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(57) Abstract: A cam sprocket (4) according to the present invention includes a ring-shaped plate portion (41) having external
teeth (44) along its outer circumference; a circular plate portion (42) that is disposed at the radially inner region substantially par-
allel to the ring-shaped plate portion (41) and at a level difference in axial direction to the ring-shaped plate portion (41), the cir-
cular plate portion (42) being abuttable against one end face in axial direction of the cam shaft (8); and a tapered portion (43) link-
ing the circular plate portion (42) to the ring-shaped portion (41) at a radially intermediate region. The tapered portion (43) is pro-
vided with a plurality of punched portions (47) whose radially inner faces are provided with a partial circular arc shape so as to
come into area contact with an outer circumferential surface at the one end face in axial direction of the cam shatt (8).
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Description
Title of Invention: CAM SPROCKET AND METHOD FOR MAN-
UFACTURING THE SAME
Technical Field
[0001]  The present invention relates to a cam sprocket and a method for manufacturing the
same.
Background Art

[0002] A cam sprocket is attached to one end in axial direction of an engine cam shaft, and it
is necessary to attach the cam sprocket to the cam shaft while positioning it such that
the center of curvature of a virtual circle circumscribing its external teeth matches the
rotation axis of the cam shaft.

[0003]  In order to perform this positioning, it is known to provide a cylindrical portion
jutting out to one side in axial direction from the radially inner side of the cam
sprocket, and to fit one end in axial direction of the engine cam shaft into this
cylindrical portion.

[0004]  The bottom wall portion of this cylindrical portion is provided with a through hole
for a bolt, and by inserting a bolt through this through hole and screwing it to a female
screw hole on one end face in axial direction of the cam shaft, the cam sprocket is
fixed to the cam shaft.

[0005] A conventional cam sprocket provided with such a cylindrical portion is ordinarily
fabricated by a sintering process. That is to say, it is fabricated by filling a powdered
alloy into a casting die and sintering it. Even though the degree of freedom for shapes
in this sintering process is high, and it is possible to make the depth of the cylindrical
portion of the cam sprocket as deep as practicable, it has been pointed out that this
process is time-consuming so that the manufacturing costs are high.

[0006]  On the other hand, with the goal of lowering the manufacturing costs, cam sprockets
have come to be formed in recent years by stamping. Sprockets made of such stamped
components are disclosed for example in PTLs 1 and 2.

[0007]  PTL 1 discloses a sprocket with a configuration in which two sprocket halves
fabricated by stamping are joined together to face the surface . To fabricate the
sprocket halves, first, an iron sheet is blanked to form teeth along its circumference and
an axial hole by stamping, and punching to one side is performed to provide a boss
portion around the axial hole.

[0008]  PTL 2 discloses a single cam sprocket fabricated by stamping. This cam sprocket is
made by a step of stamp a center portion of a disk-shaped steel sheet to form a groove

on the bottom, a step of increasing the wall thickness of the outer circumference in
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

axial direction by rotating roll shaping an outer circumference of the disk-shaped steel
sheet, a step of forming a marker hole and weight-reducing holes in the disk-shaped
steel sheet by punching, a step of lathing the inner diameter of the marker hole, a step
of reaming the marker hole, a step of cutting teeth into the outer circumference of the
disk-shaped steel sheet, followed by subjecting the disk-shaped steel sheet to car-
burizing and quenching, shot blasting, and finishing the inner diameter of the marker
hole, for example.

Citation List

Patent Literature
PTL 1: JP 64-57453U
PTL 2: JP 2001-62539A

Summary of Invention

Technical Problem

The sprocket disclosed in PTL 1 has a configuration in which two sprocket halves are
assembled together, and is not made of a single sheet. Moreover, this sprocket is
attached to a middle portion in axial direction of a shaft, and not to one end in axial
direction of a cam shaft.

By contrast, the cam sprocket according to PTL 2 is made of a single sheet and is
used by being attached to a flange at one end in axial direction of a cam shaft, as stated
in Paragraph 0002 and Fig. 6. However, this cam sprocket is provided with bolt holes
at a plurality of locations in circumferential direction in a radially intermediate region
between the marker hole and the external teeth, and the cam sprocket is fixed to the
cam shaft by screwing bolts through these bolt holes to the flange of the cam shaft.

