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[Document Name] Specification

[Title of the Invention] Propeller Shaft and Propeller Shaft Connection Method

[Technical Field]

[0001]

The present invention relates to a propeller shaft and a method for connecting a propeller
shaft, which is applied, for example, to an automobile and transmits driving force from a drive
source to a drive wheel.

[Background Art]

[0002]

A conventional, known propeller shaft is described in Patent Document 1 listed below.
[0003]

One end in the axial direction of the propeller shaft is connected via a constant velocity joint
to a first shaft on the drive source side and the other end is connected via a constant velocity
joint to a second shaft on the drive wheel side. In this case, the first shaft and second shaft
are connected to each of the constant velocity joints by engaging a circlip fitted on the outer
circumference of the first shaft and second shaft with an annular engagement groove formed
in the inner circumference of each constant velocity joint (inner ring member).

[Prior Art Documents]

[Patent Documents]

[0004]

[Patent Document 1] JP 2013-194895 A

[Summary of the Invention]

[Problem to Be Solved by the Invention]

[0005]

However, because in the aforementioned conventional propeller shaft, a circlip is configured
to be engaged with an engagement groove on the inner circumference of each constant
velocity joint (inner ring member), engagement of the circlips cannot be checked from the
outside, and there is a risk that the propeller shaft may not be assembled properly.

[0006]

In view of this technical problem associated with conventional propeller shafts, it is an object

of the present invention to provide a propeller shaft and a method for connecting a propeller
shaft in which the engagement state of a circlip can be viewed from the outside.
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[Means for Solving the Problem]
[0007]

The present invention is a propeller shaft characterized in comprising: a shaft portion
interposed between a first shaft on a drive source side, being a rotating shaft on a vehicle
side, and a second shaft on the drive wheel side; a cylindrical portion provided rotatably as
an integrated unit with the shaft portion and having the rotating shaft on the vehicle side
inserted on an inner circumferential side therein; a through-hole formed in a circumferential
range of a part of the cylindrical portion and diametrically opposed to an engagement groove
provided on an outer circumferential side of the rotating shaft on the vehicle side with the
rotating shaft on the vehicle side inserted on the inner circumferential side of the cylindrical
portion; and a circlip fitted from the outer circumferential side of the cylindrical portion, a part
in the circumferential direction surrounding the outer circumferential side of the cylindrical
portion, and provided so that another part in the circumferential direction can be engaged
with the engagement groove by facing the inner circumferential side via the through-hole.

[Effects of the Invention]

[0008]

In the present invention, because a circlip is fitted over the cylindrical portion to keep the
rotating shaft on the vehicle side from slipping out, the circlip can be viewed from the outside
to ensure that the rotating shaft on the vehicle side is properly secured by the circlip.

[0009]

Furthermore, in the present invention, because the circlip can be engaged with the
engagement groove by inserting the rotating shaft on the vehicle side with the circlip pre-
fitted on the cylindrical portion, engagement using the circlip is easier and the operability of
connecting the propeller shaft to the rotating shaft on the vehicle side is improved.

[Brief Description of the Drawings]

[0010]

[Fig. 1] Fig. 1 is a side view of the propeller shaft in the present invention.

[Fig. 2] Fig. 2 is an expanded view of the important portion of the input shaft (output shaft)
shown in Fig. 1.

[Fig. 3] Fig. 3 is a longitudinal cross-sectional view of the input shaft inserted into the inner
ring member of the first constant velocity joint shown in Fig. 1.

[Fig. 4] Fig. 4 is a perspective view near the cylindrical portion of the second constant velocity
joint shown in Fig. 1.

[Fig. 5] Fig. 5 is a partial longitudinal sectional view of Fig. 4.
[Fig. 6] Fig. 6 is a cross-sectional view from line A-A in Fig. 5.

[Fig. 7] Fig. 7 is a longitudinal cross-sectional view of the output shaft inserted into the
cylindrical portion of the second constant velocity joint shown in Fig. 1.
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[Fig. 8] Fig. 8 is a cross-sectional view from line B-B in Fig. 7.
[Fig. 9] Fig. 9 is an enlarged view of portion C in Fig. 7.

[Fig. 10] Fig. 10 is equivalent to Fig. 8, showing engagement and disengagement with the
circlip, in which (a) shows the engaged state and (b) shows the disengaged state.

[Fig. 11] Fig. 11 shows the state before connecting the propeller shaft and output shaft, in
which (a) is a side view and (b) is a cross section from line D-D in (a).

[Fig. 12] Fig. 12 shows the state while connecting the propeller shaft and output shaft, in
which (a) is a side view and (b) is a cross section from line E-E in (a).

[Fig. 13] Fig. 13 shows the state after connecting the propeller shaft and output shaft, in
which (a) is a side view and (b) is a cross section from line F-F in (a).

[Fig. 14] Fig. 14 is equivalent to Fig. 9 and represents a modified example of the first
embodiment of the present invention.

[Fig. 15] Fig. 15 is equivalent to Fig. 8, showing engagement with the circlip in the second
embodiment of the present invention.

[Fig. 16] Fig. 16 is equivalent to Fig. 8, showing engagement with the circlip in the third
embodiment of the present invention.

[Fig. 17] Fig. 17 is equivalent to Fig. 8, showing engagement with the circlip in the fourth
embodiment of the present invention.

[Fig. 18] Fig. 18 is equivalent to Fig. 8, showing engagement with the circlip in the fifth
embodiment of the present invention.

[Fig. 19] Fig. 19 is equivalent to Fig. 8, showing engagement with the circlip in the sixth
embodiment of the present invention.

[Embodiments of the Invention]
[0011]

The following is a detailed description of embodiments of the propeller shaft and propeller
shaft connecting method of the present invention with reference to the drawings. In the
following embodiments, the propeller shaft and propeller shaft connecting method will be
explained as applied to the propeller shaft of an automobile.

[0012]
(First Embodiment)

Fig. 1 to Fig. 13 show the propeller shaft and propeller shaft connecting method in the first
embodiment of the present invention. Fig. 1 is a side view of the propeller shaft in the present
invention, and represents the entire aspect of the propeller shaft. In the following explanation,
for the sake of convenience, the left side in Fig. 1 is referred to as the “front” and the right
side is referred to as the “rear.” The direction along the center axis of rotation in Fig. 1 is
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referred to as the “axial direction” and the direction around the center axis of rotation is
referred to as the “circumferential direction.”

[0013]
(Configuration of the Propeller Shaft)

The propeller shaft 1 has a drive shaft 4 rotatably connected as an integrated unit via a first
constant velocity joint J1 to an input shaft 2 coupled to a transmission (not shown), and a
driven shaft 5 rotatably connected as an integrated unit via a second constant velocity joint
J2 to an output shaft 3 coupled to a differential (not shown). Both shafts 4, 5 are rotatably
connected as an integrated unit via a third constant velocity joint 13, and are rotatably
supported via a center bearing 7 that is provided near the third constant velocity joint J3 and
that is suspended in the vehicle body (not shown) via brackets 6 that are well known in the
art. The drive shaft 4 and the driven shaft 5 constitute the shaft portion of the present
invention.

[0014]

Fig. 2 shows an enlarged view of the important portions of the input and output shafts, in
which the ends of the propeller shaft connected to the input and output shafts have been
enlarged.

[0015]

The input shaft 2 and output shaft 3 are primarily composed of a large diameter portion 11
that is connected to the transmission or differential, a stepped medium-diameter portion 12
integrally provided at the end of the large diameter portion 11, and a small diameter portion
13 integrally provided at the end of the medium-diameter portion 12.

[0016]

The medium-diameter portion 12 has an annular engagement groove 14 formed in the
circumferential direction on the large diameter portion 11 side where a circlip 8 (see Fig. 4)
is engaged to stop the input shaft 2 and output shaft 3 from slipping out when connecting
them to the first and second constant velocity joints J1 and J2.

