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1
WHEEL SECURING AXLE AND BICYCLE
HUB ASSEMBLY

TECHNICAL FIELD

The present invention relates to a wheel securing axle and
a bicycle hub assembly.

BACKGROUND ART

A typical bicycle wheel is coupled to a hub support of a
bicycle frame by a bicycle hub assembly. A bicycle hub
assembly includes a hub shell, a hollow hub axle, and a
wheel securing axle. A wheel rim is supported by spokes on
the hub shell. For example, the hub shell is rotationally
supported by a bearing on the hollow hub axle. The wheel
securing axle is inserted through the hollow hub axle. The
wheel securing axle includes a head (basal portion) and a
threaded distal portion that project from opposite ends of the
hollow hub axle in the axial direction. The threaded distal
portion of the wheel securing axle is engaged with a nut or
a threaded through hole of the hub support. This couples the
wheel securing axle to the bicycle frame. U.S. Pat. No.
6,886,894 to Kanehisa, which is incorporated herein by
reference, describes one example of a conventional wheel
securing axle.

SUMMARY OF THE INVENTION

A first aspect of a wheel securing axle according to the
present invention includes a shaft that includes a first end
portion, a second end portion including a thread, and a shaft
axis, a washer rotationally supported by the first end portion
of the shaft, and a click mechanism arranged between the
shaft and the washer.

In one example, the click mechanism is configured to
allow the shaft to rotate around the shaft axis when the
washer is in contact with a fastened surface and kept from
rotating relative to the fastened surface.

In one example, the click mechanism is configured so that
the washer rotates integrally with the shaft at least when the
washer is not in contact with the fastened surface.

In one example, the wheel securing axle further includes
a housing that is coupled to the first end portion and
accommodates at least a portion of the washer. The click
mechanism is configured so that the shaft rotates integrally
with the housing and the washer at least when the washer is
not in contact with the fastened surface.

In one example, the click mechanism includes at least one
first click element formed on one of the washer and the
housing, at least one second click element formed on the
other of the washer and the housing, and an urging member
that elastically urges the housing toward the washer in an
axial direction so that the first click element elastically
engages the second click element.

In one example, the at least one first click element is a
plurality of projections formed around the shaft axis at equal
angular intervals. Each of the projections includes first and
second inclined surfaces inclined at different angles and a
peak formed between the first and second inclined surfaces.

In one example, the at least one second click element is
a plurality of recesses formed around the shaft axis at equal
angular intervals. Each of the recesses includes third and
fourth inclined surfaces inclined at different angles and a
bottom formed between the third and fourth inclined sur-
faces.
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In one example, the urging member urges the housing
toward the washer so that the housing is movable in the axial
direction relative to the washer.

In one example, the housing is supported by the shaft so
that the housing is rotatable around the shaft axis together
with or free from the washer.

In one example, the shaft includes a built-in socket
formed in an end surface of the first end portion, and the
housing includes a center hole that allows a rotation tool to
physically access the built-in socket.

In one example, the shaft includes a shaft opening formed
in an end surface of the first end portion. The wheel securing
axle further includes a socket fitted to the shaft opening. The
click mechanism includes at least one first click element
formed on one of the socket and the housing, at least one
second click element formed on the other of the socket and
the housing, and an urging member that is arranged in the
shaft opening and urges the socket toward the housing in an
axial direction so that the first click element engages the
second click element.

In one example, the socket is a cup-shaped socket that
includes a socket opening and an outward flange. The
housing includes an inward flange that includes a center hole
allowing a rotation tool to physically access the socket
opening. The at least one first click element and the at least
one second click element are formed on the outward flange
of the socket and the inward flange of the housing.

In one example, the at least one first click element is a
plurality of projections formed around the shaft axis at equal
angular intervals. Each of the projections includes first and
second inclined surfaces inclined at the same angle or at
different angles and a peak formed between the first and
second inclined surfaces.

In one example, the at least one second click element is
a plurality of recesses formed around the shaft axis at equal
angular intervals. Each of the recesses includes third and
fourth inclined surfaces that are inclined at the same angle
or at different angles and a bottom formed between the third
and fourth inclined surfaces.

In one example, the socket is movable in the axial
direction relative to the shaft when the washer is in contact
with the fastened surface.

In one example, the washer, the housing, and the socket
are integrally movable in the axial direction relative to the
shaft at least when the washer is not in contact with the
fastened surface.

In one example, the shaft includes a shaft circumferential
surface that supports the washer so that the washer is
movable in the axial direction, and a washer stopper that
projects from the shaft circumferential surface in a radially
outward direction and limits movement of the washer in the
axial direction by contacting the washer in the axial direc-
tion. The click mechanism includes an urging member that
generates an elastic repulsion force in the axial direction to
allow the washer stopper to rotate relative to the washer
while contacting the washer when the washer is in contact
with the fastened surface.

In one example, the washer is a cup-shaped washer that
surrounds an outer side of the washer stopper.

