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A threaded fastener (32) including a nat (10) and a bolt (30).with the nut (10) including a ring section (14) and a nut section (12)
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EREE RUNNING PREVAILING TORQUE NUT
SUMMARY BACKGROUND OF THE INVENTION

The present invention relates to a fastener system

including a threaded fastener having a prevailing torque
feature.

Threaded fastener assemblies’ are used in many
applications for aerospace and industrial construction.
Such assemblies include threaded bolts or studs and nut
members having a matching thread form. In applications
subject to vibration or repeated load fluctuations such
threaded fastener assemblies have been known to lose their
retention torque and to loosen. To inhibit- such action,
threaded fastener aésémblies have been modified to provide
a prevailing torque feature to resist loosening and loss of
clamp of the workpieces or articles which are joined.
Frequently, a prevailing torque feature has been attained
by providing one of the mating thread forms with a distorted
portion such that, upen engagement between the distorted
thread portion and the undistorted thread form, the nut
member and the stud or bolt will be additionally held
together under a prevailing torque by a thread interference
which will resist untorging and hence resist loosening from

vibration.

With standard,'non—distorted thread forms, the nut

. member is free running at -low torque values onto the bolt

or stud until workpiece engagement and initial clamp or
preload on the workpieces. Thereafter the final clamp load
attained relative to the magnitude of applied torgue is
resisted mainly by the inherent friction between the engaged
portions of the rotating members under load. This is not
the case with threaded fasteners having a distorted, torque
prevailing thread form. Here once the distorted thread
portion“is engéged by the mating threads the nut member is
no longer free running and the clamp load of the workpieces
being fastened relative to the magnitude of the applied
torque is reduced. While the distortion of the thread form
is often placed at the outer or trailing end of the nut,
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this still restricts the free running capability of the nut
member onto the stud or bolt and the magnitude of initial
preload and final clamp load relative to the applied torque.
In addition the mating engagement between the distorted and

5 undistorted threads may be somewhat grip sensitive over the
grip range, i.e. with grip range being the variation in
total thickness of workpieces, from a maximum grip or total
thickness to a minimum grip or total thickness, and to be
secured together by a single sized fastener.

10 The present invention provides a unique nut member
which is free running and permits clamping of the workpieces
up to a preselected first magnitude of torgue. The first
magnitude of torque is selected to provide a desired
magnitude of initial preload on the workpieces. After this

15 first magnitude of torque is attained in a free running

step, a radially compressive force 1is induced whereby a
frictional load is imposed on the threads engaged between
e the nut member and the bolt or stud. The torque and hence
compressive force is increased until a second preselected
20 magnitude of torque is attained at which the installation is
completed. The result 1is a fastened Jjoint with the

workpieces held together under a preselected magnitude of

final clamp load and with the engaged threads of the nut and

bolt or stud of the installed fastener held together under a

25 high compressive load resulting in a high prevailing torque

which provides resistance to removal and hence a’ desired

resistance to loosening from vibration or other cyclic
loading.

According to the present invention there is provided a

30 fastening system including a bolt member having a shank with

a threaded portion and a nut member adapted to be threadably

engaged with said threaded shank portion to secure

workpieces together at a preselected preload with a

}preselected magnitude of prevailing torque,
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said nut member comprising:

a ring section having a ring through bore with a
generally axially straight engaging portion at one end of a
generally uniform preselected diameter,

5 a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

10 said drive portion adapted to be gripped by a tool for
applying relative torgue between said nut member and the
Y bolt member,

said neck portion having a straight segment with a

radially outer surface of a generally uniform diameter
et 15 connected to a tapered segment with a radially outer surface
. of varying diameter,

said tapered segment extending between said straight
. segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section

20 at said ring bore,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

said outer surface of said tapered segment having a

25 diameter at said outer end generally no greater than that of

said ring bore and tapering to an increased diameter at said

straight segment with said increased diameter being greater

than the diameter of said ring bore to provide a preselected

maximum interference between the threads of said neck

30 portion and the engaged threads of said threaded shank

portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight segments adapted to be moved

into said ring bore in surface engagement with said ring
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bore with said straight segment of -said neck portion in
surface engagement with said straight engaging portion of
said bore whereby a radially compressive force is applied
between the threads of said neck portion and the engaged
threads of said threaded shank portion of the bolt member
whereby said nut member will be secured to said threaded
shank portion with said preselected magnitude of prevailing
torque.

The invention also provides a fastening system
including a bolt member having a shank with a threaded
pertion and a nut member adapted to be threadably engaged
with said threaded shank portion to secure workpieces
together at a preselected preload with a preselected
magnitude of prevailing torque,

said nut member comprising:

a 'ring section having a ring through bore of a
generally uniform preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a
radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight
segment and said ring section and terminating in an outer

end adapted to be operatively connected to said ring section

. at said ring bore,

the helical threads formed in said nut bore extending
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from said drive portion at least partially into said neck
portion,
said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that of
5 said ring bore and tapering to an increased diameter at said
straight segment with said increased diameter being greater
than the diameter of said ring bore to provide a preselected
maximum interference between the threads of said neck
portion and the engaged threads of said threaded shank
10 portion of the bolt member when said neck portion is
threadably moved into said ring bore,
said tapered and straight segments adapted to be moved

into said ring bore in surface engagement with said ring

bore whereby a radially compressive force is applied between
? . 15 the threads of said neck portion and the engaged threads of
el .t said threaded shank portion of the bolt member whereby said
nut member will be secured to said threaded shank portion
with said preselected magnitude of prevailing torque,

said nut section including a body portion connected to

20 said drive portion by a breakneck groove, said breakneck

groove adapted to fracture at a preselected magnitude of
torque applied thereto whereby said drive portion will be
removed from the remainder of the nut member upon final
installation.

25 The invention also provides a fastening system
including a bolt member having a shank with a threaded
portion and a nut member adapted to be threadably engaged
with said threaded shank portion to secure workpieces
together at a preselected preload with & preselected

30 magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a

=
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& VRggherally uniform preselected diameter,
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ra nut section having a nut bore with helical threads
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formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

5 said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a

radially outer surface of a generally uniform diameter

10 connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight

segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section
IO 15 at said ring bore,
R the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,
said outer surface of said tapered segment having a
H 20 diameter at said outer end generally no greater than that of
: said ring bore and tapering to an increased diameter at said
straight segment with said increased diameter being greater
than the diameter of said ring bore to provide a preselected
maximum interference between the threads of said neck
25 portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion 1is
threadably moved into said ring bore,
said tapered and straight segments adapted to be moved
into said ring bore in surface engagement with said ring
30 bore whereby a radially compressive force is applied between
the threads of said neck portion and the engaged threads of
said threaded shank portion of the bolt member whereby said
nut memper will be secured to said threaded shank portion

with said preselected magnitude of prevailing torque,
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said ring section and said nut section being integrally
formed and with said nut member further comprising a
frangible rib integrally connecting said neck portion with
said ring section and adapted to fracture at a preselected
magnitude of torque whereby said nut member can be free
running onto said threaded shank portion of the bolt member
to clamp the workpieces together at a preselected magnitude
of clamp load prior to said frangible rib fracturing and
prior to movement of said neck portion into said ring bore,

The invention also provides a fastening system
including a bolt member having a shank with a threaded
portion and a nut member adapted to be threadably engaged
with said threaded shank portion to secure workpieces
together at a preselected preload with a preselected
magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a
generally uniform preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a
radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section

at said ring bore,
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the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that of
said ring bore and tapering to an increased diameter at said
straight segment with said increased diameter being greater
than the diameter of said ring bore to provide a preselected
maximum interference between the threads of said neck
portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight segments adapted to be moved
into said ring bore in surface engagement with said ring
bore whereby a radially compressive force is applied between
the threads of said neck portion and the engaged threads of
salid threaded shank portion of the bolt member whereby said
nut member will be secured to said threaded shank portion
with said preselected magnitude of prevailing torque,

said ring section and said nut section being integrally
formed and with said nut member further comprising a
frangible rib integrally connecting said neck portion with
said ring section and adapted to fracture at a preselected
magnitude of torque whereby said nut member can be free
running onto said threaded shank portion of the bolt member
to clamp the workpieces together at a preselected magnitude
of clamp load prior to said frangible rib fracturing and
prior to movement of said neck portion into said ring bore,

said drive portion having a first inner radially
extending surface in confrontation with a second inner
radially extending surface on said ring section, said first
and second inner surfaces adapted to be engaged with each

other after said neck portion has moved fully into said ring

@QSTR%( ore,
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said first inner surface of said drive portion
connected to said neck portion with a fillet radius,

an annular notch located in said second inner surface
generally in line with said frangible rib and extending
axially inwardly to substantially provide a clearance with
said fillet radius upon engagement of said first and second
inner surfaces.