[0017]

Meanwhile, on the small diameter portion 13 side, a seal groove 15 is formed in the
circumferential direction where a seal ring (not shown) is fitted to keep moisture and other
debris from entering the interior of the first and second constant velocity joints J1, ]2.

[0018]

The engagement groove 14 has a bottom surface 14a and a pair of rising surfaces consisting
of a small diameter side rising surface 14b and a large diameter side rising surface 14c that
stand on both axial ends of the bottom surface 14a.

[0019]

Between both rising surfaces 14b, 14c, the small diameter side rising surface 14b on the
opposite side (first and second constant velocity joints J1, ]2 side) from the pullout direction
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is configured as an upward sloped wall toward the first and second constant velocity joints J1,
J2 and is set so that the angle 81 on the engagement groove 14 side of the angle between
the small diameter side rising surface 14b and the rotation center axis line Z is greater than
90° and less than 180°.

[0020]

Meanwhile, large diameter side rising surface 14c in the pullout direction (opposite the first
and second constant velocity joint J1, J2 side) is configured as an upright wall in which the
angle 62 between the large diameter side rising surface 14c and the rotation center axis Z is
set to be almost orthogonal.

[0021]

In addition, on the seal groove 15 side opposite the first and second constant velocity joint
J1, ]2 sides, a tapered portion 16 is formed that slopes downward toward the seal groove 15,
that is, toward the insertion direction for the input shaft 2 and output shaft 3.

[0022]

The small diameter portion 13 has a male spline 17 formed along the entire outer
circumferential surface in the axial direction. The tapered portion 18 is formed at the leading
end of the small diameter portion 13, and the tapered portion 18 guides insertion into the
cylindrical portion 30, which is described below, for easy insertion.

[0023]

Fig. 3 is a longitudinal cross-sectional view of the input shaft inserted into the first constant
velocity joint.

[0024]

The first constant velocity joint J1 primarily comprises an outer ring member 21 connected to
the drive shaft 4 at one end in the axial direction, an inner ring member 22 arranged on the
inner circumference of the outer ring member 21 and receiving drive torque from the input
shaft 2, and a plurality of rolling balls 23, which are rollably interposed between the inner ring
member 22 and the outer ring member 21 and held in place via a retainer 24.

[0025]

The outer ring member 21 is substantially cup-shaped with an opening at the other end in
the axial direction, and in the inner circumference, a ball engagement groove 21a is linearly
cut in the axial direction as an axial groove to regulate the relative movement of the outer
ring member 21 and the inner ring member 22 in the circumferential direction by engaging
each ball 23 while allowing for relative movement of the outer ring member 21 and inner ring
member 22 in the axial direction by the rolling motion of each ball 23.

[0026]

The inner ring member 22 has a substantially cylindrical shape, with a through-hole 22a
formed in the internal axial direction, and a female spline 25 formed in the axial direction on
the inner circumference of the through-hole 22a to axially engage the male spline 17 of the
input shaft 2. On the outer circumference along which each of the balls 23 rolls, a ball
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engagement groove 22b, which is an axial groove similar to the ball engagement groove 21a
of the outer ring member 21, is formed in a straight line in the axial direction.

[0027]

An annular retaining groove 26 for retaining the circlip 8 is formed in the circumferential
direction near the front edge of the inner ring member 22. A pair of through-holes, a first
through-hole 31 and a second through-hole 32, diametrically opposed to the engagement
groove 14 of the input shaft 2 that allow the engagement groove 14 to be exposed to the
outside when the input shaft 2 is inserted into the insertion hole 22a of the inner ring member
22, are provided in the radial direction in a circumferential portion of the retaining groove 26.

[0028]

Because the retaining groove 26 and first and second through-holes 31, 32 are the same as
those provided in the cylindrical portion 30 of the second constant velocity joint J2 described
below, for the sake of convenience, the specific configuration is described below along with
the configuration of the cylindrical portion 30.

[0029]

Between the outer ring member 21 and the inner ring member 22, a waterproof boot 27 is
mounted over both the outer ring member 21 and the inner ring member 22 to protect the
first constant velocity joint J1 from water and debris. This waterproof boot 27 has a folded
middle portion so as to be extendable in the axial direction, and one end of the axial direction
is crimped and secured to the outer circumference of the leading end side of the outer ring
member 21 via a mounting attachment 27a, while the other end is strapped and secured to
the outer circumference of the leading end side of the inner ring member 22 via any boot
band 27b common in the art.

[0030]

Fig. 4 is a perspective view of the second constant velocity joint near the cylindrical portion,
Fig. 5 is a partial cross-sectional view near the cylindrical portion, and Fig. 6 is a cross-
sectional view from line A-A in Fig. 5. Fig. 7 is a longitudinal cross-sectional view of the output
shaft inserted into the cylindrical portion of the second constant velocity joint, Fig. 8 is a
cross-sectional view from line B-B in Fig. 7, and Fig. 9 shows an enlarged view of portion C in
Fig. 7.

[0031]

The second constant velocity joint J2 has, at its rear end, a cylindrical portion 30 that is nearly
cylindrical and that extends in the axial direction for connection with the output shaft 3, an
insertion hole 30a formed in the inner axial direction of the cylindrical portion 30, and a female
spline 28 for axially engaging with the male spline 17 of the output shaft 3 formed in the axial
direction on the inner circumference of the insertion hole 30a.

[0032]

An annular retaining groove 26 for retaining the circlip 8 is formed in the circumferential
direction near the rear edge of the cylindrical portion 30. A pair of through-holes, a first
through-hole 31 and a second through-hole 32, diametrically opposed to the engagement
groove 14 of the output shaft 3 that allow the engagement groove 14 to be exposed to the
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outside when the output shaft 3 is inserted into the insertion hole 30a of the cylindrical portion
30, are provided in the radial direction in a circumferential portion of the retaining groove 26.
In other words, a portion of the circumferential range in which the first and second through-
holes 31, 32 are provided but beyond the first and second through-holes 31, 32 is configured
as the retaining groove 26.

[0033]

More specifically, the first and second through-holes 31, 32 are provided opposite each other
at positions that are spaced apart in the circumferential direction and symmetrical with
respect to the rotation center axis line Z, by cutting a circumferential part of the retaining
groove 26 in a straight line in the vertical direction in Fig. 6.

[0034]

The first and second through-holes 31, 32 are formed so that their respective shapes and
positions are orthogonal to the rotation center axis Z and are line-symmetrical with respect
to a virtual line L1 passing through the rotation center axis Z. In this way, the circlip 8 is
provided in a line-symmetrical manner with respect to the virtual line L1.

[0035]

In addition, the first and second through-holes 31, 32 are formed symmetrically with respect
to a second virtual line L2 that passes through the rotation center axis Z and is orthogonal to
the rotation center axis Z, and the retaining groove 26 is provided symmetrically with respect
to the second virtual line L2.

[0036]

In addition, as described above, a first flat portion 33 and a second flat portion 34, which are
a pair of flat portions parallel to virtual line L1, are formed on both end edges of retaining
groove 26 in which the first and second through-holes 31, 32 are linearly cut in a vertical
direction in Fig. 6.

[0037]

Here, the first and second through-holes 31, 32 are aligned with (completely overlapping) an
engagement groove 14 in the output shaft 3 at an axial position at which leading end surface
30b of the cylindrical portion 30 comes into contact with an end surface 11a of the large
diameter portion 11 of the output shaft 3 which serves as an abutting portion.

[0038]

In other words, the leading end surface 30b of the cylindrical portion 30 is brought in contact
with the end surface 11a of large diameter portion 11 of the output shaft 3 when the output
shaft 3 is properly inserted into the insertion hole 30a and the circlip 8 is engaged with the
engagement groove 14. This contact enables confirmation that the output shaft 3 is properly
connected to the cylindrical portion 30.

