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(57)  The space between the outer side-surfaces 17
of a pair of side-wall sections 4 is not parallel to each
other due to differences in expansion amount during
plastical deformation. In use, a load is applied to the piv-
ot 3 from the side where the space between the outer
side surfaces 17 is narrow to the side where the space
is broad. A crimped section 13a is formed on the outer
periphery at the opposite end surfaces of the pivot 3, on
the half on the side where the space between the outer
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side surfaces 17 is narrow. Therefore, the outer periph-
eral surface of the opposite ends of the pivot 3 comes
into contact with the inner peripheral surface of the
through hole 11 on the load support side. Consequently,
the load is sufficiently supported by the contact surface,
and even after being used for a long time of period, lost
motion is prevented from occurring on the support sec-
tion at the opposite ends of the pivot 3 with respect to
the pair of side-wall section 4.
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Description

Technical Field of the Invention:

[0001] This invention relates to the improvement of a
cam follower having a sheet-metal rocker arm that is
manufactured by press working of metal plate.

Background Technology

[0002] In reciprocating engines (reciprocating piston
engines), except for some 2-cycle engines, there are air-
intake valves and exhaust valves that open and close
in synchronization with the rotation of the crankshaft. Al-
so, the rocker arm is used in a cam follower which is
incorporated in the valve mechanism of the engine to
convert the rotation of the camshaft to the reciprocating
motion of the valve stem (air-intake valve and exhaust
valve). In this kind of reciprocating engine, the camshaft
rotates in synchronization with the rotation of the crank-
shaft (the rotating speed of the camshaft is 1/2 that of
the crankshaft in the case of a 4-cycle engine), and the
motion of the cam shaft is transmitted to the air-intake
valve and exhaust valve by the rocker arm to move the
value stem of the air-intake valve and exhaust valve in
a reciprocating motion in the axial direction.

[0003] In order to secure the strength of the rocker
arm inside the valve mechanism of the engine, while at
the same time make it more lightweight, it has been pro-
posed and putin practice to manufacture the rocker arm
by press working metal plate such as steel plate. Of this
kind of cam follower having a sheet-metal rocker arm
developed under such a situation, Figs. 4 through 7
show a cam follower that is disclosed in US Patent No.
5,048,475. This cam follower comprises a sheet-metal
rocker arm 1, roller 2 and pivot 3, where the roller 2 is
supported by the pivot 3 such that it rotates freely with
respect to the sheet-metal rocker arm 1.

[0004] The cam follower constitutes the cam 9 of the
cam shaft and the lash adjuster as shown in Fig. 7, and
associated with the plunger 8 which is the center of rock-
ing movement of the sheet metal rocker arm 1, and with
the valve stem 7 of the air-intake valve and exhaust
valve. The sheet-metal rocker arm 1 of the cam follower
is made from a metal plate such as a 2 mm to 4 mm
thick steel plate by a punching process to remove any
unnecessary parts, and plastic-working, such as draw-
ing, for obtaining the desired shape; and it comprises a
pair of side-wall sections 4 and first and second con-
necting sections 5, 6 that connect both of these side-
wall sections 4 together, respectively. As shown in Fig.
7, the first connecting section 5 comes in contact against
the base end face of the valve stem 7 and functions as
a pressure portion for displacing the valve stem 7, and
the second connecting section 6 functions as a fulcrum
portion for coming in contact with the tip end face of the
plunger 8. Therefore, in the example shown in the fig-
ures, a spherical concave section is formed on one end
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surface (lower surface in Fig. 6) of the second connect-
ing section 6. Construction that differs from that of the
example shown in the figure, in which a screw hole is
formed in the section that corresponds to the second
connecting section, so as to threadably receive an ad-
just screw with a spherical surface end for fixing, is also
conventionally known.