Now, PTL 2 states that in the process of fabricating this cam sprocket a protruding
portion is formed that juts out to one side by stamping on the radially inner side. This
protruding portion is used as a reference when carrying out the roll shaping of the outer
circumference, and is completely eliminated in the step of forming the marker hole.

In the case of this cam sprocket, one end in axial direction of the cam shaft is passed
through the marker hole obtained by completely eliminating the protruding portion,
and the cam sprocket is attached with bolts to the flange of the cam shaft as described
above. In this attachment, one end in axial direction of the cam shaft is fitted into a
cylindrical portion of the cam sprocket made of the above-noted sintered component.

However, if the shape of the radially inner side is provided with a cylindrical portion
to be fitted to one end in axial direction of the cam shaft is fabricated by stamping, as
in the above-described sprocket made of a sintered component, then problems may
occur during the formation of the cylindrical portion, such as stripe-shaped cuts or

cracks, making the cam sprocket difficult to fabricate. Accordingly, there is still room
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[0015]

[0016]

[0017]

for improvements.
In view of this situation, it is an object of the present invention to provide a cam

sprocket to be attached to one end in axial direction of a cam shaft of an engine, with a
shape with which the center of curvature of a virtual circle circumscribing the external
teeth of the cam sprocket can be easily positioned at the rotation axis cam shaft, while
having a shape that can be manufactured by stamping, so that a rise in the manu-
facturing costs can be better suppressed than with a sintered component.

Solution to Problem

A cam sprocket according to the present invention is a cam sprocket made of a
stamped component that is attachable to one end in axial direction of a cam shaft of an
engine, and includes a ring-shaped plate portion that extends in a radial direction at a
radially outer region of the cam sprocket by letting a radially inner region of the cam
sprocket jut out in one axial direction, and that is provided with external teeth along its
outer circumference; a circular plate portion that is disposed at the radially inner region
substantially parallel to the ring-shaped plate portion and at a level difference in axial
direction to the ring-shaped plate portion, the circular plate portion being abuttable
against one end face in axial direction of the cam shaft; and a tapered portion linking
the circular plate portion to the ring-shaped portion at a radially intermediate region;
wherein the tapered portion is provided with a plurality of punched portions for
abutting the circular plate portion against the one face in axial direction of the cam
shaft after matching a center of curvature of a circle circumscribing the external teeth
to a rotation axis of the cam shaft when attaching the cam sprocket to the one end in
axial direction of the cam shaft; and wherein the plurality of punched portions are
formed by punching the tapered portion at several locations along the circumferential
direction in a direction that is opposite to the direction in which the circular plate
portion juts out, and radially inner faces of the punched portions are provided with a
partial circular arc shape so as to come into area contact with an outer circumferential
surface at the one end in axial direction of the cam shaft.

With this configuration, a cam sprocket fabricated by stamping is provided, in which
a plurality of punched portions are provided at several locations in circumferential
direction of a tapered portion of the cam sprocket, and a portion is ensured that
performs the same operation as the cylindrical portion of the cam sprocket made of a
sintered component, which was explained as a conventional example, by providing the
radially inner faces of each of the plurality of punched portions with a partially circular
arc shape. That is to say, the cam sprocket according to the present embodiment can be
provided with a shape with which it can be attached while positioning it at one end in

axial direction of the cam shaft, while having a shape with which a rise in the manu-
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[0018]

[0019]

[0020]

[0021]

[0022]

facturing costs can be better suppressed than with a sintered component.
In the above-described configuration, it is preferable that the punched portions are

provided with a rectangular shape, when viewed from above. With this configuration,
since the plurality of punching protrusions on the stamping die for forming the
plurality of punched portions can be provided with a relatively simple shape, there is
the advantage that the durability of the stamping die can be improved, for example it
becomes possible to maintain the shape of the stamping die over long periods of time.

