener system includes a threaded pin and a

bit. The pin contains a recess in a threaded end of the pin for
receiving the bit, thus holding the pin against rotation during
application of a nut on the pin. In one embodiment, the recess
includes a pair of substantially perpendicular intersecting slots
extending completely across an end face of the threaded end of
the pin, with an aperture located at the intersection of the
slots. A plurality of splines are located on an end of the bit
for engaging the slots of the recess. The splines are oriented
on the bit to mirror the configuration of the recess.

Additionally, a pilot extends from the splines on the end of the

bit for engaging the aperture of the recess and centering the bit

during use.
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FASTENER SYSTEM WITH CROSS-SLOT RECESS
AND CROSS-SLOT BIT ’

FIELD OF THE INVENTION

The present invention relates generally to fastener systems,
and more particularly, to a fastener system comprising a threaded
fastener having a cross-slot recess for receiving a mating bit

during application of a nut on the fastener.

BACKGROUND OF THE INVENTION

Threaded fasteners typically consist of a nut and a bolt.
The nut has an internal thread that screws onto an external
thread of the bolt. Wrenching surfaces on the nut and/or bolt
accept wrenches that tightly join the fasteners and one or more
workpieces together. The fastener secures workpieces together
to form a joint by compressive engagement between the nut on one
side of the workpiece, and the head of the bolt on the opposite
side.

U.S. Patent No. 4,2€0,005 describes a particular type c¢f
threaded fastener having a self-locking nut that uses external
lobes to accept a driver having a generally triangular or deltoid
shaped socket to tighten the nut on a cocperating pin. The
teachings of this patent necessary for an understanding of the
present invention are incorporated herein by this reference. The
nut is preferably used with a pin having a plurality of grooves
or flutes exﬁending longitudinally along the pin. Once a
predetermined axial load exists in the joint being made, the
lobes plastically deform and the driver can no longer turn the
nut. Deformation of the lobes displaces material positioned
radially inward from them into the flutes of the cooperating pin
to produce a mechanical thread locck. The thread lock results

from material deforming into and across the pin flutes.
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There are numerous applications where it is advantageous to
provide a fastener which may be held against rotation from its
leading edge while a nut is torqued upon the pin. For example,
as 1s often the case in the aerospace industry, there are many
requirements for "blind" bolt applications, where the head of the
bolt cannot be conveniently reached, or is perhaps altogether
unreachable. For these applications, a holding bit is often
provided with the driver. The bit engages a recess 1in the
threaded end of the pin to facilitate application of the nut by
the driver. The bit remains stationary, thus holding the pin
against rotation, while the driver turns to torque the nut. U.S.
Patent Nos. 4,583,483 and 5,044,225 describe the use of such a
pbit 1n connection with power tools developed for the rapid
installation of fasteners.

Generally, a hexagonal recess 1s provided in the threaded
end of bolts for receiving a matching hexagonal bit. Existing
hexagonal bits, however, have experienced unacceptable failure
rates when used during 1nstallation of bolts in certain wet-
sealant applications. In these applications, sealant often
surrounds the head of the bolt and is present between the bolt
and the workpiece. As a result, all of the torque required to
apply the nut to the pin 1is transferred directly to the bit,
rather than being partially absorbed by the friction normally
present between the head of the bolt and the workpiece. When the
above 1nduced torque exceeds the strength of the hexagonal bit,
application of the nut becomes impossible.

Initial attempts at solving this problem included varying
the cross-section and material of the hexagonal bit. However,
these attempts have been largely unsuccessful. Consequently, a

need exlists for a torque reaction mechanism that exhibits higher
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strength than existing hexagonal bits. Additionally, a need

exlsts for an 1improved fastener system that exhibits the

increased strength required for wet-sealant applications.