The invention also provides a fastening system
including a bolt member having a shank with a threaded
portion and a nut member adapted to be threadably engaged
with said threaded shank portion to secure workpieces
together at a preselected preload with a preselected
magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a
generally uniform preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a
radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section
at said ring bore,
the helical threads formed in said nut bore extending

said drive portion at least partially into said neck




©Q:\GPER\GCP\581645pe . doc-17/10/00

2H

portion,
said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that of
said ring bore and tapering to an increased diameter at said
5 straight segment with said increased diameter being greater
than the diameter of said ring bore to provide a preselected
maximum interference between the threads of said neck
portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
10 threadably moved into said ring bore,
said tapered and straight segments adapted to be moved
. into said ring bore in surface engagement with said ring
eten bore whereby a radially compressive force is applied between
the threads of said neck portion and the engaged threads of
e 15 said threaded shank portion of the bolt member whereby said
8 nut member will be secured to said threaded shank portion
with said preselected magnitude of prevailing torque,
said helical threads in said neck portion having at
least some thread crests beginning at said outer end which
: 20 are partially truncated and of lesser radial depth than said
: helical threads in said drive portion to reduce the
resistance of sald neck ©portion to radially inward
compression,
The invention also provides a fastening system
25 including a bolt member having a shank with a threaded
portion and a nut member adapted to be threadably engaged
with said threaded shank portion to secure workpieces
together at a preselected preload with a preselected
magnitude of prevailing torque,
30 said nut member comprising:
a ring section having a ring through bore of a
generally uniform preselected diameter,
a nut section having a nut bore with helical threads

formed therein for threadable. engagement with said threaded
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shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a
radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section
at said ring bore,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

sald outer surface of said tapered segment having a
diameter at said outer end generally no greater than that of
said ring bore and tapering to an increased diameter at said
straight segment with said increased diameter being greater
than the diameter of said ring bore to provide a preselected
maximum interference between the threads of said neck
portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight segments adapted to be moved
into said ring bore in surface engagement with said ring
bore whereby a radially compressive force is applied between
the threads of said neck portion and the engaged threads of
sald threaded shank portion of the bolt member whereby said
nut member will be secured to said threaded shank portion
with said preselected magnitude of prevailing torque,

a sealant located between the workpieces and with said
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ring section and said nut section being integrally formed
and with said nut member further comprising a frangible rib
integrally connecting said neck portion with said ring
section and adapted to fracture at a preselected magnitude
5 of torque whereby said nut member can be free running onto
said threaded shank portion of the bolt member to clamp the
workpieces together at a preselected magnitude of clamp load
prior to said frangible rib fracturing and prior to movement
of said neck portion into said ring bore,

10 sald ring section having an outer surface of an
irregular contour adapted to be gripped by a tool for
cont applying relative torque between said nut member and said
. bolt member through said ring section and to be torgqued to
compress the sealant while being torqued to a magnitude at
HE 15 which said frangible rib fractures with additional torque
R being applied through said drive portion moving said neck

portion into said ring bore for final installation.
The invention also provides a fastening system

including a bolt member having a shank with a threaded

: 20 portion and a nut member adapted to be threadably engaged

agecel with sald threaded shank pertion to secure workpieces
together at a preselected preload with a preselected
magnitude of prevailing torque,

said nut member comprising:

25 a ring section having & ring through bore of a
preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

30 said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

sald drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the

bolt member,
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said neck portion terminating in an outer end adapted
to be operatively connected to one end of said ring section
at said ring bore,
the helical threads formed in said nut bore extending
5 from said drive portion at least partially into said neck
portion,
the radially outer surface of said neck portion having
a8 diameter relative to that of said ring bore whereby said
neck portion can be received into said ring bore with a
10 preselected interference,

said helical threads in said neck portion having at

vesl least some thread crests beginning at said outer end which
'j:? are partially truncated and of lesser radial depth than said
speest helical threads in said drive portion to reduce the
i::: 15 resistance of said neck portion to radially inward
éj'k compression as it is moved into said ring bore,

sald outer surface of said neck portion and the surface
of said ring bore being operatively engageable whereby said
neck portion is compressed radially inwardly as it is moved

20 into said ring bore to provide a preselected maximum

interference between the threads of said neck portion and
: the engaged threads of said threaded shank portion of the
cseeet bolt member when said neck portion is threadably moved into
said ring bore whereby a radially compressive force 1is
25 applied between the threads of said neck portion and the
engaged threads of said threaded shank portion whereby said
nut member will be secured to the threaded bolt portion with

a preselected magnitude of prevailing torque.
The invention also provides a fastening system
30 including a bolt member having a shank with a threaded
portion and a nut member adapted to be threadably engaged
with said threaded shank portion to secure workpieces
together at a preselected preload with a preselected

magnitude of prevailing torque with a sealant located
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between the workpieces,

said nut member comprising:

a ring section having a ring through bore,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

sald drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and said
threaded shank portion of the bolt member,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

the outer surface of said neck portion having a
diameter at said outer end generally no greater than that of
said ring bore at said one end of said ring section,

said outer surface of said neck portion and the surface
of said ring  Dbore selected to define a generally
progressively reduced diameter therebetween whereby said
neck portion is compressed radially inwardly as it is moved
inte said ring bore to provide a preselected maximum
interference between the threads of said neck portion and
the engaged threads of said threaded shank portion of the
bolt member when said neck portion is threadably moved into
said ring bore whereby a radially compressive force 1is
applied between the threads of said neck portion and the
engaged threads of said threaded shank portion whereby said
nut member will be secured to said threaded shank portion
with a preselected magnitude of prevailing torque,

said ring section and said nut section being integrally
formed and with said nut member further comprising a
frangible rib integrally connecting said neck portion with

said ring section and adapted to fracture at a preselected
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magnitude of torque whereby said nut member can be free
running onto the bolt member to clamp the workpieces
together at a preselected magnitude of clamp load prior to
said frangible rib fracturing and prior to movement of said
neck portion into said ring bore,

said ring section having an outer surface of an
irreqular contour adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member through said ring section and to be torgued to
compress the sealant while being torqued to a magnitude at
which said frangible rib fractures with additional torque
being applied through said drive portion moving said neck
portion into said ring bore for final installation.

The invention also provides a fastening system
including a bolt member having a shank with a threaded
portion and a nut member adapted to be threadably engaged
with said threaded shank portion to secure workpieces
together at a preselected preload with a preselected
magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a
generally uniform preselected diameter to define a generally
straight cylindrical surface,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a

radially outer surface of a generally uniform diameter

jconnected to a tapered segment with a radially outer surface
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of varying diameter,

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end connected to said ring section at said ring bore by a
frangible rib,

said ring section and said nut section being integrally
formed and with said frangible rib integrally connecting
said neck portion with said ring section and adapted to
fracture at a preselected magnitude of torque whereby said
nut member can be free running onto said threaded shank
portion of the bolt member to clamp the workpieces together
at a preselected magnitude of clamp load prior to said
frangible rib fracturing and prior to movement of said neck
portion into said ring bore,

said drive portion having a first inner radially
extending surface in confrontation with a second inner
radially extending surface on said ring section, . said first
and second inner surfaces adapted to be engaged with each
other after said neck portion has moved fully into said ring
bore,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

said outer surface of said tapered segment having a
diameter at said outer end generally equal to that of said
ring bore and tapering to the diameter of said straight
segment with such diameter being greater than the diameter
of said ring bore to provide a preselected maximum
interference between the threads of said neck portion and
the engaged threads of said threaded shank portion of the
bolt member when said neck portion is threadably moved into
said ring bore,

said straight segment adapted to be threadably moved

%) into said ring bore to provide surface engagement with said

K2 v
sal
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straight cylindrical surface of said ring bore whereby a
radially compressive force is applied between the threads of
said neck portion and the engaged threads of said threaded
shank portion whereby said nut member will be secured to
said threaded shank portion with a preselected magnitude of
prevailing torque,

said helical threads in said neck portion having thread
crests which are at least partially truncated and of lesser
radial depth than said helical threads in said drive portion
to reduce the resistance of said neck portion to radially
inward compression.

In a preferred form of the present invention the nut
member is of a one piece construction with the initial
preload being determined by a frangible portion and with the
compressive load occurring after the frangible portion has
fractured upon attainment of the first magnitude of torque.

The free running capability of the nut member of the
present invention is desirable for wuse in aerospace
applications including applications utilizing workpieces

made of composite materials.
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ThHe unique nut member of the present invention can be
utilized with a variety of thread forms including generally
standard thread forms available on existing bolts or studs.

The  free running capability of the unique nut member
of the present invention will be substantially uniformly
operative over the grip range of the related fastener.

The free running capability and resultant prevailing
torque characteristic of the unique nut member are desirable
for many aerospace and non-aerospace applications.

Thus it is an object of the present invention to
provide a unique threaded fastener having a prevailing
torque characteristic.

It is another object of the present invention to
provide a unique threaded fastener including a free running
nut adapted to provide a preselected magnitude of initial
preload without interference or high frictional loads
between the engaging threads and to provide a prevailing
torque characteristic after attainment of the initial
preload.

In addition it is significant that fasteners used in
aerospace applications, with or without a torque prevailing
feature, be of a lightweight construction and of minimal
size upon final installation.

Thus it is still another object of the present
invention to provide a unique threaded fastener including

_a_ free running nut which also provides a prevailing torgue

feature upon installation and which is of a lightweight
construction.

