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The pres Pivention relates to a fastener system i nc

t hreaded fastener -having a prevailing torque 5 feature.
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a prevailing torque feature to resist loosening and loss of

15 clamp of the workpieces or articles which are joined.

Frequently, a prevailing torgque feature has been attained

by providing one of the mating thread forms with a distorted

portion such that, upon engagement between the distorted

thread portion and the undistorted thread form, the nut

20 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

25 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 torque is

resisted mainly by the inherent friction between the engaged

30 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 engaged by the mating threads the nut member is

no longer free running and the clamp load of the workpieces

35 being fastened relative to the magnitude of the applied

torgue 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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magnitude of torgue is selected to provide a desired

torque.

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 is induced whereby a
frictional load is imposed on the threads engaged between
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 is a fastened joint 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
25 a 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.
In a preferred form of the present invention the nut
30 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
35 present invention is desirable for use in aerospace
applications including applications utilizing workpieces
made of composite materials.
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operative over the arip rangf of the rel ated fastener.
is  another object of the present invention to

provide a unique threaded fastener including a free running

15 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
torgque characteristic after attainment of the initial
preload.

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

Thus it is still another object of the present

25 invention to provide a unique threaded fastener including
a free running nut which also provides a prevailing torque
feature upon installation and which is of a lightweight
construction.

Other objects, features, and advantages of the present

30 invention will ©become apparent £from the subsequent
description and the appended claims, taken in conjunction
with the accompanying drawings, in which:

DESCRIPTION OF THE DRAWINGS:
Figure 1 is a side elevational, sectional view of one

35 form of nut member embodying £features of the present
invention;

Figure 1A is a fragmentary, sectional view to enlarged



The free running capability and resultant prevailing torque
characteristic of the unique nut nenber are desirable f or man
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bolt in the final installed condition for the workpieces of
maximum grip for that fastener assembly;

15 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; -

20 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;

25 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

30 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.

35 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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4 SGR) syddhost e portion of the nut menber of Figure 1 ipgrhit®smn0231
enci rcl ed Area ; Figure 2 is an end view of the nut nenber of
Figure 1 taken generally in the direction of the Arrows 2-2; 5
Figure 3 is a side el evational view, wi ©h the nut menber shown in
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relatiQnShbgﬂgfdééhiameter 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,
20 having an outer, tapered surface, connects the straight
segment 24 to the frangible rib 20.

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

25 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

30 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

35 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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nut member 10 is made of a high strength material, such as
a titanium alloy, having desired elastic properties the size
15 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
20 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
25 the bolt 30 is adapted to extend through aligned openings
or bores 42 and 44 in the workpieces 46 and 48,
respectively. 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
30 adapted to matingly engage the threads of the threaded bore
28 of the nut section 12. As 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
35 workpieces 46 and 48 together under a preselected magnitude
of initial preload or clamp load. Note that at this
juncture the locking ring section 14 is still connected to
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portion 38 of the bolt shank 34. As the magnitude of torque
is increased to a second predetermined magnitude, the
15 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
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leading end of the tapered segment 26 is urged radially
inwardly into compressive engagement with the mating threads
20 on the threaded bolt shank portion 38. As the magnitude of
applied 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
25 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
30 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
35 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



rib 20 at the desired nmagnitude of torque. It should be 10 noted that the
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cases when the nut nmenber 10 is nmade of a high strength material, such
as a titaniumall oy, having desired8el astic properties the size 15 of
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el i mi nat edtock betweepookhfg ABIRFEAF| hreads ahg 4Ccompdenst ABEbeds10 is

s homnb: n gﬁ&ﬁﬁ?&ﬂtéﬁt e:c at;it Q@S ailrad%i@}aza tdhe?éziﬁagbpkgg &H&'tt: athe heﬁ.i%h@?er
assenbly Wi 1e fastener, asse shown i €_process
securing V\é?’r?‘f)?‘ Ee§n4§§¥§nd’ezfé{ t%‘b’é‘fh‘é’g. jE‘iBTﬁ§ end r‘l:&ﬁ ta%ofﬁﬁgtaﬁref" at ed
shank 34 wwd threabapdedhes. countersunk head 36 at one end and a

t hr eaded portion, 38 { posite end A t h, shank_ porti.on_40
connegstes t he '?hgt H&té:adse%mbjo%i gg % Wit r?'?‘\%e b§?1t)%hesa%"%@?a hgogﬁgﬁk 34
of 25 thmaberialdOthanatihptedft bhexbeohtl 8ArouFGhual thaeetlhopedisngs the or
bores 42 4t kpL,ec n Ctoh . ~Pore 44 has
a counter %%ﬁﬁp P{}it&n%4gggd§§?e§§ef@rﬁt %léé%’lgfl)yy ﬁc{eg_%?%ets%é?e&c/oﬂﬁt lie:?ls‘,aunk
head 36. TRRtiRgehhrgads onshhpkthsearsd ghapksbarsipst a8t P4l Fhreukelér m

thread foryp38n 3Bk Ot BRLHRYdbnphaaei $deehBhgament’ ddechlr aaded bore
28 of. the nut, secti ure nmenber . 10 has

been tthr eaﬂ%’ﬁﬂ;oee&gpéclﬁzme’%‘f%g‘%aﬁ S e p%{]’f%%‘g%% B9t oPfuEPSei ng
appl i ed visamaeties shapetgaged threadedyf pdid isdrankd poyrtal cruidsakife theol
(ot Shovo g be A" sy MU KRS SRR BB O 5
this j unct GEe ishecomoRR nd 1y iagyosmadonaprlicasipple donnetidiizeoa
WO 98/ 4689ealant between the workpieces beingFggéHgggﬁgngﬁovide a
15 fluid tight jbint. In such instance, the fracture load of
the frangible rib 20 can be selected 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
20 therebetween. 1In 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
25 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 given time to
30 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 torque of further increased magnitude is applied
the neck portion 18 is moved fully into the ring bore 22 to
35 complete the installation. It should be understood, of
course, that the installation could be done in one step,
with or without sealant, rather than in the two steps noted
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12 onto the 5 t hreaded portion 38 of thg bolt shank 34. Next the tool can
be used for the application of additional torque and for the final
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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

20 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

25 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 dl of around one half

30 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

35 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



means of visual inspection and verification that a desired 35 nagnitude of

torque has been applied and hence a desired magni t ude of final clanmp
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apply a Cl%ggi&g%gtgggth%ﬁgnw%£§¥¥§h4ﬁfa§§aff %ompression and the
attainment of the high prevailing torque characteristic of
the fastener. In 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. In 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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around 13° and preferably between around 6° to around 10°.
The straight segment 24 can extend for generally between
15 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
20 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
25 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
30 surface engagement and compressive load results in a higher
prevailing torque. In addition, however, the compressive
load holding the prevailing torgque is maintained in part by
the engagement between the straight, substantially non-
tapered surfaces thereby effectively resisting loosening
35 from vibration which might occur if the only holding force
was from a tapered surface engagement. In this régard final
engagement between the axially straight non-tapered surfaces



the shank 34 can be provided with a hex or other irregularly shaped
bore 50 which can receive a simlarly shaped rod on nghgﬁk@h4$tlon

tool (notWoRBMPP2 The rod is fixed from rotation suc t he
hex shaped socket portion of the 15 tool will be rotated thereby
preventing the nut nmenber 10 and balt 30 from spinning together in the
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98/ 46892 were only tapered. This is in partP€heUS@(023df the fact
that the final clamp load will to some extent be determined
15 by the magnitude of relative axial force between the bolt
30 and nut member 10 required to radially expand the ring

section 14 as the straight segment 24 is moved axially into
the ring bore 22.
In order to provide an additional lock between the nut
20 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
25 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 52 is enhanced if the slot 53 is
angulated to be at around 90° to or in quadrature with the
30 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
35 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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portion 18 in view of the engagement of bore 22 by straight
segment 24 and further in view of the fact that at final

20 installation the neck portion 18 does not extend into bore
22 for its full length, see Figures 4 and 5.

As noted the notch 29 is angulated such 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

25 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 L1l of the straight segment 24
up to the beginning of fillet radius R being around .033 cm
(.013 inches).

30 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

35 of the neck portion 18 as it moves into the bore 22. 1In
this regard the notch 29 acts to minimize this resistance
since it provides a clearance for at least a portion of the
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t apered sunbach 29chedsittilve ttapdmaes fdeeecnfsurface 27 was selected
to be around 20°. The flats of the outer surface 21 of nut
15 section 12 are diametrically spaced by a diameter Dé 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

20 manufacture 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

25 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
30 that described for the aluminum version, and being made of
a 3Al1-2.5V Titanium, the radius R can be minimized to around
.013 cm (.005 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
35 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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clanp Ioadaéggn I.1.f thseuc poJL.alstener assembly 32, is defined, as
previously noted, as the difference between the maximum and
15 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
20 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
25 minimized to provide full 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
30 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
35 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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the lock ring bore 22_being around nmet er

D2 oftOst r AdjRCeRly AR o Smootfse?mlécp%tb@na‘%%m tfseido%tf (3845

inches). THisS tlesUhke4dl length L ¥ 0846894 section 14 is selected
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31 13
i nt er f er el YhetQt FaPghEngERnRE: th% Reclk portion 18 and' €he’ grip

range of the workpieces, such as 46, 48 for maximum grip and

46', 48’ for minimum grip, whereby the innermost end of the

15 neck portion 18 will not engage and thus be in clearance

relationship with the confronting terminating end of the

smooth shank portion 40 of the bolt 30. In oxder to

maintain the size of the ring section 14 and hence its

length L at a wminimum, the length L is selected such that

20 upon final installation of the fastener assembly 32 with

workpieces 46’, 48’ of a minimum 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

25 course, that in some applications 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 portion 38 of the bolt 30 were extended,