[0005] On the other hand, the roller 2 is located in a
space defined by the pair of connecting sections 5, 6,
and the pair of side-wall sections 4 and supported by
the pivot 3 such that it can rotate freely. In order to sup-
port the roller 2 by the pivot 3 in the pair of side-wall
sections, both end sections of the pivot 3 is fitted into
the through-holes that are formed at matching locations
in the pair of side-wall sections 4. The outer peripheral
edge of both end surfaces of this pivot 3 is crimped out-
ward toward the peripheral edge of the respective
through-holes (see Fig.10). With this construction, both
end sections of the pivot 3 are attached to the pair of
side-wall sections 4 such that the pivot 3 spans between
both of these side-wall sections 4. The roller 2 fits
around the middle section of the pivot 3 that spans be-
tween both of these side-wall sections 4 in this way, and
is supported either directly or by way of a radial needle
roller bearing such that it can rotate freely.

[0006] As shown in Fig. 7, when installed in the en-
gine, the base end face of the valve stem 7 comes in
contact with one surface of the first connecting section
5 (bottom surface in Fig. 7), and the tip end face of the
plunger 8 comes in contact with the spherical concave
section on one surface of the second connecting section
6, and the outer peripheral surface of the cam 9 securely
fastened in the middle section of the cam shaft comes
in contact with the outer peripheral surface of the roller
2. When the engine is running, as the cam 9 rotates, the
sheet-metal rocker arm 1 moves in a rocking motion with
the point of contact between the tip end surface of the
plunger 8 and the spherical concave section as the cent-
er (fulcrum), and the pressure force from the first con-
necting section 5 and the elastic force of a return spring
10 moves the valve stem 7 in a reciprocating motion in
the axial direction. Incidentally, a cam follower with a
sheet-metal rocker arm having similar construction is al-
so disclosed in Japanese Patent Publication No. Toku-
kou Hei 6-81892, which is not shown in the figures here.
[0007] Since the sheet-metal rocker arm 1 is made by
plastic-working of sheet-metal, the thickness of the
sheet-metal rocker arm 1 changes during the plastic-
working process, so if the shape and construction of the
other parts are not designed properly, it may not be pos-
sible to secure sufficient durability. This aspect is ex-
plained using Figs. 8 through 10 in addition to Figs. 4
through 7, mentioned above.

[0008] When a sheet-metal rocker arm 1 like that
shown in Figs. 4 to 7 is manufactured by drawing of a
metal plate such as a steel plate, with regard to both end
sections in the width direction (top and bottom direction
in Figs. 6 and 7) of the pair of side-wall sections 4, the
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end sections on the side of the first and second connect-
ing sections 5, 6 (top side in Figs. 6 and 7) stretch in the
planar direction an amount more than the end sections
on the other side (bottom side in Figs. 6 and 7), and thus
the thickness of the side-wall sections 4 becomes thin-
ner as going upward in Figs. 6 and 7. Accordingly, the
cross-sectional shape in the width direction of both of
the side-wall sections 4 is a wedge shape thatis inclined
in a direction such that it becomes thicker moving away
from the connecting sections 5, 6 as shown in Figs. 8,
10. On the other hand, the inner side surfaces of these
side-wall sections 4 must be parallel with each other.
The reason for that is to prevent that only one of these
side wall sections 4 comes into contact with the roller 2
located between these sidewall sections 4, so that the
roller 2 can rotate smoothly between the side wall sec-
tions 4.

[0009] When the inner side surfaces of these side-
wall section 4 having a wedge-shaped cross-sectional
shape are arranged such that they are parallel with each
other, the outer side surface of the side-wall sections 4
are not parallel with each other as shown in Figs. 8 and
10. That is, the space between the outer side surfaces
of these sidewall sections 4 gradually becomes large as
it goes away from the connecting sections 5, 6 (to the
bottom in Figs. 8 and 10). The space between the outer
side surfaces of the sidewall sections 4 in this way sim-
ilarly gradually changes in the middle section in the
width direction of these side-wall sections 4 where
through holes 11 are formed for attaching both ends of
the pivot 3. For example, in the results of the tests and
measurement performed by the inventors, the thickness
of the side-wall sections 4 was approximately 1 mm
along the edge on the side of the connecting sections
5, 6 (top edge in Figs. 8 and 10), and was approximately
3 mm along the edge on the opposite side to the con-
necting sections 5, 6 (bottom edge in Fig. 8). In this case,
the thickness of the peripheral edge of the through holes
11 was 2.3 mm on the side of the connecting sections
5, 6 and was 2.9 mm on the opposite side from the con-
necting sections 5, 6. The difference in this thickness is
the degree that the outer side surfaces of the side-wall
sections 4 are not parallel.