Other objects, features, and advantages of the present
invention will become apparent from the subsequent
description and the appended claimg, taken in conjunction
with the accompanying drawings, in which:

DESCRTPTION OF THE DRAWINGS:

Figure 1 is a side elevational, sectional view of one
form of nut member embodying features of the present
invention;

Figure 1A is a fragmentary, sectional view to enlarged
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scale of the portion'of the nut member of Figure 1 in the
encircled Area 1A; : '

Figure 2 is an end view of the nut member of Figure 1
taken generally in the direction of the Arrows 2-2;

Figure 3 is a side elevational view, with the nut
member shown in section, deéiéting the nut member of Figures
1 and 2 in assembly relationship with a bolt and workpieces
to be secured together after initial preload of the
workpieces by the fastener assembly with the workpieces
representing a maximum grip condition;

Figure 4 is a side elevational view similar to Figure
3 depicting the fastener assembly of thé nut member and the
bolt in the final installed condition for the workpieces of
maximum grip for that fastener assembly; '

Figure 5 is a side elevational view similar to Figure
4 depicting the same fastener assembly of the nut member and
bolt member of Figure 4 in a final installed condition for
workpieces of a minimum grip condition for that same
fastener assembly;

Figure 6 is a side elevational, sectional view of
another form of a one piece nut member having a frangible
driving portion at its outer end;

Figure 7 is an end view of the nut member of Figure 6
taken generally in the direction of the Arrows 7-7;

Figure 8 is an end view, similar to that of Figure 2,
of a modified form of the one piece nut member of Figure 1
as it would appear, as modified, in the direction of the
Arrows 8-8 in Figure 3; and

Figure 9 is a fragmentary sectional view to enlarged
scale, similar to Figure 1A, showing a modified form of the

nut member of Figures 1-4 in assembly relationship with a .

bolt and in which the neck portion of the nut member has
been provided with a plurality of axial grooves for
increased radial compliance.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Looking now to Figures 1, 1A and 2 of the drawings, a
nut member 10 is shown and includes a nut section 12 and a
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locking ring section 14. The nut section 12 includes 3 main
body portion 16 and a neck . portion 18 of substantially
reduced section. The nut section 12 is integrally connected
to the inner end of the ring section-14 by a frangible rib
20 at the outer end of the neck portion i8. - Inrthlé”_
embodiment of Figures 1, 1A and 2, the main body portion 16
has a hex shaped outer surface 21 to facilitate engagement
by a socket tool of a well known or standard construction
whereby torque can be applied to the nut member 10 (see
Figure 2). The ring section 14 is of an annular
configuration having a generally circular cross-section with
a smooth through bore 22 of a preselected diameter Di.
Looking to Figures 1 and 1A, the neck portion 18 has
a generally, axially straight segment 24 of a uniferm
outgide diamete_r D2. The outside diameter D2 is greater
than the diameter D1 of the locking ring bore 22. This
provides a preselected interference for a purpose to be
described. The straight segment 24 is connected to the main
body portion 16 by a fillet radius R. A tapered segment 26,
having an outer, tapered surface, connects the straight
seqment 24 to the frangible rib 20. o
The nut section 12 has a threaded through bore 28
extending through the main body portion 16 and neck portion
18. The root diameter D3 of the thread of bore 28 is less
than the diameter D1 of the bore 22 of ring section 14,
Thus a mating threaded male member can pass through the ring
bore 22 with clearance. The crest of the thread in bore 28
has a diameter D4 in the portion of the bore 28 in the main
body portion 16 and is truncated to a larger diameter DS to
provide a reduced radial depth dl of the thread form in the
neck portion 18 for a purpose to be described. )
The outer surface of the leading end of the tapered'
segment 26 extends axially and radially inwardly from the
inner face or surface 27 of the ring section 14 to ‘the
frangible rib 20; at the same time an angled, annular
surface extends from the inner face 27 radially inwardly to
the end portion of the tapered segment 26 to define
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therewith an annular,,angﬁlarly extending notch 29. Ag will
be seen the notch 29 is angled such that upon engagement
between the inner face or surface 27 of ring section 14 and
the confronting inner surface 31 of the main bedy portion
16 there will be minimal or no engagement with the fillet
radius R. In this way localized bearing stress at - the
fillet radius R will be avoided. At the same time the depth
of notch 29 can be selected to facilitate fracture of the
rib 20 at the desired magnitude of torque. It should be
noted that the size of the fillet radius R can vary
depending upon the strength and elastic properties of the
material of the nut member 10. Thus in some cases when the
nut member 10 is made of a high strength material, such as
a titanium alloy, having desired elastic properties the size
of the fillet radius R can be reduced and the notch 29 can
be essentially eliminated.

Looking now to Figures 3 and 4, the nut member 10 is
shown in assembled relationship with a bolt 30 to define a
fastener assembly 32 with the fastener assembly 32 shown in
the process of securing workpieces 46 and 48 together. The
bolt 30 has an elongated shank 34 with an enlarged
countersunk head 36 at one end and a threaded portion 38 at
the opposite end. A smooth shank portion 40 connects the
threaded portion 38 with the bolt head 36. The shank 34 of
the bolt 30 is adapted to extend through aligned openings
or bores 42 and 44 in the workpieces 46 and 48,
réspectively. Bore 44 has a countersunk portion 49 adapted
to matably receive the countersunk head 36. The threaded
shank portion 38 has a substantially uniform thread form
adapted to matingly engage the threads of the threaded bore
28 of the nut section 12. Ag shown in Figure 3, the nut
member 10 has been threadably secured onto the threaded
portion 38 by torque being applied via the hex shaped main
body portion 16 by a suitable tool (not shown) to clamp the
workpieces 46 and 48 together under a preselected magnitude
of initial preload or clamp 1load. Note that at this
juncture the locking ring section 14 is still connected to
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the neck poition 18 by the frangible rib 20.

In installing the fastener assembly 32, the nut member
10 can be applied to the bolt 30 by a suitable tool or by
hand tc initially thread the nut section 12 onto the
threaded portion 38 .of the bolt shank 34. Next the tool can
be used for the application of additional torque and for the
final installation of the fastener assembly 32, -With the
nut member 10 now in engagement with the outer surface 51
of the. workpiece 46, a desired magnitude of initial clamp
load or preload is attained by the applicat;on of a first
predetermined magnitude of torque. Up to tﬁie‘point the nut
member 10 is essentially free running on the threaded
portion 38 of the bolt shank 34. As the magnitude of torque
is increased to a second predetermined magnitude, the
frangible rib 20 shears and the neck portion 18 moves
axially into the bore 22 of the locking ring section 14.
As the neck portion 18 moves axially into ring bore 22 the
‘leading end of the tapered segment 26 is urged radially
inwardly into compressive engagement with the mating threads
on the threaded bolt shank portion 38. As the magnitude of
appiied torque is increased further the complete tapered
segment 26 and then the straight segment 24 are moved into
the bore 22 to provide a tight, compressive engagement with
the mating bolt threads. After the straight segment 24 has
been moved into the bore 22, the final, predetermined

magnitude of torque can be sensed and the operation

discontinued upon attainment of that magnitude. In a
preferred form of the invention the straight segment 24 is
moved completely into the ring bore 22 bringing the
confronting surfaces 27 and 31 of locking ring section 14
and nut section 12, respectively, into engagement as shown
in Figure 4. Such a structure in which engagement of
confronting surfaces 27 and 31 occurs provides for a ready
means of visual inspection and verification that a desired
magnitude of torque has been applied:and hence a desired
magnitude of final clamp load on the workpieces 46 and 48
has been attained. This also provides assurance that the
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lock between the engaged threads ig complete  and is
maximized. It is also believed desirable that the helical
threads in the neck portion 18 extend for at least around
two thread pitches.

The nut section 12 can be made of a somewhat softer
material than that of the bolt 30. Thus the threads in the
neck portion 18 can deform slightly to the shape of the
mating threads on the threaded shank portion 38 of the bolt
30 in response to the compressive engagement as the neck
portion 18 is moved axially into the ring bore 22. At the
same time the engaged threads of the shank portion 38 of the
bolt 30 will remain substantially undistorted.

It is common in‘éeféspace applications to utilize a
sealant between the workpieces being joined to provide a
fluid tight joint. In such instance, the fracture load of
the frangible fib»go can be gselected to be of a magnitude
sufficient to permit the workpieces 46, 48 to be pulled

_together with a sufficient preload and without fracture of

the rib 20 to squeeze out excess sealant located
therebetween. - In this regard, it is a common procedure to
first apply a clamp load to the workpieces 46, 48 of a
magnitude sufficient to pull the workpieces 46, 48 together
into engagement to expel excess sealant therebetween and to
let the joint set for a preselected time period and then
return and apply additional torque to the nut member 10
through the nut section 12 to attain the final clamp load.
In this instance the rib 20 can be constructed to remain in
tact and hence to not fracture during the first step. In
the second step, and after the joint has been givén time to
settle, torque is again applied to the nut section 12. The
rib 20 is fractured at a torque load which is of a greater
magnitude than that applied in the first step and as
additional toréue of further increased magnitude is applied
the neck portion 18 is moved fully into the ring bore 22 to
complete the installation. It should be understood, of
course, that the installation could be done in cne step,
with or without sealant, rather than in the two steps noted
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above. ' It should also be understood that the rib 20 could
be constructed to fracture during this first step of clamp
for sealant squeeze out with the occurrence of fracture
providing an indication or signal to the operator to cease
the application of additional torque at that time. Such
sealants are typically paste-like materials such as PR1776B2
by . Courtaulds Aerospace which is a manganese -dioxide
dispersion class sealant.

In order to facilitate the application of torque
between the nut member 10 and the bolt 30, the outer end of
the shank 34 can be provided with a hex or other irregularly
shaped bore 50 which can receive a similarl&nshaped rod on
the installation tool (not shown). The rod is fixed from
rotation such that only the hex shaped socket portion of the
tool will be rotated thereby preventing the nut member 10
and bolt 30 from spinning together in the workpiece bores
42, 44. Such spinning could result in undesirable galling
of the workpiece bores such as bores 42, 44.° The details
of such a tool are within the purview of one skilled in the
art and do not constitute a part of the present invention
and thus have been omitted for purposes of simplicity.