30 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

35 as surface 51 of workpiece 46. This 1s especially

significant in such applications in which engagement of the

neck portion 18 with the surface 51 of workpiece 46 could



bore 22 of around .0089 cm (.0035 inches) per radial side. It is

bel i eved dial interference of between around . BPFRISOTh23P01

i nches) tgﬂg%%ﬁﬁ5 .013 cm (.005 inches) per 5 radial side will prov?de a
desi red magni t ude of conpressi ve faorce between the engaged threads to
attain the desired magni t ude of pr1é7vai ling torque. In this regard the
bore 22

b d h | i f
nmanuf act ur‘éﬁ?ggéh; kr‘fé?@nﬁesg'\é‘\ﬁ?{srgor%’osnﬁﬁq'&f "'Cﬁer 5%8?"??’%@}:&%; aggocipked ng.
Since the wongpdecei oopérding f42nethdfdih dnhibitgeraigadement f @fn tad al
wall hi CkBEAExbAERY SurBUIA Guch, adddr il Y ALy SR0MEALEE o Thus

the bore 2 et e roma |arger dianeter a S open
end to a membeli QIQtIy smal l er dianmeter at its end proximate the neck 15

portian 18. zhﬁod@f%a' korﬁhaﬂ%t Iurérm@frqtsershav&{ u; ﬁgurﬁs %”%91 § ment

not ed above woul d be around . can be
readi |y acZorﬁ"rbdﬁ’{’lbﬁthOF‘W@W Slmﬂpﬁ?t F@n ke ncﬂ“@Wn@Fltt%el’éngéi’@enent

of ]Euprel 22eﬁbo&ﬁ.ﬁ1éhﬂht of Figegaent1 %&def ikl ichevi gamef hheehagt that
at I Na

| | at Kk t 8 t t d t,0 b
2 L ore) Bog pRaL3bal2h, e nsakoRsrlponcAS foestobagtiend i bore
29 i s anguUaledssucfesbraibedr f aniderwise 27 a:nﬂa 31 sdan lae- Igngageadbsirad
littl h 2 !
I 2 For AOnPOARAEETBEs Becky Ene crpBUihaGEST b k1BUTRS 17d Shd B3043 7
Al uni num e©feFiguregveramd 7 aan lbeLszoafsudmre@e@ra per subatagtiad 1ot ¢dved . 191
cm (. QZﬁe'@H&BQhﬁbtQﬂé“ﬂiﬁgmagtéilgfﬁﬂfﬁsﬁéé'w@ f@ﬁ@?@édzfor up

to the beginning of fillet radius R being around .033 cm
i nches). 3purposes ofe SigRIICIRYat the juncture bet ween t he neck portlon

18 and the bodyLa,@ktltr@nrﬂ:ﬁmsOSEh.gﬁted 60 ap{dJV'vpleaanm| aﬁ&ﬂoer 10Betiween

e ressive ren 0 e.nec stress
th CP%TD % gl?l h_of _th k t : d g t
concent r at Pof *Fa &rd%\tlsf he- 31 Per Péﬁ bs s rllec ﬂ(cfrér%fé ff‘PF P fdifus R
wi || resishutadeakiconpResseohoBlingofringesaetiopoittmronnd8aagrangidies i nto
the bore zarlvkﬁg secéfBﬁ é@gar%hkh?Pﬂ9t§Qc@g?ﬂcﬁ§£“1ﬂEfU§%§e tméin

resi st ance provi des a ear ance |'east a portion of the
body portlon 16a and a neck portion 18a. In the embodiment

of Figures 6 and 7 the main body portion 16a is provided
20 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
25 preselected diametexr Dla.

The neck portion 18a has a straight segment 24a of a
uniform outside diameter DS5a. The straight segment 24a is
connected to the main body portion 16a by a fillet radius
Ra. A tapered segment 26a has a radially outer surface

30 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

35 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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14 fillet radius Ras it noves into the bore 22. Too snmall of a
fillet r 3¥P0%468%oul d result in an undesirably high | evel PCTUEPOWBLess
concentration especially where the nut nenber 10 i s made of | ower
strength materials such as alumnum Im8 5 addition such a small fillet
radius R could | ower the tensile strength of the nut section 12 at

t hat poi ntat enpreselekseshmatmifudte tifetomgeert indiwathvehefnube nBimal 10

made ' 0457 | : ' r . .
strai ght s%%sn%\%ngyg?ggngggﬁ gtn%ngmernﬁb?)%ggg ?@P?%%aﬁg%ﬁlécﬁé%eng?%%g%
across t hgqwied ofogpehfEx SHCHr dehdvorkpiress 46 apdq3s. ndhaag  ther adi us

R of arounglit Qfdniser (1 @30caNChESthreadaPdy bauld RIS YehrddGe@ngl € B
of outer surface of tch 29 rel ative %g i nn f.ace or surface 27 was

r
sel ected POTTiQnRE a?oBﬁEQZO[S .asl'ﬁéoq‘?a ofBENEISR dTORING RIBT of

nut 15 samplied 12iar echid ahexkr istalded sparfdcby 2d.adi affetéie Fravdiible is
| ess t han ' : e r t he | section 14.
A the sariiTiad edkicl 85, LaPetUhB pRWiEIREE i oo AdRIEGGTY 1

di anetri c#A 4 yanpatd togghhey under| aspreised edied imagmiceudy offhikageonet ry

faci litateg,dde 20 wi yRNUIRGIANS; af 1 el edlnginle rib !SoLhe
W t t he nhut e? a

formof the invention as note [ me . 10 made of
70751P73 AAAFHIFSAnANFoFRE PEFKIRAREREIN 182 WPYESa apHddy figike ofhe

5/ 16- 24UNHoeB 328 dsedheThodrdldg Hing sedesof’ 94hded Ad ttha vRb&HAT
t hr ead forngon t he %hreaded (2){; tshanté1 grlrli or}n?ESd rina bore Aészépréar\l/ieousl y
not ed wheriSIHehutofeMOYES FFEERRHe Y g
tapered segment 26a is compressed radially inwardly into
tight, compressive engagement with the mating threads on a
15 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
20 3la in engagement, and the desired magnitude of torgue has
been attained the breakneck groove 62 will fracture severing
the driving section 60 from the nut section 1l2a thereby
completing the installation. By utilizing a separate,
severable driving section 60 the weight of the main body
25 portion 16a can be reduced resulting in an overall reduction
in the combined weight of the sections 14a, 16a and 18a
whereby the weight of the fastener assembly after £final
installation can be reduced by virtue of the reduced weight
of the remaining sections 1l4a, 16a and 18a of nut member
30 10a. Such a reduction in weight could be significant in
aerospace applications.

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 purposes previously

35 described.

In Figure 8 another modified form of nut member is

shown in assembly with a bolt for securing workpieces and



a relatively high strength material the size of radius R can be

m'nim'zedwglb § notch 29 can be essentially elimnated. pcory§bdfoser nut

menber 10 elng generally of the same size as 30 t hat described for the

al um num versi on, and bei ng nmade of a 3Al-2.5V Titanium the radius R

can be mnimzed to around . 013 cﬂ1( 005 inches). At the sane tine the

not ch, such as ch 29, can.be elln%nate Thus the fracture %ggd of
S Bnlf

t he B 2GR cﬁ’g‘p(?é)teédrtrﬁ nEdTHy 3% S oFSRGRFRedt y & of
any not ch emlkcbdasendt chf 2Figurean lack ospacegapeh caheonsame ntimersdti ng

bolt 30 4 ' ' hi.gh
otrength rosfiafatiol BEER‘Shd! SABLUTROETERL LetretBoltRuLetn? I,

PCT/ US98/ kg1 nut member lob is substantially 1gent1caﬂhdxh|ghepnata|||ng
torques f eaﬁ&ﬁsefsl@r&ylﬂ%ﬂaé h -4 exidpit alt aalstzhbeht be1%w RRiRYS Eﬁ@e”t

distortion of the t1 ng .t hr eads espeC|a y 1n constructions I n which
t he IdE?lhg3QPOFnQ3WP§k8ﬁFFF§d45¥h d 48R @xe cifenpicahstenthedr
assenbly %ﬁﬁeebpai:héeaﬁabiguﬁeganaaed ﬁﬂdsrﬁﬂ@V@QséfQﬁt&% of these

wor kpi eces, I nstal | at Such thr €§r di sassemhl y can

be achleveﬂéﬁvghcﬁ}thg h81&§e VFheﬁ%ﬁﬂqlﬁfl ced 53PHFPHSFﬁe Phitia
br eakway t@lmpblbétyg sonmewhat hi gher . I s desirable that

the fastener '§§{I§8¥h§2n9€ t\r}errnbeytﬁ.bbzgg %9 ée&ﬁ'é e%%@z;épefﬁﬁsauae&@

morkpleces 46 an a reasonable grip r rrp range of
a fastenerapd 1n§§§éﬁﬁlﬁ-QHR*ﬁ%Eﬁ#@%té%bra&ésénﬁka%PQ|§lﬂgfSﬁ@éloas

previ ously; pgt edrhésnﬁhesélaéi@ﬁems b@ty@@é\tahelaﬂynyabﬁa%%i £dThigimum
total thicknesses of ieces, such as wor kpi eces

section 12 o igures 1-4 and t us includes a main body
portion 16b, like body portion 16, and a neck portion, like
15 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
20 a smooth through bore, such as bore 22 of Figures 1-4. The
main difference, however, between the nut member 10b and the
nut member 10 is that the outer surface 66 of the ring
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
25 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 wmember 10b. Thus the diametrical
dimension D8 across the flats of hex surface 66 is greater
than the diametrical dimension D7b across the flats of hex
30 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
35 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



46 and 48, which the sane fastener assenbly is capabl e of securing
t oget her. In Figures 3 and 4, the fastener - assenbly
securing W@r%‘ﬁ?@&es 46 and 48 which are of the maxi nun%"?@!’ﬁs’@ﬁf kness

or maximumgrip for that 20 fastener assenbly 32. In this regard it can
be seen that t he snoot h shank por20on 40 is of a length sufficient to
extend fromthe boIt_head 36 for the remaining full |ength of the
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desi gnat | CTSAE2RFLFi gure 4 whil e the wor kpi eces of di fferent
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excess sealant is sgqueezed out. In thlS regard the fracture
load of the frangible rib, such as frangible rib 20, can be
15 used to determine the load at which the desired initial
preload for sealant squeeze out has been attained. By
applying this initial preload for sealant squeeze out solely
through the larger, outer hex surface 66, the maximum
magnitude of such preload applied will be determined by the
20 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 the operator through
the outer hex surface 66. Thus by the utilization of the
larger, outer hex surface 66 to apply the initial preload,
25 the magnitude of initial preload can be set at a desired
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
30 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
35 into the bore (such as bore 22) of the locking ring section
14b.

In some joint applications subject to high loads it may



5 extend past the outer surface 51' of workpiece 46' and partially

into the Qgrgg#gﬁnof the ring section 14. It can be seenpthaisogidali t he
fast ener asse y 32 conpletely installed as shown in Figure 5, the

i nnernost end of the neck portion %g will still be in a slight
clearance fromthe 10 adjacent end of "the snooth shank portion 40 of the

ot t 30 e  ndBlEsbRE B4 aprotokh Lnof ddia, rbRg: 986! dldA ks SgLegt o

rel at ive eng e nec portion rang
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IOr de{ ﬁtf nut wWEHMBERI ghdvpe ﬁiz&tghﬁrl_é hee im P@ﬂ.ﬁcﬁ@td&ﬁ%drtﬂe@tﬂg Hefcakt @? |
eng m ni mu e is.se uc pon fina

i nstal | at ﬁdTFeofc?Wféo%gFﬁné? gg%eﬁﬁ'}bﬁaé lg%ﬁ‘ﬁf(g]r %gga‘ﬁ% begr of a
m ni num grgipren thenisame troigdral deSigm&hren wihh theecadditiendodf thee neck
portion 1 b, pahy apgli s

confrontlﬁlgevyhlér gukésc’fﬁl#ﬁ Ermot %hgg{g %or"ﬁe%lnq?oc %I%a%@%ﬁﬁ%?%%g of
25  coursigdenttizal | hosdhe appti oembers 1@ pfniFkguregajefe@xcept psat ween
suchjgnnerqmat ﬁﬂ@%@@ié@@ﬂ@&ﬁ@%k@%é’s@ﬁ%tlont& e&l"i’éé‘ﬁ identical [N

this regard it | d be noted that even if of threaded
portion 3@%iathe BRAYe BecRePBlEkfEnded, PAFPOSIHR %@(l%ﬂ-mP%hﬁ%ﬁYof 8 neck
portion 18 sdkihgWweidwd €6 Figursel et;temt@ria%mOtgrqm@hdélartHéﬁena&kal

|l ength L of the rlngs tion JThus in su aconsructlonwhnthe
neck | - Bemetom 1294 TuiFh | Ao IrTh o S TRRSD SRY | gRatat
section l4onpressiontasniagecvés Londrohei ngngubbree28acha3dplurasityurface

51 9k Wﬂ(péff Erentlyi m?n ép%f é%lflpe&féi exte?x'cﬁ'i’i :gfc%v%é' %BCh

applications In engage k port
surface 5B%g p@pybdééenge |geck portion 18c ThlS results in a

general reduction in total cross-sectional area and in the
radial stiffness of the neck portion 18c thereby giving it
the necessary compliance while still providing the desired
20 strength level. In addition, in applications where sealant
is used between 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 grooves 68 and
25 their depth can be wvaried 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 grooves could be subsequently machined
30 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 provide uniform distribution of the resultant
reduction in radial stiffness.
35 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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17 create a high stress concentration around the associ ated

wor kpi ecWORA8HA8%g 42 and/ or inhibit engagement of the RERUSHR23Y
surfaces such as surfaces 27 and 31 of the nut menber 10. 5 A
nodi fied formof nut nenber is shown i22 Figures 6 and 7 in which
conponents simlar to |ike conponents in the enbodi nent of Figures 1-4
are gi veref hfusanwadiedr alepth dadesiagnattisontwiihingeeaddi t i Bne ofiotkd | etter
postscri - 1l : ' t S . Shallarl

nunber ed I6ré1a%o?r%:_)ofr}'lelnlits etﬁ%%%%rﬁogd‘{]%\r%nsgg algtegﬁrlgsu%}lf g’%ht hose
of Figuresh® gh¥atobin IRIMRMS| d4FePf othe Hgsk #RTRIPY M8¢. Thisne and

tL hui_the ﬂ;i‘dﬁfid.@z_éai éadﬂ%Ebnth? IE%nrsQ{l@t E%:rfeﬁggth_ t&iurméﬁstﬁiaﬁhgﬁu(:it%’-
ooki ng now to Figures an a.nu er ais shown ichis o
a one pi e%%mé%ﬁg%g’acge&?f’eﬁfﬂ Fhel G&@'seagfs of r'fg'tr%aéiﬁ‘?ohof?a,z%\cl 588 ng
ring sectm®viddachpdadsf b&nghlel ®olt 3altj ving section 60. The nut section
12a includes a i bod ortion_1 a neck pertion 18a, In the
erbodi ment - TEopBepid, B8 waliH 4 BRe ERen A AR, PRI B0kt 1 0d 20
with an aimuklae nelmtouese| gmsoddnbntst erarsUpé adecbdportitiesl intoi each

contrast e:hex. t : 2 LA ody rtion
16 of Fi g%?réépl}ﬂ. §+%g,a %ﬁg&g&eﬁ?%%ﬁ%gég ot Q::fhse 23&3 eacnl%lhér?’]&‘acr’géonf P’gurat i on
havilfy a ¢eaepde| Fhei riangible driydadgsahiruntuke hof sestiden heOugl bore

22a of a RPguresesehest Pl PABbEadldPted for use JACtRBCKmBOALMeRtLE8a has
a straight segment 24a_of a uni f or m out si de déaﬁier D5a.. The strai ght
segment 225 FLgures lsanecBedPfo %-he LTS R reP WAL @ 6BKy E5af et

radius of Ragurd BapdredhdEpnent 26aibasuser aditd |yheouserustutacest

Figures 1-5, can be adapted for use in the embodiments of

15 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

20 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

25 and described in the U.S. Patent No. 5,090,852 issued on
February 25, 1992 to Richard D. Dixon for High Strength
Fastener 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

30 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 mating threads of similar contour while including a
truncated portion, such as the truncated thread portion in

35 neck portion 18 in the embodiment of Figures 1-4, to
facilitate initial engagement. In this structure, however,
it is believed that the provision of at least one or two



30 which extends at an angle Aa relative to the axis Xa of the nut
nmenmber 1Q3, 08/4689 The nut section 12a has a threaded thpetgbosantsans 28a
ext endi ng ?hrougﬁ the main body portion 16a and neck portion 18a and
can be threadably applied to a bolt, sgﬁh as the 35 bolt 30 in Figures 3
and 4. The driving section 60 is onnected to the body portion 16a of
the nut section, 12 i I I n o] i IS
adapt ed t cbﬁe&c} l}?n"é:c\fkllgs of c%p@%?%fsgge}blggf gﬁgegég bS5 %]‘.’T Egdlal
PCT/ US98/ @&28h in the neck portion may be advant@igeous. at a presel ected
magni t ude of t i ngicatjisvg ofy.t he L ir cl 0 be
applied to the_wor pieggs %@%ﬁg bé. g%ﬁﬁﬁ?? tiog%? er,%gﬁ%hqggegggg%éeces
46 and 48emhpdinents of e HBWBBEiPDaddsslissechramianll serleelabedo t he
threaded & slddfliorH cbjdids e adwbd, 30 Wl e haporeeeabeing
applied via the hex shaped surface 21la. of the frangjble, drivin
section 60TAF EREHNEPRECELE, SUREAP AL PHEr RpIRELE1CAEigR  JFRF 4Bt 188 get her
under a przaselctdmese nephdutedepactany from ltdad proplt lecoper eastair
torque the fur nq%fl@herigvggggo 0O fractures and the neck portion 18a

o The

noves axi é‘ﬁayml‘n ore Z2a of the locking ring section 14a. As
the tapered segnent 26a noves farther axially into ring bore 22a the

t apered segnment 26a is conpressed radially inwardly into tight,
conpressi ve engagenent with the mating threads on a 15 t hreaded shank
portion of a bolt such as shank portion 38 of bolt 30. The application
of increasing torque continues until the straight segnent 24a is noved
into the ring bore 22a. After the straight segnent 24a has been noved

into the



ring bore 22a prefe ' ting surfaces 27a and 20 3la in
engagenent, and the,mu"JM'man"lmg of torque has been attained the
br eaknecKVE98M689262 Wi | Ic f kact ure severing the drivi ngPSEEEIN2H0 from
the nut section 12a thereby conpleting the installation. By
utilizing a separate, severabl e deaving section 60 the weight of the
mai n body 25 portion 16a can be reduced resulting in an overall reduction

in the coMBEATEISVOLAIMER I8e sections 14a, 16a and 18a wher eby the
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said nut section having a drive portion and a reduced
diameter neck portion connected thereto,

15 said drive portion adapted to be gripped by a tool for
applying relative torgque 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

20 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

25 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

30 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

35 neck portion and the engaged threads of said threaded shank
portion of the bolt member when said neck portion is
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nut section and & | 6cking*ring *section 14b. The nut section 12b is
substantially identical to nut sec%%on 12 of Figures 1-4 and thus
I ncl udes a mai n body portion 16b,% ke body portion 16, and a neck

portion, like 15 . 3n ti . t ' fsElgure 8 the main
body portion 16 aﬁ%sgggﬁggas%ggeéggﬁ%égtsg%ﬁgggg 1%§qgé%qe§é”$e "5 he
hex surfackna ehif quing Zbonpedobysunfiage engapement widphi sdito rimg nut

menber 1004 pE Qugdl 4158 N WlaBiRLll PR hressive Brdd NG $@EH1IUR %@Qgie%rpf an

annul ar configuration® havi ng_20 a snooth through bore, "such as bore 22 of
Fi gures 1-%he thgeads ofpfaldi ReekeReEL RGBS, EDgceRgagechéhrmadedfer | o

andt_tfm 14%ai?%hﬂ§§8ﬁ% éﬁaglg pbagibhegegtﬁrﬁ Eéﬂﬁaﬁt@m@@ﬁ()ﬁlhb&%kﬁ rs&tidf
section of nui nenher is for o _have .a_he ape ut of a
argersi ABUE HEAPRE: Wil IndE stEPiRed o onRatd b dedaghaak: POT ST nut
menber 10 wbdhhsatd paegeleichad txynitudsiof |l aréyaihdpegd taxdns zed hex
surface 21b on in y [ ofe N er.4.0b. __.Thus he

di anetri cal gl'adi rrgglgl ofr?s&erg%ri%sggfhgp‘f Iga SH%?gﬁgg sm%lggcga :ﬁs?cg}ér eater
t han the dpantienchaviingensl bhabrphraeadssof et fleast giraund 3vo tdundaate
21b. A wWhirbgeseen, the larger, outer hex surface 66 can be used
advant ageously to provide a presel ected magni t ude of preload for
initial squeeze3out dhesEaprhRPipFefiystem gicaldefvkti v Pgiitessaishtand
48b. segmehBUDdiigy ngéngeamgg |Dhowrsd i ok ald YakBahdl |28k oBEO die 35

LI eaded porfhon, ool 0L 0 B, (oraue gppl L ed solely o the ving
nut menber | ob and bahe IFHstening system of claim 1 with said neck
15 portion having helical threads for at least around two
thread pitches,

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

5. The fastening system of claim 1 for securing

20 workpieces together with said ring 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

25 with the confronting surface of the associated one of the
workpieces is generally precluded.

6. The fastening system of claim 1 with said nut
section including a body portion connected to said drive
portion by a breakneck groove, said breakneck groove adapted

30 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.

7. The fastening system of claim 1 with said ring
section and said nut section being integrally formed and

35 with said nut wmember further comprising a frangible rib
integrally connecting said neck portion with said ring
section and adapted to fracture at a preselected magnitude
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20 t oget her vmt HJ w we bores can be prevent not ed
in the eWBRS4HA¥Rt o m"gl_; engagenent of the qu’lex slllogtzjz'eld bor e

50b at the outer end of threaded shank portion 38b of bolt 30b with a
simlarly shaped rod on an 5 instal l2&ion tool. As can be seen from
Figure 8, the large hex surface 66 is of a size whereby an enl arged hex

socket  of ceprgueswhesebyhsaithituh RPSrdaR P Gf t FuBBefgaPBto

clearanCegaiq threadB®sBdhkTRBREA JOBFI ehbhaaltomentbert ecaclagp tude 10
cl anpi ng %e wor kpi eces 46b and 48b t oget herdat an .in (ﬁ?s Erel oad
and, in t‘ﬁ‘ér53§§c§ﬁe1:89§€ PNt 3 RIESEIIHR magmd:r Fy2i®s¢PRBed, is

e”D' oyed pilaﬂ @adsélidvtm-aziﬂgihbe rib feaamssrna_alamd piricsyieemedtenant | n
this regard the fracture 0 e rib, such as frangible
rib 2'{) c?h faifsne i‘ EXE R R &I'?Jhé] %“QJEPQ

erimne ch the desired initial
prel oad for se8l.ant Theudtamtenindasydeen Qf-t sladam 1 with saigp@ryveg this

Initial plgsgegace g&%@n%tfls.?é@%@ytré&iﬁyy exteﬁatﬁggautchecleamer

out er hex™ sur e maxi num magni t ud such prel oad _applied

will be deeafronsatEpPn Watipa S??%@Lﬂf@?%&&dd@%‘t]ﬁ’e % SHEEACEch as
rib 20. QHCEaid rille ddcAidb) esdid, £ BH6H @ﬁdrsecaﬁd hasefr a&trtfaeés no

addi ti onal _| oad can b transmitted by, the or th outer
hex LQrf a@82B5e3ThES %Ftﬁé‘gﬁﬁqq z‘é{H\éBn T he %5:‘ ?ggﬁgr S8 %
surface 6fpotr@iapphad hﬁpverdtftallprmbadsaﬂa rithgebowrgni t ude of | n| t i aI

rel oad can be set

P & < gggt:éﬁgng s ddoilAfe%ffglﬁnq. ahides §§He xll'ng‘ee“ od

excessi ve |n|t|al pr rescribed tine
suf fi ci entecttion ar]trér satldf i secatm bﬁsplgaclémraﬁlzb‘m fqumede 3R |

addi tional;; %ﬂh ééﬁ Qﬁtarﬂ?ethﬂ@g Cf%'}tl?f’exaté&h?fgsbﬁga@| ¥ragg8ele add tional
g e snm

torque throu hex surface 21b t section _12b.

The bt mapbegredd v FPORRSY ighcBRoF neck sPﬂqtdﬂ“y ’f”bt hat2t3 & i bed
for the eghediidntartd ddgt€s 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
20 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
25 and second inner surfaces adapted to be engaged with each
other after said neck portion has moved fully into said ring
bore.
10. The fastening system of claim 1 with said ring
section and said nut section being integrally formed and
30 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
35 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,
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1-4 after fracture I EII rib (such as rib 20), with the
reckvor oty sy IRl "o 750752 vanbane

joint applications subject to high Ioagg it may WO 98/ 46892

PCT/ US98/ 00231 ' 21 be necessary to
provi de the neck .pprtj qQn, such.as _heck_ . portion 18,.with a nerally
greater overal Is%#)l SV nESE t1on aﬁ&vgﬂ%cﬁurtng ptBUFE| n’@g%ﬁ@ify
necessary ecaredidiimgns stinface indiedntooptasipon. wilth s a s sielconst r ahedri n t he
formof t t:?‘éﬂ%ﬁ hoyWs 4 Be F : 9 J ' o] Sesl.pilar to
i ke corrp%‘rzlaéilr%tasl]iq}lnet e e %%i rrenté%? %ﬂ;éu%é(g - %%%‘tgggﬁ QQ.E& 5%% t he
same nuneddld Recepdit iBReRi cHrfReesd AdaRERdf tehbe engagad evitthybeachpt

"c". Fhe RyinhdEHFerl@qild nseRksbertiidd has movle@ej”.hﬂ.g.?l iheot BgiAuL-i AgTber
10 of Fi ggres 1-4 except as 10 descri bed bel ow and thus the description
of these i 4 cal details have been omtted for purposes of
sinplicity. Thusaid fixeki ninnew tsukifgare @f | madrdlerdtbver oyodeibhe neck
portion 18 wi.th fficken C i,ance ..for | al .._conpression as
" oves SRR 00 tefa ok BERRBN Wi he LR xadtefent oty
spaced, axi al | yarexaremlag mrockedos8ted inasaigt maate | innér serkapertion

18c. qoThi | E : d ' | I = : I
C.q0'N %éﬁ&é&ltfy' E!Pg‘cilllal‘fe S??Pf‘xr daif 5‘!%% %‘115]3(% tpig! a?fd)séxtt?ﬁﬁ&igga

area and in ness of _the~nec ortion 18c ere
gi vi ng it axiallkpelneredlyir o cBHpEransdaiiiyl @ravide i vl eRrgnenewEbi r ed
20 strengiy lmvelet dduadlidpon endag@Rbheabt 0881 dNei#s6eahdNbecond | S
used between the wor kpi eces being secured the grooves 68
inner surfaces.
11. The fastening system of claim 1 with said helical

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

20 12. The fastening system of claim 1 with 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 than said helical
threads in said drive portion to reduce the resistance of

25 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.

30 13. The fastening system of claim 1 with said helical
threads in said neck portion having at least some thread
crests beginning at said outer end which are partially
truncated and of 1lesser radial depth than said helical
threads in said drive portion to reduce the resistance of

35 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
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can act as passage fl ow of excess seal ant t her eby
I nhi biting excessi ﬁ“ﬂ!g%g !ﬂygm ﬂlm’ It shoul d_be noted that

t he numbeWOdf48%Boves s eir depth can be vari edP GBS upon

t he specific requirenments of different applications. It should also be
noted that the grooves 68 could be form8d by a rolling procedure
simlar to that used for formng splines. The . crests of the rolled

grooves conesthe afibsajgdehely HhreRd0 in tsrisk duive ebThienze to

further reduce e s@hgfgggg 1 8vst ggcglgg{ntiqp dB8Csd i on.
It is believed %%at t he eﬁr g%eg%gm houl d be enéral?y{% ual |8§f

ci rcunf er éifeady in Sas’ﬁ%lc’éﬂcl‘oPEFG\}Pa’e hav¥ng n?"éll }Fﬁﬁﬁutﬁ%ﬁ‘—‘ 0¢h¥€h%d
resul tant cresté € e i r a@dls@\él@t iffteas Sendb which atrta @iép%%ae seen

fromEigure 9 that .the nec rtio 8c.i s _praovided w,t

truncat ed tt’ﬂ“uéc?'%\ﬁﬁiala E Sser radia F@BBF’n%‘ §ﬁ‘ddath‘?£‘a§? one
conpl et e ththe=akdpi n.nhsa:.d drlve MEXrOBsrd6882reduce the resistance of
PCT/ US98/ 3

dept b d2c -4 1eFs eTtion fo radially ipward eofipressiofl péla daik3 |
d2c is thé?pzr*@t%ehavmg rﬁatv\i-ﬁﬁs“- onet hekigal ghhrgegrr@mtcm@%ffmhb neck

portion 13.€ad1aﬂ_hdiépth atpl’i@él desmaadddd onal tensile strength to the
threaded 5  connect et ween the threads of_ t hreaded bore 28c t he

mati g threads BP-th& Sol sfrning system of GAHY bheWAbfed tFoR1RE
di fferent Ieedtie@sbeba@een the worlkdidemsd alisd ernvhich i & thmg beection

;ng{??g:iaﬁ%ﬁ' Al O?.e Cp_ sect:.onh e:.lnrc_]:; Vlln Vggow_jaflq? éalgceh Sdov]cwltglrl]esald
nut member further comprising a frangible rib integrally
connecting said neck portion with said ring section and

15 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

20 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 torqued to

25 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.

16. A fastening system including a bolt member having

30 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:

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

a nut section having a nut bore with helical threads
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10 exanple the frﬂmm’ tructure of section 60 of Fi gures
6 and 7 41/4‘85‘92ad IM“"M‘M ﬂt he enbodi ment s of plir@iso8602315, 8
and 9. L' ew se the doubl et hex of Figure 8, in addition to its
use with the structure of Figures _1-5, can be adapted for use in the

enbodi ments of 15 Figures 6, 7 and 922 Also the sl otted neck portion 180

|d. b di
ond 7, and Beq FERRFHROOT  Chih deblg SRPRgERER R th BTEERteAted 0ok
porti ons sherhk gsonethnportt tdues btd.t Tambeb8c, can be provided with

hel i cal threadsﬁgi?agukegée oty 2 ardE 0 PLOANE AL Dol deanst

one thread pitc I ments of
t he |nvenﬂikﬁﬂ%ﬁ@ﬁmneFHeP9§MﬁQﬁ Conneqqﬁﬁt¢h%%@§°of t he t hreaded shank

porti@n, such a§a§aaaklve poEQ'ibhOBdaﬁt%ﬁ el bé@rlg%do%yofa tBe1skald ow
type as sho describ %? S. Pajent 090, 852 i ssued on
February 2ZFP 9129't 5 AHA EPTER NSRS ¢PASE r BRGt Fpember FaRfefBe and

Met hod. wWsrorgdempky, the threads of the t hr eaded shank portion,
such as shank porti.on ot. ortlon whi ¢
simul ated st reaﬁ?f‘ﬁeﬂ %?‘ g\é\’% %pet%mclaﬂatslhg iR a?au‘(j T ﬁn?hgdaggf%at ent

and in thiso be opeyatilvehy dosnbo;adetof onleaEnpiapénsarle rhogr pecatiec
her ei i % rgfecg cgor'ghe nut menber, such as nut menber 10, woul d
have mati ng eads "of simI'ar contour while inctudi ng a truncat ed
portion, such athehbeligadatdgeascedppindibn saidsnut nbekepskteading in

the enmbodtpeit 58k aFiGIURRS pélr&hontat leastagdddiaie y niAt8l sghaage@nt. In
this structure, however, is believed that the provision of at |east
one or twPortion. wp gg 46892

PCT/ US98/ 00231 the radially outer surface of said neck portion having
15 a diameter relative to that of said ring bore whereby said
neck portion can be received into said ring bore with a
preselected interference,
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 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
25 of said ring bore being operatively engageable whereby said
neck portion is compressed radially inwardly as it is moved
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
30 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
35 a preselected magnitude of prevailing torque.
17. The fastening system of c¢laim 16 with said
truncated threads in said neck portion having thread crests
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23 thread pit helical threads of full radial depth
I n the neck porti o:mmnmuumn ﬂueous. Wiile it par ent

t hat t héwPP8KeI%ed * Cenbodi meént$ of the invention discld@%ﬁb%$§mgﬁll

calcul ated 5 to fulfill the objects stated above, it wll be appreciated
that the invention is susceptible to mR@lification, variation and change
W t hout departing fromthe proper scope or fair nmeani ng of the

i nventi orwhich are in the range of around 25% to around 75% of\ghg | S
CLAIMED | §opeh of the drestsf 88t 80iRAILMSIAT iditdulidin 214 geIver

havi ng a shank wth a threaded portion and a nut nenber adapted to

be threadﬁﬁryi@ﬁgaged with said threaded shank portion to 5 secure
wor kpi eces togegher Tale a faitsalien) eGywtinvad i idladm 16 pwesal esaed

i SCEPPBRARAN RbeRattng  RrdcyRepl pofReryiav IR EhaPELaLPE,

strai ght
presel ect
helical t
t hr eaded
havi ng a

10

15

20

25

30

35

ehgepi ryrepoaroondatsneofndhef depth aofehberaldreahs fof npaid
AT rangs tp g1 AUy 3eghiongliaving o nut bore i i

a erelrn rea

y

abl e engagenent with said

dRank Thsr tfastoringesyscemmedpearlaim 16 withggaidnpeckection

H6¥8 POTHAPINGNG LA T&sM€ECdne 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 installationm.

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 séid 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.

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 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
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15 di anet er neck p ' Ilt her et o, said drive portion
adapted t ppe [!ﬂ"m Hmomuﬂ applying relative en
[ \9{9@%/4?54& E)E&'p or g ast

sai d nut sai d nec tion
having a straight segment with a 20 rad| ally outer surface of a generally
uni for m di arreter connected to a taPered segment with a radially outer

surface varyin | anme aid tapered s t ,extending
bet ween sa‘?}&tes??lh?%ht gac%eglrﬁnf:oélﬁa"’%a&ﬁqrhg %ggt i®n sgq%’:r{é;r RS ng in
an outer 25adisbllyadapeeding lsemfp.eeabnvsbydcnmngcsedtﬁ.onsa'sd.:udJ figrsecti on

at said ri b eads.,for S nut bore
ext endi ng di%a g%(ébnd lnél i S\/%P%%Jr:] gag#’?éagg baer te{??ﬁg?aﬁ/é‘d ‘?]dglsla:él cE‘eck
portion, 3%cher aftexi slandtmclslpCBmoxmfhmmd:\{axbeﬁuéd}seLQrMBahd/mgga

di anetser gt,sai d outer end generally no greater than that of said ring
bore and taper| ng to_an increased di aneter at sai d strai ght segnent
with said incredded dhgndeEtaibing systey, eft 6daifad & el el areceplantsaj d

ring bore I@c@tew Bet@¥eddn the e&ﬂlﬁﬁﬂéﬁbmmmimeéiﬁaeﬂeﬁgbgéw%nt he
threads of 38" Sata nul°SRIGH A L1 SNAPRPds LI egds 8l opLd Lhieaded
bolt nmenbatunhernberd Hreckhesdr domprising at Iﬁlraagabﬂy nmmdlnntegraangf ring
borelo 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

15 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

20 bolt member through said ring section and to be torqued to
compress the sealant while being torgued 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.

25 24. 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 torgque with a sealant

30 located 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

35 shank portion of the bolt member,
said nut section having a drive portion and a reduced

diameter neck portion connected thereto,
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sai d tapered and st dapted to be noved I nto sai d ring
bore I n surface eng%ﬂum”ﬂﬁmmlﬂm ring 5 bore with said str%

segnent VIO 286892 eck POk « surface engagenent wi FHTUSPRP02 al ght
engagi ng portion of said bore whereby a radially conpressive force is
appl i ed bet ween the threads of saa neck portion and the engaged
threads of said threaded shank portion of the bolt nenber 10 wher eby said

nut nmenber wil balhd sedwreegortica ddaptestidsd be grippeld bor & baohi forsai d
presel ect ed it € g orgquey T,

Prcteni ngaepipane, e alifd YBhyud dboruech sl nut member fand BRid

t hr eads othaEaﬂed.stsf!@fﬂumPan mﬁadd’lQSbOl'E)r‘t‘% 8T, 3. The

fastening syst g.0faalsaidmn ]tlﬂ'éenissaf&"rﬁé&aiﬂhéald nu€ epgpat eﬁﬁéﬁﬁlﬁgner ally
around 10%to around 75% of the axra Ien%th of said neck_port

4.  The f&seenistgSy3EERe oPOEFAPH 2twilERssaiRR by Int3r EadF REG ng
helical tgpeedsnf,or at |east around two t hread pitches, sai d

strai ght segnent bein enerally around 10%to ar,ou d %. xi al
length of saidb &P@c b‘g gurt abe™' OF gaLd ek s BS ng&}syglt%e@r#gf %I aimil
for secur amgm&ier VeO km:édesutegeehdr gendraddiyl no r@reet;erohhhavthgtan
axially of SQULLL ALY gﬁéureﬁacsfaga begiby eReRden?
confronti Ag sur ace one o i eces sar nec portion having
an ak@al | engtisaisl suter ﬁ@l’tfﬁéieaﬁrfaﬁaaépﬁi%Ck portgion gnfd rtrh?gsb‘&fécﬁher eby

engageﬁengfo“ S d n%&h PO @ 3feledbéd the c¥fiandi ng syéhaeemfy t he
associ ated one of the wor kpi eces is genera I rec

A f ast eni REOSFasERVHY vdrAY e b yatrirer & "L’J}%‘ﬁﬁ‘?‘&ywsta‘ﬁd
threaded peiik poraidm ikUtompireeseddaptiddlly 1nwarldé.yt heehtabs ymngdged

\r,)mregeisgl:?é‘t&ré[rﬂ?glg%d \?\A%tr{lﬁlgpoggkgné ?ec‘(fﬁgﬁégnﬁ}t% C&f)er%\cl)algglng torque

sai dihut dendesrfexernre sbagween 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

applied between the threads of said neck portion and the

20 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 wmember further comp;ising a

25 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 the bolt member to clamp the workpieces

together at a preselected magnitude of clamp load prior to

30 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 the

35 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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26 ari n MEIHQ m!" ring through bore of a general ly
uni form ed a nut section havi pgraysdsibeapr €
wi th hel %‘gjﬁ ﬁ?ieads e n for threadabl e engagenent with
said threaded 5 shank portion of t he_bolt nenber, sai d nut

section having a drive portion and a reduced dlaneter neck portion
connected theret

r|v portlo adapt d.to he, rip d by a
tool for aﬁﬁ% r‘é]i“é?“%‘g £8r edle nrrtsa d nngﬁ%nﬁg an.‘t?p e 10
bolt nenbpertion 1nto said neey porei 5qrh§vnné anstedilgtiogsgment with a
radially outer ﬁrf%?eofaétgﬁﬁﬁg% L fo%r B o‘?r"’lth s‘é‘i’g.“ erto a

t aper ed seggent with a radi sur face Varying
sai d tapefE 9r§xt%ﬁ1dﬁﬁgdbe¥%ns§§td°§t regipg of asegnemalém sai d

ring §ecthg|1@1qlnt ég@péé@gdlalgmeggger end adapted to be oper atively
connected to said r| ngcsectlon said ri ngﬁbor

hel i cal thread$Sais nBECKn Rt hBHllégexat eREFRYIBE S%’r"&ﬁﬁ%a‘{’dtﬁr |a\/e

portion ataldgastlypabutakl ysuptaceaisf nackgenerapdyt oMl form dlameta‘aai d
outer surface of %f i.d tagered ' i d outer

end gener SPAYSSS S5t && & “PRSAC e%?n&qten@a‘\é#’gga?draﬁj@l%gt%%d SHE5&9%hg to

an i ncr easdéd véiryneterdmmmeSer, sai d strai ght segnent with said increased
di anpger being g3 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
15 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
20 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
ring bore whereby a radially compressive force is applied
25 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.
26. The fastening system of claim 24 with said helical
30 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,
35 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

iThis Sheet Has Been Replaces

A




greater than the di E,mm " ' yyng bore to provide a presel ect ed
maxi mum i nterferenc mlE lHMH,!'Ieads of said neck portion and the
engaged worssadsozof sai d°threadded shank portion of t heé® §o8 er when
sai d neck portion is 30 t hreadably noved into said ring bore,

said tapered and strai ght segnents adagt ed to be noved into said ring
bore in surface engagenent with said ring bore whereby a radially

Cogprﬁssiyaiﬁoaﬁ%riesmmd :#oeﬂ bet ween the threads of said neck portion
and the engaged.t hr S . ' r E Kk tLQE ol t
nmenber V\,herebyggai d%e fgﬁﬁgi%£§g®EP| gﬁ%’%ﬁ?&dw?ghsglggdt ?ieg%aeg shank
portion threeidshisasdigr ssckepprtiionghavitg bhrpadvareshy vbigheare

27 at 1e?§{:dﬁp%i:'{:i§§§g' g&hf&k&dl&%%m%sw thOR a00RBEEHEEhAR

said drive portron by a breakneck groove, said breakneck groove
adapt®d t safidadialicak Bhpeads| d8t FRifhgRTiVRIEPBFEION by kRANGH pERRd

thereto vwhbgcehyasried df VesPDALi AAcK | bokeioh teemavedidYDyn t hewaedni nder
of the nut nenber .upon final i nstal |l ati on. 7. A fastening
syst em i nEPHEFRF S Pul t nenber havi ng a shank with a threaded portion

aRd E nut nenbeaiadaptredctved thuemddir éadaklidd engaegontiivrsahavihgeaded
o PO AL e AR OLAD, BSERLOR D hrdle PSS eRie 0%
nmembk® corpeissingf said helicalithrezdsi bm savdndrivei RGTEAPBuUgh bore of a

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 adapted
to fracture at a preselected magnitude of torque applied

15 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

20 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

25 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

30 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

35 radially outer surface of a generally uniform diameter
connected to a tapered segment with a radially outer surface
of varying diameter,
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general ly uniform preHﬂm j"ﬂllmg , 15 a nut section having a
nut bore tggmg%lzi cal IR ﬂ[ med therein for threagsightsspagagenent
wi th said threaded shank Portion of the bolt nenber, sai d

nut section having a drive portion and a reduced di anet er neck portion
connected thereto, 20 said drivé portion adapted to be gripped by a

tool for [ [ {i u ' t e d .t he
bort monber, Peid! RreEel sl i Ex0ahdrhy BakieRt! SBHCAIGATT, &
radi al | y cagamentr &nde sefida Rjareraecyioni apdnterMdsasings in conrewted to a

tapered segientonhbReadr #d aldig oSy SEEER6R at sa®h VMY HbA afpter,

sai d tapered segnent extendi ng between said straight segnent "and sai d
ring sectiforargideler #iRating in an outer end adapted to be operatively

connegted to saggifi RingasdtOioand Maisntitr 588t PBHhSbeing integrdlBy

hel i cal thtr eads _ forned jn said n%ﬁ bor e extendi ng fromsaid drive
portion att9ERed @ i"é’r{&gr PRLE a}pgﬁé&g rib ipteggaplly comnecting(

out er surfsgid ohet® dodapbord wdediesdidaving st iomndi andt edagiteshi to out er
end gener al | reater t hat f ' i pering to
an incr eagfl'e:r %Itlglgﬁ%t %g gt p&gggls?%?c T dstmragnéhttusds%egorr%n%ﬁ%%%%ﬁc%éﬁ@ed

di anet er bwimgmember can be free running onto said threzgled shagkeat er

thanjhe Qaeish 9 S8EIbl BImdRbErt LoPEPYhPeRe 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
15 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,

20 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

25 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

30 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

35 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
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presel ect ed maxi rru ween the threads of said neck
portion and the eng !H“T m@ a| d threaded shank Js'/o‘afhl()f t he

bol t men® 984681 sai @ neck. par IsOI’]* S t hreadabl y movett %o salrd ring
bor e, sai d tapered and strai ght segnent s adapt ed to be noved
into said ring bore in surface engagernt with said ring bor e wher eby
a radially conpressive force is applied between the threads of said

neck porteeruzrd tiee sambdgebreadeddshankiportdand wititeicarepehropedti on of
the bolt grtu\agero@o)bﬁ;éillm tudqrenber will be secur ed to said

t hr eaded sh partion W|th sad el ected mg ude of prevailing
t or que, Salds&?dlﬁ%tgééf"fiﬁn’-% ’s‘i pozt, n0 aRePHgEPRERGral |y
f or med ﬁn@z‘éisftlé wﬂém&t:ega&beeatsurpaetlammw tsungaaeﬂi5andf bﬁngebberrl 3
integra Qnnectin id nec ai, on_an
adapt &d t\éa%lég‘t FE’tgt ggab‘r ﬁéefﬁe@‘%e -2l t\%]?’?aagq'ﬁ t l?d% d‘% fi Elggy sai d

nut nenbekocaredied rigee resmuani:egoﬁnsaldalmtqkhrmadetbrshmkrpdltalb]ﬂ of the

bolt nenb ﬁ[%} A1e wor kpi eces together at a preselected
nmagni tude(i%’(‘fard fctoqrfpcll oad prior to said frangible rib fracturing and

prior to novem3. olee%u ﬁaﬁeenlpgrtﬁmﬁmtéfsaﬂ@#m ng®bdx securing g

The fast egi g Mgt tW s8igakthdllde ion aditddrhanyagea first
inner radially extending surface in confrontatipon with a, gsecond inner

radi &Ply ext%mfsmsa%eréece B8R SBEdAf AT eI Fd PRISt PERE second

l nnter SUL&:@QQ&on havid@ohﬁ?akﬂamgleﬂmﬁn?eﬁ&f&lbﬁdtb Wtem‘ ttealafnsahé _neck

portion has e inta said rin or ni ng

Cyst em of Sgiidim dengpne Bald Hing B¥ee yBershy; snaagsieps oF, B tfnner

radially Sﬁck @dmmbmgvm}r ftaxeecpnfcromtmgt surdacs oif thecaemsdcinbed

radially %%dgﬁge% geéaigl %éggr%fgg ﬁ?eciﬁﬂgd i rst and second
ces a

I nner sur e engage her after said neck
portién has no\ade flﬂh%/ fassepdng rsygrem ofpgflaims29 for sggcurang

fast eni ng (34 3PBIdE | s Sehér bobér NBNPLEsEBEEBEA grlpar&hgakvmﬂthh the
t hreaded portion and nut marg%ﬁrn[e?dagt ed__he dlffellg(ean%greoo@bl %aged
W th sai d ¥hFReaddtgsh
maximum and minimum total thicknesses of workpieces to be
secured by a common one of said bolt and nut members, said
20 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
25 head and said threaded shank portion, said smooth shank
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
30 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
35 inhibited.
32. The fastening system of claim 29 with said neck
portion having a plurality of circumferentially oriented

This Sheet Has Been Replacex

R




or esel el S;?Lﬁilmﬁﬂmﬂﬁﬂﬂﬂll oraue, o PE Groniossmmtsy

conpri si ng: aring Sectioh having a ring through bore of a 5
general |y uniform presel ected di aneter a nut section having a
nut bore with helical threads Pﬁéd therein for threadabl e engagenment

wth saidt | sai d
nut sect |daon ne}%e%léga%%&%% %B%or e? l?lgd 1%5?&@8(?:&CZt g r“"ndélci portion
connect ed:ctm:elmoce of saidsaneickrinerpbeni o@ad%&ﬂbbﬂ‘t%t%e xpdiped by a
tool for comprégewhnghé@éakl 48 5RLEUReBRIYELPiSAl fs bvaR PRt 3t & he

bolt menber sai d neck portion having a straight segment with a
15 radl%ﬂfllg' Ba¥er surface of a generally uniform dianeter connect ed

fj 0 astapered sggnentrhal fj baatéadgglluygutae\r SHEr L amug 290fwyalﬁ>éiéwld ]

i amet er said tapered s ndi et ween sai ai ght
segnent anreafqd, BRF Sk | §ﬁ ﬁ?&‘fg‘i’ﬂ?ﬁaﬂeﬂ&%‘%rﬂ%"b{ﬁeP ApPne ¥dapt ed
to be ope&:aiaymyyeﬁnenedmm stl@ts&ihéxreimg txectegmive matcdrissl dof i gmidore,

t he helical threasfor e tendin S drive
bort1on dESFEaREISIart o Fy SPado tfk (HenBREC 3L Meck, pdt B G

out er surfaddadlysatdmpapesed sb@mntthﬁiwtﬁgﬁ@ds of said threaded

10 portion of said bolt member to provide a lock to resist
loogening of said nut member from said bolt member, said
slot extending generally in quadrature to the helix angle
of the threads in said threaded portion.

34. The fastening system of claim 29 with said bolt

15 member having an irregularly 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
whereby spinning of said bolt member together with said nut
member during the application of torque is inhibited.
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di aneter at said OL’ I no greater than that of said ring
bore and tapering tmun(mm,mamawrameter at sai d s':ﬂ;@;{g%gﬁo ment .
with sai WO 984682 ed *di dnetern bey greater than the S5 said
ring bore to provide a 30 presel ect3 maxi mum i nt erference between the

t hreads of said neck portio { Eﬁ gaged threads of said threaded
shank portion of the holt | .d i | .

t hr eadabl y LR® ,efirﬁyotg%i Id‘l%? 1 ‘?iﬁ ureau °.n6.lfn4 Ag%ﬁs Eg?e%é(%i.dg?%&g& &)ght
segnerftd SAn CAaiNS 1pes /130e P38 amen e LETY fig'Bore I SUrface n%agerrent
with said ring bore whereby a radially conpressive force is applied

bet ween tbe thhefidstehingi syseek jocludingng okt areyelirn hawiagls of

30 aid t d ' f RERRRSE IS id

nut nenbe? %’?ﬁkb‘g@@c%?%’??%%g%ﬁﬁ%‘g e%égﬁﬁ portion Feév%nytt;@sai d
presel ectieel Hhyradadd yofengages Wi ttridethreaded shagly Ponti@rsdc?ion and
sal d Jut S8Ehi-aNyBeldd doblPgodlelnesS at boipFabelbedd Ipralichd iy tRertber
further conprisin frangible rih.inte ral%-}/q connecting said neck

) b
portion wprﬁselecggéi gagnid e Ao PTEYR HAdAH sPTB % racture at a
presel ected  gajidReRit! wdenehr conpid sary.eby said nut menber can be free

o0, ort 0, 52 S le ool Slnk Rt o kD Rgbbofe i 15 e oTP
to said fgangirhlayr idxifaldot ust rapsind engagpngopcrcimvgtemna)ferg@i@f neck
Pg;; 8pah$;%F§%&%lﬁQn%ﬂ¥¥3%m preselectefi di dfdt@r portion having a first
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
15 diameter neck portion connected thereto,
said drive portion adapted to be gripped by a tool for
applying relative torque between said nut member an@ the
bolt wmember,
said neck portion having a straight segment with a
20 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
25 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,
30 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
35 preselected maximum interference between the threads of said

_._____neck portion and the engaged threads of said threaded shank
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ext endi ng surface i ; m f tion Wwth a second inner 15 radially
extendin o] ﬁ E said first angdcpRgeMb2iNNer
surfacesqlaétjggn{6§%zeto ﬂ @ bﬂj@" m ach ot her after said neck portion
has noved fully into said ring boryg said first inner

surface of said drive portion 20 connected to said neck portion wth a

Cort oo “Bothion, gt | thedbBILU MmOl SRlaPakaddl maskd SoeOh | "

surface I'nm lrne mn salid frangi ble r| ndi Ng

axi al |y i rekereRdablby smpvednintpPl gaphoviidg Rogeear ance w t h said fillet
radi us upon eNgAOE B @I'eéaél%féﬂ‘lsél?w £udapte®t S Wd aReq

11. A fastening systemincluding a bo er having a shank with a

threaded|iﬂ%?oﬁaaﬁdr&ﬁﬂﬂb9EﬁhEF Y& ﬁ&?t%?gagem%ﬁFtﬂ%Eﬁd§BP9 Fided
with sai dgddweagednsaiid petfaﬂghto segmerﬁ;ecefeswak m@@aes pbeggbherirat a
presel ect ed el oad with % %r ‘i prevai,l i n%fLorque,
sai d nut ﬁﬁﬁgé?c%oﬁﬁgﬁg?WSn with sai ??5@1 Et?Bﬂaﬁé99n§°§ PRy Xhr ough
bore of asaid Weper ahkyely faorradiiskhf ectmpresairee eforce is appldedit
section haviing a n brevmhhlicl hr eads . her fpor

t hr eadabl ?%%%%%%nghf- %hﬁ?a al o fh?%gae%"ec‘?{ dpqs%gln?(n p%rrlgeghteofe nt%r?g cf(i)l t
nenber threads of said threaded shank portion @f the bolt memdwnm nut
sect w%%dga&a BRI I RsB8E B118d¥eehecured BIELRN NRH ML ON

connected
shank portlon 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
15 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 syetem of claim 1 with said neck

20 portion having helical threads for at least around two
thread pitches,

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

5. The fastening system of c¢laim 1 for securing

25 workpieces together with said ring 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

30 with the confronting surface of the associated one of the
workpieces is generally precluded.

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 portion to

35  secure workpieces together at a preselected preload with a
preselected magnitude of prevailing torque,

said nut member comprising:
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said drive portion M‘ﬁ“lgped by a tool for app! yi ng
rel ative torque bet m ‘““L and the 5 bol ta}gﬁgpﬁr 0
sai d necWORH468¥n havi ng a- st aiSghf segnent with a r )§ 8t er

surface_of a general 'y uni form di anet g connect ed to a tapered segnent
with a radially outer surface of varying dianeter, sai d

tapered segment extending between said strai gnent and_said ring
section and tem@n FiGngSERtARMOLRRYING 2 q’aﬁiaﬁ?’&@“'t% rrg’ FFer 8Ei VvBIy

(r:]olnneclt edr?te‘i’le}%ﬂqu |d}gn§&eﬁ @fésele%wéd S@d.ﬁné%é\g, bor e, t he
elical threads forned in,sald nut bore extendin 5 sai 've
portion at |east %t?%??&o?ngﬁvyﬁgda Z:IE veke FYglrttJh neliofl éhgegéé

out er SUfffafx@néH thixtk iira feve ¢ hyregdabi ehangagement w:tdhaﬁgn.értlareséed out er

end g neral reat er said ring bore and tapering to
an i ncrea$ telrc'rétt éh%esal d srflralg)%t segnent with said increased

di amet er be| ng said xgnteasmtxmmawgh%tréteve opoxhianr2Ag Hore Fﬁeﬁr ovi de

a Lt sréshsdce-et ueparbhe threads of said
neck portlon andén)?he engg ed threads ofesal d threaded shank ortlon of

the bolt nenbersairiiskyel ml%ﬁ dapted tss be grip " Rot88Yi B05 sai d

ring boreapnlying reiétivéaﬁﬁﬁﬁﬁéﬂbbﬁﬁééhgbélaegﬁhnh%mhkﬁn&ﬂdtﬁhbe noved
into_said ring bore in surface engagenent with sai d ring bore wher eby

a radPal | PISnPrER®Ye force is applied between= the threads of said
neck portion ar@bicﬁleneﬂgaq&drttinsmaﬂavmﬁgS@. stsaaﬂghhrs@m@rs:ha\mktlpoation of

the bolt nenber erehy AL d g Qredied:
t hr eaded ﬂﬁ?ﬁ(ﬂp&l Sgrf?ﬁesm d rre% Bet ed rﬁi t udﬁ d%‘ B‘r%e\?al l'ing
t or que, connecte@ami ah@larpeatedt hﬁgmetr viighial 1?%1:14@ OGETh SV Gt

| east song, g@}? éeatgmgggknm ng at sai d outer end which 35 are
partrally tr ncat ed”and of | eSser radial th than said a elrel%l
thredds in sai ds@tfvEapsreposagiendd i q 9 between said straig

.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
20 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
25 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
30 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
35 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,
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preselected magnltude of prevailing torque,

sajid 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
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 stralght segment with said increased diameter being
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di ameter neck portion connected fhéreto, said drive portion

a1 0 nut wacstse msﬁﬂlﬂﬂuﬁwgguglﬁ mer, 0 10 TR o e,

havi ng a strai ght sebrrecnt * gadially outer surface of a generally

uni f orm di amet er connected to a tapered segnent with a radially outer
surface of varying diameter, 35 . .said tapered segnent_ extending
bet ween sgreateraitgian the digmeseraf AR rFHYTsBREPOFCARFAIEYIR ndting in

an outer Preselected maximum interference between tle threadsebd @gigted to
be operatfvely connected o said rin bor e

) sectiqQn at said ring ,

the hel i c&eckhPOxdEd ofhAfmsy the §§Bégﬁgttgﬁﬁégéx95nﬁ?ﬁé tgrea??%n?@%?ﬁ drive
portion abdr@asn palféliahéy Bcg[tto s@intbereckheh sa@bdtiregk portion 3aid
outer _surface o ai d tapered segnent_havin di aneter at said outer
end géner&?ﬁ?aﬁ{?karyeﬂ%‘fgfhjarht? h%?lg rln%fb(g%‘lgld ring bore and tapering to
an increased dismel erapred and atdadighdi gegreadireadapteld $ai Hei mevedsed

di anet er hejn 0. . eat t | hd i rovi de
o AL AR AR iR, Bor ol S EAEHT L AGaRlrRRl il SEIE EPa8

neck port koreantieriebyeagugdial iy ceerpeesshye fendedapraaRd PELWBRt j on of
the bolt nepbemn whels s GNRChRN Yot ich and thlr eagabky gRveddsnbe said

a nglgore,salfd threadesgls%én%egoeﬂti%r}? osftcc Iegggl?:e%gemgtei‘ % g teg(ljr tsg.ige moved
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
15 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
20 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
25 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.
9. The fastening system of claim 7 with
said drive portion having a first inner radially
30 extending surface in confrontation with a second innexr
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.
35 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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into said r|ng bor ement with said ring bor e wher eby
a radi aI ,Iml ,B'"c@i’ﬂ Eg@ﬁl ed between t he thcrPEdss/aRilsai d
neck por on an the* engage sai d threaded shank portion of
the bolt menber whereby said 20 nut ﬁrérrber will be secured to said

t'hreaded shank portion with said presel ected magnitude of prevailing

torque, gecure w@rlﬁﬁféé@é t Rélrbat\/\eeﬁrébewet&al pees cadd waitth asai d

ring section and said nut section_bein forned d th
sai d nut rﬁ?‘rﬂﬁ?l?%??%eff‘a%’ﬁ?ﬁw%%lﬂﬁ ar??ahg 8e€ i ntegr a?lny "

connecting sai ds@mkn@@rmemhew tbmpai dingng sectlon and adapt ed to

fracture at a presel ecte nit of M? b t _menber
can be free rurfi fg-th éecrga% F‘&vﬁﬁlﬁeaaedrss' nk or éﬁ yb%'a% he bolt
nmenbes t o gdepalhye un:.fommrkpeeebsctegedhemeaera presel ected nagni t ude of

clam | oad 30 . pgjer sggtzahdhfa%a@ bl 6, 0¢ boéf@%yfhnaeﬂ@a@r Qe da@s

novement tion-into said bore, sajd ring
section heﬁnrlgeértlmm'@xnsﬁmf &dwesfdadnle engagq aitdbmeddt tharasded to be

gri pped b§§§aﬁgo# £9£on of QHQ|Mbmg hehdkirve torque bet ween sai d nut nenber
and said

conpress the seﬁﬁaﬁtn\%?;ﬁggigﬁg f‘%glﬁgerﬁl ggli‘éﬁtﬁ'&%{e&gﬂa&ﬁ W t%e‘éﬂ sai d
gzanqlom eb%i.ﬁ“étéﬁt HEER ﬁbi‘hlﬁﬂdbbgﬁg&teﬂot@&e'eto,
portion into gaggE ﬁﬁ’%ﬁr%o 5?‘8%%%?ééﬁgtgo[%‘%%gr{gﬁ%&%;a‘i%51}?:‘(%1”
faStemIKJé@ﬁl?ﬂhgn@ehwumgeaﬁnrqummthwehavsﬁgd 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 wvarying diameter,

said tapered segment extending between said stralght
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 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
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nenber,  nut membé® iUl EeciéONrddviagsaidr theeadétii ehadhd portadiiced 15
di anet er nect(l_;hport l,on_con rive portion
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sai d nut nmenbersand ri:ueg sectmhtandalsbad nut section smithqdci gguallon
termnatin n gu ed. 20 e ve ecied to one
end o;?siau %O#rlgné sec asqiaitIcg Sg.llu rmeI;nBEP PRFLRLE éé’m§1ﬁf&h§$ cal

t hr eads fof reng hlgar@lbnantsmrélém @@@p@g:tlng srarldnmlﬂmnmrpmumn at

| east partiglhyriRG0ssatdonealhd adapR@d it fréture at tah%:xre@@fgéé’e@mer
surface of said neCk portion having a dianeter relative to th

said ring ‘B%ﬁ’él'\?\ﬂ@?-eb’sf seEppaue Whﬁgﬁbypcﬁ%%nneﬁn“l?@breé’ce?%d P—ntfdf%%l
ring bore whhhiAg ontopPsssel enteddeat shaﬁkep@ﬁclon of the Lalitd mllbétlal

th t h t th d t
begi H ng 50 SLAH CLRB " HEPHAFER CoSSEBPE 28,4 RGP GANR AR h

| esser radofil cdepph lideah srnidr to swld cﬁtamghﬂemlsrlln Saactaring podion to
reduce the, ., fS%é&&ﬂ& s SsaalPd %%&It'l% %gtbaga.%' ¥lﬁ§

conpression as it is noved into sal r|n out ef
surface of sai dsadék @oiveorpefdione hawingea first siireri mpdialdpeing

operati vel ¥x€8ﬂ39ﬁ§b|@uf‘f‘@é@b}irﬁabgnfrontaﬁignp%i&]@na' SsE8BRACSHHLr
radlally I nwar dl X as it i.s noved
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
20 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
25 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 workpieces together at a preselected preload with a
30 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
35 formed therein for threadable engagement with said threaded
shank portion of the bolt member,
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sai d e to Ero ide a presel ected maxinum
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g n of the bolt nmenb en said
neck portion is threadably nove into & said ring bore whereby a
radially conpressive force is applied bet ween the threads of said neck

portion and the g r o] 0 er eby
sai d nut r’rﬁﬁﬁd n%Q %%(égltso%cglr%‘gr n%f qIhr a%cé de h“}arp%o%)t%l%én ‘\%‘%\h

a preselecdedmaagnlna¢& @brpa@mmdqnmgqhﬁdnnherﬁxo, 17. The fastening
system of cla' gl LN ls ngagt |

portion havin §r§$%SPo§€hgn mﬂagﬁégrgalﬁgtﬁPiggggeb :#%%QSE§E96IO
around 759%BP yht;g relafdgieh ePrdne PpEyesnofSasiq gkl W@H\Peﬂ-”hraé'éijsthﬂ sai d
driveg bBQEthQ&be¥5 18. The fastenlng system of claim 16

wth said ncat ed t hreads iin sai d neck Hggn haV|n thread crests
whi ch are arounéaS YoTHFC EOHEbPH @@W%ﬂgc?e§t aegmen hét%<hl 2

t hr eads lnrédh.dldyl Veupert isirface of a @%nemalfyasﬁﬁmfagmsy@imoércl ai m
16 with Sald nec étt g rtion aVIﬁéé% @;t n§, gi tch of ful

radi al Hﬁﬁfﬁe P13 TFRRFeLMFIment with a gadig Vag? RF iy %?%n1of
claim 16 woEhvaaydngudiametegncti on i ncluding a body portion connected to

sald ghive | shad indita MaiieckLagyiy. satteltedRelcaronyA:

adapt'ed 25 to® ractu e at a preselec torque app
thereto mheagmyn§mamdnsamﬂ;ﬁ#mgoﬂeqxionbendeﬁﬁwadmaayngrmp an oweeni nder

of the nut .gBRNMDELHHRAN: S I vElodI B ALY ¥dnnected to said ring section
at said ring bore,
the helical threads formed in said nut bore extending
15 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
20 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
25 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
30 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 helical threads in said neck portion having at
least some thread crests beginning at said outer end which
35 are partially truncated and of lesser radial depth than said
helical threads in said drive portion to reduce the
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f rangi bl e LB flaGid i Ng and prior to novenent of said neck portion
into sard r g bore. 36

22. The fastenil®g syherhatteting T PEFRITnYt Withsection and said
mﬂ section be@yldrﬂfag&atéufunﬁ&mﬂmnﬂn salémneckapwntnonmh@enngurther

onprisin | t b d [
wr th Sai d%rl'ﬁr S’r% 2@0?"&"&5 aRd eaégp %%Aﬁ/q ur eur}gi gggr Egggggﬁggt o
magni t ude 75% oﬁﬁth@rqepthhefebhes@E@SM& Qﬁyﬂﬁﬂd(hﬁﬂxﬁﬁ1r6br$%ﬁﬁrhg onto

sai d threade i of the bolt nenber to clanp the wor kpi eces
together %pre%g%t;e grrha ni tude of clanp | oad grror to said

frangi bl e Hlofk&uﬂLWh¢mﬁ%§ﬁﬁ®¥m@rSY%t%%v@ﬁeﬁ%aim 11oViE8i d neck portion

into said ring HOre truncated SRréhdEi ¥a RHid OReBRVIgHrtHAidn r Ravinger

radially extendi ng syrface in confront t.h d
radi a0y &hxanf ngrsdFfa s&Ff ALRY g{)L on %e?d%%?:%n éngﬁg second

i nner Surﬁfﬁéﬁ%éﬂﬁﬁﬂéihaOthieagagBdeadehlaaeblanrlvehporaﬁtew sai d neck

portion has aned fL%hg kas eﬁ%h& %ys%em of claim 11 with said neck
portion having at least one helical thread pitch of full
radial depth at its inner end.

15 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 together at a preselected preload with a
preselected magnitude of prevailing torque,

20 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

25 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

30 bolt mewber,

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,

35 said tapered segment extending between said straight
segment and said ring section and terminating in an outer
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section % ht egr y formed and with said 20 nut menber further
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with said ring section and adapt fracture at a presel ected
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wor kpi ecest tsmayed _hetn@tbtarg_resel ected magni tude of clanp load prior to
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portion into said ring . said ring section having an _outer
surface direm said grivgupsrtiem & LapHt PToidblYr iBhedSBy%a A&dt for 30
appl g ngg&ﬂ.@iéﬂle torque between said nut nenber and said bolt nenber
t hrough saird ring_section and to be torqged to cor’%)res t he seal ant
whi | e being t oPaL@donsex mfiacfieLht Satd SRRSHES FETFRgPAVEDS B
fracturesgmhdraddati eadd outeie end gdedral hppho edreatenghhea dhdit ve
portion noying, sai d neck 35 portion _in e I f ' :

i nst al | at? ns.glé ring goﬁﬁ. and; g???ﬁ%ﬁ é%st% gmqpﬁ%%%(?:%%%al agtgﬁt{é%n%er
having said shaalighitt Begndntadéthpeeticoningreasedit diamsseradging to

37 b a y | [ : 155080 K 80N

seculroe vv(ﬁ%aoégégsgﬁgéett%{eérgacg%j%%érpeséﬁe%tag %?'e oad w ttﬁea’p cipér),ea}sel ected
magni t udepvésel egbedi meximwguantgnierenesbatfiween 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,

15 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

20 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
ring section and said nut section being integrally formed
and with said nut member further comprising a frangible rib

- 25 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

30 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

35 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

1This Sheet Has Been Replacet AMENDED SHEET {ART’CLE 19)

A0




| ocat ed bet ween the sai d nut menber conpri sing:
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I nterference bsameenutthe\etrﬂneeadpmrnmrmheck portlon and the engaged
threads of said thiggdedoshask Mosving of Wiihg —chrdelh Meeher whenasaid
neck portion is thre da y noved into said ring bore whereby a

radidl |y porpedssied PdAMESSE .30 applied between the threads of said neck

portion and thg nut éﬁ&ﬁiﬁﬁiﬁ@ﬁﬂﬁ@saoﬁu&abﬁrhhM@hﬁﬁhéﬂﬁﬂdlpﬂhféadsmhereby
sai d nut gfnger wi | | betgecureg to said thrgadeghsgahé Qgrtl
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neck portion with sect on_and ted to fracture at a
presb$ectédameter neck portlon 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 terminating in an outer end adépted
20 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,
25 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,
said helical threads in said neck portion having at
30 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
resistance of said neck portion to radially inward
compression as it is moved into said ring bore,
35 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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diameter yhich are in the range of around 25% to around 75% of the

depth of the crests of said helical threads in said drive
portion.

15 18. The fastening system of c¢laim 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

20 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

25 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.

21. The fastening system of claim 16 with said ring
section and said nut section being integrally formed and

30 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

35 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.
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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

15 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 section
and said nut section being integrally formed and with said

20 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

25 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

30 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
being applied through said drive portion moving said neck

35 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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to 305 be threatiabl yutengageer wokpsasdnghr eaded shank portion to

secure workpi eces_1o ethe tesel ect .o h a presel ect ed
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menber, sal d nut section havi ng 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,

the outer surface of said neck portion 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
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 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 member further comprising a

frangible rib integrally connecting said neck portion with

sald rlng section and adapted to fracture at a preselected
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of said tapered segnent having a | aneter. at sald outer end generally
equal to ROEEien iRF@ said riRg bere ffw gl iR IIRtEPANet er of said

strai ght 25. The fastening system of claim 24 with said ring
15 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 generally uniform diameter
connected to a'tapered segment with a radially outer surface
20 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
25 diameter at said outer end generally egual 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 preselécted maximum
interference between the threads of said neck portion and
30 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 woved
into said ring bore to provide surface engagement with said
35 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
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27. The fastening system of claim 24 with said helical
threads in said neck portion having thread crests which are

15 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,

said truncated threads in said neck portion having

20 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 adapted

25 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

30 be threadably engaged with said threaded shank portion to
secure workpieces together at a preselected preload with a
presélected magnitude of prevailing torque,

said nut member comprising:

a ring section having a ring through bore of a

35 generally uniform preselected diameter to define a generally
straight cylindrical surface,
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wor kpi eces toget he I, ,lt} ted grip range with the grip range
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of said bolt shank adapted to engége a surface of one of the
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42 S%SP?% S%rtt)-‘é‘ioﬁlg ooﬁ%ahef }rl’.gﬁ] T%@%%énd substantially to the
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are of t}3g XN Hoddi S NS &Bed O RXLERE past the confronting
surfgce o?atgﬁe ot ?(aer 0 othe wor kpi eces _ 5 %y a’'predeternined | ength when
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wher eby en agerren%tFé of said outer end of said neck portion with the
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32. The fastegaid systlempolrtdladi hadingt b setdadghk segmdid twothhaving a
o obfai neRiaiasel Sebel el aeS’ ¥ mgraredll? JhiEet e o
facilitatennsditald t6 a tappredsiegmeheredth s rsalih e loymrt iseirfissenpved
into Saigf varying diameter,
said tapered segment extending between said straight
segment and said ring section and terminating in an outer
15 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
20 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
25 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
30 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,
35 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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ring bore. ning systemof claim29 with said

t hr eadedy¢)98/46s9% 0 ,mm ﬁ ﬁéhﬁ having a generally  pcr/esssaozs
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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

10 radially compressive force is applied between the threads
of said neck portion and the engaééd 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,

15 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.

20 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

25 neck portion with the confronting 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

30 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

35 surface of another of the workpieces, said bolt shank having
a simooth 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
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
inhibited. o

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
compression thereof as said neck portion is moved into said
ring bore.

33. The fastening system of claim 29 with said
threaded portion of said bolt member having a generally
axially extending slot therein to receive material of said
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 the threads in said threaded portion.

34. The fastening system of claim 29 with said bolt
member having an irregularly 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
whereby. spinning of said bolt member together with said nut
member during the application of torque is inhibited.
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