Moreover, a method for manufacturing a cam sprocket made of a stamped
component is provided, which includes the following steps of press-protruding, in
which a ring-shaped plate portion is provided at a radially outer region by causing a
center region of a metal sheet to jut out in one axial direction, a circular plate portion is
provided that is disposed at a central region substantially parallel to the ring-shaped
plate portion and at a level difference in axial direction to the ring-shaped plate
portion, and a tapered portion is provided between the circular plate portion and the
ring-shaped plate portion press; blanking, in which a contour of the ring-shaped plate
portion of the metal sheet is made circular and external teeth are provided at an outer
circumference; and press-punching, in which punched portions are provided by
punching the tapered portion at several locations along its circumferential direction in a
direction that is opposite to the direction in which the circular plate portion juts out.

With this configuration, in the steps for obtaining a cam sprocket made of a stamped
component, it is possible to fabricate the cam sprocket using a stamping die of a
relatively simple shape, which has the advantage that the work efficiency can be
improved.
Advantageous Effects of Invention

With the cam sprocket according to the present invention a cam sprocket to be
attached to one end in axial direction of a cam shaft of an engine can be provided with
a shape that can be manufactured by stamping, so that the an increase in manufacturing
costs can be better suppressed than with sintering, and moreover a shape with which
the center of curvature of a virtual circle circumscribing the external teeth of the cam
sprocket can be easily positioned at the rotation axis of the cam shaft. Moreover, with
the method for manufacturing a cam sprocket according to the present invention, it is
possible to manufacture this cam sprocket easily and with high efficiency.
Brief Description of Drawings
[fig.1]Fig. 1 is a perspective view showing a cam sprocket according to one em-
bodiment of the present invention in a state in which it is attached to a cam shaft.
[fig.2]Fig. 2 is a perspective view showing a state in which the cam sprocket in Fig. 1

is removed from the cam shaft.
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[0023]

[0024]

[fig.3]Fig. 3 is a perspective view of the cam sprocket in Fig. 2 taken from the rear
side.

[fig.4]Fig. 4 is a front view of the cam sprocket in Fig. 1.

[fig.5]Fig. 5 is a cross-sectional view taken in arrow direction along the line (5) - (5) in
Fig. 4.

[fig.6]Fig. 6 is a cross-sectional view taken in arrow direction along the line (6) - (6) in
Fig. 4.

[fig.7]Fig. 7 is a reference view showing how the cam sprocket according to one em-
bodiment of the present invention is used in an engine.

[fig.8]Figs. 8(A) and 8(B) show diagrams illustrating a processing object obtained by a
first pressing step in a procedure for manufacturing the cam sprocket in Figs. 1 to 5,
with Fig. 8(A) being a front view and Fig. 8(B) being a cross-sectional view taken in
arrow direction along the line (b) - (b) in Fig. 8(A).

[fig.9]Figs. 9(A) and 9(B) show diagrams illustrating a processing object obtained by a
second pressing step, which follows that in Figs. 8(A) and 8(B), with Fig. 9(A) being a
front view and Fig. 9(B) being a cross-sectional view taken in arrow direction along
the line (b) - (b) in Fig. 9(A).

[fig.10]Figs. 10(A) and 10(B) show diagrams illustrating a processing object obtained
by a third pressing step, which follows that in Figs. 9(A) and 9(B), with Fig. 10(A)
being a front view and Fig. 10(B) being a cross-sectional view taken in arrow direction
along the line (b) - (b) in Fig. 10(A).

[fig.11]Figs. 11(A) and 11(B) show diagrams illustrating a processing object obtained
by a fourth pressing step, which follows that in Figs. 10(A) and 10(B), with Fig. 11(A)
being a front view and Fig. 11(B) being a cross-sectional view taken in arrow direction
along the line (b) - (b) in Fig. 11(A).

[fig.12]Figs. 12(A) and 12(B) show diagrams illustrating a processing object obtained
by a fifth pressing step, which follows that in Figs. 11(A) and 11(B), with Fig. 12(A)
being a front view and Fig. 12(B) being a cross-sectional view taken in arrow direction
along the line (b) - (b) in Fig. 12(A).