As can be seen from Figure 4 at this point there is
complete engagement of substantially all of the threads in
the threaded bore 28 of the nut section 12 with the threads
of the threaded portion 38 of the bolt 30.

As noted, the crests of at least some of the threads
from the leading end of the neck portion 18 rearwardly are
-truncated. In one form, the crests in.the neck portion 18 .
have been reduced to a radial depth di of around one half
of the normal radial depth d2 of the full threads in the
remainder of the nut section 12 including the main body
portion 16. This serves several purposes; First, it
facilitates the initial threaded engagement with the
threaded shank portion 38 of the bolt 30 while inhibiting
cross threading. Secondly, the ' truncated thread in
combination with the tapered thickness of the tapered
segment 26 of the neck portion 18 assists in promoting the
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initial axial movement of the neck portion 18 into the bore
22 of ring section 14 .and the development of a high
prevailing torque by its radial compression without
excesgive friction and without permanent distortion of the
5 engaging bolt threads. It is believed that a truncation or
reduction in radial depth such that depth 'dl is between from
around 25% to around 75% of the normal radial depth d2 of
the crests will provide such beneficial results. In one
form of the invention a reduction in radial depth of around
10 50% was desirable. By reducing the radial depth of the
crests, the neck portion 18 is made more compliant thereby
facilitating the desired radial compression and the
attainment of the high prevailing torque characteristic of
the fastener. 1In addition, such reduction in radial depth
15 of the crests at the leading end of the threads in the neck
portion 18 and the resultant compliant structure facilitates
use of the nut member 10 in applications where the surface
51 of the workpiece 46 is somewhat angulated relative to the
axis X of the nut member 10. By contrast the remainder of
20 the threads of the nut section 12, including the main body
portion 16, are of the normal thread depth d2 which is
substantially equal to the radial depth of the mating
threads of the threaded bolt portion 38. At the same time,
the ring section 14 is constructed to have a sufficient
25 radial wall thickness whereby radial expansion of the ring
_section 14 is inhibited. 1In this regard, in some instances
the straight segment 24 of the neck portion 18 can be
provided with at least one thread pitch of a non-truncated
helical thread of full radial depth d2 at its trailing end

30 proximate the inner surface 31. (See Figure 9)
It can'be seen that the radially outer surface of the
tapered segment 26 at its connection with the frangible rib
20 starts with an outside diameter D8 which is slightly
smaller than the diameter D1 of the ring section bore 22.
35 The slight reduction in the initial, lead in diameter D8
promotes the initial movement of the tapered segment 26 into
ring bore 22 in response to the increasing axial load and
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thus inhibits buckling of the tapered segment 26 after the
-fracture load of. the frangible rib 20 is attained. The
taper angle A is selected in part to be sufficient to
provide the leading end of tapered segment 26 with adequate
initial frictional engagement with the ring bore 22 to
inhibit spring back or loss of clamp upon initial severance
of the frangible rib 20. 1In one form, the outer surface of
the tapered segment 26 tapers at an angle A of around 8°
relative to the central axis X and extends from the smaller
diameter D8 at its leading end to the larger diameter D2 of
the straight segment 24. In this regard it is believed that
the taper angle A can be varied from between around 3° to
around 13° and preferably between around 6° to around 1C°.
The straight segment 24 can extend for generally between.
around 10% to around 75% of the length L2 of the neck
portion 18. This will depend to some extent on the material
and overall size of the nut member 10.

It is also believed to be advantageous to provide the
neck portion 18 with the straight segment 24, In this regard -
-the compressive engagement of the straight segment 24 with
‘the surface of ring bore 22 provides a greater, more uniform
area of surface to surface frictional engagement than if
only a tapered surface such as the tapered surface of
tapered segment 26 were engaged with ring bore 22. At the
same time at least a portion of the threads in the straight
segment 24 can be of full radial depth or less truncated
than those in the tapered segment 26 resulting in a greater
magnitude of interference with the engaged threads on
threaded portion 38. (See  Figure 9). This increased
surface engagement and compressive load results in a higher

prevailing torgue. In addition, however, the compressive .

load holding the prevailing torque is maintained in part by
the engagement between the straight, gsubstantially non-
tapered surfaces thereby effectively resisting loosening
from vibration which might occur if the only holding force
was from a tapered surface engagement. In this re'gard final
engagement between the axially straight non-tapered surfaces
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on the straight segment 24 and the ring bore 22 will enhance
the vibration resistance of the nut member 10 to loosening
from the bolt 30 in a finished installation. The axial
length L1, however, of the straight segment 24 is malntalned
at a desirable length such that, upon installation, it is
moved over itg full length into  the bore 22 whereby
confronting surfaces 27 and 31 are brought into engagement
with each other.

It is also believed that provision of the straight
segment 24 for engagement with the substantially straight
surface of ring bore 22 provides a more predictable
magnitude of final clamp load than if the neck portion 18
were only tapered. This is in part the result of the fact
that the final clamp load will to some extent be determined
by the magnitude of relative axial force between the belt
30 and nut member 10 required to'radially expand the ring
section 14 as the straight segment 24 is moved axialiy into
the ring bore 22.

In order to provide an additional lock between the nut
section 12 and bolt 30, an axial slot or groove 53 can be
provided in the threaded portion 38 of the bolt shank 34
(see Figures 3 and 4)., Thus as the neck portion 18, and
especially the straight segment 24, reaches its final
position fully within the ring bore 22 a portion of the
material will be deformed into the groove 53 resulting in
an additional, mechanical locking action between the bolt
30 and nut member 10. It is believed that the effectiveness
of the lock in the slot 53 is enhanced if the slot 53 is
angulated to be at around 90° to or in quadrature with the
helix angle of the thread in the threaded shank portion 38,
The use of such an axial locking slot 53 is optional since
a high level of prevailing torque will be achieved even in
the absence of the slot 53.

In one form of the embodiment of Figures 1-4, with the
diameter D1 of the lock ring bore 22 being around .859 cm
(.338 inches) the diameter D2 of straight segment 24 was
selected to be around .876 cm (.345 inches). This resulted
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in a radial interference .of the straight segment 24 with
bore 22 of around .0089 cm (.0035 inches) per radial side.
It is believed that a radial interference of between around
-0025 cm (.001 inches) to around .013 cm (.005 inches) per
radial side will provide a desired magnitude of éompressive
force between the engaged threads to attain the desired
magnitude of prevailing torque. In this regard the bore 22
may  be formed with a slight taper to facilitate
manufactureof the ring section 14 by cold forming or
heading. Since the ring section 14 is formed with a
generally uniform radial wall thickness the outer surfacé
will-be similarly angulated. Thus the bore 22 can taper
diametrically from a larger diameter at its open end to a
slightly smaller diameter at its end proximate the neck

portion 18. The overall change in diameter for the
embodiment noted above would be around .015 cm (.006
inches) . This can be readily accommodated by the neck

portion 18 in view of the engagement of bore 22 by straight
segment 24 and further in view of the fact that at final
installation the neck portion 18 does not. extend into bore
22 for its full length, see Figures 4 and 5.

Ag noted the notch 29 is angulated-;ﬁch that surfaces
27 and 31 can be engaged with little or no engagement of the
surface 27 with the fillet radius R. In the form of the nut
member 10 as described and made of 7075-T73 Aluminum, the
~overall length L2 of the neck portion 18 was around .191 cm
(.075 inches) with the length Ll of the straight segment 24
up to the beginning of fillet radius R being arocund .033 om
(.013 inches). ) v

The radius R at the juncture between the neck portion
18 and the body portion 16 is selected to provide a balance

between the compressive hoop strength of the neck portion

18 and the stress concentration factor at the fillet radius
R. A large fillet radius R will resist radial compression
of the neck portion 18 as it moves into the bore 22. In
this regérd the notch 29 acts to minimize this resistance
since it provides a clearance for at least a portion of the
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fillet radius R as it moves into the bore 22. Too small of
a fillet radius R could result in an undesirably high level
of stress concentration especially where the nut member 10
is made of lower strength materials such as aluminum. 1In
addition such a small fillet radius R could lower the
tensile strength of the nut section 12 at that point. 1In
the one form of the invention with the nut member 10 made
of aluminum 7075-T73 and with the diameter D2 of the
straight segment 24 as noted and with the diametrical
dimension Dé across the flats of the hex of around 1.110 cm
(.437 inches), a radius R of around .076 émyk;030 inches)
was found satisfaccory; The angle B of outér surface of
notch 29 relative to inner face or surface 27 was selected
to be around 20°. The flats of the outer surface 21 of nut
section 12 are diametrically spaced by a diameter D6 which
is less than the diameter D7 of the outer surface of the
ring section 14. At the same time opposite corners of the
hex surface 21 are generally diametrically spaced slightly
less than the distance D7. This geometry facilitates the
manufactu;e of the nut member 10.

In the form of the invention as noted with the nut
member 10 made of a 7075-T73 aluminum and for a -10 diameter
size a thread form of 5/16-24UNJF-3B was used. The bolt 30
was provided with a matching thread form on the threaded
shank portion 38. ‘

As previously noted where the nut member 10 is made of

a relatively high strength material the size of radius R can

be minimized and the notch 29 can be essentially eliminated.
Thus for nut member 10, being generally of the same size as
that described for the aluminum version, and being made of
a 3A1-2.5V Titanium, the radius R can be minimized to around
.013 cm (.00S inches). At the same time the notch, such as
notch 29, can be eliminated. Thus the fracture load of the
rib 20 will be determined by design factors independently
of any notch such as notch 29. In an aerospace application,
the mating bolt 30 could be of a 6Al-4V Titanium material
to provide a high strength fastener assembly 32. As noted
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the high prevailing - torque feature -is provided with
substantially little or no permanent distortion of the
mating threads éspecially'in constructions in which the
locking slot 53 is omitted. Thus, if desired, the fastener
assembly 32 can be threadably separated and removed from the
workpieces 46 and 48 after installation. Such threaded
disassembly can be achieved even with the use of the locking
slot 53 with the initial breakway torque being somewhat
higher.