SUMMARY OF THE INVENTION
The present 1nvention, therefore, provides an improved

fastener system that minimizes the disadvantages identified with
respect to the prior art fastener systems described above. The
fastener system according to the present invention generally
includes a threaded pin having a recess in an end face on the
threaded portion of the pin, for receiving a bit when a nut is
torqued onto the pin. 1In a presently preferred embodiment, the
recess comprises a plurality of slots extending completely across
the end face, and an aperture. Additionally the bit comprises
a plurality of splines extending from an end of the bit, and a
pilot extending from the splines, configured to match the recess
such that the bit may be received in the recess to prevent the
pin from rotating when the nut is torqued onto the pin.

Preferably, the nut includes at least one external, axially
extending lobe. As a result, when the nut is torqued onto the
pin, some of the material positioned radially inward from the
lobe 1s displaced into the void spaces formed by the ends of the
slots extending completely across the end face of the pin. The
slots, therefore, 1increases the backoff resistance of the
fastener, providing an improved mechanical thread lock between
the nut and the pin. Additionally, the pin preferably includes
a plurality of flutes extending in an axial direction across the
threaded portion of the pin, so that some of the material is also
displaced into the flutes of the pin.

In a presently preferred embodiment, the recess is a cross-
slot recess comprising a pair of intersecting slots, oriented

substantially perpendicular to one another in the general shape

of a cross, and the aperture is located at the intersection of
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the slots. To engage the recess during torguing of the nut onto
the pin, the bit 1s formed as a cross-slot bit comprising a shaft
with four splines extending from one end of the shaft in the
general shape of a cross. The bit replaces the conventional
hexagonal bit presently used with most fasteners to prevent the
pin of the fastener from rotating during application of the nut.
The cross-slot bit, however, displays superior strength to the
conventional bit due to an increase 1n the moment arm of the
resisting force. The cross-slot bit also includes a pilot for
centering the tool on the pin during 1installation. The pilot
protrudes from the end of the shaft at the center of the cross
formed by the splines.

In an alternative embodiment, the recess in the threaded end
of the pin comprises only a single slot formed completely across
the threaded end of the pin. In this embodiment, the bit 1is
configured according, with only two splines, to engage the
single-slot recess during application of the nut.

Additionally, one of the advantages of the present invention
i1s that 1t allows an existing 1inventory of fasteners with
hexagonal recesses to be reworked to exhibit the higher strength
of the fastener system described herein. Therefore, another
embodiment of the present 1nvention accommodates an existing
1nventory of fasteners designed to be used with hexagonal bits.
In this embodiment, the existing hexagonal recess in the pin
functions as the aperture, and a palr of cross slots may be
milled completely across the end of the fastener to provide a

recess for receiving the cross-slot bit provided for in this

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other features and advantages of the present

invention will be appreciated as the same become better

understood by reference to the following Detailed Description

-4 -
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when considered in connection with the accompanying drawings,

wherein:
FIG. 1 is an exploded perspective view of the fastener

system of the present invention, with the fastener being shown
prior to installation into a pair of sheets and the bit removed

from the fastener;

FIG. 2 is a front elevation view of the fastener of FIG. 1;

FIG. 3 is a plan view of the threaded end of the pin of FIG.
2, wherein the pin 1ncludes a cross-slot recess;

FIG. 4 1is a cross sectional view of the pin of FIG. 3 taken
along line 3-3;

FIG. 5 is a perspective view of the bit of FIG. 1;

FIG. 6 is a plan view of the threaded end of a pin of an
alternate embodiment of the fastener provided by the present
invention, wherein the pin includes a single-slot recess;