[0039]

A waterproof boot 35, which prevents infiltration of the first and second through-holes 31, 32
by water and debris, is mounted on the cylindrical portion 30 so as to extend over the
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cylindrical portion 30 and the output shaft 3 and cover first and second through-holes 31, 32.
This waterproof boot 35 has a middle portion structured in a substantially bellows-like manner
so as to be able to expand and contract telescopically in the axial direction, and the cylindrical
portion 30 is attached and fixed to a boot attachment portion 36, which is located at the base
end with one end in the axial direction on the outer circumference of the cylindrical portion
30 and the opposite end being the insertion opening of the output shaft 3 with respect to the
first and second-through-holes 31, 32.

[0040]

The circlip 8 is formed by bending metal with a cross-sectional shape that is nearly circular
into a substantially wedge shape, and has a linear diameter that is slightly smaller than the
groove depth (radial width) of the retaining groove 26, and the circlip includes: a first insertion
portion 41 and a second insertion portion 42 which are straight line portions formed linearly
and parallel to first and second flat portions 33, 34 and inserted into first and second through-
holes 31, 32; a connecting part 43 that is formed in an arc shape along the outer
circumference of the outer circumferential surface of the upper retaining groove 26a in the
retaining groove 26, and that connects one end of the first and second insertion portions 41,
42 (the upper end in Fig. 8) of the circumferential direction; and first and second engagement
portions 41, 42 extended to the other end side of the first and second insertion portions 41,
42, and formed in an arc shape along the outer circumference of the outer circumferential
surface of the lower retaining groove 26b in Figure 8, which surrounds the outer circumference
of the retaining groove 26.

[0041]

Then, detachment of the circlip 8 fitted in the retaining groove 26 is prevented by a crimped
portion 37 formed by crimping part of the opening edge of the retaining groove 26 with the
circlip 8 fitted into the retaining groove 26. In the present embodiment, a crimped portion 37
is formed on the open edge of the retaining groove 26. However, a crimped portion 37 does
not have to be provided in the retaining groove 26. Although not specifically shown in the
drawings, the circlip 8 can be prevented from becoming detached from the retaining groove
26 by providing a crimped portion 37 on a part of the circlip 8 in the circumferential direction.

[0042]

The first and second insertion portions 41, 42 are inserted into the first and second through-
holes 31, 32 so as to abut against the flat surface portions 33, 34 of the upper retaining
groove 26a and lower retaining groove 26b, and span the flat surface portions 33, 34. By
looking into the inner circumferential side of the cylindrical portion 30 via the through-holes
31, 32, the portions X1 and X1 indicated by the shaded areas in Fig. 8 are engaged with the
side walls (rising surfaces 14b and 14c) of the engagement groove 14 in the cylindrical portion
30.

[0043]

The first and second engagement portions 44, 45 are formed so that when the circlip 8 is
properly attached, they are housed and retained in the retaining groove 26 as described above,
with a slight gap C1 with the retaining groove 26b and the outer circumference 30c of the
cylindrical portion 30, so that they do not protrude (project) from the outer circumferential
surface 30c.
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[0044]

Fig. 10 is equivalent to Fig. 8, showing engagement and disengagement with the circlip, in
which (a) shows the engaged state and (b) shows the disengaged state.

[0045]

At the leading end of the first and second engagement portions 44, 45, tool engagement
surfaces 44a, 45a, are formed that serve as tool engagement portions for engaging a pliers-
like tool 40 used to release the retained circlip 8 fitted in the retention groove 26 (see Fig. 8).
The tool engagement surfaces 44a, 45a are surfaces that are substantially orthogonal
perpendicular to the direction of extension of the first and second engagement portions 44,
45, and are configured so that they form a “V” shape when viewed from the front when fitted
into the retaining groove 26.

[0046]

When disconnecting the cylindrical portion 30 from the output shaft 3 using this configuration,
as shown in Fig. 10 (a), the tips 40a and 40b of the two-pronged tool 40 are brought into
contact with the tool engagement surfaces 44a, 45a, and as shown in Fig. 10 (b), the two
ends 40a, 40b are opened outward and the first and second insertion portions 44, 45 are
pushed outward to disengage the first and second engagement portion 41, 42 from their
engaged state, and pull the output shaft 3 from the cylindrical portion 30.

[0047]
(Connection Method Between Propeller Shaft and Output Shaft)

The following is an explanation of how the propeller shaft and output shaft are connected in
this embodiment, based on Fig. 11 to Fig. 13. Fig. 11 shows the state before connection,
Fig. 12 shows the state during connection, and Fig. 13 shows the state after connection. In
addition, (a) in each figure shows a side view of the propeller shaft and output shaft, and
(b) shows a cross-sectional view of the same along line D-D in (a).

[0048]

First, as shown in Fig. 11, the circlip 8 is fitted into the retaining groove 26 in the cylindrical
portion 30 of the second constant velocity joint J2 from above. Afterward, the output shaft 3
is inserted in the axial direction into the through-hole 30a in the cylindrical portion 30 with
the circlip 8 attached.

[0049]

Then, as shown in Fig. 12, the output shaft 3 enters the insertion hole 30a in the cylindrical
portion 30 via the first and second through-holes 31, 32, pushing apart (elastically deforming)
the first and second insertion portions 41, 42 that face the inner circumferential side of the
cylindrical portion 30 (inside the insertion hole 30a) via the tapered portion 16. The first and
second insertion portions 41, 42 overcome the largest diameter, and when the leading end
surface 30b of the cylindrical portion 30 comes into contact with the end surface 11a of the
large diameter portion 11 of the output shaft 3, as shown in Fig. 13, the restored first and
second insertion portions 41, 42 engage with the engagement groove 14, completing the
connection between the propeller shaft 1 and the output shaft 3.
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[0050]

In this embodiment, as described above, the circlip 8 is engaged in the engagement groove
14 when the end surface 11a of the large diameter portion 11 of the output shaft 3 comes
into contact with the leading end surface 30b of the cylindrical portion 30, and when the
output shaft 3 has not been inserted completely, as shown in Fig.12 (b), the first and second
insertion portions 41, 42 ride up on the tapered section 16 and protrude (stick out) from the
retaining groove 26.

[0051]

In other words, whether or not the leading end surface 30b of the cylindrical portion 30 is in
contact with the end surface 11a of the large diameter portion 11 of the output shaft 3 and
whether or not the first and second engagement portions 44, 45 of the circlip 8 protrude from
the outside of the engagement groove 14 (the outer circumferential surface 30c of the
cylindrical portion 30), that is, the engagement state of the circlip 8, can be seen from outside
of the propeller shaft 1.

[0052]
(Operations and Effects of the Embodiment)

As described above, the propeller shaft 1 in the present embodiment comprises: a shaft
portion that is inserted between an input shaft, which is a rotating shaft on a vehicle side,
and an output shaft 3; a cylindrical portion 30 provided rotatably as an integrated unit with
the shaft portion and having the rotating shaft on the vehicle side inserted on an inner
circumferential side therein; through-holes 31, 32 formed in a circumferential range of a part
of the cylindrical portion 30 and diametrically opposed to an engagement groove 14 provided
on an outer circumferential side of the rotating shaft on the vehicle side with the rotating
shaft on the vehicle side inserted on the inner circumferential side of the cylindrical portion
30; and a circlip 8 fitted from the outer circumferential side of the cylindrical portion 30, a
part in the circumferential direction surrounding the outer circumferential side of the
cylindrical portion 30, and provided so that another part in the circumferential direction can
be engaged with the engagement groove 14 by facing the inner circumferential side via the
through-holes 31, 32.