It is desirable that the fastener assembly 32 be
utilized to.secure workpieces( such as workpieces 46 and 48,
over a reasonable grip range. The grip range of a fastener
agsgembly, such as f&sfener assembly 32, is defined, as
previously noted, as the difference between the maximum and
minimum total thicknesses of workpieces, such as workpieces
46 and 48, which the same fastener assembly is capable of
securing together. In Figures 3 and 4, the fastener
assembly 32 is shown securing workpieces 46 and 48 which are
of the maximum total thickness or maximum grip for that
fastener assembly 32. In this regard it can be seen that
the smooth shank portion 40 is of a length sufficient to
extend from the bolt head 36 for the remaining full length
of the total thickness of the workpieces 46 and 48. 1In this
application the length of the threaded portion 38 will be
minimized to provide £ull engagement with substantially all
of the threads of the nut section 12 at the initial clamp
up of the workpieces 46 and 48 as shown in Figure 3 and full
engagement at final clamp up as shown in Figure 4. At the
same time essentially none of the threaded portion 38 will
be located within the workpiece bore 42 .

By contrast, in Figure 5 the fastener assembly 32 is
shown in final assembly of workpieces having the minimum
total thickness. Thus in the description of Figure 5 the
components of the fastener assembly 32 are given the same
numeral designations as in Figure 4 while the workpieces of
different thickness and associated components are given the
same numeral designations with the addition of a prime.
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-Thus in Figure 5 the workpieces 46’ and 48’ have a
total thickness which is at the minimum total thickness of
the grip range of  the fastener assembly 32, In this
application, the smooth shank portion 40 of the bolt 30 will
extend past the outer surface 51’ of workpiece 46’ and
partially into the bore 22 of the ring section 14. It can
be. .seen that with the fastener assembly 32 completely
installed as shown in Figure 5, the innermost end of the
neck portion 18 will still be in a slight clearance from the
adjacent end of the smooth shank portion 40 of the bolt 390.
Thus the axial length L of the ring sectlon 14 ig selected
relative to the length of the neck portion 18 and the grip
range of the workpieces, such as 46, 48 for maximum grip and
46’, 48’ for minimum grip, whereby the innermost end of the
neck portion 18 will not engage and thus be in c¢learance
relationship with the confronting terminating end of the
smooth shank portion 40 of the bolt 30. In order to
maintain the size of the ring section 14 and hence its
length L at a minimum, the length L is selected such that
upon final installation of the fastener assembly 32 with
workpieces 46’', 48' of a winimum grip or minimum total
thickness, the innermost end of the neck portion 18 will be
in only a slight or minimal clearance with the confronting
end of the smooth shank portion 40. It is understood, of
coursge, that in some applicaﬁions a minimal engagement
between such innermost and confronting ends could be
tolerated.

In this regard it should be noted that even if the .
length of threaded portién 38 of the bolt 30 were extended,
the axial length of the neck portion 18 still would be
selected to be no greater than the axial length L of the
ring section 14. Thus in such a construction when the neck
portion 18 is fully located within the bore 22 of ring
section 14 it will not engage the confronting surface such
as surface 51 of workpiece 46. - This is especially
gignificant in such applications in which engagement of the
neck portion 18 with the surface 51 of workpiece 46 could
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create a -high..stress concentration around the associated
workpiece opening 42 and/or inhibit engagement of the
confronting surfaces such as surfaces 27 and 31 of the nut
member 10..

A modified form of nut member is shown in Figures 6 and
7 in which components similar to like components in the
embodiment of . Figures 1-4 are given the same numeral
designation with the addition of the letter postscript n"ar.
Unless described otherwise, the similarly numbered
components between the embodiments of Figures 1-4 and those
of Figures 6 and 7 can be considered to be substantially the
same and thus the like details will not be repeated for
purposeg of simplicity.

Locking now to Figures 6 and 7, a nut member 10a is
shown which is of a one piece construction and includes a
nut section l2a, a locking ring section 14a and a frangible
driving section 60. The nut section 12a includes a main
body portion 16a and a neck portion 18a. In the embodiment
of Figures 6 and 7 the main body portion 16a is provided
with an annular relatively smooth outer surface 64. This
is in contrast to the hex shaped outer surface 21 of the
main body portion 16 of Figures 1-4. The ring section 14a
is of an annular configuration having a generally circular
cross-section with a smooth through bore 22a of a
preselected diametexr Dia.

The neck portion 18a has a straight segment 24a of a
uniform outside diameter DSa. The straight segment 24a is
connected to the main body portion 1sa by a fillet radius
Ra. A tapered segment 26a has a radially outer surface
which extends at an angle Aa relative to the axis Xa of the
nut member 10a.

The nut section 12a has a threaded through bore 28a
extending through the main body portion 16a and neck portion
18a and can be threadably applied to a bolt, such as the
bolt 30 in Figures 3 and 4. The driving section 60 is
connected to the body portion 16a of the nut section 12a via
an annular breakneck groove 62 which is adapted to fracture
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at a presélecﬁed magnitude of torque indicative of the final
desired clamp load to be applied to the workpieces being
secured together; such as workpieces 46 and 48. Thus the
nut member 1l0a can be threadably secured onto the threaded
portion of a bolt, such as bolt 30, and with torque being
applied via the hex shapedﬁéurface 2la of the frangible
driving section 60 to clamp workpieces, such as workpieces
46 and 48, together under a preselected magnitude of clamp
load. With increasing torque the frangible rib 20a
fractures and the neck portion 18a moves axially into the
bore 22a of the locking ring section 14a. Ag the tapered
segment 26a moves farther axially ihtd'ring bore 22a the
tapered segment 26a is compressed radially inwardly into
tight, compressive engagement with the mating threads on a
threaded shank portion of a bolt such as shank portion 38
of bolt 30. The application of increasing torque continues
until the straight segment 24a is moved into the ring bore
22a. After the straight segment 24a has been moved into the
ring bore 22a preferably with confronting surfaces 27a and .
-3la in engagement, and the desired magnitude of torque has
been attained the breakneck groove 62 will fracture severing
the driving‘section 60 from the nut section 12a thereby
completing the installation. By utilizing a separate,
severable driving section 60 the weight of the main body
portion l6a can be reduced resulting in an,é?erall reduction
in the combined weight of the sections l4a, 1l6a and 18a
whereby the weight of the fastener assembly after £inal
instadllation can be reduced by virtue of the reduced weight

. of the remaining sections 14a, 16a and 18a of nut member

10a. Such a reduction in weight could be significant in
aerospace applications. o

As previously noted in the embodiment of Figures 1-4,
the crests of at least some of the threads in the neck
portion 18a are truncated for the purﬁoses previously
described.

In Figure 8 another modified form of nut member is
shown in assembly with a bolt for securing workpieces and
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in which components similar to 1like components in the
embodiment of Figures 1-4 are given the same numeral
designation with the addition of the letter postscript wpv,
The nut member 10b is substantially -identical to the nut
member 10 of Figures 1-4 except as described below while thék
bolt 30b and workpieces 46b and 48b are identical to their
counterparts in Figures 1-4. Thus the description of these
identical details have been omitted for purposes of
simplicity.

Thus the nut member 10b is of a one piece construction
and includes a nut section 12b and a locking ring section
14b. The nut section 12b is substantially identical to nut
section 12 of Figures 1-4 and thus includes a main b;ady
portion 16b, like body portion 16, and a neck portion, like
neck portion 18'. In the embodiment of Figure 8 the main
body portion 16b has a hex shaped outer surface 21b, similar
to the hex surface 21 of Figure 2, whereby torque can be
applied to the nut member 10b through the nut section 12b.
The ring section 14b is of an annular configuration having.
a smooth through bore, such as bore 22 of Figures 1-4. The
main difference, however, between the nut member 10b and th.el
nut member 10 is that the outer surface 66 of the ringﬂl
section 14b of nut member 10b is formed to have a hex shape
but of a larger size than that of hex surface 21 on main
body portion 16 of nut member 10 and hence larger than the
similarly shaped and sized hex surface 21b on main body
portion 16b of nut member 10b. Thus the diametrical
dimension D8 across the flats of hex surface 66 is dgreater
than the diametrical dimension D7b across the flats of hex
surface 21b. As will be seen, the larger, outer hex surface
66 can be used advantageously to provide a preselected
magnitude of preload for initial squeeze out of sealant when
used between workpieces 46b and 48b.