FIG. 7 1is a perspective view of the bit corresponding to

the fastener of FIG. 6; and
FIG. 8 is a plan view of the threaded end of a pin of an

another embodiment of the fastener provided for 1in the present
invention, wherein an existing fastener having a hexagonal recess

has been reworked to receive the bit of the present invention;

and

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, a presently preferred embodiment
of the fastener system according to the present invention 1s
generally illustrated. The fastener system i1ncludes a fastener,
comprising a bolt or threaded pin 12 and a nut 14, and a bit 16.
The pin 12 and nut 14 have a common axis 13. A pair of sheets
20, 22 comprising a workpiece are secured together by the
fastener. The fastener secures the sheets together, forming a
joint by compressive engagement between the nut 14 on one side

of the workpiece, and a head 34 of the pin 12 on the opposite

-5-
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side, when the nut is torqued onto the pin. A cylindrical bore
passes through the nut 14, and the inner surface (not shown) of
the nut defining the bore is threaded. The nut 14 preferably has
a plurality of external, axially extending lobes 15 integrally
formed with the nut. The 1nternal thread of the nut 14 1is
adapted to receive the threaded pin 12. The pin 12 has a head
34 and a threaded portion 36, opposite the head 34. The threaded
portion 36 preferably includes a plurality of flutes 37 (FIG. 2)
having a generally concave curvature extending across the threads
of the pin 12 in the axial direction. An end face 41 (FIG. 3)
of the threaded end 36 of the pin 1i1ncludes a recess 39 for
receiving the bit 16 to prevent rotation of the pin as the nut
1s torqued onto the pin by a driver 18 (illustrated in phantom
in FIG. 1). During the setting of the fastener illustrated in
FIG. 1, the axial load applied between the bolt head and the nut
lncreases up to a predetermined level. Once the predetermined
axial load exists 1n the Jjoint being made, the lobes 15
plastically deform into the flutes 37 of the pin to produce a
mechanical thread lock.

The number of flutes provided on the pin relative to the
number of lobes provided on the nut is preferably such that some
of the material of at least one of the lobes can enter one of the
flutes to effect the mechanical thread lock. In a presently
preferred embodiment, five flutes are provided in the pin with
three lobes provided on the nut.

The pin 1s illustrated in greater detail in FIGS. 2-4. Pin
12 includes a shank 30 that is received in aligned holes 32 in
the workpiece. One end 36 of the shank is threaded for receiving
the threads of the nut 14, and the other end of the shank has a
head 34, which bears on an exposed surface of the workpiece to
develop an axial load on the workpiece in cooperation with the

nut. The head 1s arbitrarily illustrated without a wrenching
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surface, although other conventional pin heads may be used, such
as hexagonal or countersunk heads.

To prevent rotation of the pin 12, recess 39 is provided in
the end face 41 of the threaded end 36 of the pin to receive the
bit 16, which holds the pin stationary while the driver turns to
torque the nut. 1In the embodiment 1llustrated in FIGS. 2-4, the
recess 39 comprises a pair of slots 40 extending completely
across the end face 41 of the threaded end 36 of the pin 12. As
can be best seen from FIGS. 3 and 4, each slot extends across the
end face 41 such that ends 42A, 42B of the slot open to the

threaded end of the pin. The slots 40 i1ntersect one another and

are oriented substantially perpendicular to one another in the

general shape of a cross. The recess 39 also 1ncludes a
centering aperture 42, extending axially into the threaded end
36 of the pin and located at the intersection of the slots 40.
In the embodiment 1illustrated in FIGS. 2-4, the centering
aperture 42 1is cylindrical 1in shape.

The slots may be formed in the pin by any suitable means,
and are preferably milled or ground completely across the end
face of the threaded end of the pin. It should be noted that one
of the advantages of forming the slots completely across the end
face of threaded portion of the pin 1s that the ends 424, 42B of
the slots provide additional void spaces in the threaded portion
of the pin 1nto which the lobe material can deform during setting
of the fastener. DMore particularly, once the predetermined axial
load exists 1n the joint being made and the lobes of the nut
begin to plastically deform, some of the material positioned
radially inward from the lobes may be displaced into the void
spaces formed by the ends of the slots, 1n addition to being
displaced 1into the flutes already present in the pin. Thus, the
addition of the slots in the pin increases the backoff resistance
or breakaway torque of the fastener, providing an improved

mechanical lock between the nut and the pin.
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Preferably, the recess 39 1s contained entirely within the
existing pin length of the fastener so that 1t 1s not necessary

to add any material protruding from the end face 41 of the
threaded end 36 of the pin to accommodate the cross-slot recess.