In one example, the washer includes a non-smooth sur-
face that contacts the fastened surface and a smooth surface
that contacts the washer stopper.

In one example, the wheel securing axle further includes
an elastic element that is arranged on the second end portion
of the shaft toward a distal side from the thread to prevent
separation of the shaft. The elastic element has a maximum
outer dimension that is larger than a diameter of the thread.
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The elastic element is capable of being elastically com-
pressed to the diameter of the thread or smaller.

In one example, the shaft is a hollow body including a
center through passage.

Another aspect of the present invention provides a bicycle
hub assembly that includes the above wheel securing axle,
a hub axle that includes a hub axis and is secured to a bicycle
frame by the wheel securing axle, and a hub shell that is
supported by the hub axle to be rotatable at least around the
hub axis.

Other aspects and advantages of the invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Novel features of the invention will become apparent
from the accompanying claims. The invention, together with
objects and advantages thereof, may best be understood by
reference to the following description of the presently pre-
ferred embodiments together with the accompanying draw-
ings in which:

FIG. 1 is a side view of a first embodiment of a wheel
securing axle;

FIGS. 2 and 3 are perspective views of the wheel securing
axle of FIG. 1;

FIGS. 4 and 5 are exploded perspective views of the
wheel securing axle of FIG. 1;

FIG. 6 is a perspective view of a washer;

FIG. 7 is a perspective view of a housing that includes a
click element;

FIG. 8 is a perspective view of a socket that includes a
click element;

FIGS. 9 to 11 are partially cross-sectional views of the
wheel securing axle;

FIG. 12 is a side view of a second embodiment of a wheel
securing axle;

FIGS. 13 and 14 are exploded perspective views of the
wheel securing axle of FIG. 12;

FIG. 15 is a perspective view of a housing that includes
a click element;

FIG. 16 is a perspective view of a washer that includes a
click element;

FIGS. 17 to 19 are partially cross-sectional views of the
wheel securing axle of FIG. 12;

FIG. 20 is a perspective view of an elastic element;

FIG. 21 is a perspective view of a modified example of the
elastic element;

FIG. 22 is a cross-sectional view illustrating the use of the
elastic element of FIG. 21; and

FIG. 23 is an exploded perspective view illustrating a
bicycle hub assembly.

EMBODIMENTS OF THE INVENTION

Several embodiments of a wheel securing axle will now
be described with reference to the drawings.

As shown in FIGS. 1 to 3, a first embodiment of a wheel
securing axle 10 includes a basal portion 12 (also referred to
as a head) and a threaded distal portion 14. A bicycle frame
100 includes hub supports 100a¢ and 1005. The wheel
securing axle 10 is secured to the bicycle frame 100 by the
hub supports 100a and 1005. The basal portion 12 of the
wheel securing axle 10 is pressed against a fastened surface
104 in the axial direction. The fastened surface 104 may be
a side surface of the bicycle frame 100. The hub support
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100a of the first embodiment includes a through hole 102a4.
The hub support 1005 includes a female-threaded through
hole 1025.

As shown in FIGS. 4 and 5, the wheel securing axle 10
includes a shaft 20 (also referred to as a skewer shaft), a
washer 30, and a click mechanism 40.

The shaft 20 includes a first end portion 22, a second end
portion 24 including threads, and a shaft axis AX. As shown
in FIG. 5, the shaft 20 includes a shaft opening 22¢ in an end
surface 22qa of the first end portion 22. The shaft opening 22¢
is non-circular and is, for example, a hexagonal hole.

The shaft 20 of the first embodiment includes a shaft
circumferential surface 26 and a washer stopper 225 that
extends from the shaft circumferential surface 26 in a
radially outward direction. Axial movement of the washer
30 is limited when the washer stopper 226 contacts the
washer 30 in the axial direction. Although not particularly
limited, the washer stopper 226 may be a flange or a
projection. The washer stopper 225 may be a portion of the
shaft 20 or a dedicated component separate from the shaft
20, for example, a C-shaped ring that is attached to a groove
formed in the shaft circumferential surface 26.

The washer 30 is moved from the second end portion 24
to the first end portion 22 along the shaft circumferential
surface 26 and coupled to the shaft 20 at the first end portion
22. As shown in FIGS. 4 to 6, the washer 30 includes a
smooth surface 32 and a non-smooth surface 34. The non-
smooth surface 34 of the washer 30 contacts the fastened
surface 104 of the bicycle frame 100 (refer to FIG. 1).
Although not particularly limited, the non-smooth surface
34 may be, for example, a rough surface, a knurled surface,
a surface including regular or irregular projections, or a
surface including regular or irregular grooves. The smooth
surface 32 of the washer 30 contacts the washer stopper 225.
The washer 30 is rotationally supported by the first end
portion 22 of the shaft 20 when contacting the washer
stopper 22b. The washer 30 is cup-shaped and surrounds an
outer side of the washer stopper 2256. The washer 30 includes
at least one projection 38 projecting from a rim 36 in the
radially outward direction. The washer 30 of the first
embodiment includes a plurality of the projections 38
arranged at equal angular intervals. Each projection 38
extends in a straight manner and in a direction parallel to the
shaft axis AX.