[0010] As mentioned above, the outer peripheral
edge of the both end surfaces of the pivot 3 is crimped
out and fixed to the beveled sections 12 formed around
the peripheral edges of the openings of each through
hole 11. However, in the state with the outer side sur-
faces of the sidewall sections 4 are not parallel with each
other, itis not possible to uniformly crimp and fasten both
end sections of the pivot 3 all the way around the bev-
eled sections 12. In other words, since both end surfac-
es of the pivot 3 are at right angles with the center axis
of the pivot 3, the positional relationship in the axial di-
rection between both of these end surfaces and the bev-
eled sections 12 is not uniform in the circumferential di-
rection. In order to maintain sufficient crimping strength,
it is necessary to have a proper positional relationship
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in the axial direction between both of the end surfaces
and the beveled sections 12. However, as long as the
outer side surfaces of the side-wall sections 4 are not
parallel with each other, it is not possible to have a prop-
er positional relationship all the way around the open-
ings. Incidentally, itis unrealistic from the aspect of mass
production to make both end surfaces in the axial direc-
tion of the pivot 3 such that they are not parallel with
each other in alignment with the outer side surfaces.
[0011] Therefore, conventionally, the positional rela-
tionship in the axial direction between the beveled sec-
tions 12 formed around the peripheral edges of the
through holes 11 and both end surfaces of the pivot 3 is
made to be proper on the opposite side from the con-
necting sections 5, 6 (lower side in Fig. 8), as shown in
Fig. 8. Also, as shown by the dot-dash line a in Fig. 9,
a crimping tool (punch) is pressed on a portion of the
end surfaces of the pivot 3 from the middle to the side
opposite to the connecting sections 5, 6, so that the
edge of the portion from the middle to the side opposite
to the connecting sections 5, 6 is crimped outward in the
radial direction. Therefore, as shown in Fig. 10, the outer
peripheral surface around the end section of the pivot 3
comes in contact with the inner peripheral surfaces of
the through holes 11 at a section on the side closer to
the connecting sections 5, 6 (on the upper side in Fig.
10). On the sides where the crimped sections 13 are
formed, or in other words, on the sides opposite from
the connecting sections 5, 6 (on the lower side in Fig.
10), thereis a clearance 14 between the outer peripheral
surface around the both end sections of the pivot 3 and
the inner peripheral surface of the through holes 11.
[0012] In the state where there is a clearance 14 be-
tween the outer peripheral surface around the both end
sections of the pivot 3 and the inner peripheral surface
of the through holes 11 on the opposite side from the
firstand second connecting section 5, 6 as shown in Fig.
10, the crimped sections 13 formed on the both ends of
the pivot 3 support the load applied to the pivot 3 from
the cam 9 shown in Fig. 7 by way of the roller 2 (further
by way of the radial needle roller bearing). In other
words, when the engine is running, a load is applied to
pivot 3 from the top side toward the bottom side in Fig.
10 (in balance with the elastic force of the return spring
10). Since there is a clearance 14 between the outer
peripheral surface around the both end sections of the
pivot 3 and the inner peripheral surface of the through
holes 11 in the direction where the load is applied, the
crimped section 13 supports the load, and the load is
not directly transmitted from the outer peripheral surface
around the both end sections of the pivot 3 to the inner
peripheral surface of the through holes 11.

[0013] However, the area of contact between the
crimped sections 13 and the beveled sections 12 is
small, and since the crimped sections 13 are formed just
by plastically deforming the ends of the pivot 3, itis easy
for them to become plastically deformed. Therefore, af-
ter a long period of use, the crimped sections 13 plasti-
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cally deform inward in the radial direction, and there is
a possibility that the contact pressure between the
crimped sections 13 and the beveled sections 12 will
decrease. When the contact pressure decreases in this
way, the pivot 3 and the roller 2 that is supported around
the middle section of the pivot 3 are lashed with respect
to the sheet-metal rocker arm 1, and thus vibration and
noise occur so largely while the engine is running, which
is not desirable.

[0014] The cam follower of this invention was invent-
ed taking the aforementioned problems into considera-
tion.