[0053]

In other words, when the rotating shaft on the vehicle side is inserted into the cylindrical
portion 30 with the circlip 8 attached to the cylindrical portion 30 as described above, a portion
in the circumferential direction of the circlip 8 that faces the inner circumferential surface of
the cylindrical portion 30 via the through-holes 31, 32 can be engaged with the engagement
groove 14,

[0054]

Thus, by fitting the circlip 8 into the cylindrical portion 30 in a way that prevents the rotating
shaft on the vehicle side from becoming detached, it is possible to view from the outside the
state of the rotating shaft on the vehicle side being held in place by the circlip 8, and this can
be used to ensure that the circlip 8 is properly keeping the shaft from becoming detached.
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[0055]

Also, because the circlip 8 can be engaged in the engagement groove 14 in this configuration
by inserting the rotating shaft on the vehicle side with the circlip 8 already fitted on the
cylindrical portion 30, the circlip 8 makes the fastening operation easier, and improves the
workability of connecting the propeller shaft 1 and the rotating shaft on the vehicle side.

[0056]

In addition, the cylindrical portion 30 has a retaining groove 26 for retaining the circlip 8 in a
part of the circumferential range in which the through-holes 31, 32 are provided but beyond
the through-holes 31, 32. By having the circlip 8 held in the retaining groove 26 in this way,
axial displacement of the circlip 8 that occurs when the rotating shaft on the vehicle side is
inserted can be suppressed, and the amount of protrusion from the outer circumferential
surface 30c of the cylindrical portion 30 by the circlip 8 can also be suppressed.

[0057]

In addition, the retaining groove 26 is formed in an annular shape. By forming a retaining
groove 26 with an annular shape, engagement between the retaining groove 26 and the circlip
8 can be secured to a greater extent. This configuration also makes it easier to perform
machining when the retaining groove 26 is formed by machining.

[0058]

In addition, the through-holes 31, 32 are composed of a first through-hole 31 and a second
through-hole 32, which are spaced apart in the circumferential direction of the cylindrical
portion 30. By configuring the through-holes as a pair of through-holes 31, 32 in this way,
the engagement force with the circlip 8 is stronger compared to when a single through-hole
is used, and the rotating shaft on the vehicle side is more readily kept from becoming
detached.

[0059]

The first and second through-holes 31, 32 are also arranged in symmetrical positions with
respect to the rotational center axis Z of the cylindrical portion 30. This configuration improves
the balance of the circlip 8 when it is expanded, and improves the workability of connecting
the propeller shaft 1 to the rotating shaft on the vehicle side.

[0060]

In addition, the first and second through-holes 31, 32 are formed so that their shapes and
positions are orthogonal to the rotational center axis Z of the cylindrical portion 30 and are
line-symmetric with respect to the virtual line L1 passing through the rotational center axis
Z, and the circlip 8 is provided in a line-symmetric manner with respect to the virtual line L1.
This configuration allows the propeller shaft 1 to be engaged and secured regardless of the
direction in which the circlip 8 is inserted, and further improves the workability of connecting
the propeller shaft 1 to the rotating shaft on the vehicle side.

[0061]

In addition, the first and second through-holes 31, 32 are formed by cutting through a part
of the cylindrical portion 30, a pair of flat surfaces, namely, a first and second flat surface 33,
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34, are formed at both ends in the circumferential direction of the rotational center axis Z,
and the first and second flat surfaces 33, 34 are provided parallel to the virtual line L1. This
configuration has the advantage of allowing for greater engagement with the circlip 8.

[0062]

In addition, the circlip 8 has first and second insertion portions 41, 42, which are linear
portions formed in a straight line, that come into contact with the first and second flat portions
33, 34. This configuration has the advantage of allowing the first and second flat portions 33,
34 and the first and second insertion portions 41, 42, which are straight sections, to be
brought into contact with each other, thereby ensuring greater engagement with the circlip 8.

[0063]

The cylindrical portion 30 also has a retaining groove 26 for retaining the circlip 8 in a part of
the circumferential range in which the first and second through-holes 31, 32 are provided,
but away from the first and second through-holes 31, 32. When a second virtual line L2 is a
virtual line that passes through the rotation center axis Z and is orthogonal to the rotation
center axis Z, the first and second through-holes 31, 32 are formed line-symmetric with
respect to the second virtual line L2, and the retaining groove 26 is formed line-symmetric
with respect to the second virtual line L2. By forming the first and second through-holes 31
and 32 and the retaining groove 26 in this way so that they are line-symmetric in the vertical
and horizontal directions, the degree of freedom for the direction of insertion of the circlip 8
is improved, thereby improving the workability of the connection between the propeller shaft
1 and the rotating shaft on the vehicle side.

[0064]

In addition, the through-holes 31 and 32 are composed of a first through-hole 31 and a second
through-hole 32, which are spaced apart in the circumferential direction of the cylindrical
portion 30, and the circlip 8 includes a first insertion portion 41 that is inserted into the first
through-hole 31, a second insertion portion 42 that is inserted into the second through-hole
32, a connecting portion 43 connecting one end in the circumferential direction of the first
insertion portion 41 and one end in the circumferential direction of the second insertion
portion 42, a first engagement portion 44 that extends to the other end in the circumferential
direction of the first insertion portion 41, and a second engagement portion 45 that extends
to the other end in the circumferential direction of the second insertion portion 42. By
providing first and second engagement portions 44, 45 that engage with the retaining groove
26 in this way, the circlip 8 can be kept from becoming detached.

[0065]

The first and second engagement portions 44, 45 are also formed so that they do not protrude
from the outer circumferential surface 30c of the cylindrical portion 30 when the circlip 8 has
been properly attached. Using this configuration, it is possible to detect whether or not the
circlip 8 is protruding from the outer surface 30c of the cylindrical portion 30, and thus detect
whether or not the circlip 8 has been assembled correctly. This can be used to reduce the
frequency at which the propeller shaft 1 and the rotating shaft on the vehicle side are
improperly connected.
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[0066]

The first and second engagement portions 44, 45 have tool engagement surfaces 44a, 45a
which a tool 40 for removing the circlip 8 engages. By providing tool engagement surfaces
44a, 45a in this way, the workability of the circlip 8 removal operation can be improved.

[0067]

In addition, the first and second engagement portions 44, 45 are formed so as to have a gap
C1 between them and the cylindrical portion 30 in the radial direction of the rotation center
axis Z. By configuring the first and second engagement portions 44, 45 and the cylindrical
portion 30 in this way so as to have a gap C1 between them, misassembly of the circlip 8 can
be reduced regardless of whether there are manufacturing errors in the circlip 8 or cylindrical
portion 30.

[0068]

In addition, the engagement groove 14 has a bottom surface 14a and a pair of rising surfaces,
namely, a small diameter side rising surface 14b and a large diameter side rising surface 14c,
provided on both sides of the bottom surface 14a in the axial direction of the rotating center
axis Z, and for the small diameter side rising surface 14b of the pair of rising surfaces 14b,
14c on the side opposite the pullout direction of the rotating shaft on the vehicle side, the
angle formed by the small diameter side rising surface 14b and the rotation center axis Z is
greater than 90° and less than 180°. This configuration makes it possible to form a small
diameter side rising surface 14b with an upward sloping shape toward the first and second
constant velocity joints J1, J2. As a result, the pullout load on the rotating shaft on the vehicle
side is reduced by the sloping small diameter side rising surface 14b, and the disassembly
workability of the propeller shaft 1 can be improved.

[0069]

Also, between the rising surfaces 14b, 14c, the large diameter side rising surface 14c in the
pullout direction of the rotating shaft on the vehicle side is set so that the angle 82 between
the large diameter side rising surface 14c and the rotation center axis line Z is almost at a
right angle. This configuration makes it possible to suppress the issue of the circlip 8 easily
climbing over the large diameter side rising surface 14c, which is an upright wall, and
sufficiently realize engagement force between the engagement groove 14 and the circlip 8 in
the insertion direction of the rotating shaft on the vehicle side.