As shown in FIGS. 4 and 5, a housing 50, a socket 60, and
an urging member 70 are coupled to the first end portion 22
of the shaft 20.

Referring to FIGS. 4, 5, and 7, the housing 50 accom-
modates at least a portion of the washer 30. The housing 50
includes grooves 52 that engage the projections 38. The
engagement of the projections 38 and the grooves 52 inte-
grally rotates the housing 50 and the washer 30. The housing
50 includes an inward flange 54 defining a center hole 51.

As shown in FIGS. 4, 5, and 8, the socket 60 includes a
shaft 62 fitted to the shaft opening 22¢ of the shaft 20. The
shaft 62 of the first embodiment is hexagonal and includes
six engagement surfaces or corners in correspondence with
the shaft opening 22¢. The socket 60 includes a socket
opening 68, which is in communication with the center hole
51 of the housing 50. The socket opening 68 functions as an
engagement portion that engages a rotation tool, such as, an
Allen key or an electric power tool. The socket opening 68
is, for example, a hexagonal hole. A rotation tool engages the
socket opening 68 through the center hole 51 of the housing
50.

The click mechanism 40 will now be described with
reference to FIGS. 7 to 9.
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The click mechanism 40 is arranged between the shaft 20
and the washer 30. The click mechanism 40 is configured to
allow for a relative rotation of the washer 30 and the shaft
20 when a torsion moment exceeding a torque threshold or
a rotation resistance (described later) is generated between
the washer 30 and the shaft 20. The click mechanism 40 of
the first embodiment is formed by a plurality of first click
elements 64 formed on the socket 60, a plurality of second
click elements 56 formed in the housing 50, and the urging
member 70.

The first click elements 64 are a plurality of projections
formed on an outward flange 66 of the socket 60 at equal
angular intervals around the shaft axis AX. Each projection
includes a first inclined surface 64a, a second inclined
surface 645, and a peak 64c formed between the first
inclined surface 64a and the second inclined surface 64b.
The first and second inclined surfaces 64a and 645 of the
first embodiment are inclined at the same angle with respect
to the outward flange 66 of the socket 60. The first and
second inclined surfaces 64a and 645 may be inclined at
different angles. Although the first and second inclined
surfaces 64a and 645 of the first embodiment are flat, the
first and second inclined surfaces 64a and 646 may be
curved. Although the first click element 64 of the first
embodiment is a ridge-like elongated projection, the first
click element 64 may be a tapered projection having a peak
or a hemispherical projection.

The second click elements 56 are a plurality of recesses
formed in the inward flange 54 of the housing 50 at equal
angular intervals around the shaft axis AX. Each recess
includes a third inclined surface 56a, a fourth inclined
surface 564, and a bottom 56c¢ formed between the third
inclined surface 564 and the fourth inclined surface 565. The
third and fourth inclined surfaces 56a and 564 are inclined
at the same angle with respect to the inward flange 54 of the
housing 50. The third and fourth inclined surfaces 56a and
565 may be inclined at different angles. The third and fourth
inclined surfaces 56a and 566 may be flat or curved.
Although the second click element 56 of the first embodi-
ment is a valley-like recess, the second click element 56 may
be a dimple.

As shown in FIG. 9, the urging member 70, which is
accommodated in the shaft opening 22c¢, urges the socket 60
toward the housing 50 in the axial direction. The urging
member 70 is, for example, a compression coil spring. When
the urging member 70 urges the socket 60 in the axial
direction, each of the first click elements 64 engages one of
the second click elements 56.

The operation of the click mechanism 40 will now be
described with reference to FIGS. 10 and 11.

The present description respectively defines the locations
of'the wheel securing axle 10 in FIGS. 10 and 11 as a normal
position and a shifted position of. At the normal position
shown in FIG. 10, the peaks 64c¢ of the first click elements
64 engage the bottoms 56¢ of the second click elements 56.
At the shifted position shown in FIG. 11, the peaks 64¢ of
the first click elements 64 each contact a boundary of
adjacent ones of the second click elements 56. The urging
member 70 allows the socket 60 to move in the shaft
opening 22¢ between the normal position (FIG. 10) and the
shifted position (FIG. 11) only by a click stroke SL in the
axial direction. The click mechanism 40 has a torque thresh-
old or a rotation resistance in accordance with, for example,
the geometry of the click elements 56 and 64 and the elastic
repulsion coefficient (spring constant) of the urging member
70.
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A user, who may be a rider or a serviceman, may secure
the wheel securing axle 10 to the bicycle frame 100. The
user engages a rotation tool with the socket opening 68
through the center hole 51 of the housing 50 and rotates the
socket 60 with the rotation tool. Rotation of the socket 60
rotates the shaft 20 and fastens the threaded distal portion 14
of'the wheel securing axle 10 to the female-threaded through
hole 1025 of the hub support 1005.