Disclosure of the Invention

[0015] The cam follower of this invention comprises a
sheet-metal rocker arm, pivot and roller.

[0016] The sheet-metal rocker arm is manufactured
by plastic-working of a metal plate such as steel plate,
and comprises a pair of side-wall sections, and connect-
ing sections that connect this pair of side-wall sections.
[0017] There is a pair of through holes formed at lo-
cations in alignment with each other in these sidewall
sections. By crimping and opening up the outer periph-
eral edges around the opposite end surfaces of the pivot
toward the inner peripheral surface of the pair of through
holes, the pivot is attached to the pair of side-wall sec-
tions such that it extends between the pair of side-wall
sections.

[0018] Also, the roller is rotatably supported around
the middle section of the pivot directly, or through a roll-
ing bearing such as radial needle roller bearing, or
through a sliding bearing.

[0019] The thickness of the respective side-wall sec-
tions of the sheet-metal rocker arm gradually changes
in the width direction, specifically from the thin portion
located near the connecting sections to the thick portion
located remote from the connecting sections.

[0020] The space between the outer side surfaces of
the pair of the side-wall sections becomes large going
away from the connecting sections.

[0021] During use, a load is applied to the pivot from
the side of the connecting sections.

[0022] Particularly, in the cam follower provided with
the sheet-metal rocker arm of the present invention, the
outer peripheral edges around both end surfaces in the
axial direction of the pivot are crimped around half of the
peripheral edges of the through holes on the side near
the connecting sections. In addition, the outer peripheral
surfaces of both end sections of the pivot come in con-
tact with the inner peripheral surfaces of the respective
through holes on the side away from the connecting sec-
tions.

[0023] Itis desirable thatthe portion of the middle sec-
tion of the pivot on the radially inner side of the roller is
quench hardened, while the portions at the both ends of
the pivot to be crimped and opened are left as it is with-
out being quench hardened.
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[0024] It is desirable that of the openings at the both
ends of the through holes, the peripheral edge of the
opening on the outer side surface of the both side wall
sections is beveled, and the outer peripheral edge at the
axially opposite end surfaces of the pivot is crimped,
such that the outer peripheral surface of the crimped
portion comes into contact with the beveled portion
around the opening.

[0025] In the case of the cam follower provided with
the sheet-metal rocker arm constructed as mentioned
above, the side where the load is supported, or in other
words, in the load-support section, the outer peripheral
surfaces around both ends of the pivot come in contact
with the inner peripheral surfaces of the respective
through holes over a large area. Moreover, in this load-
support section, the outer peripheral surface sections
around both ends of the pivot that come in contact with
the inner peripheral surfaces of the respective through
holes are not plastically deformed as are the crimped
sections, so they are not easily plastically deformed
even when large surface pressure is applied to them.
Therefore, even when used for a long period of time,
lost motion does not easily occur in the support sections
on both ends of the pivot with respect to the side-wall
sections of the sheet-metal rocker arm.

Brief Explanation of the Drawings

[0026]

Fig. 1 is a view, similar to the cross section taken
along the line |-l in Fig. 6, to show one example of
the embodiment of the present invention in the state
before both ends of the pivot are crimped, where
the thickness of the side-wall sections and the clear-
ance between the outer peripheral surface of the
both ends of the pivot and the inner peripheral sur-
face of the through hole are exaggerated.

Fig. 2 is a view as seen from the direction Il in Fig.
1, to show the position where the crimping tool is
pressed in order to crimp the both ends of the pivot.
Fig. 3 is a view, similar to that of Fig. 1, to show the
state after both ends of the pivot are crimped.

Fig. 4 is a perspective view showing an example of
a cam follower having a sheet-metal rocker arm
conventionally known in the art.

Fig. 5is atop plan view as seen from above in Fig. 4.
Fig. 6 is a cross-sectional view taken along the line
VI-VIin Fig. 5.

Fig. 7 is a cross-sectional view of part of the engine
showing the state in which the cam follower is in-
stalled in the engine.

Fig. 8 is a view, similar to Fig. 1, to show a conven-
tional structure.

Fig. 9 is a view as seen from the direction IX in Fig.
8 and shows the position where the crimping tool is
pressed to crimp both ends of the pivot.