Thus the nut member 10b is initially installed onto the
threaded portion 38b of bolt 30b by torque applied solely
to the ring section 14b through the larger, outer hex
surface 66. Spinning of the nut member 10b and bolt 30b
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together within the workpiece bores can be prevented, as
noted in the embodiment of Figures 1-4, by engagement of the
hex shaped bore 50b at the outer end of threaded shank
portion 38b of bolt 30b with a similarly shaped rod on an
installation tool. As ¢an be seen from Figure 8, the - large
hex surface 66 is of a size‘whereby an enlarged hex socket
can pass over the smaller hex surface 21b with adequate
¢learance, - )
The nut member 10b is then torqued to a magnitude
clamping the workpieces 46b and 48b together at an initial
preload and, in the case' where sealant, such as that
previously described, is employed at a load at which the
excess gealant is squeezed out. 1In this regard the fracture
load of the frangible rib, such as frangible rib 20, can be
used to determine the load at which the desired initial
preload for sealant squeeze out has been attained. By
applying this initial prelcad for sealant squeeze out solely
through the larger, outer hex surface 66, the wmaximum
magnitude of such preload applied will be determined by the
fracture load of the frangible rib, such as rib 20. Once
the frangible rib, such as rib 20, has fractured, no
additional load can be transmitted by thevoperator through
the outer hex surface 66. Thus by the utilization of the
larger, outer hex surface 66 to apply the initial preloaqg,
the magnitude of initial preload can be set at a degcired

fixed level and at the same time excessive initial preload

is avoided. After a prescribed time period sufficient to
permit final sealant displacement from squeeze out,
additional and final clamp load can be attained by applying
additional torque through the smaller hex surface 21b of the
nut section 12b." The nut member 10b will then function

similarly to that as described for the embodiment of Figures

1-4 after fracture of the frangible rib (such as rib 20},
with the neck portion'(such as neck portion 18) moving fully
into the bore (guch as bore 22) of the locking ring section
14b.

In some joint applications subject to high loads it may




10

15

20

25

30

35

WO 98/46892 PCT/US98/00231

21

be-necessary to provide the. neck portion, such. as neck
portion 18, with a generally greéter-overall wall thickness
and structure for providing the necessary conditions for'
radial compression. This is illustrated in the form of the
nut member shown in Figure 9 in which components similar to
like components in the embodiment of Figures 1-4 have been
given the same numeral designation with the addition of the
letter subscript "c". The nut member 10c is substantially
identical to the nut member 10 of Figures 1-4 except as
described below and thus the description of these identical
details have been omltted for purposes of s1mp11c1ty Thus
looking now to Figure 9, in order to provide the neck
portion 18c with gufficient compliance for radial
compression as it moves into the ring bore 22¢, a plurality
of circumferentially spaced, axially extending grooves 68
are provided in the neck portion 18c. This results in a
general reduction in total cross-secticnal area and in the
radial stiffness of the neck portion 18¢ thereby giving it
the necessary compliance while still providing the desired
strength level. In addition, in applications where sealant
is used betweeh the workpieces being secured the grooves 68
can act as passageways to facilitate flow of excess sealant
thereby inhibiting excessive pressure build up.

It should be noted that the number of grdoves 68 and
their depth can be varied depending upon the specific'
requirements of different applications. It should also be

‘noted that the grooves 68 could be formed by a rolling

procedure similar to that used for forming splines. The
crests of the rolled gfodves could be subsequently machined
to be reduced in size to further reduce the stiffness of the
neck portion 18c in compression. It is believed that the
grooves 68 should be generally equally circumferentially
spaced to providé uniform distribution of the resultant
reduction in radial stiffness.

It can also be seen from Figure 9 that the neck portion

18c is provided with threads truncated to a radial depth dlc

at its leading end and at least one complete thread pitch
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of full radial depth d2e¢ at its trailing end. The noted
thread of full radial depth d2c is then located in line with
the straight segment 24c of.the neck portion 18c. This
provides additional tensile strength to the threaded
connection between the threads of threaded bore 28c the
mating threads of the bolt 30c¢.

It should be noted that the different features shown
in the various embodiments can be incorporated into each
other in view of the teachings of the specification. For
example the frangible driving structure of section 60 of
Figures 6 and 7 could be adapted for use in the embodiments
of Figures 1-5, 8 and 9. Likewise the double hex feature
of Figure 8, in addition to its use with the structure of
Figures 1-5, can be adapted for use in the embodiments of
Figures 6, 7 and 9 . Also the slotted neck portion 18c of
.Figure 9 could be used with the embodiments of Figures 1-5,
6 and 7, and 8. In addition it can be seen that in all
cases the neck portions, such as neck portions 18, 18a, 18c,
can be provided with helical threads of at least around two
thread pitches with at least one thread pitch of full radial
depth.

In the embodiments of the invention shown, the form of
the threads of the threaded shank portion, such as shank
portion 38 of bolt 30, can be of the shallow type as shown
and described in the U.S. Patent No. 5,090,852 issued on
February 25, 1992 to Richard D. Dixon for High Strength
Fastenér and Method. Accordingly, the threads of the
threaded shank portion, such as shank portion 38, would have
root portions which are of a simulated streamlined or
elliptical shape as taught in the ‘582 patent and in this
regard the disclosure of that patent is incorporated herein
by reference. The nut member, such as nut member 10, would
have maéing threads of similar contour while including a
truncated portion, such as the truncated thread portion in
neck portion 18 in the embodiment of Figures 1-4, to
facilitate initial engagement. 1In this structure, however,

it is believed that the provision of at least one or two
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thread pitches of complete helical threads of full radial
depth in the neck portion may be advantageous.

While it will be apparent that the preferred
embodiments of the invention disclosed are well calculated
to fulfil the objects stated above, it will be appreciated
that the invention is susceptible to modification, variation
and change without departing from the proper scope or fair
meaning of the invention.

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgment or any
form of suggestion that that prior art forms part of the
common general knowledge in Australia.

Throughout this specification and the c¢laims which
follow, wunless the context requires otherwise, the word
“comprise”, and variations such as “comprises” and
“comprising”, will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of

integers or steps.
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WHAT IS CLAIMED IS:
1. A fastening system including a bolt member having

a shank with a threaded portion and a nut member adapted to
be threadably engaged with said threaded shank portion to
secure workpieces.together at a preselected preload with a
preselected magnitude of prevailing torque,

said nut member comprising:

a rihg section having a ring through bore with a
generaliy axially straight engaging portion at one end of
a generally uniform preselected diameter, .

a nut section having a nut bore with helical threads
formed therein for ‘threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying rélative torque between .said nut member and the
bolt member,

said neck portion having a straight segment with a

radially ocuter surface of a generally uniform diameter

~connected to a tapered segment with a radially outer surface

of varying diameter, )

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section
at said ring bore,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion, ’

said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that
of said ring bore and tapering to an increased diameter at
said straight segment with said increased diameter being
greater than the diameter of said ring bore to provide a
pfeseletted maximum interference between the threads of said

neck portion and the engaged threads of said threaded shank
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portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight segments adapted to be moved
into said ring bore in surface engagement with said ring
bore with said straight segment of said neck portion in
surface engagement with said straight engaging portion of
said bore whereby a radially compressive force is applied
between the threads of said neck portion and the engaged
threads of said threaded shank portion of the bolt member
whereby said nut mémber will be secured to said threaded
shank portion with said preselected magnitude of prevailing
torque.

2. The fastening system of claim 1 with said neck
portion having helical threads of at least around two thread
pitches.

3. The fastening system of claim 1 with said straight
segment being generally around 10% to around 75% of the
axial length of said neck portion.

4. The fastening system of claim 1 with said neck

portion having helical threads for at least around two

thread pitches,

said straight segment being generally around 10% to
arcound 75% the axial length of said neck portion.

, 5. The fastening system of claim 1 for securing
workpleces together with said ripg section having an axially
outer radially extending surface adapted " to engage a
confronting surface of one of the workpieces, said neck
portion having an axial length relative to the axial depth
of said ring bore whereby engagement of said neck portion
with the confronting surface of the associated one of the
workpieces is generally preciluded.

6. A fastening system including a bolt member having
a shank with a threaded portion and a nut member adapted to
be threadably engaged'with said threaded shank portidn to

secure workpieces together at a preselected preload with a

ﬂ_“\g\ preselected magnitude of prevailing torgue,

*

-said nut member comprising:
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a ring section having a ring through bore of a
generally uniform preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with =zaid threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between gaid nut member and the
bolt member, '

said neck portion having a straight segment with a
radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially:outer surface
of varying diameter, -

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section
at said ring bore,

the helical thréads formed in said nut bore extending
from said drive portion at least partially into said neck
portion, ]

said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that
of said ring bore and tapering to an increased diameter at
said straight segment with said increased diameter being
greater than the diameter of said ring bore to provide a
preselected maximum interference between the threads of said
neck portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight segments adapted to be moved
into said ring bore in surface engagement with said ring
bore whereby a radially compressive force is applied between
the threads of said neck portion and the engaged threads of
said threaded shank portion of the bolt member whereby said
nut member will be secured to said threaded shank portion

with said preselected magnitude of prevailing torgue,
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said nut section including a body portion connected to
said drive portion by a breakneck groove, said breakneck
groove adapted to fracture at a preselected magnitude of
torque applied thereto whereby said drive portion will be
removed from the remainder of the nut member upon Ffinal
installation.