[0070]

The rotating shaft on the vehicle side has a tapered portion 16 at the leading end of the
cylindrical portion 30. This configuration improves insertability of the rotary shaft on the
vehicle side by guiding the insertion of the rotary shaft on the vehicle side into the insertion
hole 30a in the cylindrical portion 30 using the tapered portion 16.

[0071]

In addition, the rotating shaft on the vehicle side has an abutting portion (the end face 11a
of the large diameter portion 11) against which the end (leading end surface 30b) of the
cylindrical portion 30 abuts when the rotating shaft on the vehicle side is properly inserted
into the cylindrical portion 30. This configuration makes it possible to confirm completion of
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insertion of the rotary shaft on the vehicle side by means of abutment with the leading end
surface 30b of the cylindrical portion 30, thereby easily and reliably confirming insertion.

[0072]

The means of confirming the completion of insertion of the rotating shaft on the vehicle side
is not limited to contact between the cylindrical portion 30 and the end face 11a of the large
diameter portion 11. For example, as shown in Fig. 14, a colored portion 38 may be
continuously formed circumferentially at the opening edge on the large diameter portion 11
side with the engagement groove 14 of the rotary shaft by coloring the opening edge, and
the circlip 8 engages the engagement groove 14 when the colored portion 38 is concealed by
the leading end of the cylindrical portion 30. In this configuration, the presence or absence of
the exposed colored portion 38 may be used to confirm the complete insertion of the rotating
shaft on the vehicle side.

[0073]

In other words, the rotating shaft on the vehicle side has a colored portion 38 that is concealed
by the cylindrical portion 30 when the rotating shaft on the vehicle side has been properly
inserted into the cylindrical portion 30. In this way, complete insertion of the rotary shaft on
the vehicle side may be confirmed by the fact that the colored portion 38 is concealed, and
this method allows for easy and reliable confirmation of the insertion of the rotary shaft on
the vehicle side.

[0074]

The cylindrical portion 30 also has a boot attachment portion 36 for attachment of a
waterproof boot 35 on the outer circumferential surface of the cylindrical portion 30, opposite
the insertion direction of the rotary shaft on the vehicle side with respect to the through-holes
31, 32. In this configuration, the first and second through-holes 31, 32 are surrounded by a
waterproof boot 35, which keeps water and debris from entering via the first and second
through-holes 31, 32.

[0075]

The cylindrical portion 30 or circlip 8 also has a crimped portion 37, which is a part in the
circumferential direction of the cylindrical portion 30 or circlip 8 that is crimped when the
circlip 8 has been fitted on the cylindrical portion 30. By providing a crimped portion 37 in
this way, the circlip 8 can be kept from becoming detached due to this fastening structure by
means of a crimped portion 37.

[0076]
(Second Embodiment)

Fig. 15 shows the propeller shaft in a second embodiment of the present invention, in which
the shape of the circlip 8 in the first embodiment has been modified. Because the basic
configuration other than the modified portion is the same as in the first embodiment described
above, the configurational elements identical to those in the first embodiment are denoted by
the same reference numbers and further description of these elements has been omitted.
(The same applies to the other embodiments below.)
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[0077]

Specifically, the circlip 81 in the present embodiment has first and second protruding portions
41a, 42a serving as the protruding portions, in which the first and second insertion portions
41, 42 formed in a straight line in the first embodiment have a portion of each insertion
portion 41, 42 that protrudes radially outward.

[0078]

In other words, the circlip 81 has first and second protruding portions 41a, 42a serving as
protruding portions, in which the portions intersecting the second imaginary line L2 passing
through the rotation center axis Z and orthogonal to the rotation center axis Z protrude
outward radially from the rotation center axis Z.

[0079]

In other words, in the present embodiment, regarding the circlip 81, the area of the circlip 81
(the area of portions X2, X2 shown in shading in the figure) can be further increased by
configuring a portion of the first and second insertion portions 41, 42 to protrude radially
outward and along the side walls of the engagement groove 14 (the rising surfaces 14b, 14c).

[0080]
(Third Embodiment)

Fig. 16 shows the propeller shaft in a third embodiment of the present invention, in which the
shape of the circlip 8 in the first embodiment has been modified.

[0081]

Specifically, the circlip 82 in the present embodiment has a protruding portion 43a, which is
formed so that a portion of the connecting portion 43 is offset outward radially from the
cylindrical portion 30 and protrudes beyond the outer circumference 30c of the cylindrical
portion 30, and a predetermined gap C2 is formed between this protruding portion 43a and
the outer circumferential surface 30c of the cylindrical portion 30 in the radial direction when
the circlip 82 has been properly fitted.

[0082]

In the circlip 82 of the present embodiment, the first and second engagement portions 44,
45 are bent outward (radially outward) and the portions of the bent portions that come into
contact with the cylindrical portion 30 (retaining groove 26) when the circlip 82 has been
fitted over form first and second arcuate portions 44b, 45b. Specifically, in the first and second
engagement portions, the base ends are bent inward along the inner circumference of the
retaining groove 26, and the leading ends are bent outward via the bent portions (the first
and second arcuate portions 44b, 45b).

[0083]

As described above, in the present embodiment, the first and second engaging portions 44,
45 are arcuate in shape, with arcuate portions (first and second arcuate portions 44b, 45b)
that come into contact with the cylindrical portion 30 (retaining groove 26) when the circlip
82 has been fitted over. This configuration makes it possible to keep the first and second
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engaging portions 44, 45 from being caught on the edges of the first and second through-
holes 31, 32, etc. when the circlip 82 is fitted into the retaining groove 26, thus improving
assembly workability of the circlip 82.

[0084]

In the present embodiment, the connecting portion 43 is provided with a protruding portion
43a, a portion of which is offset outward radially from the cylindrical portion 30 and protrudes
outward from the outer circumference 30c of the cylindrical portion 30. In this configuration,
when removing the circlip 82, a tool, such as a flat-blade screwdriver with a relatively flat tip
(not shown in the figure), is inserted into the gap C2, and the connecting portion 43
(protrusion 43a) is lifted upward in Fig. 16 using the tool to remove the circlip 82. In this way,
the circlip 82 can be easily removed.

[0085]
(Fourth Embodiment)

Fig. 17 shows the propeller shaft in a fourth embodiment of the present invention, in which
the shape of the circlip 8 in the first embodiment has been modified.

[0086]

In other words, the circlip 83 in the present embodiment eliminates the first and second
engagement portions 44, 45 from the circlip 8 in the first embodiment described above, and
includes a first insertion portion 41 inserted into the first through-hole 31, a second insertion
portion 42 inserted into the second through-hole 32, and a connecting portion 43 connecting
one end in the circumferential direction of the first insertion portion 41 and one end in the
circumferential direction of the second insertion portion 42.

[0087]

Because the circlip 83 in the present embodiment is not provided with first and second
engagement portions 44, 45 to prevent pullout, there is no risk of the first and second
engaging portions 44, 45 getting caught on the edges of the first and second through-holes
31, 32, etc., when the circlip 83 is fitted into the retaining groove 26, and the assembly
workability of the circlip 83 can be improved.

[0088]
(Fifth Embodiment)

Fig. 18 shows the propeller shaft in a fifth embodiment of the present invention, in which the
shape of the circlip 8 in the first embodiment has been modified.