Fig. 10 is a view, similar to Fig. 1, to show the both
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ends of the pivot which have been crimped.

Best Mode of the Invention for Working

[0027] A first example of the embodiment of the in-
vention is shown in Figs. 1 to 3. The feature of this in-
vention resides in the construction of a pair of side-wall
sections 4 which have a wedge-shaped cross section
such that the outer side surfaces of the side-wall sec-
tions 4 are not parallel to each other, and specifically of
the part to support both ends of a pivot 3 with respect to
the pair of side-wall sections 4. The overall construction
and function of the cam follower with sheet-metal rocker
arm is substantially the same as the conventionally well-
known construction, including the construction dis-
closed in US Patent No. 5,048,475, and Japanese Pat-
ent Publication No. Tokukou Hei 6-81892, so drawings
and explanations are either omitted or simplified, and
this explanation will center only on the features of this
invention. Throughout all of the drawings, the same ref-
erence numbers are used for like parts.

[0028] Similar to the prior art cam followers, the cam
follower of this example comprises a sheet-metal rocker
arm 1, roller 2 and pivot 3.

[0029] The sheet-metal rocker arm 1 is manufactured
by plastic-working, specifically drawing of metal plate
such as steel plate, and comprises: a pair of side-wall
sections 4, and first and second connecting sections
that connect the pair of side-wall sections 4 (for exam-
ple, the first and second connecting sections 5, 6 as
shown in Figs. 4 to 7). There are through holes 11
formed at locations in alignment with each other in the
middle sections of each of the pair of side-wall sections
4, and both ends of the pivot 3 fit inside and are sup-
ported by these through holes 11 such that this pivot 3
extends between the sidewall sections 4. The outer pe-
ripheral surface of the middle portion of the pivot 3 is
subjected to induction hardening to form a quench-hard-
ened layer 15 generally in the circumference.

[0030] In the example illustrated, the axial length of
the quench-hardened layer 15 is a little longer than the
space between the inner side surfaces of the both side-
wall section 4. Accordingly, the both ends of the quench-
hardened layer 15 enter the both through holes 11. The
outer peripheral surface of the middle portion of the pivot
3 functions as the inner raceway of the radial needle roll-
er bearing for supporting the roller 2 (see Figs. 4 to 7).
The both end sections of the pivot 3, however, are kept
as it is without undergoing quench hardening, so that
the both end sections of the pivot 3 may easily be proc-
essed to form the crimped portion 13a to fix the both end
sections with respect to the respective through holes 11.
[0031] The both side-wall sections 4 have a wedge-
shaped cross section in the width direction (up and down
direction in Figs. 1 and 3), and the thickness of the side-
wall sections 4 generally changes in the width direction
such thatitis thinner on the side closer to the connecting
sections (upper side in Figs. 1 and 3) and thicker on the

15

20

25

30

35

40

45

50

55

side remote from the connecting sections. The inner
side surfaces 16 of the both side-wall sections 4 are par-
allel to each other at least in the width direction, while
the space between the outer side surfaces 17 of the both
side-wall sections 4 becomes larger going remote from
the connecting sections. During use, a load is applied
to the pivot 3 from the side of the connecting sections,
specifically from the upper side to the lower side in Figs.
1 and 3.

[0032] Particularly, in the cam follower of the present
invention, the outer peripheral edge of the both axial end
surfaces of the pivot 3 are crimped onto the half on the
side near the connecting sections (top half in Figs. 1 to
3) of the peripheral edge of the respective through holes
11. In order to do this, as shown in Fig. 2 with the dot-
chain line B, a crimping tool is pressed to part in the cir-
cumferential direction of each end surface of the pivot
3 from the middle section to the side near the connecting
sections to form a crimped section 13a. When perform-
ing this crimping, the outer peripheral surfaces around
the both end portions of the pivot 3 come in contact with
the inner peripheral surfaces of the through holes 11 on
the side away from the connecting sections (lower side
in Figs. 1 to 3). In this illustrated case, with the openings
at the opposite ends of the respective through holes 11,
a beveled section 21 is formed along the peripheral
edge of the opening on the side of the outer side surface
17 of the respective side-wall sections 4, the outer pe-
ripheral surfaces around the crimped sections 13a
formed along the outer peripheral edge of the axial op-
posite end surfaces of the pivot 3 come in contact with
the beveled sections 21. Also, due to processing of
these crimped sections 13a, the opposite ends of the
pivot 3 are strongly pressed toward the side away from
the connecting sections so that the outer peripheral sur-
faces around the opposite ends of the pivot 3 and the
inner peripheral surfaces of the respective through
holes 11 come in strong contact with each other on the
side away from the connecting sections (lower side in
Figs. 1 to 3).