7. A fastening system including a bolt member having
a shank with a threaded portion and a nut member adapted to
be threadably engaged with said threaded shank portion to
secure workpieces together at a preselected preload with a
preselected magnitude of prevailiﬁg torque,

said nut member comprising:

a ring section having a ring through bore of a
generally uniform preselected diameter, ; '

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

) séid drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member, ‘

said neck portion having a straight segment with a-

radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of vérying diameter,

said tapered segment extending between said straight
segment and said ring section and tefminating in an outer
end adapted to be operatively connected to said ring section
at said ring bore,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion, '

said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that
of said ring bore and tapering to an increased diameter at

said straight segment with said increased diameter being

B
R

SN A
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greater than the diameter of said ring bore to provide a
preselected maximum interference between ﬁhe threads of said
neck portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
‘threadably moved into said ring bore,

said tépered and straight segments adapted to be moved
into said ring bore in surface engagement with said ring

bore whereby a radially compressive force is applied between

the threads of said neck portion and the engaged threads of

said threaded shank portion of the bolt member whereby said
nut member will be secured to said threaded shank portion

'with said preselected magnitude of prevailing torque,

said ring secticn and said nut section being integrally
formed and with said nut member further comprising a
frangible rib integrally connecting said neck portion with
said ring section and adapted to fracture at a preselected
magnitude of torque whereby said nut member can be free
running onto said threaded shank portion of the bolt member
to clamp the workpieces together at a preselected magnitude
of clamp load prior to said frangible rib fracturing and
prior to movement of said neck portion into said ring bore.

8. The fastening sYstem of claim 1 with said drive
portion having a first inner radially extending surface in

confrontation with a second inner radially extending surface

1

on said ring section, said first and second inner surfaces

adapted to be engaged with each other after said neck
portion has moved fully into said ring bore. 7

9. Thevfastening system of claim 7 with

said drive portion having a first inner radially
extending surface in confrontation with & second inner
radially extending surface on said ring section, said first
and second inner surfaces adapted to be engaged with each
other after said neck portion has moved fully into said‘ring
bore. :

10. A fastening system including a bolt member having
a shank with a threaded portion and a nut member adapted to

be threadably engaged with said threaded shank portion to
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secure workpieces together at a preselected preload with a
preselected magnitude of prevailing torque,
said nut member comprising:
a ring section having a ring through bore of a
5 generally uniform preselected diameter,
' a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,
said nut section having a drive portion and a reduced
10 diameter neck portion connected thereto,
>said drive portion adapted to be gripped by a tool for
v applying relative torque between said nut member and the
bolt member,
said neck portion having a straight segment with a
15 radially outer surface of a generally uniform diameter
-connected to a tapered segment with a radially outer surface
of varying diameter,
said tapered segment extending between said straight
segment and said ring section and terminating in an outer

20 end adapted to be operatively connected to said ring section

at said ring bore, '
the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

25 said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that
of said ring bore and tapering to an increased diameter at
said straight segment with said increased diameter being
greater than the diameter of said ring bore to provide a

30 preselected maximum interference between the threads of said
neck portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight segments adapted to be moved

35 intd said ring bore in surface engagement with said ring

bore whereby a radially compressive force is applied between

the threads of said neck portion and the engaged threads of

)
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said threaded shank portion of the bolt member whereby said
nut member will be secured to said threaded shank portion
with said preselected magnitude of prevailing torgque,

said ring section and said nut section being integrally
formed and with said nut member further comprising a
frangible rib integrally connecting said neck portion with
said ring section and adapted to fracture at a preselected
magnitude of torgue whereby said nut member can be free
running onto said threaded shank portion of the bolt member
to clémp the workpieces together at a preselected magnitude
of clamp load prior to said frangible rib fracturing and
prior to movement of said neck portion into said ring bore,

said drive portion having a first inner radially
extending surface in confrontation with a second inner
radially extending surface on said ring section, said first
and second inner surfaces adapted to be engaged with each
other after said neck portion has moved fully into said ring
bore,

said first inner surface of said drive portion
connected to said neck portion with a f£illet radius,

an annular notch located in said second inner surface

~generally in line with said frangible rib and extending

axially inwardly to substantially provide a clearance with
said fillét radius upon engagement of said first and second
inner surfaces.

11. A fastening system including a bolt member having
a shank with a threaded portion and a nut member adapted to
be threadably engaged with said threaded shank portion to
secure workpleces together at a preselected preload with a
preselected magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a
generally uniform preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded

shank portion of the bolt member,
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said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a
radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end adapted to be operatively connected to said ring section
at said ring bore, .

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that
of said ring bore and tapering to an increased diameter at
said straight segment with said increased diameter being
greater than the diameter of said ring bore to provide a
preselected maximum interference between the threads of said
neck portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight seghents adapted to be moved
into said ring bore in surface engagement with said ring
bore whereby a radially compressive force is applied between.
the threads of said neck portion and the engaged threads of
said threaded shank portion of the bolt member whereby said
nut member will be secured to said thréaded shank portion
with said preselected magnitude of prevailing torque,

said helical thfeads in said neck portion having at
least some thread crests beginning at said outer end which
are partially truncated and of lesser radial depth than said

helical threads in said drive portion to reduce the
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resistance of said neck . portion to radially inward
compression.

12. The fastening system of claim 11 with

said truncated threads in said neck portion having
thread crests which are in the range of around 25% to around
75% of the depth of the crests of said helical threads in
said drive portion.

13. The fastening system of claim 11 with

said truncated threads in said neck portion having
thread crests which are around 50% of the depth of the

‘crests of said helical threads in said drive portion.

14. The fastening system of claim 11 with said neck
portion having at least one helical thread pitch of full
radial depth at its inner end.

15. A fastening system including a bolt member having

a shank with a threaded portion and a nut member adapted to-

be threadably engaged with said threaded shank portion to
secure workpieces togethef at a preselected preload with a
preselected magnitude of prevailing torgue,

said nut member comprising:

a ring section having a ring through bore of a
generally uniform preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member,

said neck portion having a straight segment with a
radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight

segment and said ring section and terminating in an outer
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end adapted to be operatively'connected to said ring section
at said ring bore,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion, _

said outer surface of said tapered segment having a
diameter at said outer end generally no greater than that
of said ring bore and tapering to an increased diameter at
said straight segment with said increased diameter being
greater than the diameter of said ring bore to provide a
preselected maximum interference between the threads of said
neck portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
threadably moved into said ring bore,

said tapered and straight segments adapted to be moved
into said ring bore in surface engagement with said ring
bore whereby a radially compressive force is applied between

the threads of said neck portion and the engaged threads of

' said threaded shank portion of the bolt member whereby said

nut member will be secured to said threaded shank peortion
with said preselected magnitude of prevailing torque,

a sealant located between the workpieces and with said
ring‘section and said nut section being integrally formed
and with said nut member further comprising a frangible rib
integrally connecting said neck portion with said ring
section and adapted to fracture at a preselected magnitude
of torque whereby said nut member can be free running onto
said threaded shank portion of the bolt member to clamp the
workpieces together at a preselected magnitude of clamp load
prior to said frangible rib fracturing and prior to movement
of said neck portion into said ring bere,

said ring section having an outer surface of an
irregular contour adapted to be gripped by a tool for
applying relative torque between said nut member and said
bolt member through said ring section and to be torqued to
compress the sealant while being torqued to a magnitude at

which said frangible rib fractures with additional torque
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being applied through said drive portion moving said neck
portion into said ring bore for final installation.

16. A fastening system including a bolt member having
a shank with a threaded portion and a nut member adapted to
be threadably engaged with said threaded shank portion to
secure workpieces together at a preselected preload with a
preselected magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a
preselected diameter,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diamete: neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torgue between said nut member and the
bolt member, . .

said neck portion terminating in an outer end adapted
to be operatively connected to one end of said ring section
at said ring bore,

the'helical threads formed in said nut bore extending

. from said drive portion at least partially into said neck

portion,

the radially outer surface of said neck portion having
a diameter relative to that of said ring bore whereby said
neck portion can be received into said ring bore with a
preselected interference, o

said helical threads in said neck portion having at
least some thread crests beginning at said outer end which
are partially truncated and of lesser radial depth thaﬂ said
helical threads in said drive portion to vreduce the
resistance of said neck portion to radially inward
compression as it is moved into said ring'bore,

said outer surface of said neck portion and the surface

-of said ring bore being operatively engageable whereby said

neck portion is compressed radially inwardly as it is moved
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into said ring bore to provide a preselected maximum
interference between the threads of said neck portion and
the engaged threads of said threaded shank portiom of the
bolt member when said neck portion is threadably moved into
said ring bore whereby a radially compressive force is
applied between the threads of said neck portion and the
engaged threads of said threaded shank portion whereby said
nut member will be secured to the threaded bolt portion with
a preselected magnitude of prevailing torque.

17, The fastening system of claim 16 with said
truncated threads in said neck portion having thread crests
which are in the‘range of around 25% to around 75% of the
depth of the crests of said helical threads in said drive
portion. '

18. The fastening system of claim 16 with said
truncated threads in said neck portion having thread crests
which are around 50% of the depth of the crests of said
helical threads in said drive portion.

19. . The fastening system of claim 16 with said neck
portion having at least'one thread pitch of full radial
depth at its inner end.

'20. The fastening system of claim 16 with said nut
section including a body portion connected to said drive

portion by a breakneck groove, said breakneck groove adapted

to fracture at a preselected magnitude of torque applied

thereto whereby said drive portion will be removed from the
remainder of the nut member upon final installacion.

21. The fastening system of claim 16 with said ring
section and said nut section being integrally formed and
with said nut member further comprising a frangible rib
integrally connecting said neck portion with said ring
section and adapted to fracture at a preselected magnitude
of torque whereby said nut member can be free running onto
said threaded shank portion of the bolt member to clamp the
workpleces together at a preselected magnitude of clamp load
prior to said frangible rib fracturing and prior Eo movement

of said neck portion into said ring bore.
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22. The fastening system of claim 16 with said ring
section and said nut section being integrally formed and
with said nut member further comprising a frangible rib
integrally connecting said neck portion with said ring
section and adapted to fracture at a preseiected magnitude
of torque whereby said nut member can be free running onto
said threaded shank portion of the bolt member to clamp the
workpieces together at a preselected magnitude of clamp load
prior to said frangible rib fracturing and prior to movement
of said neck portion into said ring bore, )

said drive portion having a first inner radially
extending surface in confrontation with a second inner
radially extending surface on said ring section, said first

and second inner surfaces adapted to be engaged with each

other after said neck portion has moved fully into said ring

bore.