Additionally, the depth of the recess is preferably such that a
minimal amount of material will be removed from the lead-in or
imperfect thread zone of the pin.

During setting of the fastener, the recess 39 receives and
engages the cross-slot bit 16 to prevent rotation of the pin 12
as the nut 14 is torqued on by the driver 18. The bit 16 may be
attached to a power tool for rapid installation of the fasteners,
or may be used during hand installation of the fasteners. The
cross—-slot bit 16 1s 1llustrated 1n detail 1n FIG. 5. The Dbit
comprises a solid, cylindrical shaft 24 with a plurality of
splines 26 extending from one end 27 of the shaft. In the
embodiment illustrated in FIG. 5, four equally-spaced splines are
located at the end of the shaft, parallel to the longitudinal
axis 29 of the shaft. FEach spline 1is substantially oriented
perpendicular to all adjacent splines, forming the general shape
of a cross at the end of the shaft. The outside diameter of the
splines is preferably less than the minor thread diameter of the

nut.
A pilot 28 protrudes from the end 27 of the shaft at the

intersection of the splines 26. The pilot 28 consists of a
cylinder having a smaller diameter than the shaft 24 and a common
longitudinal axis with the shaft. The pilot 28 facilitates
insertion of the bit 16 into thce recess 39, by providing a
mechanism for centering the bit along the end face 41 of the
threaded end of the pin.

During setting of the fastener, the bit 16 acts as a torque
reaction mechanism by preventing the pin 12 from rotating as the
nut 14 1s torqued on by the driver 18. More particularly, the

pilot 28 of the cross-slot bit 1s received within the centering
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aperture 42, centering the bit on the end face 41 of the threaded
end 36 of the pin. Additionally, the splines 26 of the cross-

slot bit 16 are received within Lhce matching cross-slots 40 of

the recess 309. As the nut 1s torqued on by the driver, the
matching configurations of the bit and the recess engage one

another to prevent the pin from rotating.

In a presently preferred embodiment, the bit 16 1includes
beveled edges 31 on a leading edge 33 of the splines 26 to
facilitate the insertion of the bit 16 i1nto the recess 39. As
a result of the relatively tight tolerances involved 1n most
fastener systems, 1nsertion of the bit 1nto the recess may be
difficult and thus, it may be advantageous to include beveled
edges on the bit. Alternatively, beveled edges may be included

on the cross—-slots 40 of the recess 39 formed 1n the end face 41

of the threaded end of the pin.
Referring now to FIG. 6, an alternate embodiment of the

fastener system according to the present 1nvention 1S
illustrated. In the embodiment i1llustrated in FIG. 6, the recess
comprises only a single slot 40' that has been ground or milled
completely across the end face 41' of the threaded end of the pin
12'. Additionally, the recess i1ncludes a centering aperture 42°
on the end face 41' of the threaded end of the pin, located
substantially centrally along the slot 40'. For relatively
smaller fasteners, there may be advantages to using a single-slot
configuration, rather than the cross-slot configuration discussed
above. For example, the use of a single slot may provide a more
robust design due to the additional pin material remaining
between adjacent slots, or ends of a slot. Additionally, the
single slot configuration may permit the use of a wider slot.
Referring now to FIG. 7, a single-slot bit 16" 1s
illustrated for use with the single-slot recess 1illustrated 1in
FIG. 6. The bit 16' comprises a pair of splines 26' and a pilot
28'. As with the previous embodiment, the bit 16' engages the

-0
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single-slot recess 1in the pin 12' to prevent the pin from
rotating during torquing of the nut. Additionally, as described
above 1in connection with bit 16, beveled edges 31' may be
included on a top surface 33' of each spline of bit 16'.