[0033] AsclearlyshowninFigs. 1and 3, inthe present
invention, the space between the outer side surfaces 17
of the both side-wall sections 4 at the portions to be abut-
ted by the crimped portion 13a is smaller than the space
between the outer side surfaces at the portions to be
abutted by the crimped portion 13 in the conventional
structure shown in Figs. 8 to 10. Accordingly, the axial
length of the pivot 3 of the cam follower in the present
invention is a little shorter than the axial length of the
pivot 3 of the conventional structure.

[0034] Inthe case of the cam follower of this invention
having the construction as mentioned above, on the side
where the load is supported, or in other words, in the
load-support section, the outer peripheral surfaces
around the both end sections of the pivot 3 come in con-
tact with the inner peripheral surfaces of the through
holes 11 over a wide area. Also, in this load-support sec-
tion, the portion of the outer peripheral surface of the
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ends of the pivot 3 that come in contact with the inner
peripheral surfaces of the through holes 11 did not un-
dergo plastical deformation like the crimped sections
13a, so they do not easily deform plastically even when
large pressure is applied. Particularly, in the example
shown in the figures, there is a quench hardened layer
15 on part of the outer peripheral surfaces around the
both end sections of the pivot 3 that come in contact with
the inner peripheral surfaces of the through holes 11.
This quench hardened layer 15 is hard and very difficult
to deform. Therefore, even when used for a long period
of time, it is difficult for lost motion to occur in the support
sections of the both ends of the pivot 3 with respect to
the side-wall sections 4 of the sheet-metal rocker arm 1.

Industrial Applicability

[0035] This invention is constructed and functions as
described above and is capable of improving the dura-
bility of a cam follower having a lightweight and pro-
duced at low-cost.

Claims

1. A cam follower comprising a rocker arm, pivot and
roller,

(1) the rocker armis :

(1a) made from a metal plate through a
drawing process, and comprises

(1b) a pair of side-wall sections,

(1c) connecting sections to connect the
pair of side-wall sections,

(1d) provided that the connecting section
side is on the upper side while the opposite
side to the connecting section side is on the
lower side, the thickness of the pair of side-
wall sections is gradually changed in the
width directions such that the thickness of
the pair of side-wall sections is thin on the
upper side and thick on the lower side,
(1e) the space between the outer side sur-
faces of the pair of the side wall sections
becoming larger going to the lower side,
and

(1f) through holes being formed at loca-
tions in the pair of side wall sections in
alignment with each other,

(2) the pivot :

(2a) is fitted into the pair of through holes
to extend between the pair of side-wall sec-
tions,

(2b) the outer peripheral edge of the axially
opposite end surfaces of the pivot being
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crimped onto the upper side of the pair of
the through holes, and

(3) the roller being supported rotatably around
the middle portion of the pivot.

2. The cam follower of Claim 1,

(1) wherein with the openings at the both ends
of the through holes, the peripheral edge of the
opening on the outer side surface of the pair of
the side-wall sections is beveled, and

(2) wherein each of the opposite end surfaces
in the axial direction of the pivot exists between
the axial position of the highest point in the in-
ner peripheral circle of the beveled section and
the axial position of the lowest point of the inner
peripheral circle.

3. The cam follower of one of Claims 1 and 2, wherein
a middle portion of the pivot, facing the inner periph-
ery side of the roller, is quench-hardened, and
wherein the portion at the axially opposite end sur-
faces of the pivot to be crimped is kept as it is and
not subjected to quench-hardening.

4. The cam follower of Claim 2, wherein the outer pe-
ripheral surface of the crimped portion formed on
the outer peripheral edge of the axially opposite end
surfaces of the pivot comes into contact with the
beveled portion.
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