Description of Embodiments

Referring to the appended drawings, the following is a detailed explanation of a best
mode for carrying out the invention.

Figs. 1 to 12 show one embodiment of the present invention. First, as shown in Fig.
7, a crank sprocket 2, an intake-side cam sprocket 3, and a exhaust-side cam sprocket 4
are installed on the front side of an engine 1. A chain 5 is wound around the crank
sprocket 2 and the two cam sprockets 3 and 4. It should be noted that numeral 6

denotes a chain damper and numeral 7 denotes a chain tensioner.
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[0026]

[0027]

[0028]
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[0031]

In this embodiment, an example is described in which the present invention is
applied for example to the exhaust-side cam sprocket 4, out of the two cam sprockets 3
and 4.

As shown in Figs. 1 to 3, this cam sprocket 4 is attached with a bolt 9 to one end face
in axial direction of an exhaust-side cam shaft 8, and is made of a stamped component
that is fabricated with a saucer-like shape with a radially inward region jutting out in
one axial direction.

One end face in axial direction of the cam shaft 8 is provided with a female threaded
hole 8a into which the bolt 9 is screwed, and near this female threaded hole 8a, a key-
shaped protrusion 8b is provided, which serves as a marker for the attaching position
of the cam sprocket 4.

On the other hand, the cam sprocket 4 is provided with a ring-shaped plate portion 41
on its radially outer side, a circular flat plate portion 42 on its radially inner side, and a
tapered portion 43 between them in radial direction.

The ring-shaped plate portion 41 has a shape extending in radial direction, and is
provided on its outer circumference with a plurality of external teeth 44 protruding
radially outward. The circular flat plate portion 42 is formed substantially parallel to
the ring-shaped plate portion 41, with a level difference in axial direction, and is
provided at its center with a key hole 45 for inserting a bolt and positioning in circum-
ferential direction. The tapered portion 43 is provided so as to link the circular flat
plate portion 42 to the ring-shaped plate portion 41, and is provided with circular holes
46 for weight reduction that axially penetrates the tapered portion 43 at several
locations in circumferential direction.

Furthermore, punched portions 47 are provided at several locations in circumferential
direction in a region reaching from the tapered portion 43 to the circular flat plate
portion 42. This plurality of punched portions 47 is provided in order to position the
circular flat plate portion 42 in a state in which it abuts against one end in axial
direction of the cam shaft 8, after matching the center of curvature 83 (see Fig. 4) of a
virtual circle 82 circumscribing the external teeth 44 with the rotation axis of the cam
shaft 8 when attaching the cam sprocket 4 to one end in axial direction of the cam shaft
8.

More specifically, as shown in Figs. 5 and 6, the punched portions 47 are formed at
several locations in circumferential direction of the tapered portion 43 by being
punched in a direction opposite to the direction in which the circular flat plate portion
42 juts out. As shown in Fig. 4, each of the radially inner faces 47a of the individual
punched portions 47 is provided with a partial circular arc shape so as to achieve area
contact with the outer circumferential surface on the one end in axial direction of the

cam shaft 8.
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[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

That is to say, even though the plurality of punched portions 47 are not continuous in
circumferential direction, one end in axial direction of the cam shaft & is fitted into the
space on the radially inner side enclosed respectively by these radially inner faces 47a.

Now, the dimension of the diameter of the virtual circle 81 (see Fig. 4) that is
obtained by inscribing a circle into the radially inner faces 47a of the plurality of
punched portions 47 is set to a dimension that substantially matches or is slightly larger
than the dimension of the outer diameter on one end in axial direction of the cam shaft
8. Thus, the one end in axial direction of the cam shaft 8 can be fitted precisely or
loosely into the space on the radially inner side enclosed by the individual radially
inner faces 47a of the plurality of punched portions 47. Being fitted in this way, the
center of curvature 83 (see Fig. 4) of the virtual circle 82 circumscribing the external
teeth 44 of the cam sprocket 4 comes to be positioned so that it matches the rotation
axis of the cam shaft 8.