At least when the washer 30 is not in contact with the
fastened surface 104 of the bicycle frame 100, the socket 60
and housing 50 do not relatively rotate and the click mecha-
nism 40 generates no clicks. Thus, the shaft 20 and the
washer 30 integrally rotate.

When the non-smooth surface 34 of the washer 30 is in
contact with the fastened surface 104 of the bicycle frame
100, the wheel securing axle 10 generates an axial force or
a fastening force, and the torsion moment increases between
the washer 30 and the shaft 20. When the torsion moment
exceeds the torque threshold of the click mechanism 40, the
socket 60 and the housing 50 relatively rotate and the click
mechanism 40 generates clicks. Although the shaft 20 con-
tinues to rotate around the shaft axis AX, the click mecha-
nism 40 keeps the washer 30 non-rotated relative to the
fastened surface 104. This prevents or reduces damage
caused by rotation of the washer 30 to the fastened surface
104 when securing the wheel securing axle 10 to the bicycle
frame 100.

When relative rotation of the washer 30 and the shaft 20
occurs, the click mechanism 40 generates clicks. A user can
recognize an approximate or appropriate fastening torque
based on the clicks generated by the click mechanism 40 or
the number of the clicks.

A situation in which the user removes the wheel securing
axle 10 from the bicycle frame 100 will now be described.
In an initial stage in which the wheel securing axle 10 is
loosened, the user uses a rotation tool to rotate the socket 60
(and shaft 20) with a relatively high torque. In this case, the
click mechanism 40 continuously generates clicks. The click
mechanism 40 keeps the washer 30 from rotating when the
non-smooth surface 34 of the washer 30 is in contact with
the fastened surface 104 of the bicycle frame 100. This
prevents or reduces damage to the fastened surface 104
caused by the rotation of the washer 30.

Rotation of the shaft 20 decreases the axial force or the
fastening force of the wheel securing axle 10 and the torsion
moment between the washer 30 and the shaft 20. When the
non-smooth surface 34 of the washer 30 is disengaged from
the fastened surface 104 of the bicycle frame 100, the click
mechanism 40 stops generating clicks. The washer 30 and
the housing 50 rotate integrally with the shaft 20 and the
socket 60. This allows for removal of the wheel securing
axle 10 from the bicycle frame 100 without or practically
without the washer 30 being loose relative to the shaft 20.

The first embodiment has the advantages described below.

(1) The wheel securing axle 10 includes the shaft 20 that
includes the first end portion 22, the second end portion 24
including threads, and the shaft axis AX, the washer 30
rotationally supported by the first end portion 22 of the shaft
20, and the click mechanism 40 arranged between the shaft
20 and the washer 30. The click mechanism 40 prevents or
reduces damage to the fastened surface 104 caused by
rotation of the washer 30. Additionally, the click mechanism
40 generates clicks. This allows the user to know the
approximate fastening torque. For example, when the envi-
ronment is dim or when in a dark place, the user does not
have to see the washer 30 to recognize that the washer 30 is
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in contact with the fastened surface 104 by referring to the
clicking sound or clicking vibration of the click mechanism
40.

(2) The wheel securing axle 10 includes a housing 50,
which is coupled to the first end portion 22 and accommo-
dates at least a portion of the washer 30. The click mecha-
nism 40 is configured so that the shaft 20 rotates integrally
with the housing 50 and the washer 30 at least when the
washer 30 is not in contact with the fastened surface 104. In
this configuration, the click mechanism 40 generates no
click at least when the washer 30 is not in contact with the
fastened surface 104. This allows the user to recognize at
least whether or not the washer 30 is not in contact with the
fastened surface 104.

(3) The shaft 20 includes the shaft opening 22¢ formed in
the end surface 22a of the first end portion 22. The wheel
securing axle 10 includes the socket 60, which is fitted to the
shaft opening 22¢. The click mechanism 40 includes at least
one first click element 64, which is formed on one of the
socket 60 and the housing 50, at least one second click
element 56, which is formed on the other of the socket 60
and the housing 50, and the urging member 70. The urging
member 70 is arranged in the shaft opening 22¢ and urges
the socket 60 toward the housing 50 in the axial direction so
that the first click element 64 engages the second click
element 56. In this configuration, the click mechanism 40
generates clicks when the socket 60 simultaneously rotates
and moves in the axial direction.