[0089]

Specifically, the circlip 84 in the present embodiment is a modified form of the first and second
engagement portions 44, 45 of the circlip 8 in the first embodiment described above, the first
and second engagement portions 44, 45 are bent inward (inward radially), and the bent
portions are formed as arc-shaped first and second arcuate portions 44b, 45b.
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[0090]

In the first and second engagement portions 44, 45, the base ends of the first and second
arcuate portions 44b, 45b are formed to gradually expand outward to form a wedge shape
when viewed from the front, and the leading ends of the first and second arcuate portions
44b, 45b are bent inward to form a wedge shape when viewed from the front, so that the
entire structure is almost V-shaped.

[0091]

In this configuration, a predetermined space S1 is formed inside the first and second arcuate
portions 44b, 45b between the arcuate portions and the cylindrical portion 30. By inserting
(engaging) a pliers-like tool (not shown in the figure) into this space S1 and pushing outward
(expanding), the first and second insertion portions 41, 42 are released from their
engagement state, and the output shaft 3 can be pulled out from the cylindrical portion 30.

[0092]

Also, in the first and second engagement portions 44, 45, by having the leading end from the
first and second arcuate portions 44b, 45b formed in a wedge shape when viewed from the
front, the portions of the circlip 84 that come into contact with the cylindrical portion 30
(retaining groove 26) when the circlip 84 has been fitted over are configured as first and
second sloping portions 44c, 45c, which are sloped downward toward the outside, and spacing
C3 between the two sloping portions 44c, 45c is narrower than the spacing between the first
and second engaging portions 44, 45 in the first embodiment described above.

[0093]

In this embodiment, among other things, the portions coming into contact with the cylindrical
portion 30 (retaining groove 26) when the circlip 84 is fitted over are configured as first and
second inclined portions 44c, 45c, which slope downward to the outside. Therefore, when the
circlip 84 is fitted over, because of the relation to the outwardly downward sloping upper
retaining groove 26a, the first and second engaging portions 44, 45 can be easily expanded
along the downward slope to improve assembly workability of the circlip 84.

[0094]

Also, because the spacing C3 between the first and second inclined portions 44c, 45c is
relatively narrow, when inserting the output shaft 3 into the cylindrical portion 30 with the
circlip 84 fitted into the retaining groove 26 as described above, circumstances that cause the
circlip 84 to become detached from the retaining groove 26 are effectively suppressed.
[0095]

(Sixth Embodiment)

Fig. 19 shows the propeller shaft in a sixth embodiment of the present invention, in which the
shape of the circlip 82 in the third embodiment has been modified.

[0096]

Specifically, the circlip 85 in the present embodiment has the first and second engagement
portions 44, 45 of the circlip 82 in the third embodiment which have been bent inward in a V-
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shape similar to that of the first and second engagement portions 44, 45 of the circlip 84 in
the fifth embodiment, and the leading ends of the first and second sloped portions 44c, 45c
facing the lower retaining groove 26b are formed as third and fourth arcuate portions 44d,
45d that bend inward along an arc.

[0097]

In the present embodiment, in addition to the effects of the third and fifth embodiments
described above, third and fourth arc-shaped portions 44d, 45d are provided. Thus, when
removing the circlip 85 via the protruding portion 43a, the first and second engaging portions
44, 45 can be easily expanded along the upward slope in relation to the lower retaining groove
26b, which slopes upward toward the outside, thereby improving the workability of removing
the circlip 85.

[0098]

The present invention is not limited to the configurations and aspects shown in the
embodiments; aspects having the operations and effects of the present invention can be freely
changed depending on the specifications and cost, etc. of the target application.

[0099]

In particular, the embodiments show examples of inserting an output shaft 3 into an insertion
hole 30a in a cylindrical portion 30 of a second constant velocity joint J2 with a circlip 8, 81-
85 fitted into the retaining groove 26 of the cylindrical part 30 beforehand. However, the
connection between the two is not limited to what is shown in these aspects.

[0100]

In other words, the circlip 8, 81-85 does not have to be fitted into the retaining groove 26 in
advance, and the circlip 8, 81-85 may be fitted over the retaining groove 26 and engaged
with the engagement groove in the output shaft 3 after the output shaft 3 has been inserted
into the insertion hole 30a of the cylindrical portion 30.

[0101]

In the embodiments, the connection between the second constant velocity joint J2 and the
output shaft 3 is explained as part of a connection structure for a propeller shaft 1. However,
as mentioned above, the same can be said of the connection between the first constant
velocity joint J1 and the input shaft 2.

[0102]

The embodiments show the invention applied to a constant velocity joint of a propeller shaft,
but the present invention can be applied to joints other than constant velocity joints, such as
rubber couplings and universal joints.

[0103]

The following are aspects of the propeller shaft based on the embodiments described above.
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[0104]

One aspect is a propeller shaft comprising: a shaft portion interposed between a first shaft on
a drive source side, being a rotating shaft on a vehicle side, and a second shaft on the drive
wheel side; a cylindrical portion provided rotatably as an integrated unit with the shaft portion
and having the rotating shaft on the vehicle side inserted on an inner circumferential side
therein; a through-hole formed in a circumferential range of a part of the cylindrical portion
and diametrically opposed to an engagement groove provided on an outer circumferential side
of the rotating shaft on the vehicle side with the rotating shaft on the vehicle side inserted on
the inner circumferential side of the cylindrical portion; and a circlip fitted from the outer
circumferential side of the cylindrical portion, a part in the circumferential direction
surrounding the outer circumferential side of the cylindrical portion, and provided so that
another part in the circumferential direction can be engaged with the engagement groove by
facing the inner circumferential side via the through-hole.

[0105]

In a preferred aspect of the propeller shaft, the cylindrical portion has a retaining groove that
retains the circlip in a part of a circumferential range provided with the through-hole but away
from the through-hole.

[0106]

In another preferred aspect of the propeller shaft, the retaining groove is formed in an annular
shape, in any of the aspects of the propeller shaft mentioned above.

[0107]

In another preferred aspect of the propeller shaft, the through-hole is composed of a first-
through-hole and a second through-hole, which are spaced apart in the circumferential
direction of the cylindrical portion, in any of the aspects of the propeller shaft mentioned
above.

[0108]

In another preferred aspect of the propeller shaft, the first through-hole and the second
through-hole are arranged symmetrically with respect to the rotational center axis of the
cylindrical portion, in any of the aspects of the propeller shaft mentioned above.

[0109]

In another preferred aspect of the propeller shaft, the first through-hole and the second
through-hole are formed so that the shape and position of each are orthogonal to the
rotational center axis of the cylindrical portion and are arranged so as to have line symmetry
with respect to a virtual line passing through the rotational center axis, and

the circlip has line symmetry with respect to the virtual line, in any of the aspects of the
propeller shaft mentioned above.

[0110]

In another preferred aspect of the propeller shaft, the first through-hole and the second
through-holes are formed by cutting through a portion of the cylindrical portion,
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a pair of flat surface portions are formed at both ends of the cut cross section in the
circumferential direction of the rotational center axis, and the pair of flat surface portions are
provided so as to be parallel to the virtual line, in any of the aspects of the propeller shaft
mentioned above.

[0111]

In another preferred aspect of the propeller shaft, the circlip has a straight portion formed in
a straight line that is in contact with the pair of flat surface portions, in any of the aspects of
the propeller shaft mentioned above.

[0112]

In another preferred aspect of the propeller shaft, the circlip has a protruding portion that
protrudes outward in the radial direction of the rotational center axis, and is formed by a
portion that intersects a second virtual line that passes through the rotational center axis and
is orthogonal to the rotational center axis, in any of the aspects of the propeller shaft
mentioned above.

[0113]

In another preferred aspect of the propeller shaft, the cylindrical portion has a retaining
groove that retains the circlip in a part of a circumferential range provided with the through-
hole but away from the through-hole, the first through-hole and the second through-hole are
formed so as to have line symmetry with respect to a second virtual line, when a virtual line
passing through the rotation center axis and orthogonal to the rotation center axis is defined
as the second imaginary line, and the retaining groove is formed so as to have line symmetry
with respect to the second virtual line, in any of the aspects of the propeller shaft mentioned
above.