Thus, the cam sprocket 4, which is made of a stamped component, is formed in a
shape having a portion that is fitted by a so-called "faucet" fit to one end in axial
direction of the cam shaft 8.

Referring to Figs. 8 to 12, the following is an explanation of a method for manu-
facturing a cam sprocket 4, which is a stamped component.

First of all, as shown in Fig. 8, in a first pressing step, a key hole 45 is formed at the
center of a metal sheet 100, which may have a square shape for example, and circular
holes 46 for reducing weight are formed at a plurality of locations surrounding the key
hole 45 on a circular path. In this first pressing step, the holes are opened by pressing
the metal sheet 100 using a punch and a die block, which are not shown in the drawing.
As a material for the metal sheet 100, SPH 440 (hot-rolled steel) or the like may be
used, for example.

As shown in Fig. 9, in a second pressing step, the ring-shaped plate portion 41 is
provided in a radially outer region, the circular flat plate portion 42 is provided at a
central region, and the tapered portion 43 is provided between the circular flat plate
portion 42 and the ring-shaped plate portion 41, by causing the central region of the
metal sheet 100 to just out toward the front side or the rear side of the metal sheet 100.
In this second pressing step, a level step is fabricated by pressing the metal sheet 100
using a punch and a die block, which are not shown in the drawings.

As shown in Fig. 10, in a third pressing step, the contour of the ring-shaped plate
portion 41 of the metal sheet 100 is made circular and external teeth 44 are provided on
the outer circumference. In this third pressing step, superfluous portions in the radially
outer region are removed by press trimming the metal sheet 100 using a punch and a
die block, which are not shown in the drawings, thus forming the external teeth 44.

As shown in Fig. 11, in a fourth pressing step, the shape of the external teeth 44 is
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[0041]

[0042]
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trimmed, the edge of the key hole 45 is lifted, as shown by the virtual line, and fur-
thermore, a depression serving as an alignment mark 48 is fabricated. In this fourth
pressing step, the external teeth 44 and the key hole 45 of the metal sheet 100 are
coined by pressing the metal sheet 100 using a punch and a die block, which are not
shown in the drawings.

As shown in Fig. 12, in a fifth pressing step, punched portions 47 are provided by
punching, in a direction opposite to the direction in which the circular flat plate portion
42 just out, several locations in circumferential direction of a region extending from
the tapered portion 43 to the circular flat plate portion 42 of the metal sheet 100. In this
fifth pressing step, by pressing the metal plate 100 using a punch and a die block,
which are not shown in the drawings, the punched portions 47 are transfer-formed by
plastic deformation of predetermined locations in the metal sheet 100 with a protrusion
for transferring the punched portions 47, which is provided at the punch.

After this, the process is finished by subjecting the metal sheet 100 to shot blasting as
appropriate.

As explained above, in an embodiment to which the present invention is applied, a
cam sprocket 4 fabricated by stamping is provided, in which a plurality of punched
portions 47 are provided at several locations in circumferential direction of a tapered
portion 43 of the cam sprocket, and a portion is ensured that performs the same
operation as the cylindrical portion of the cam sprocket made of a sintered component,
which was explained as a conventional example, by providing the radially inner faces
47a of the plurality of punched portions 47 respectively with a partially circular arc
shape. That is to say, the cam sprocket 4 according to this embodiment can be provided
with a shape with which it can be attached while positioning it at one end in axial
direction of the cam shaft 8, while having a shape with which a rise in the manu-
facturing costs can be better suppressed than with a sintered component. Consequently,
with the present invention, it is possible to provide a cam sprocket 4 that has a
sufficient positioning precision, while being of relatively low cost.