It should also be noted that another advantage of the
present invention is that an existing inventory of fasteners may
easily be reworked to exhibit the higher strength required for
use in wet-sealant applications, thus allowing the cross-slot bit
16 to be used with the reworked existing fasteners. As 1ndicated
above, fasteners generally include a hexagonal recess 48 1n the
threaded end of the pin for receiving a hexagonal bit. Referring
now FIG. 8, in another embodiment of the present i1invention, a
pair of cross-slots 40'’ are milled or ground completely across
the end face 41'’ of the threaded end of a pin 12'’, adjacent the
existing hexagonal recess 48 in the pin. The existing hexagonal
recess 48 functions as the centering aperture for guiding the
cross-slot bit 16 during setting of the fastener. Therefore,
during installation of the fastener, the pilot 28 of the cross-
slot bit 16 is received within the hexagonal recess 48, while the
splines 26 of the cross-slot bit 16 engage the cross-slots 40'’
formed in the end face of the threaded end of the pin. Although
shown in a particular orientation in FIG. 8, the cross-slots 40'’
do not need to be aligned 1n any particular orientation with
respect to the hexagonal recess 48.

Various modifications and variations of the 1invention
described herein will be apparent to those skilled in the art.
For example, a number of different configurations may Dbe
substituted for the cross-slot configuration of the recess and
bit. It may be preferable to orient the slots such that they
substantially resemble an “X” rather than a cross. Likewise,
more than two slots may be used and oriented such that they
substantially resemble a “"Y”. It should be noted that for such

configurations, it may be necessary to orient the splines on the

_10._.
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bit to mirror the configuration of the recess as needed. For

such reasons, it will be understood that,

within the scope of the

appended claims, the invention may be practiced otherwise than

as specifically described.
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WHAT IS CLAIMED 1IS:
1. A fastener comprising:

a nut; and
a pin having a shank, a threaded portion on the shank,

an end face on the threaded portion of the shank, and a recess

in the end face,

wherein the recess comprises a plurality of slots,
extending completely across the end face, and an aperture, and

wherein the nut is adapted to be torqued onto the pin.

2. The fastener according to claim 1 wherein the plurality

of slots comprises a pair of intersecting slots.

3. The fastener according to claim 1 wherein the nut

comprises at least one external, axially extending lobe.

4 . The fastener according to claim 2 wherein the slots are

oriented substantially perpendicular to one another.

0. The fastener according to claim 2 wherein the aperture

1s located at an intersection of the slots.

6. The fastener according to claim 3 wherein the pin
further comprises a plurality of flutes extending in an axial

direction across the threaded portion of the pin.

7. The fastener according to claim 5 wherein the aperture

1s cylindrical.

8 . The fastener according to claim 5 wherein the aperture

1s hexagonal.

-] 7~
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9. A fastener comprising:
a nut having at least one external axially extending

lobe; and
a pin having a shank, a threaded portion on the shank,

an end face on the threaded portion of the shank, and a recess

1n the end face,
wherein the recess comprises a slot, extending

completely across the end face, and an aperture, and
whereln the nut 1s adapted to be torqued onto the pin.

10. The fastener according to claim 9 wherein the pin

further comprises a plurality of flutes extending in an axial

direction across the threaded portion of the pin.

11. The fastener according to claim 9 wherein the aperture

1s substantially centrally located in the slot.

12. The fastener according to claim 11 wherein the aperture

1s cylindrical.

13. The fastener according to claim 11 wherein the aperture

1s hexagonal.

14. A bit for use i1in a fastener system, the bit comprising:

a shaft;
a plurality of splines extending from an end of the

shaft; and
a pilot extending from the splines on the end of the

shaft.

15. The bit according to claim 14 wherein the plurality of

splines comprises four intersecting splines extending from the

end of the shaft.

-1 3~
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1l6. The bit according to claim 14 wherein the plurality of
splines comprises a pair of splines, each spline on a opposite
side of the end of the shaft.