[0114]

In another preferred aspect of the propeller shaft, the through-hole is composed of a first
through-hole and a second through-hole, which are spaced apart in the circumferential
direction of the cylindrical portion, and the circlip has a first inserted portion that is inserted
into the first through-hole, a second inserted portion that is inserted into the second through-
hole, a connecting portion that connects one end in the circumferential direction of the first
inserted portion to one end in the circumferential direction of the second inserted portion, a
first engaging portion that extends to the other end in the circumferential direction of the first
inserted portion, and a second engaging portion that extends to the other end in the
circumferential direction of the second inserted portion, in any of the aspects of the propeller
shaft mentioned above.

[0115]

In another preferred aspect of the propeller shaft, the first engaging portion and the second
engaging portion are formed so as not to protrude from the outer circumferential surface of
the cylindrical portion when the circlip has been properly attached, in any of the aspects of
the propeller shaft mentioned above.
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[0116]

In another preferred aspect of the propeller shaft, the first engaging portion and the second
engaging portion have a tool engaging portion that engages by a tool used to remove the
circlip, in any of the aspects of the propeller shaft mentioned above.

[0117]

In another preferred aspect of the propeller shaft, the first engaging portion and the second
engaging portion are formed so as to have a gap between the engaging portions and the
cylindrical portion in the radial direction of the rotation center axis, in any of the aspects of
the propeller shaft mentioned above.

[0118]

In another preferred aspect of the propeller shaft, the first engaging portion and the second
engaging portion are bent in an arc shape so that the engaging portions come into contact
with the cylindrical portion when the circlip has been fitted over, in any of the aspects of the
propeller shaft mentioned above.

[0119]

In another preferred aspect of the propeller shaft, the retaining groove has a bottom surface
and a pair of rising surfaces provided on both sides of the bottom surface in the axial direction
of the rotating center axis, and for the rising surface of the pair of rising surfaces on the side
opposite the pullout direction of the rotating shaft on the vehicle side, the angle formed by
the rising surface and the rotation center axis on the engagement groove side is greater than
90° and less than 180°, in any of the aspects of the propeller shaft mentioned above.

[0120]

In another preferred aspect of the propeller shaft, the rising surface of the pair of rising
surfaces in the pullout direction of the rotating shaft on the vehicle side has an angle formed
by the rising surface and the rotation center axis that is set to be nearly a right angle, in any
of the aspects of the propeller shaft mentioned above.

[0121]

In another preferred aspect of the propeller shaft, the rotating shaft on the vehicle side has
a tapered portion on the leading end side of the cylindrical portion, in any of the aspects of
the propeller shaft mentioned above.

[0122]

In another preferred aspect of the propeller shaft, the rotating shaft on the vehicle side has
an abutting portion that abuts the end of the cylindrical portion when the rotating shaft on
the vehicle side is properly inserted into the cylindrical portion, in any of the aspects of the
propeller shaft mentioned above.

[0123]

In another preferred aspect of the propeller shaft, the rotating shaft on the vehicle side has
a colored portion that is concealed by the cylindrical portion when the rotating shaft on the
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vehicle side is properly inserted into the cylindrical portion, in any of the aspects of the
propeller shaft mentioned above.

[0124]

In another preferred aspect of the propeller shaft, the cylindrical portion has a boot
attachment portion on the outer circumference of the cylindrical portion, opposite the
insertion opening for the rotating shaft on the vehicle side, for attaching a waterproof boot,
in any of the aspects of the propeller shaft mentioned above.

[0125]

In another preferred aspect of the propeller shaft, the cylindrical portion or the circlip has a
crimped portion that is formed by crimping a part in the circumferential direction of the
cylindrical portion or the circlip with the circlip fitted into the cylindrical portion, in any of the
aspects of the propeller shaft mentioned above.

[0126]

In another preferred aspect of the propeller shaft, the through-hole is composed of a first
through-hole and a second through-hole, which are spaced apart in the circumferential
direction of the cylindrical portion, and the circlip has a first inserted portion that is inserted
into the first through-hole, a second inserted portion that is inserted into the second through-
hole, and a connecting portion that connects one end in the circumferential direction of the
first inserted portion to one end in the circumferential direction of the second inserted portion,
in any of the aspects of the propeller shaft mentioned above.

[0127]

In another preferred aspect of the propeller shaft, the connecting portion is formed so that a
part thereof is offset in the radial direction to the outside the cylindrical portion and protrudes
from the outer circumference of the cylindrical portion, in any of the aspects of the propeller
shaft mentioned above.

[0128]

In addition, the following method for connecting a propeller shaft is considered an aspect
based on the embodiments described above.

[0129]

Specifically, the aspect is a method for connecting a propeller shaft comprising: a shaft portion
interposed between a first shaft on a drive source side, being a rotating shaft on a vehicle
side, and a second shaft on the drive wheel side; a cylindrical portion provided rotatably as
an integrated unit with the shaft portion and having the rotating shaft on the vehicle side
inserted on an inner circumferential side therein; a through-hole formed in a circumferential
range of a part of the cylindrical portion and diametrically opposed to an engagement groove
provided on an outer circumferential side of the rotating shaft on the vehicle side with the
rotating shaft on the vehicle side inserted on the inner circumferential side of the cylindrical
portion; and a circlip fitted from the outer circumferential side of the cylindrical portion, a part
in the circumferential direction surrounding the outer circumferential side of the cylindrical
portion, and provided so that another part in the circumferential direction can be engaged
with the engagement groove by facing the inner circumferential side via the through-hole,
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the method comprising: engaging a part in the circumferential direction of the circlip facing
the inner circumferential side of the cylindrical portion via the through-hole with the
engagement groove when inserting the rotating shaft on the vehicle side into the cylindrical
portion with the circlip fitted on the cylindrical portion.

[Reference Numbers]
[0130]

1 ... Propeller shaft

2 ... Input shaft (first shaft)

3 ... Output shaft (second shaft)

4 ... Drive shaft (shaft portion)

5 ... Driven shaft (shaft portion)

8 ... Circlip

14 ... Engagement groove

30 ... Cylindrical portion

31 ... First through-hole (through-hole)
32 ... Second through-hole (through-hole)
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[Document Name] Claims
[Claim 1]

A propeller shaft characterized in comprising:

a shaft portion interposed between a first shaft on a drive source side, being a rotating shaft
on a vehicle side, and a second shaft on the drive wheel side;

a cylindrical portion provided rotatably as an integrated unit with the shaft portion and having
the rotating shaft on the vehicle side inserted on an inner circumferential side therein;

a through-hole formed in a circumferential range of a part of the cylindrical portion and
diametrically opposed to an engagement groove provided on an outer circumferential side of
the rotating shaft on the vehicle side with the rotating shaft on the vehicle side inserted on
the inner circumferential side of the cylindrical portion; and

a circlip fitted from the outer circumferential side of the cylindrical portion, a part in the
circumferential direction surrounding the outer circumferential side of the cylindrical portion,
and provided so that another part in the circumferential direction can be engaged with the
engagement groove by facing the inner circumferential side via the through-hole.

[Claim 2]

The propeller shaft according to claim 1, wherein the cylindrical portion has a retaining groove
that retains the circlip in a part of a circumferential range provided with the through-hole but
away from the through-hole.

[Claim 3]

The propeller shaft according to claim 2, wherein the retaining groove is formed in an annular
shape.

[Claim 4]

The propeller shaft according to claim 1, wherein the through-hole is composed of a first-
through-hole and a second through-hole, which are spaced apart in the circumferential
direction of the cylindrical portion.

[Claim 5]

The propeller shaft according to claim 4, wherein the first through-hole and the second
through-hole are arranged symmetrically with respect to the rotational center axis of the
cylindrical portion.

[Claim 6]

The propeller shaft according to claim 5, wherein the first through-hole and the second
through-hole are formed so that the shape and position of each are orthogonal to the
rotational center axis of the cylindrical portion and are arranged so as to have line symmetry
with respect to a virtual line passing through the rotational center axis, and

the circlip has line symmetry with respect to the virtual line.

[Claim 7]

The propeller shaft according to claim 6, wherein the first through-hole and the second
through-holes are formed by cutting through a portion of the cylindrical portion,
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a pair of flat surface portions are formed at both ends of the cut cross section in the
circumferential direction of the rotational center axis, and
the pair of flat surface portions are provided so as to be parallel to the virtual line.

[Claim 8]

The propeller shaft according to claim 7, wherein the circlip has a straight portion formed in
a straight line that is in contact with the pair of flat surface portions.

[Claim 9]

The propeller shaft according to claim 8, wherein the circlip has a protruding portion that
protrudes outward in the radial direction of the rotational center axis, and is formed by a
portion that intersects a second virtual line that passes through the rotational center axis and
is orthogonal to the rotational center axis.

[Claim 10]

The propeller shaft according to claim 5, wherein the cylindrical portion has a retaining groove
that retains the circlip in a part of a circumferential range provided with the through-hole but
away from the through-hole,

the first through-hole and the second through-hole are formed so as to have line symmetry
with respect to a second virtual line, when a virtual line passing through the rotation center
axis and orthogonal to the rotation center axis is defined as the second imaginary line, and
the retaining groove is formed so as to have line symmetry with respect to the second virtual
line.

[Claim 11]

The propeller shaft according to claim 1, wherein the through-hole is composed of a first
through-hole and a second through-hole, which are spaced apart in the circumferential
direction of the cylindrical portion, and the circlip has a first inserted portion that is inserted
into the first through-hole, a second inserted portion that is inserted into the second through-
hole, a connecting portion that connects one end in the circumferential direction of the first
inserted portion to one end in the circumferential direction of the second inserted portion, a
first engaging portion that extends to the other end in the circumferential direction of the first
inserted portion, and a second engaging portion that extends to the other end in the
circumferential direction of the second inserted portion.

[Claim 12]

The propeller shaft according to claim 11, wherein the first engaging portion and the second
engaging portion are formed so as not to protrude from the outer circumferential surface of
the cylindrical portion when the circlip has been properly attached.

[Claim 13]

The propeller shaft according to claim 11, wherein the first engaging portion and the second

engaging portion have a tool engaging portion that engages by a tool used to remove the
circlip.
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[Claim 14]

The propeller shaft according to claim 11, wherein the first engaging portion and the second
engaging portion are formed so as to have a gap between the engaging portions and the
cylindrical portion in the radial direction of the rotation center axis.

[Claim 15]

The propeller shaft according to claim 11, wherein the first engaging portion and the second
engaging portion are bent in an arc shape so that the engaging portions come into contact
with the cylindrical portion when the circlip has been fitted over.

[Claim 16]

The propeller shaft according to claim 1, wherein the retaining groove has a bottom surface
and a pair of rising surfaces provided on both sides of the bottom surface in the axial direction
of the rotating center axis, and for the rising surface of the pair of rising surfaces on the side
opposite the pullout direction of the rotating shaft on the vehicle side, the angle formed by
the rising surface and the rotation center axis on the engagement groove side is greater than
90° and less than 180°.

[Claim 17]

The propeller shaft according to claim 16, wherein the rising surface of the pair of rising
surfaces in the pullout direction of the rotating shaft on the vehicle side has an angle formed
by the rising surface and the rotation center axis that is set to be nearly a right angle.

[Claim 18]

The propeller shaft according to claim 1, wherein the rotating shaft on the vehicle side has a
tapered portion on the leading end side of the cylindrical portion.

[Claim 19]

The propeller shaft according to claim 1, wherein the rotating shaft on the vehicle side has an
abutting portion that abuts the end of the cylindrical portion when the rotating shaft on the
vehicle side is properly inserted into the cylindrical portion.

[Claim 20]

The propeller shaft according to claim 1, wherein the rotating shaft on the vehicle side has a
colored portion that is concealed by the cylindrical portion when the rotating shaft on the
vehicle side is properly inserted into the cylindrical portion.

[Claim 21]
The propeller shaft according to claim 1, wherein the cylindrical portion has a boot attachment

portion on the outer circumference of the cylindrical portion, opposite the insertion opening
for the rotating shaft on the vehicle side, for attaching a waterproof boot.
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[Claim 22]

The propeller shaft according to claim 1, wherein the cylindrical portion or the circlip has a
crimped portion that is formed by crimping a part in the circumferential direction of the
cylindrical portion or the circlip with the circlip fitted into the cylindrical portion.

[Claim 23]

The propeller shaft according to claim 22, wherein the through-hole is composed of a first
through-hole and a second through-hole, which are spaced apart in the circumferential
direction of the cylindrical portion, and the circlip has a first inserted portion that is inserted
into the first through-hole, a second inserted portion that is inserted into the second through-
hole, and a connecting portion that connects one end in the circumferential direction of the
first inserted portion to one end in the circumferential direction of the second inserted portion.

[Claim 24]

The propeller shaft according to claim 1, wherein the connecting portion is formed so that a
part thereof is offset in the radial direction to the outside the cylindrical portion and protrudes
from the outer circumference of the cylindrical portion.

[Claim 25]

A method for connecting a propeller shaft comprising:

a shaft portion interposed between a first shaft on a drive source side, being a rotating shaft
on a vehicle side, and a second shaft on the drive wheel side;

a cylindrical portion provided rotatably as an integrated unit with the shaft portion and having
the rotating shaft on the vehicle side inserted on an inner circumferential side therein;

a through-hole formed in a circumferential range of a part of the cylindrical portion and
diametrically opposed to an engagement groove provided on an outer circumferential side of
the rotating shaft on the vehicle side with the rotating shaft on the vehicle side inserted on
the inner circumferential side of the cylindrical portion; and

a circlip fitted from the outer circumferential side of the cylindrical portion, a part in the
circumferential direction surrounding the outer circumferential side of the cylindrical portion,
and provided so that another part in the circumferential direction can be engaged with the
engagement groove by facing the inner circumferential side via the through-hole,

the method characterized in comprising:

engaging a part in the circumferential direction of the circlip facing the inner circumferential
side of the cylindrical portion via the through-hole with the engagement groove when inserting
the rotating shaft on the vehicle side into the cylindrical portion with the circlip fitted on the
cylindrical portion.
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[Document Name] Abstract
[Abstract]

[Problem] To provide a propeller shaft and a propeller shaft connecting method that enables
the engagement state of a circlip to be viewed from the outside.

[Solution]

The propeller shaft of the present invention comprises: a shaft portion that is inserted between
an input shaft, which is a rotating shaft on a vehicle side, and an output shaft 3; a cylindrical
portion 30 provided rotatably as an integrated unit with the shaft portion and having the
rotating shaft on the vehicle side inserted on an inner circumferential side therein; through-
holes 31, 32 formed in a circumferential range of a part of the cylindrical portion 30 and
diametrically opposed to an engagement groove 14 provided on an outer circumferential side
of the rotating shaft on the vehicle side with the rotating shaft on the vehicle side inserted on
the inner circumferential side of the cylindrical portion 30; and a circlip 8 fitted from the outer
circumferential side of the cylindrical portion 30, a part in the circumferential direction
surrounding the outer circumferential side of the cylindrical portion 30, and provided so that
another part in the circumferential direction can be engaged with the engagement groove 14
by facing the inner circumferential side via the through-holes 31, 32.

[Selected Drawing] Fig. 8
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