In particular, in this embodiment, since the plurality of punched portions 47 are made
rectangular when viewed from above, the plurality of punching protrusions on the
stamping die, which is not shown in the drawings, can be provided with a relatively
simple shape. Therefore, there is the advantage in that the durability of the stamping
die can be improved, for example it becomes possible to maintain the shape of the
stamping die over long periods of time. Moreover, in the first pressing step to fifth
pressing step for fabricating the cam sprocket 4 according to the present embodiment,
as can be seen from the shapes obtained by the respective steps, although they are not
shown in the drawings, stamping dies of relatively simple shape can be used, so that

there is the advantage that the work efficiency can be improved.
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The present invention may be embodied in various other forms without departing
from the spirit or essential characteristics thereof. Therefore, the above-described em-
bodiments are considered in all respects as illustrative and not limiting. The scope of
the invention is indicated by the appended claims rather than by the foregoing de-
scription. All variations and modifications falling within the equivalency range of the

appended claims are intended to be embraced therein.
For example, in the above-described embodiment, an example was given in which

the cam sprocket 4 is attached to one end in axial direction of the cam shaft 8, but the
present invention is not limited to this. Although not shown in the drawings, an em-
bodiment is possible, in which, for example if a controller with variable valve timing
(VVT) is provided at one end in axial direction of the cam shaft 8, a cylindrical
housing of the controller is fitted to the radially inner space enclosed by the radially
inner faces 47a of the plurality of punched portions 47 in the cam sprocket 4.

The present invention claims the benefit of priority of Japanese Patent Application
No. 2010-178086, filed in Japan on August 8, 2010, the entire content of which is in-
corporated by reference in this application.

Industrial Applicability

The cam sprocket according to the present invention has a shape that does not need
to be manufactured by a costly sintering process and is easy to manufacture by an in-
expensive pressing or punching process, and is thus very beneficial for the man-
ufacture of engines.

Reference Signs List

4 cam sprocket

8 cam shaft

9 bolt

41 ring-shaped plate portion of cam sprocket

42 circular flat plate portion of cam sprocket

43 tapered portion of cam sprocket

44 key hole

47 punched portions

47a radially inner faces of punched portions

81 virtual circle inscribed in radially inner faces of punched portions

82 virtual circle circumscribed around external teeth

83 center of curvature of circumscribed virtual circle
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Claims

A cam sprocket made of a stamped component that is attachable to one
end in axial direction of a cam shaft of an engine, comprising:

a ring-shaped plate portion that extends in a radial direction at a
radially outer region of the cam sprocket by letting a radially inner
region of the cam sprocket jut out in one axial direction, and that is
provided with external teeth along its outer circumference;

a circular plate portion that is disposed at the radially inner region sub-
stantially parallel to the ring-shaped plate portion and at a level
difference in axial direction to the ring-shaped plate portion, the
circular plate portion being abuttable against one end face in axial
direction of the cam shaft; and

a tapered portion linking the circular plate portion to the ring-shaped
portion at a radially intermediate region;

wherein the tapered portion is provided with a plurality of punched
portions for abutting the circular plate portion against the one face in
axial direction of the cam shaft after matching a center of curvature of a
circle circumscribing the external teeth to a rotation axis of the cam
shaft when attaching the cam sprocket to the one end in axial direction
of the cam shaft; and

wherein the plurality of punched portions are formed by punching the
tapered portion at several locations along the circumferential direction
in a direction that is opposite to the direction in which the circular plate
portion juts out, and radially inner faces of the punched portions are
provided with a partial circular arc shape so as to come into area
contact with an outer circumferential surface at the one end in axial
direction of the cam shaft.

The cam sprocket according to claim 1,

wherein each of the punched portions is provided with a rectangular
shape, when viewed in a front view.

A method for manufacturing a cam sprocket made of a stamped
component according to claim 1 or 2, the method comprising the
following steps of:

press-protruding, in which a ring-shaped plate portion is provided at a
radially outer region by causing a center region of a metal sheet to jut
out in one axial direction, a circular plate portion is provided that is

disposed at a central region substantially parallel to the ring-shaped
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plate portion and at a level difference in axial direction to the ring-
shaped plate portion, and a tapered portion is provided between the
circular plate portion and the ring-shaped plate portion;
press-blanking, in which a contour of the ring-shaped plate portion of
the metal sheet is made circular and external teeth are provided at an
outer circumference; and

press-punching, in which punched portions are provided by punching
the tapered portion at several locations along its circumferential
direction in a direction that is opposite to the direction in which the

circular plate portion juts out.
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[Fig. 1]
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