(4) The socket 60 includes the socket opening 68 and the
outward flange 66. The housing 50 includes the inward
flange 54, which includes the center hole 51 that allows a
rotation tool to physically access the socket opening 68. The
first click elements 64 and the second click elements 56 are
respectively formed on the outward flange 66 of the socket
60 and the inward flange 54 of the housing 50. In this
structure, a flat surface between the first click elements 64 of
the outward flange 66 stabilizes rotation of the socket 60.
Additionally, the click mechanism 40 generates clicks in the
proximity of a rotation tool. This allows the user to directly
and sensitively feel the clicks of the click mechanism 40.

(5) The first click elements 64 are projections formed
around the shaft axis AX at equal angular intervals. Each
projection includes the first inclined surface 64a and the
second inclined surface 645, which are inclined at the same
angle or inclined at different angles. The peak 64c¢ is formed
between the first and second inclined surfaces. This structure
allows for an increase in the number of clicks of the click
mechanism 40 per rotation of the shaft 20. Additionally, the
torque threshold of the click mechanism 40 may be constant
regardless of the rotation direction of the shaft 20 or varied
in accordance with the rotation direction of the shaft 20.

(6) The second click elements 56 are recesses formed
around the shaft axis AX at equal angular intervals. Each
recess includes the third inclined surface 56a and the fourth
inclined surface 565, which are inclined at the same angle or
inclined at different angles. The bottom 56c¢ is formed
between the third and fourth inclined surfaces. This structure
allows for an increase in the number of clicks of the click
mechanism 40 per rotation of the shaft 20. Additionally, the
torque threshold of the click mechanism 40 may be constant
regardless of the rotation direction of the shaft 20 or varied
in accordance with the rotation direction of the shaft 20.

(7) When the washer 30 is in contact with the fastened
surface 104 of the bicycle frame 100, the socket 60 is
movable in the axial direction relative to the shaft 20.
Although vibration of the bicycle frame 100 is directly
transmitted to the washer 30 from the fastened surface 104,

20

25

30

40

45

55

8

movement of the socket 60 in the axial direction absorbs
some of the vibration. Thus, the click mechanism 40 reduces
the vibration transmitted to the shaft 20 and limits loosening
of the shaft 20.

(8) At least when the washer 30 is not in contact with the
fastened surface 104, the washer 30, the housing 50 and the
socket 60 are integrally movable in the axial direction
relative to the shaft 20. In this structure, when an impact is
applied in the axial direction to the shaft 20 or the housing
50, the impact is partially absorbed by the axial movement
of the shaft 20 relative to the subset of the washer 30, the
housing 50, and the socket 60. This reduces damage to the
wheel securing axle 10.

(9) The shaft 20 includes the shaft circumferential surface
26, which supports the washer 30 in a movable manner in the
axial direction, and the washer stopper 225, which projects
from the shaft circumferential surface 26 in the radially
outward direction and limits movement of the washer 30 in
the axial direction by contacting the washer 30 in the axial
direction. The click mechanism 40 includes the urging
member 70, which generates an elastic repulsion force in the
axial direction. When the washer 30 is in contact with the
fastened surface 104, the elastic repulsion force allows the
washer stopper 225 to rotate relative to the washer 30 while
contacting the washer 30. In this structure, the repulsion
force of the urging member 70 stabilizes the relative rotation
of the washer 30 and the washer stopper 225. Additionally,
separation of the washer 30 from the shaft 20 may be
prevented.

(10) The washer 30 is cup-shaped and surrounds the outer
side of the washer stopper 225b. This structure prevents or
reduces movement of the washer 30 and entrance of foreign
material between the washer 30 and the washer stopper 2264.

(11) The washer 30 includes the non-smooth surface 34,
which contacts the fastened surface 104, and the smooth
surface 32, which contacts the washer stopper 225. In this
structure, the smooth surface 32 of the washer 30 does not
interrupt rotation of the shaft 20. The non-smooth surface 34
and the smooth surface 32 significantly differ in the friction
coeflicient. Thus, the washer 30 immediately stops rotating
when contacting the fastened surface 104. This prevents or
reduces damage to the fastened surface 104 caused by
rotation of the washer 30.

(12) The wheel securing axle 10 includes the socket
opening 68, which is in communication with the center hole
51 of the housing 50 and functions as an engagement portion
engaging a rotation tool. This structure reduces the air
resistance of the wheel securing axle 10 compared with a
lever type wheel securing axle.

(13) The urging member 70 is arranged in the shaft
opening 22¢. This structure reduces the head thickness [.1
(refer to FIG. 1) of the wheel securing axle 10. The reduction
of the head thickness L1 is preferred from the viewpoint of
the air resistance. The head thickness L1 is 7.8 mm in the
first embodiment. The head thickness L1 may be smaller
than 7.8 mm.

A second embodiment of the wheel securing axle 10 will
now be described with reference to FIGS. 12 to 20 focusing
on the differences from the first embodiment.