17. The bit according to claim 14 wherein the pilot 1is

cylindrical.

18. The driver according to claim 14 wherein at least one

of the plurality of splines further comprises a top surface

having a beveled edge.

19. The bit according to claim 15 wherein the pilot is

located at an i1intersection of the splines.

20. The bit according to claim 15 wherein the intersecting

splines are oriented to substantially form a cross on the end of

the shaft.

21. A fastener system particularly adapted to exhibit

increased strength during installation of a fastener, the

fastener system comprising:
a bit 1ncluding a shaft, a plurality of splines
extending from an end of the shaft, and a pilot extending from

the splines;
a nut having a least one external, axially extending

lobe; and
a piln having a shank, a threaded portion on the shank,

an end face on the threaded portion of the shank, and a recess

in the end face,
wherein the recess comprises a plurality of slots and

an aperture, and
wherein the recess i1s configured to receive the splines

and pillot of the bit when the nut is torqued onto the pin.

-14 -
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22. The fastener system according to claim 20 wherein at

least one of the plurality of slots extends completely across the

end face.

23. The fastener system according to claim 20 wherein the
pin further comprises a plurality of flutes extending in an axial

direction across the threaded portion of the pin.

24. The fastener system according to claim 20 wherein the
plurality of slots comprises a pair of substantially
perpendicular intersecting slots, wherein the aperture 1is located
at an intersection of the slots, and wherein the splines and

pilot of the bit are oriented in a mating configuration with the

recess.

25. The fastener system according to claim 20 wherein at
least some of the plurality of splines further comprise a top

surface having a beveled edge.

26. The fastener system according to claim 23 whereiln the

aperture is cylindrical.

27. The fastener system according to claim 23 wherein the

aperture 1s hexagonal.

28. A fastener system particularly adapted to exhibit
increased strength during 1installation, the fastener system
comprising:

a bit including a shaft, a pair of splines extending from
an end of the shaft, and a pilot extending from the splines;

a nut having a least one external, axilally extending lobe;

and

-15-
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a pin including a shank, a threaded portion on the shank,

an end face on the threaded portion of the shank, and a recess

in the end face,
wherein the recess comprises a slot and an aperture, and

wherein the recess 1s configured to receive the splines and

pilot of the bit when the nut is torqued onto the pin.

29. The fastener system according to claim 27 wherein the

slot extends completely across the end face.

30. The fastener system according to claim 27 wherein the

aperture is cylindrical.

31. The fastener system according to claim 27 wherein the

aperture 1s hexagonal.

32. The fastener system according to claim 28 wherein at

least one of the splines further comprises a top surface having

a beveled edge.

~16-



CA 02267700 1999-05-31

FIG. T

v VLG LTI Sl SR 2337100 p 4 PRONT A i SR e et KT 28 A s et LA T AL T W AT 0 kLN O M i o IR EZ A g TS WVET T MG A RN -
W RGN AN A SADOATIAMA RIS BTt e A YN Mk RS AMIOM-§ K VA LA et i S T T LTI T S LT T TP S T T T o




riG.2

56

- S
i
|

= =

4
3

‘—-ll-'-—_-—

‘.————-—.——

=

,.u—l—'—-"--_

=

sty
Py M
) IR

-

~ -

e
‘——-——’
——

s/l L




CA 02267700 1999-05-31

NPT AT SR A DAL kb D2 PR SO AL AL A AR A AT I AL bRt Stk - s T R NPT, N F SV VAP oot PNl LI St T AR P90 < A ey Ay S MRS v s A Aol ATk ot il L el Bdcanbl




02267700 1999-05-31

CA

riG.4




CA 02267700 1999-05-31

riG.5

~
26 .
-1 26 /
33 Y
| '/)
29 “\‘" 24
Q) |> —27
. 26



CA

02267700 1999-05-31




CA

02267700 1999-05-31

rilG.7

LA L IR NS A




CA 02267700 1999-05-31




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings

