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ABSTRACT

The nut has a tool engaging region or a hexagonal region and a
flange region provided on a thread end of the hexagonal region. A
sloped step sloping at an angle to the center line of the nut 1s provided
on the thread end. The sloped step (surface) is thus shaped of the
annular form on the inner wall of the nut adjacent to the nut opening

which faces outwardly of the nut and substantially extends along the
loop.
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TITLE OF THE INVENTION
Nut, bolt, and thread unit of female and male thread

members

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a techmque for smoothly

threading (screwing) between a female thread member and a male

thread mwember such as a nut and a bolt.

Description of the Related Art

When a male thread member such as a bolt is threaded at its‘
filted state to a female thread member such as a nut for tightenming to
each other, the bolt may possibly bite the nut. If their threading 1s

forced regardless of biting, thewr threads may severely be imjured or

fractured.

SUMMARY OF THE INVENTION
It 1s thus an object of the present invention to provide a
technology for allowing a pair of thread members such as a bolt and a

nut to be smoothly threaded (engaged) with each other while readily

correcting theixr dislocation or tilting from each other.

A nut according to the present invention is characterized by an
annular sloped step provided in a region of the inner wall adjacent to
the opening end of the nut to substantially extend along an oval

shaped loop (an annular line) defined by an intersection between the
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inner wall of the nut and a plane tilted at an angle to the Crosswise
plane perpendicular to the center line of the nut so that the annular
sloped step faces outwardly of the nut for ecase of corrective threading
(engaging), wherein the diameter of the inner edge of the sloped step
along the crosswise plane perpendicular to the center line of the nut (at
a right angle to the axis) is smaller than the major diameter of a
female thread of the nut and the female thread extends inwardly from
the sloped step.

As the annular sloped step 1s provided along the oval shape loop
tilted from the axis of the nut, it can act as a slope cam or a tilt cam
(together with the inner edge) when the nut to be threaded with a bolt
1s tilted from the axis of the bolt and turned one full revolution about
the bolt, thus generating such a force of moment as to elaminate the
tilting of the nut. Accordingly, even if the nut and the bolt are tilted
from each other, their state can be corrected by the action of corrective
threading so that the nut and the bolt are smoothly threaded with each
other. The term “step” incl{ldes its inner edge (the inner wall at the
edge) and a “step” may be expressed by a “stepped portion”.

The nut having the above arrangement may be modified in that a

tubular guide is provided concentrically about the center line of the nut

on a region of the inner wall of the nut on the opening end side of the
annular sloped step where no female thread is formed, the inner
diameter of the tubular guide arranged greater than the diameter of
the inner edge of the annular sloped step at a right angle to the axis
and slightly greater than the major diameter of the female thread of

the nut, and the tubular guide connects to the annular sloped step.

As the tubular guide is provided inwardly of the sloped step in
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addition to the sloped step which acts as a slope cam or a tilt cam, it
can roughly correct the dislocation or tilting of the nut from the bolt
before the sloped step (stepped portion) completely eliminates the
dislocation or tilting by its cam action, hence contributing to the more
ease of the corrective threading. In wview of a gmding action, the
tubular guide may be provided separately. However, when the -
tubular guide and the sloped step are provided in a combination at two

step relationship, the length (stroke) of the tubular guide can be

minimized and the length of the female thread largely affecting the
tightening strength can be increased. Also, the tubular guide acts as
a fulerum of the (physical moment) cam action of the sloped step while
the nut accepts a bolt in its tilted state.

Alternatively, the nut may be modified in that a beveled guide is
provided concentrically of the female thread of the nut on an opening
end region of the inner wall of the nut so that its inner diameter
become greater towards the opening end and the sloped step extends
mwardly from the smaller inner diameter end of the beveled guide.
As the beveled guide and the sloped step act in a combination, they can
readily correct any dislocation or tilting of the nut from the bolt. It is
also a good idea that the beveled guidc is connected at its smaller
diameter end to the tubular guide which is in turn connected at its
innermost end to the sloped step to form a three step arrangement.

Theilr cooperating actions can also favorably correct the dislocation or

talting of the nut.

While the embodiments are feasible in the form of a nut, a bolt
according to the present invention is characterized by a corrective

threading (engaging) step provided in a region of the outer surface
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adjacent to the leading end of the bolt to substantially extend along an
oval shaped loop (an annular line) defined by an intersection between
the outer surface of the bolt and a plane tilted at an angle to the
crosswise plane perpendicular to the center line of the bolt, wherein
the diameter of the outer edge of the corrective threading step along
the crosswise plane perpendicular to the center line of the bolt (at a
night angle to the axis) i1s greater than the minor diameter of a male
thread of the bolt and the male thread extends rearwardly from the
corrective threading step.

As the corrective threading step is provided along the oval shaped
loop tilted from the axis of the bolt, it can act as a slope cam or a tilt

cam (together with the outer edge) when the bolt to be treaded with a

‘nut 15 tilted from the axis of the nut and turned one full revolution

relative to the nut, thus generating such a force of moment as to
eliminate the tilting of the bolt. Accordingly, even if the bolt and the

nut are tilted from each other, their state can be corrected by the

action of corrective threading so that the bolt and the nut are smoothly
threaded with each other.

The bolts having the above arrangement may be modified in that
a cylhndrical gwude projection is provided concentrically about the
center line of the bolt on a region of the outer surface of the bolt at the
leading end side of the annular corrective threading step, the outer
diameter of the guide projection arranged slightly smaller than the
minor diameter of the male thread of the bolt.

As the guide projection is provided at the front side of (or
frontwardly of) the corrective threading step in addition to the

corrective threading step which acts as a slope cam or a tilt cam, it can
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roughly. correct the dislocation or tilting of the bolt from the nut before
the annular corrective threading step completely eliminates the
dislocation or tilting of the axis by its cam action, hence contributing to
the more ease of the corrective threading. In view of a guiding action,
the guide projection may be provided separately. However, when the
guide projection and the corrective threading step are provided in a
combination at two step relationship, the length (distance) of the guide
projection can be minimized and the length of the male thread largely
affecting the tightening strength can be increased. Also, the guide

projection acts as a fulcrum of the (physical moment) cam action of the

annular corrective threading step while the bolt receives a nut in its

tilted state.

Moreover, as the embodiments are described in the form of a nut

or a bolt separately, a combination of a female (internal) thread
member and a male (external) thread member is feasible according to
the present invention; more particularly, a thread unit of a female
thread member and a male thread member (unit for engaging a female

thread member and a male thread member).

The thread unit of a female thread member and a male thread

member 1s characterized in that the female thread member has an
annular sloped step or female-thread side corrective threading step
provided (as above described) to substantially extend along an oval
shaped loop tilted from the axis of the female thread member (a nut or
the like), while the male thread member has a male-thread side
corrective threading step provided (as above described) to substantially
extend along an oval shaped loop tilted from the axis of the male

thread member (a bolt or the like). In action, as the female thread
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member and the male thread member to be threaded with each other
are turned relative to each other, their respective corrective threading
steps can engage directly with each other. More specifically, when a
nut and a bolt to be threaded with each other are positioned at
unfavorably their axially tilted states and turned one full revolution
relative to each other, thelr respective corrective threading steps
(including the edges) act as slope cams or tilt cams thus generating
such a force of moment as to eliminate their tilting states. As a result,
the nut and the bolt which are fairly tilted to each other can readily be

corrected 1n the relative position by their action of corrective threading

and smoothly threaded with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view of a nut showing an embodiment of the
present invention;

Fig. 2 18 a longitudinal cross sectional view of the nut;

Fig. 3 18 an enlarged cross sectional view of the nut shown in Fig.

2s

Fig. 4 15 a perspective view explaining a concept of the sloped
step;

Fig. 5 18 a side vaiew of the nut shown in Fig. 4;

Fig. 6 is a schematic view showing an oval shape loop which

defines the sloped step;

Fig. 7 is a schematic view of an arrangement of the sloped step

extending along the loop shown in Fig. 6:

Fig. 8 18 an explanatory view schematically showing an action of

the nut;
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Fig. 9 1s an explanatory view showing a bolt tilted relative to the
nut before being threaded and normally threaded in the nut;
Fig. 10 1s a view of a nut showing another embodiment of the

present invention;

Fig. 11 is a view of a nut showing a further embodiment. of the

present invention,

Fig. 12 1s a front view of a hub nut showing a still further

embodiment of the present invention;

Fig. 13 1s a longitudinal cross sectional view of the nut shown in
Fig. 12;

Fig. 14 1s an enlarged cross sectional view of the nut shown in Fig.
13;

Fig. 15 1s a cross sectional view showing a procedure of

fabricating the nut of the present invention;

Fig. 16 1s a schematic front view of a bolt showing an embodiment

of the present invention;

F1g. 17 1s a perspective view schematically showing an oval shape
loop which defines a corrective threading step of the bolt and is tilted:
Fig. 18 is an enlarged cross sectional view of the bolt shown in

Fig. 16;

Fig. 19 1s an explanatory view schematically showing an action of
the bolt;

Fig. 20 1s a front view of a bolt schematically showing another

embodiment of the present invention;

Fig. 21 is a view of a primary part of a bolt showing a further

embodiment of the present invention;

Fig. 22 1s an explanatory view of a thread unit of a nut and a bolt
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schematically showing an embodiment of the present invention; and
Fig. 23 is an explanatory view of the nut and the bolt tilted

relative to each other before being threaded and normally threaded
with each other.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Some enibodiments of the present invention will be described in
the form of firstly nuts, then bolts, and finally a threaded unit of a nut
and a bolt, referring to the accompanying drawings.

Figs.1l to 3 illustrate a nutl of one embodiment of the present
mvention. The nutl has a tool engaging region or a hexagonal
region4 and a flange region2 provided on a thread end of the hexagonal
regiond. A sloped step5 sloping at an angle to the center line O of the
nutl 18 provided on the thread end. The sloped step5 is explained in
more detail referring to Figs.4 to 7.

It 1s assumed that a plane P extends at an angle to the crosswise
plane perpendicular to the center line O of the nut N as shown in
Figs.4 and 5. Referring to Fig.6, denoted by R is an oval shaped loop
(an annular line) extending along the intersection between the plane P
and the 1nner wall of the nut N. The sloped step (surface)5 is thus
shaped of the annular form on the inner wall of the nut1(N) adjacent to

the nut opening which faces outwardly of the nut 1 and substantially
extends along the loop R, as schematically shown in Fig.7. The inner

diameter d of the inner wall of the sloped step5 measured at a right

angle to the center line O of the nutl is smaller than the major
diameter D of a female thread3 of the nutl.

The degree of slope (or the angle 8) of the oval loop R to the
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crosswise plate perpendicular to the center line O, which determines
the sloped step5, may be defined by the fact that the axial distance L of
the loop R which is a difference between the outermost point nearest to
the opening end the innermost point furthest from the same is smaller
than two times the pitch of the female thread3 of the nutl. For
example, the minimum of the distance L. may be equal to 0.3 times the
pitch. Accordingly, the distance L ranges from 0.3 to 2 times the pitch,
preferably 0.8 to 1.2 times the pitch and more preferably, equal to the
pitch.

[f the distance 1. defining the sloping of the oval loop R is not
greater than 0.3 times the pitch, the effect of corrective threading may
hardly be achieved as i1s explained later When the distance L is
greater than two times the pitch, the crosswise stress (an yielding
force) at the right angle to the axis may be increaséd during the
forming of the sloped step 5 (by cool forging or punching). Also, the
number of threads which extend through less than 360 degrees is
increased, dechiming the threading strength. Therefore, the above
range 1s preferable. Alternatively, the angle 6 may range from 2 to
15 degrees and preferably, 5 to 10 degrees (most preferably 8 degrees).
The samc reason 1s applicable to this range of angles.

Also, as shown in Fig. 7, the sloped step 5 extending along the
oval loop arranged at a given angle is beveled at an angle « from the

crosswise plane P’ perpendicular to the axis of the nut 1 so that its

surface slops down towards the center of the opening of the nut 1.

The angle o may range from 0.5 F to 1.5 F where F is the flank angle

of the female thread of the nut 1. It is most preferable to have the

beveling angle @ of the sloped step 5 arranged substantially equal to
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the flank angle F. When the beveling angle o is too great, the
function for corrective threading may be declined. If too small, the
edge of the sloped step5 is almost at a right angle thus disturbing the
inward movement of a bolt. Therefore, the angle within the above
range 1s most preferable. Denoted by 8 is an 1nner wall connecting
from the sloped step5 (which determines the depth (from the opening
end) of the sloped step5 and may be regarded as a part of the step).
While the nut N shown in Fig.7 indicates a concept of the sloped
stepS, the embodiment shown in Figs.1 to 3 is substantially identical to
an actual product. As apparent from Fig.3, the nutl has a non
threaded, tubular guide surface6 thereof (referred to as a tubular guide
hereinafter) provided on the opening end side of the sloped step5 and
arranged concentric with the center line QO of the nutl. The inner
diameter I)’ of the tubular guide6 1s greater than the inner diameter (d
in Fig.7), extending perpendicular to the axis, of the annular edge of
the sloped step5 while is slightly greater than the major diameter of
the female thread of the nut 1. The tubular guide6 connects with the
annular sloped step5. The opening side end of the tubular guide6 (at
the opening end of the nutl) is beveled to have a beveled guide
surface7 (referred to as a beveled guide hereinafter) widening towards

the opening end of the nutl. The beveled guide7 connects at its

narrower diameter end with the tubular guide6.

The length L1, along the axis of the nutl, of the tubular guidec6
may preferably be 0.5 to 2 times the pitch of the female thread of the

nutl. In this embodiment, the length L1 is substantially equal to the
pitch. The length L2 between the opening side end of the tubular

guide6 and the innermost end of the sloped step5 may preferably be 1
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to 3.5 times the pitch. In this embodiment, L2 i1s equal to 2 times the
pitch. The bevel angle B of the beveled guide 7 may be 20 to 80
degrees and preferably 30 to 70 degrees. In this embodiment, the
angle B ranges from 40 to 60 degrees. The length L3 (the depth long
the axis of the nutl) of the beveled guide 7 may be 0.2 to 2 times the
pitch of the female thread of the nutl and preferably 0.2 to 1 time the
pitch. In this embodiment, the angle B8is substantially equal to 0.5
time the patch.

Since the sloped step5, the tubular guide6, and the beveled
guide7 are provided continuously in series as extend in three steps up
to the opening end of the nutl, the nutl can be functioned with its
beveled guide7 guiding the insertion of a bolt or a male threaded
member, its tubular guide6 roughly correcting the dislocation or tilting
of the bolt or member from the nutl, and its sloped stepb acting as a
rotating cam to establish the correct positional relationship between
the bolt and the nutl. For the purpose, the tubular guide6 1s
lengthened as small as the pitch, hence allowing a comfortable length
of the thread without spoiling the effect of corrective threading.

Fig.8 schematically illustrates the action of corrective threading

with the sloped stepb. As shown in Fig.8A, a bolt9 1s positioned at an

angle to the nutl (the axes of the nutl and the bolt9 tilting from each
other). As shown in Fig.8B, the nutl turns relative to the bolt9 and
causes its sloped stepb to come at a shallow region (including the edge)
mto direct contact with the end of the bolt9. Because the nutl
generates a force with the shallow region of i1ts sloped stepb to draw
the bolt9 straight (making both the nutl and the bolt9 aligned coaxial

with each other), the axis of the bolt9 substantially aligns with the axis
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of the nutl as shown in Fig.8C. Accordingly, the (start of) threading
action between the two members will hai'dly create a fault of bite.

Fig.9 illustrates such an advantageous function more practically.
In case that the bolt9 is at an angle 9y to the axis of the nutl, the
action of corrective threading of the nutl develops a force to eliminate
the angle v (or draw the bolt9 straight). When the angle +y between
the nutl and the bolt9 is substantially 2 or 3 degrees, the threading
may be carried out without dafhiculty. Ge nera]ly speaking, if the angle
is 5 degrees or more (for example, 8 degrees), the smooth threading of a
common nut onto a bolt will be disturbed. The nutl of the present
invention can readily be threaded onto the bolt9 while correcting its
tilting at the angle v of 8 degrees.

Fig.10A illustrates a nutll having the sloped stepb connecting
from the tubular guide6 with no presence of the beveled gwdef.
Fig.10B 1s a cross sectional view of the overall arrangement while
F12.10C 18 a front view of the same.

Fig.11 1illustrates a nutl2 having the sloped step5 with no
presence of the tubular guide6 and the beveled guide7. Fig 11A1s an

enlarged view, Fig.11B 1s an overall cross sectional view, and Fig.11C is

a front view of the nut12. As the tubular guide6 is not provided at the
opening side end of the sloped stepb, the nutl2 shown in Fig 11
accommodates a comfortable length of the thread. Alternatively,
when the sloped step5 is accompanied with a tubular guide6 like the
nutll shown i1n Fig.10, the corrective threading can be performed at
two different steps. In the latter case, the tubular guide 6 shown in
Fig.10 (substantially identical to the tubular guide6 shown in Fig.3)

acts as a fulecrum when accepting directly the leading end of the bolt9
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as shown in Fig.3 or 10 and simultaneously bearing a force of moment
generated by the sloped stepb for correcting the tilting of the bolt9 as
shown in Fig.8 or 9.

Figs.12 to 14 illustrate a cap (or hub) nut2l showing a further
embodiment of the present invention. As best shown 1n a front view
of Fig.12 and a cross sectional view of Fig.13, the hub nut2l 15 a
tubular body comprising a tool engaging region or a hexagonal
region20, a fitting region or a tubular (thread) region23 on the opposite
side to the hexagonal region20, and a flange22 provided between the
hexagonal region20 and the tubular region23. While a female thread3
extends over the tubular region23 and the flange22, the hexagonal
region20 has an inner space provided therein for accepting a bolt.
The hexagonal region20 is closed and joined at one end with a cap24 by
welding or the like, hence constituting a cap nut.

The tubular (thread) region23 has a sloped step25, a tubular
guide26, and a beveled guide27 provided along the axial direction on
the opening side end thereof. Fig.14 is an enlarged view of the same.
The slbped step25, the tubular gujd‘e26, and the beveled guidel27 are
substantially identical in shape to the sloped stepd, the tubular guide6,
and the beveled guide7 shown in Fig.3 and will be explained in no
more detaal.

In common, the hub nuts21 are threaded on unshown hub bolts to
secure a vehicle wheel to the hub of a vehicle axle. When tightened,
the tubular region23 1s fitted in the wheel hole and the flange22 1s
seated at the bottom on the wheel at the wheel hole. While the hub

nut2l being fitted on the corresponding hub bolt by use of an 1mpact

wrench or other tools, its dislocation or tilting from the axis of the hub
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bolt can be corrected by its action of corrective threading as shown in

Fi1g.8 or 9 and finally threaded in its correct position on the hub bolt.
F1g.15 illustrates a procedure of fabricating the prescribed nut of
the embodiment. Shown is a process of cool forging a nut material30
where the sloped step5, the tubular guide6, and the beveled guide7 are
formed on the nut material30 by steps of punching with the.use of cool

forging punches and dies. More specifically, the nut material30 is

securely held with forging tools31, 32 (a die), and 34 (a sleeve) and

punched by a punch33 to shape the sloped step5 and, if desired, the
tubular guide6 and the beveled guide7. After the cool forging process,
the nut material30 is threaded at its inner wall by machining or roll
threading to have a female thread connecting from the sloped step5.
In other words, the process includes a series of step for cool forging the
nut material30 to shape the sloped step5, a combination of the sloped
stepo and the tubular guide6 or a full set of the sloped step5, the
tubular guide6, and the beveled guide7 and then threading the same to
form a female thread extending inwardly from the sloped step5.

In the above description, the sloped step Gf desired, accompanied
with the tubular guide and the beveled guide) is provided at one end of
the nut because the nut has only one end opened and threaded for
insertion of a bolt. Accordingly, while the nut has both ends opened
and threaded, the sloped step (if desired, accompanied with the tubular
gude and the beveled guide) can be provided to each end (including
both ends of the nut). The two sloped steps may be shaped in
symmetry or non-symmetry.

Also, 1 the above description, the female thread or its

implementation 1s provided in the form of a nut. Alternatively, the
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female thread may be provided in an aperture formed in a plate or any
other member as is connected to such a sloped step Gf desired,
accompanied with a tubular guide and a beveled guide) as described in
the embodiments and positioned close to the opening end. This plate
can hence has a function of corrective threading identical to that of the
nut. The advantage of the nut of each embodiment of the present
invention may be understood in respect to the female thread or its
implementation.

The female thread or its implementation or its modification is not
limited to a nut or the like which is turned for threading but may be
provided in stationary relationship (i.e. its movement is prohibited by
its construction). As the opposite member (for example, a bolt) is
turned, the female thread or its implementati'on or 1ts modification
remaining stationary and provided with the sloped step Gf desired,
accompanied with the tubular guide and the beveled guide) can exhibit
the effect of corrective threading upon accepting the opposite member.

A bolt of an embodiment of the present invention will now be
described.

F1g.16 schematically illustrates the bolt41l of the embodiment of
the present invention which comprises a hexagonal head42 (a tool
engaging region) and a legd3 provided at its surface with a male
thread44. The leg43 has a corrective threading step45 provided at the
leading end thereof and a guide projection46 thereof extending from
the corrective threading step45.

As schematically shOWn m Fig.17, the annular corrective
threading step45 1s based on and extends along the oval shape loop R’

(an annular line) defined at the intersection between a plane P
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arranged at an angle to the crosswise plane perpendicular to the center
line or axas of the bolt41 and the outer edge of the boltdl. The outer
diameter D” (at a right angle to the axis) of the corrective threading
step45 which extends at a right angle to the center line of the bolt41
(perpendicular to the axis) is greater than the minor diameter & of the
male thread of the bolt41l (Also see Fig.18). The male thread44 is
provided extending from the corrective threading step45.

The angle 6 between the oval loop R’ defining the corrective
threading step45 and the crosswise plane perpendicular to the center
line O (or the axis) of the bolt41 is determined with a difference a
between the forward end of the loop R’ most close to the leading end of
the bolt 41 and the rearward end of the same most further from the
leading end of the boit41. The distance a may substantially be equai
to smaller than 3 times the pitch of the male thread 44, preferably
smaller than 2.5 times the pitch, and more preferably smaller than 2
times the pitch. Also, the lower limit of the distance a may
substantially be equal or greater than 0.3 time the pitch of the male
thread44, preferably greater than 0.5 time the pitch, and more
preferably greater than 1.0 time the pitch. More particularly, the
distance a may range from 0.3 to 3 times the pitch, preferably from 0.5

to 2.5 times the pitch, and more preferably 1.0 to 2 times the pitch. If

the angle 6 or the distance a i1s too small, the effect of corrective
threading will be declined. If too great, a more number of threads
may be interrupted by the corrective threading step45, hence
shortening the overall length of the male thread44. Also, this may
generate a higher level of thrust (a bending force) during the forming
of the corrective threading step45 of the bolt41 by cool forging.
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Therefore, the angle 6’ (or the distance a) should be within the above
mentioned range.

The annular corrective threading step45 extending along the
tilted oval shaped loop is also beveled at an angle < to the crosswise

plane Q perpendicular to the axis of the bolt41 so as to taper down
towards the leading end of the bolt4l. The bevel angle o’ may

substantially be equal to 0.3F to 2F where F is the flank angle of the
male thread 44 and preferably 0.5F to 1.5F. Most preferably, the
bevel angle is equal to the flank angle of the male thread44. If the
bevel angle o of the corrective threading step4d is too great, it may
dechine the effect of corrective threading of the corrective threading
step45. If too small (for example, zero), the edge of the leading end
may possibly be injured. Therefore, the angle should stay within the

above mentioned range.

The guide projectiond6 extending ﬁom the corrective threading
step4S has a cylindrical shape of which the rearward end is defined by
the corrective threading step 45. While the guide projection46
concentrically extends along the axis of the bolt41, its leading end is
arranged at a right angle to the center line O of the bolt4l. The
diameter ¢of the guide projection46 is slightly smaller than the major
diameter d’ of the male thread44 of the bolt 41. Also, the distance b of
the guide projection46 along the axis of the bolt41 may substantially be
equal to 0.5 to 3 times the pitch of the male thread44, preferably 0.7 to
2 times the pitch, and more preferably 1 to 2 times the pitch (desirably
1.5 times the pitch).

In action, as leading the corrective threading step 45, the guide

projection46 can perform a preliminary action of roughly correcting the
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dislocation or tilting of the bolt 41 relative to a corresponding female
threaded member such as a nut. If the distance b of the guide
projection46 is too great, the male thread44 is shortened relative to the
overall length of the bolt4l. If too small, the function of correcting (or
guiding) as leading the corrective threading step45 may be diminished.
Therefore, the distance b is preferably within the above mentioned
range. Fig. 19 1s an explanatory view schematically showing the
action of the bolt41.

As shown in Fig.19A, the bolt41 is inserted into a nut48 as it is
tilted. As the bolt4l turns relative to the nutd48 wath its guide
projection46 guiding into the nut48, its corrective threading step45
engages at the forward end (closer to the leading end of the guide
projection46) rather than the rear end with the inner wall of the nut48
thus creating a force of moment for correcting its tilted condition, as
shown in Fig.19B. Accordingly, as shown in Fig.19C, the bolt41l is
correctly aligned with its axis coinciding with the axis of the nut48 for
having a mnormal threading state. Simultaneously, the guide
projection46 guides the bolt41 into the female thread of the nutd48 and
desirably acts as a fulecrum (the center of the moment) for assisting the
corrective threading step45 to generate the moment.

While the leading end of the guide projection46 is at a right angle
to the axis of the bolt41 in this embodiment, it may be arranged tilting
from the crosswise plane perpendicular to the axis of the bolt41l as is
similar to the corrective threading step45. The leading end of the
guide projection46 is not limited to a flat surface regardless of its
tilting or not but may have a raised or bulged surface such as a

semi-spherical (dome-like) shape. The guide projection46 is not
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limited to the cylindrical Shape but may also be tapered (or reduced in
the diameter toward the distal end) with its leading end made flat or
bulged or raised outwardly (for example, to have a semi-spherical
shape). .

F1g.20 1llustrates a bolt51 according to a still further embodiment
of the present invention. The bolt51 is a modification of the bolt41l
shown i1n Fig.16 where the guide projection46 is eliminated and the
leading end of the leg43 is tailored to form a corrective threading
surface 55. The other arrangement is identical to that shown in
F1g.16. The bolt51, less the guide projection46, can also generate with
its corrective threading surface55 a moment for correcting its tilting

relative to a nut48 such as shown in Fig.18, hence providing a normal

threading state.

- Fig.21 illustrates a primary part of a further bolt 52. The bolt52
has a corrective threading step65 sloped down from the distance (equal
to a shown 1n Fi1g.16) of greater than one time the pitch, preferably 2
or 3 times the pitch, or more. Meanwhile, the angle 6’ of the
corrective threading step45 shown in Fig.16 or 18 may be set to 3 to 15
degrees, preferably 5 to 10 degrees, and more preferably 8 degrees.
Those figures arc based on the reason described about the distance a.

While the male thread or its implementation is described in the
form of a bolt throughout the embodiments, it is not limited to such a
narrowly defined term of bolt. The present invention is equally
applicable to any male thread or its implementation (& widely defined
concept of bolt). As any male thread or its implementation is provided
with the foregoing corrective thrcading step Gf desired, accompanied

with the gwide projection), it can successfully have the same function of
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corrective threading as of the bolts of the embodiments. Therefore,
the bolts of the embodiments are only specified by the widely defined
concept of bolt including any male thread, its implementation, and its
modification.

Also, the male thread, or its implementation or its modification
(the widely defined concept of bolt) is not limited to a bolt or the like
which 15 turned for threading but may. be provided in stationary
relationship (i.e. its movement is prohibited by its construction). As
the opposite member (for example, a nut) is turned, the male thread or
its 1mplementation or its modification remainmang stationary and
provided with the corrective threading step Gf desired, accompanied
with the guide projection) can exhibit the effect of corrective thre ading
upon accepting the opposite member. |

Although the above embodiments aré described 1n the form of a
bolt or a nut, the present invention is applicable to a combination of a
bolt and a nut. For example, a female thread member selected from
the nutl shown in Figs.1 to 3, the nutll and the nut 12 shown in
Fi1gs.10 and 11, and the nut2l1 shown in Figs.13 and 14 may be
combined with a male thread member selected from the bolt41 shown
1n Figs.16 to 18 and the bolts 51 and 52 shown in Figs.19 and 20 to
have a thread unit. The female thread member and the male thread
member are as described above and will be described in no more detail.

F'1g2.22 schematically illustrates a combination of the corrective
threading actions of the slope step5 (a corrective threading surface at
the female thread) of the nutl and the corréctive threading step45 (a
corrective threading surface at the male thread) of a bolt41. As shown

1 Fig. 22A, the bolt41 is tilted relative to the nutl or the nutl is tilted
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relative to the bolt41 or the bolt41 and the nutl are tilted from each
other (i.e. the axis of the bolt41 and the axis of the nutl extend at an
angle to each other). As the nutl is turned relative to the bolt41l or
the bolt41 1s turned relative to the nutl or the bolt41 and the nutl are
turned in opposite directions (i.e. the bolt41l and the nutl are turned
relative to each other), the innermost end (including the -edge) of the
sloped stepd of the nutl moves along the corrective threading step45 of
the bolt4l and finally comes into direct engagement with the forward
end (including the edge) of the same. Simultaneously, while the
engaging point acts as a fulerum point, a force of moment (including a
rotating moment) is generated for correcting the tilting of the bolt41 or
the nutl (to align the bolt 41 and the nutl with each other along the
common axis) as shown in Fig.22B. Accordingly, as shown in Fig.22C,
the bolt41 and the nutl are substantially aligned with each other along
the common axis, hence preventing their biting each other at the start

of threading.

F1g.23 illustrates the action of corrective threading more

explicitly. The bolt41 or the nutl when tilted at an angel v to the

opposite member (the nutl or the bolt41) can carry out an action of

corrective threading to eliminate its tilting (to align with nutl or

bolt41) while being screwed in. The angle v between the bolt41 and

the nutl may be negligible when it is 2 or 3 degrees in common

threading actions. However, if the angle v is 5 degrees or greater
(for example, 8 degrees), the threading of the bolt and the nut with
each other will be difficult. A combination of the bolt41 and the nutl
of the present invention can be threaded with each other even when

the angle v is as great as 8 degrees. Since the two corrective
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threading steps5 and 45 of the nutl and the bolt45 cooperate with each
other, the angle between the two members is as high as a sum of the
distance L (Fig.7) and the distance a (Fig.16). Hence, when the
maximum of the angle is shared by the nutl and the bolts41, the two
5 distances L and a can favorably be decreased (to 1/2 the original length
determmaned by the sloped step provided on only one of the two
members). As a result, the tilting can be corrected with the male

thread of the bolt 41 and the female thread of the nutl arranged to a

maximum length.
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What 18 claimed is:

1. A nut characterized by an annular sloped step provided in a
region of the inner wall adjacent to the opeming end of the nut to
substantially extend along an oval shaped loop (an annular line)
defined by an intersection between the inner wall of the nut and a
plane tilted at an angle to the crosswise plane perpendicular to the
center line of the nut so that the annular sloped step faces outwardly of
the nut for ease of cdrrective threading (engaging), wherein the
diameter of the inner edge of the sloped step along the crosswise plane
perpendicular to the center line of the nut {(at a right angle to the axis)

18 smaller than the major diameter of a female thread of the nut and

the female thread extends inwardly from the sloped step.

2. A nut characterized by an annular sloped step provided 1n a
region of the inner wall adjacent to the opening end of the nut to
substantially extend along an oval shaped loop (an annular line)
defined by an intersection between the inner wall of the nut and a

plane tilted at an angle to the crosswise plane perpendicular to the
center line of the nut so that the annular sloped step faces outwardly of
the nut for ease of corrective threading, the diameter of the inner edge
of the sloped step along the crosswise plane perpendicular to the center

line of the nut (at a right angle to the axis) arranged smaller than the

major diameter of a female thread of the nut and the female thread
arranged extending inwardly from the sloped step, wherein

a tubular guide is provided concentrically about the center line of
the nut on a region of the inner wall of the nut on the opening end side

of the annular sloped step where no female thread is formed, the inner
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diameter of the tubular guide arranged greater than the diameter of
the inner edge of the annular sloped step at a right angle to the axis
and shghtly greater than the major diameter of the female thread of

the nut, the tubular guide connecting to the annular sloped step.

3. Anut according to claim 2, wherein the length along the axis of

the nut of the tubular guide is substantially equal to 0.5 to 2 times the
pitch of the female thread of the nut.

4. A nut according to any of claims 1 to 3, wherein the degree of
tilting from the center line of the nut of the oval shaped loop defining a
shape of the sloped step is determined by the measurement of a
difference along the axis of the nut between the nearest poimmt and the
furthest point of the loop to the opening end of the nut is not greater
than 2 times the pitch of the female thread of the nut.

9. A nut according to any of claims 1 to 4, wherein the sloped step
extending along the tilted oval shaped loop is beveled at an angle to
the crosswise plane at a right angle to the axis of the nut so that its

Inner diamcter becomes larger towards the opeming end of the nut.

6. A nut according to claim 5, wherein the degree of tilting of the

sloped step relative to the crosswise plane at a right angle to the axis

of the nut is substantially equal to a flank angle of the female thread of
the nut. '

7. A nut according to any of claims 1 to 6, wherein the diameter of
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the outer edge of the sloped step along the crosswise plane at a right

angle to the axis of the nut is shightly greater than the major diameter
of the female thread of the nut.

8. A nut according to claim 1 or any of claims 4 to 7, wherein a
beveled guide 1s provided concentrically of the female thread of the nut
on an opening end region of the inner wall of the nut so that its inner
diameter become greater towards the opening end and the sloped step

extends inwardly from the smaller inner diameter end of the beveled

guide.

9. A nut according to claim 2 or 3, wherein a beveled guide is
provided conce ﬁtrically of the female thread of the nut on an opening
end region of the inner wall of the nut so t.hat 1ts 1nner diameter
become greater towards the openung end, the tubular guide extends
imwardly from the smaller inner diameter end of the beveled guide,

and the sloped step extends inwardly from the innermost end of the

tubular guide.

10. A bolt characterized by a corrective threading (engaging) step
provided in a region of the outer surface adjacent to the leading end of
the bolt to substantially extend along an oval shaped loop (an annular
line) defined by an intersection between the outer surface of the bolt
and a plane tilted at an angle to the crosswise plane perpendicular to
the center line of the bolt, wherein the diameter of the outer edge of
the corrective threading step along the crosswise plane perpendicular

to the center line of the bolt (at a right angle to the axis) is greater
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than the minor diameter of a male thread of the bolt and the male

thread extends rearwardly from the corrective threa ding step.

11. A bolt characterized by an annular corrective threading
(engagi_ng) step provided in a region of the outer surface adjacent to the
leading end of the bolt to substantially extend along an oval shaped
loop (an annular line) defined by an intersection between the outer
surface of the bolt and a plane tilted at an angle to the crosswise plane
perpendicular to the center line of the bolt, the diameter of the outer
edge of the corrective threading step along the crosswise plane
perpendicular to the center line of the bolt (at a right angle to the axis)
arranged greater than the minor diameter of a male thread of the bolt
and the male thread arranged extending rearwardly from the
corrective thréad.ing step, wherein

a cylindrical guide projection is provided concentrically about the
center line of the bolt on a region of the outer surface of the bolt at the
leading end side of the annular corrective threading step, the outer

diameter of the guide projection arranged slightly smaller than the
mmor diameter of the male thread of the bolt.

12. A bolt according to claim 11, wherein the length along the axis

of the bolt of the guide projection is substantially equal to 0.5 to 3
times the pitch of the male thread of the bolt.

13. A bolt according to any of elaims 10 to 12, wherein the degree
of talting from the center line of the bolt of the oval shaped loop

defining a shape of the corrective threading step is determined by the
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measurement of a difference along the axis of the bolt between the

nearest point and the furthest point of the loop to the leading end of

corrective threading step extending along the tilted oval shaped loop is
beveled at an angle to the crosswise prlane at a right angle to the axis

of the bolt so that it tapers down towards the leading end of the bolt.

15. A bolt according to claim 14, wherein the degree of tilting of

the corrective threading step relative to the crosswise plane at a right

angle to the axis of the bolt is substantially equal to a flank angle of
the male thread of the bolt.

16. A thread unit of a female thread member and a male thread
member threaded with each other, characterized in that

the female thread member has an annular and sloped

female-thread side corrective threading step provided in a region of the

inner wall adjacent to the opening end of the female thread member to
substantially extend along an oval shaped loop (an annular line)

defined by an intersection between the imner wall of the female thread

member and a plane tilted at an angle to the crosswise plane

perpendicular to the center line of the female thread member so that
the female-thread side corrective threading step faces outwardly of the
female thread member for ease of corrective threading, the diameter of

the inner edge of the female-thread side corrective threading step
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along the crosswise plane perpendicular to the center line of the female
thread member (at a right angle to the axis) arranged smaller than the
major diameter of a female thread of the female thread member and

the female thread arranged extending inwardly from the female-thread
side corrective threading step,

adjacent to the leading end of the male thread member to substantially

extend along an oval shaped loop (an apnular line) defined by an
Intersection between the outer surface of the male thread member and
a plane tilted at an angle to the crosswise plane perpendicular to the
center line of the male thread member, the diameter of the outer edge
of the male-thread side corrective threading step along the crosswise
plane perpendicular to the center line of the male thread member (at a
right angle to the axis) arranged greater than the minor diameter of a
male thread of the male thread member and the male thread arranged
extending rearwardly from the male-thread side corrective threading

step, and

the threading is commenced through turning and engaging the

female-thread side corrective threading step of the female thread

member and the male-thread side corrective threading step of the male

thread member directly with each other.
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