As shown in FIG. 12, the wheel securing axle 10 includes
the basal portion 12A and the threaded distal portion 14. As
shown in FIG. 13, the shaft opening 22¢' of the shaft 20A,
which may be a hexagonal hole, functions as an engagement
portion engaging a rotation tool. The shaft opening 22¢' may
be referred to as a built-in socket. As shown in FIGS. 13 and
15, the center hole 51A of the housing 50A is non-circular,
for example, a hexagonal hole. A rotation tool may access
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the shaft opening 22¢' through the center hole 51A of the
housing 50A. The first end portion 22A of the shaft 20A
includes a nut 224". The nut 224" is formed to be fitted to the
center hole 51A of the housing 50A. Thus, the housing 50A
rotates integrally with the shaft 20A.

As shown in FIGS. 13, 14, and 17, the housing 50A is
supported by the shaft 20A (includes a shaft circumferential
surface 26A) and rotatable around the shaft axis AX together
with or without the washer 30A. A cap 80A is secured to the
shaft 20A with a C-shaped ring coupled proximate to the
shaft opening 22¢'. The urging member 70A is arranged in
an annular gap formed between the cap 80A and the housing
50A. The urging member 70A urges the housing 50A toward
the washer 30A so that the housing 50A can move in the
axial direction relative to the washer 30A. The urging
member 70A may be an undulated spring.

The click mechanism 40A of the second embodiment is
formed by a plurality of first click elements 64A formed in
the housing 50A, a plurality of second click elements 56A
formed on the washer 30A, and the urging member 70A.

As shown in FIG. 15, the first click elements 64A are a
plurality of projections formed on the inward flange 54 A of
the housing 50A at equal angular intervals around the shaft
axis AX. Each projection includes a first inclined surface
644, a second inclined surface 645", and a peak 64¢' formed
between the first inclined surface 644' and the second
inclined surface 644'. The first and second inclined surfaces
644" and 64%' of the second embodiment are inclined at
different angles with respect to the inward flange 54A of the
housing 50A. The first and second inclined surfaces 64a' and
645" of the second embodiment may be inclined at the same
angle. Although the first and second inclined surfaces 644’
and 645" of the second embodiment are flat, the first and
second inclined surfaces 644’ and 645' may be curved.
Although the first click element 64A of the second embodi-
ment is a ridge-like elongated projection, the first click
element 64A may be a tapered projection having a peak or
a hemispherical projection.

As shown in FIG. 16, the rim 36A of the washer 30A
includes an end surface 364' at a side opposite to the
non-smooth surface 34A. The end surface has a larger
diameter than the smooth surface 32A. The second click
elements 56A are a plurality of recesses formed in the end
surface 36a' of the washer 30A at equal angular intervals
around the shaft axis AX. Each recess includes a third
inclined surface 56a', a fourth inclined surface 564", and a
bottom 56¢' formed between the third inclined surface 564’
and the fourth inclined surface 565'. The third and fourth
inclined surfaces 564' and 564' are inclined at different
angles with respect to the end surface 36a' of the washer
30A. The third and fourth inclined surfaces 56a' and 565'
may be inclined at the same angle. Although the third and
fourth inclined surfaces 56a' and 564' of the second embodi-
ment are flat, the third and fourth inclined surfaces 564" and
565" may be curved. Although the second click element 56'
of'the second embodiment is a valley-like recess, the second
click element 56' may be a dimple.

The click mechanism 40A of the second embodiment
generates clicks when the first click elements 64A move
over the second click elements 56A as the shaft 20A rotates.
In this case, the housing S0A moves in the axial direction
against the urging force of the urging member 70A.

The property of the click mechanism 40A for limiting
looseness will now be described with reference to FIGS. 18
and 19.

FIG. 18 shows the wheel securing axle 10 that is not
coupled to the bicycle frame 100. A gap is formed between
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the washer 30A and the washer stopper 224'. FIG. 19 shows
the wheel securing axle 10 that is coupled to the bicycle
frame 100. The washer 30A is in contact with the washer
stopper 225" and clamped between the washer stopper 228'
and the fastened surface 104 of the bicycle frame 100. The
state of FIG. 19 is defined as a fastened state of the wheel
securing axle 10. When the wheel securing axle 10 is in the
fastened state, the urging force of the urging member 70A
continuously presses the washer 30A toward the fastened
surface 104. In this manner, the click mechanism 40A
prevents or reduces spontaneous loosening of the wheel
securing axle 10.

The second embodiment has the following advantages in
addition to the advantages of the first embodiment.

(14) The second click elements 56 A are formed on the rim
36A of the washer 30A. This structure allows for an increase
in the number of the second click elements 56A. Also, the
distance may be extended from the shaft axis AX to the
second click elements 56A. This increases the degree of
freedom for setting the torque threshold or the rotation
resistance of the click mechanism 40A.

(15) The urging member 70A urges the housing 50A
toward the washer 30A so that the housing 50A can move in
the axial direction relative to the washer 30A. This structure
allows the housing 50A and the washer 30A to move in the
axial direction so that the distance between the housing 50A
and the washer 30A becomes shorter countering the urging
force of the urging member 70A. This prevents or reduces
looseness of the wheel securing axle 10.

(16) The housing 50A is rotatable around the shaft axis
AX together with or without the washer 30A. This structure
keeps the washer 30 non-rotated when the housing 50A
rotates integrally with the shaft 20A. This prevents or
reduces damage to the fastened surface 104 caused by
rotation of the washer 30.

(17) The shaft 20A includes the shaft opening 22¢', which
functions as a built-in socket formed in the end surface 224'
of'the first end portion 22'. This structure allows for enlarge-
ment of an inner diameter of the engagement portion engag-
ing a rotation tool. For example, the socket opening 68 of the
first embodiment is rotated with a rotation tool of 4 mmg¢,
and the shaft opening 22¢' of the second embodiment is
rotated with a rotation tool of 6 mm¢. The socket opening 68
of the first embodiment may be rotated with a rotation tool
of 5 or 6 mm¢. The shaft opening 22¢' of the second
embodiment may be rotated with a rotation tool of 5 or 6
mmé.

Only several embodiments have been selected and
described to illustrate the present invention. However, the
present invention is not limited to the above embodiments
(and one or more aspects of the embodiments). For example,
the embodiment may be modified as follows.

As shown in FIG. 12, an elastic element 16 may be
arranged on the second end portion 24 A of the shaft 20A at
a distal side of the threads to prevent separation of the shaft
20A. The elastic element 16 has the maximum outer dimen-
sion, which is larger than the diameter of the second end
portion 24A, and may be elastically compressed to a com-
pression dimension that is smaller than or equal to the
diameter of the second end portion 24A. The elastic element
16 is, for example, an O-ring (FIG. 20). In a modified
example of FIG. 21, an elastic element 164 includes at least
one thin plate spring 165 and a C-shaped ring 16¢. The thin
plate spring 165 includes a free end and a basal end joined
to the C-shaped ring 16¢. As shown in FIG. 22, the thin plate
spring 164 is arranged on the most distal end of the wheel
securing axle 10.
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As shown in FIG. 23, the wheel securing axle 10 of the
embodiments and the modified examples may cooperate
with a hub axle 92 (also referred to as a hollow hub axle) and
a hub shell 94 to form a bicycle assembly 90. The hub axle
92 having a hub axis HA is secured to the bicycle frame 100
by the wheel securing axle 10. The hub shell 94 is supported
by the hub axle 92 and rotatable at least around the hub axis
HA. The hub axle 92 and the hub shell 94 may be ones that
are known and will not be described in detail.

In the embodiments, the projections and recesses of the
click mechanism 40 may be switched with one another. For
example, the first click elements 64 may be formed on the
housing 50, and the second click elements 56 may be formed
on the socket 60. The same configuration may be applied to
the second embodiment.

The number of the first click elements 64 is not limited as
long as there is at least one. The number of the second click
elements 56 is not limited as long as there is at least one.
When one of the first click elements 64 and the second click
elements 56 includes one element, it is preferred that the
other includes more than one element.

A nut may be fastened to the threaded second end portion
24 of the shaft 20. In this case, the hub support 1005 of the
bicycle frame 100 may include a through hole in lieu of the
female-threaded through hole 1025.

The shaft 20 of the embodiment is a hollow body having
a center through passage. The shaft 20, excluding the shaft
opening 22¢, may be a solid body.

The wheel securing axle 10 may be a front securing axle
used to secure a front hub axle to the bicycle frame 100 or
a rear securing axle used to secure a rear hub axle to the
bicycle frame 100.

The term “comprising” and its derivatives, as used herein,
are intended to be open-ended terms that specify the pres-
ence of the stated features, elements, components, groups,
integers, and/or steps. This concept also applies to words of
similar meaning, for example, the terms “have”, “include”
and their derivatives.

The term “contact” as used herein, encompasses configu-
rations in which an element directly contacts another ele-
ment; and configurations in which the element indirectly
contacts the other element through adhesive.

The terms “part”, “section,” “portion,” “member” or
“element” when used in the singular can have the dual
meaning of a single part or a plurality of parts.

The term “slant”, “slanting”, “slanted” or “inclined”, as
used herein, encompasses not only straight/linear configu-
rations but also arching/curving/waved configurations as
long as such configurations incline with respect to a base-
line.

The ordinal numbers such as “first” and “second” recited
in the present application are merely identifiers, but do not
have any other meanings, for example, a particular order and
the like. Moreover, for example, the term “first element”
itself does not imply an existence of “second element”, and
the term “second element” itself does not imply an existence
of “first element.”

The term “a” or “an” entity refers to one or more of that
entity. As such, the terms “a” (or “an”), “one or more” and
“at least one” can be used interchangeably herein.

The phrases “at least one”, “one or more”, and “and/or”
are open-ended expressions that are both conjunctive and
disjunctive in operation. For example, each of the expres-
sions “at least one of A, B and C”, “at least one of A, B, or
C”, “one or more of A, B, and C”, “one or more of A, B, or
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C” and “A, B, and/or C” means A alone, B alone, C alone,
A and B together, A and C together, B and C together, or A,
B and C together.

It should be apparent to those skilled in the art that the
present invention may be embodied in many other specific
forms without departing from the scope of the invention. For
example, some components disclosed in the embodiments
(and one or more aspects of the embodiments) may be
omitted or combined. The present examples and embodi-
ments are to be considered as illustrative and not restrictive,
and the invention is not to be limited to the details given
herein, but may be modified within the scope and equiva-
lence of the appended claims.

The invention claimed is:

1. A wheel securing axle comprising:

a shaft that includes a first end portion, a second end

portion including a thread, and a shaft axis;

a washer rotationally supported by the first end portion of

the shaft; and

a click mechanism having a torque threshold so that the

click mechanism generates clicks when a torsion
moment between the washer and the shaft exceeds the
torque threshold, wherein

the shaft includes a shaft opening formed in an end

surface of the first end portion,

the wheel securing axle further includes a socket fitted to

the shaft opening,

the click mechanism includes

at least one first click element formed on one of the
socket and a housing,
at least one second click element formed on the other
of the socket and the housing, and
an urging member that is arranged in the shaft opening and
urges the socket toward the housing in an axial direction so
that the first click element engages the second click element,
wherein

the socket includes a socket opening and an outward

flange,

the housing includes an inward flange that includes a

center hole allowing a rotation tool to physically access
the socket opening, and

the at least one first click element and the at least one

second click element are formed on the outward flange
of the socket and the inward flange of the housing
respectively.

2. The wheel securing axle according to claim 1, wherein
the click mechanism is configured to allow the shaft to rotate
around the shaft axis when the washer is in contact with a
fastened surface and kept from rotating relative to the
fastened surface.

3. The wheel securing axle according to claim 2, wherein
the click mechanism is configured so that the washer rotates
integrally with the shaft at least when the washer is not in
contact with the fastened surface.

4. The wheel securing axle according to claim 2, further
comprising a housing that is coupled to the first end portion
and accommodates at least a portion of the washer,

wherein the click mechanism is configured so that the

shaft rotates integrally with the housing and the washer
at least when the washer is not in contact with the
fastened surface.

5. The wheel securing axle according to claim 1, wherein
a housing is supported by the shaft so that the housing is
rotatable around the shaft axis together with or free from the
washer.
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6. The wheel securing axle according to claim 1, wherein

the at least one first click element is a plurality of
projections formed around the shaft axis at equal angu-
lar intervals,

each of the projections includes first and second inclined

surfaces inclined at the same angle or at different angles
and a peak formed between the first and second
inclined surfaces.

7. The wheel securing axle according to claim 1, wherein

the at least one second click element is a plurality of

recesses formed around the shaft axis at equal angular
intervals,

each of the recesses includes third and fourth inclined

surfaces that are inclined at the same angle or at
different angles and a bottom formed between the third
and fourth inclined surfaces.

8. The wheel securing axle according to claim 1, wherein
the socket is movable in the axial direction relative to the
shaft when the washer is in contact with a fastened surface.

9. The wheel securing axle according to claim 1, wherein
the washer, the housing, and the socket each are movable in
the axial direction relative to the shaft at least when the
washer is not in contact with a fastened surface.

10. The wheel securing axle according to claim 1, wherein

the shaft includes

a shaft circumferential surface that supports the washer
so that the washer is movable in the axial direction,
and

a washer stopper that projects from the shaft circum-
ferential surface in a radially outward direction and
limits movement of the washer in the axial direction
by contacting the washer in the axial direction,
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the click mechanism includes an urging member that
generates an elastic repulsion force in the axial direc-
tion to allow the washer stopper to rotate relative to the
washer while contacting the washer when the washer is
in contact with a fastened surface.

11. The wheel securing axle according to claim 10,
wherein the washer is a cup-shaped washer that surrounds an
outer side of the washer stopper.

12. The wheel securing axle according to claim 10,
wherein the washer includes

a non-smooth surface that contacts the fastened surface,

and

a smooth surface that contacts the washer stopper.

13. The wheel securing axle according to claim 1, further
comprising an elastic element that is arranged on the second
end portion of the shaft toward a distal side from the thread
to prevent separation of the shaft, wherein the elastic ele-
ment has a maximum outer dimension that is larger than a
diameter of the thread, and the elastic element is capable of
being elastically compressed to the diameter of the thread or
smaller.

14. The wheel securing axle according to claim 1, wherein
the shaft is a hollow body including a center through
passage.

15. A bicycle hub assembly comprising:

the wheel securing axle according to claim 1;

a hub axle that includes a hub axis and is secured to a

bicycle frame by the wheel securing axle; and

a hub shell that is supported by the hub axle to be rotatable

at least around the hub axis.
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