23. The fastening system of claim 16 with a sealant
located between the workpieces and with said ring sectiocn
and said nut section being integrally formed and with said
nut member further comprising a frangible rib integrally
connecting said neck portion with said ring section and
adapted to fracture at a preselected magnitude of torque
whereby said nut member can be free running onto said
threaded shank portion of the bolt member to clamp the
workpieces together at a preselected magnitude of clamp load
prior to said frangible rib fracturing and prior to movement
of said neck portion into said ring bore,

said ring section having an outer surface of an
irregular contour adapted to be gripped by a tool for
applying relative torque between said nut member'and said
bolt member through said ring section and to be torgued to
compress the sealant while being torqued to a magnitude at
which said frangible rib fractures with additional torque
being applied through said drive por;ion moving said neck

portion into said ring bore for final installation.

24. A fastening system including a bolt member having

a shank with a threaded portion and a nut member adapted to
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be threadably engaged with said threaded shank portion to
secure workpieces together at a preselected preload with a
preselected magnitude of prevailing torque with a sealant
located between the workpieces,
5 said nut member comprising:

a ring section having a ring through bore,

a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

10 said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and said
threaded shank portion of the bolt member,

15 the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion, o

the outer surface of said neck portien having a
diameter at said outer end generally no greater than that

20 of said ring bore at said one end of said ring section,

' said outer surface of said neck portion and the surface
of said ring bore selected to define a generally
progressively reduced diameter therebetween whereby said
neck portion is compressed radially inwardly as it is moved

25 into said ring bore to provide a preselected maximum
interfereﬁce between the threads of said neck portion and
the engaged threads of said threaded shank portion of the
bolt member when said neck portion is threadably moved into
said ring bore whereby a radially compressive force is

30 applied between the threads of said neck portion and the

'engaged threads of said threaded shank portion whereby said
nut member will be secured to said threaded shank portion
with a preselected magnitude of prevailing torque,

said ring section and said nut section being integrally

35 formed and with said nut wember further comprising a
frangible rib integrally connecting said neck portion Qith

sald ring section and adapted to fracture at a preselected
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magnitude of torque whereby said nut member can be free
running onto the bolt member to clamp the workpieces
together at a preselected magnitude of clamp load prior to
gsaid frangible rib fracturing and prior to movement of said
neck portion into said ring bore,

sald ring section haVing an outer surface of  an
irregular contour adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member through said ring section and to be torqued to
compress the sealant while being torqued to a magnitude at
which said frangible rib fractures with additional torgue
being applied through said drive portion moving said neck
portion into said ring bore fbr final installation.

25. The fastening system of claim 24 with said ring
through bore of said ring section being of a generally
uniform preselected diameter,

said neck portion having a straight segment with a
radially outer surface of a generaliy uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said‘straight
segment and said ring section and terminating in said outer
end,

said outer surface of said tapered segment having a
diameter at said outer end generally equal to that of said
ring bore and tapering to the diameter of said straight
segment with such diameter being greater thén the diameter
of said ring bore to provide a preselected wmaximum
interference between the threads of said neck portion and
the engaged threads of said threaded shank portion of the
bolt member when said neck portion is threadably moved into
said ring bore, o

said straight segment adapted to be threadably moved
into said ring bore to provide surface engagement with said
ring bore whereby a radialiy cdmpressive force is appliéd
between the threads of said neck portion and the engaged

threads of said threaded shank portion whereby said nut

N )
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member will be secured to said threaded shank portion with
a preselected magnitude of prevailing torque. .

26. The fasténiﬁg system of claim 24 with said helical
threads in said neck portion having thread cfests which are
at least partially truncated and of lesser radial depth than
sald helical threads in said drive portion to reduce the
resistance of said neck portion to radially inward
compression,

said truncated threads in said neck portion having
thread crests which are 'in the range of around 25% to around
75% of the depth of the crests of said helical threads in
said drive portion.

27. The fastening system of claim 24 with said helical
threads in said neck portion having thread crests which are
at least partially truncated and of lesser radial depth than
said helical threads in said drive portion to reduce the
résistance of said neck portion to . radially inward
compression,

said truncated threads in said neck portion having
thread crests which are around 50% of the depth of the
crests of said helical threads in said drive portion.

28. The fastening system of claim 24 with said nut
section including a body portion connected to said drive
portion by a breakneck groove, said breakneck groove adaptéd
to fracture at a preselected magnitude of torque applied

thereto whereby said drive portion will be removed from the

remainder of the nut member upon final installation.

29. . A fastening system including a bolt member having
a shank with a threaded portion and a nut member adapted to
be threadably engaged with said threaded shank portion to
secure workpieces together’ at a preselected preload with a
preselected magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a
generally uniform preselected diameter to define a>generally
straight cylindrical surface, ’
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a nut section having a nut bore with helical threads
formed therein for threadable engagement with said threaded
shank portion of the bolt member,

said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member and the
bolt member, ’

said neck portion having a straight segment with a

radially outer surface of a generally uniform diameter .

connected to a tapered segment with a radially outer surface
of varying diameter,

said tapered segment extending between said straight
segment and said ring section and terminating in an outer
end connected to said ring section at said ring bore by a
frangible rib,

said ring section and said nut section being integrally
formed and with said frangible rib integrally connecting
said neck portion with said ring section and adapted to
fracture at a preselected magnitude of torque whereby said

nut member can be free running onto said threaded shank

' portion of the bolt member to clamp the workpieces together

at a preselected magnitude of clamp load prior to said

frangible rib fracturing and prior to movement of said neck

-portion into said ring bore,

said drive portion having a first inner radially
extending surface in confrontation with a second inner
radially extending surface on said ring section, said first
and second‘inner surfaces adapted to be engaged with each
other after said neck portion has moved fully into said ring
bore,

the helical threads formed in said nut bore extending
from said drive portion at least partially into said neck
portion,

said outer surface of said tapered segment having a

diameter at said outer end generally equal to that of said

ring bore and tapering to the diameter of said straight
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segment with such diameter being greater than the diameter
of said' ring bore to provide a preselected maximum
interference between the threads of said neck portion and
the engaged threads of said threaded shank portion of the
bolt member when said neck portion is threadably moved into
said ring bore,

said straight segment adapted to be threadably moved
into said ring bore to provide surface engagement with said
straight cylindrical surface of said ring bore whereby a
radially compressive force is applied between the threads
of said neck portion and the engaged threads of said
threaded shank portion whereby said nut member will be
secured to said threaded shank portion with a preselected
magnitude of prevailing torque,

said helical threads in said neck portion having thread
crests which are at least partially truncated and of lesser
radial depth than said helical threads in said drive portion
to reduce the resistance of said neck portion to radially
inward compression.

30. The fastening system of claim 29 for securing

workpieces together with said ring section adapted to engage

" a confronting surface of one of the workpieces, said neck

portion having an axial length generally no greater than the
axial depth of said ring bore whereby engagement of said
neck portion with the confrdnﬁing surface of the associated
one of the workpieces is generally precluded.

31. The fastening system of claim 29 for securing
workpieces together over a preselected grip range with the
grip range being defined as the difference between the
maximum and minimum total thicknesses of workpieces to be
secured by a common one of said bolt and nut members, said
bolt member having an enlarged head at one end of said bolt
shank adapted to engage a surface of one of the workpieces
with said ring section adapted to engage a confronting
surface of another of the workpieces, said bolt shank having
a smooth shank portion generally extending between said bolt

head and said threaded shank portion, said smooth shank
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portion being of a length to extend substantially to the
confronting surface of the other of the workpieces when the
workpieces are of the maximum total thickness and to extend
past the confronting surface of the other of the workpieces
5 by a predetermined length when the workpieces are of the
minimum total thickness, said neck portion having an axial
length less than the axial depth of said ring section
whereby engagement of said outer end of said neck portion
with the confronting end of said smooth shank portion is
10 inhibited.

32. The fastening system of claim 29 with said neck
portion having a plurality of circumferentially oriented
axially extending grooves for providing a preselected radial
compliance of said neck portion to facilitate radial

etos 15 compression thereof as said neck portion is moved into said
o ring bore.
Telee] 33. The fastening system of «claim 29 with said
threaded portion of said bolt member having a generally
oo axially extending slot therein to receive material of said
S 20 neck portion of said nut member as said neck portion is
radially compressed into the threads of said threaded
portion of said bolt member to provide a lock to resist
loosening of said nut member from said bolt member, said
slot extending generally in quadrature to the helix angle of
25 the threads in said threaded portion.

34. The fastening system of claim 29 with said bolt

R member having an irreqularly shaped bore at the end of said

: threaded shank portion, said irregularly shaped bore adapted

to be engaged by a similarly shaped rod member on the tool

30 whereby spinning of said bolt member together with said nut

member during the application of torque is inhibited.

35. A fastening system substantially as hereinbefore

described with reference to the accompanying drawings.

35 DATED this 24™ day of October, 2000

HUCK INTERNATIONAL, INC.

By its Patent Attorneys
DAVIES COLLISON CAVE
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