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(54) Valve train with roller rocker arm

(57)  Aroller rocker arm type valve train (10) is pro-
vided with an inner roller (22) that is rotatably supported
at aroller pin (26) fixed to a rocker arm (12) and an outer
roller (24) that is rotatably supported around the inner
roller (22) coaxially thereto. In the roller rocker arm type

valve train, inclined surfaces (30, 32, 42, 44, 48) are
formed on an outer peripheral edge of at least one of an
outer circumferential surface of the inner roller (22) and
an inner circumferential surface of the outer roller (24)
in a predetermined range along a radial direction of the
roller.
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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] Theinventionrelatestoaroller rocker armtype
valve train.

2. Description of Related Art

[0002] A roller rocker arm type valve train disclosed
in JP-A-2000-34907 is well known as the valve train em-
ployed for an internal combustion engine.

[0003] The aforementioned roller rocker arm type
valve train includes an inner roller and an outer roller
(formed into a double ring structure) which are coaxially
supported at a roller pin. An outer circumferential sur-
face of the outer roller is pressed by a cam so as to op-
erate a valve (intake or exhaust valve). This may reduce
the friction force generated between the rocker arm (the
inner roller and the outer roller) and the cam, thus im-
proving the fuel consumption rate and the like.

[0004] Inthe valve train to which the above-described
roller rocker arm is applied, an alignment error is likely
to occur in the process of manufacturing or operating
conditions. The contact surfaces of the cam and the out-
errollerin the axial direction are, thus, relatively inclined
to a slight degree. If the cam abuts on the outer roller in
the state where both the cam and the outer roller are
inclined, the contact surface of the outer roller tends to
adapt itself to the contact surface of the cam owing to
its high support rigidity. So-called edge loads occur at
each end portions of the inner circumferential surface of
the outer roller that inclines to adapt to the contact sur-
face of the cam and the outer circumferential surface of
the inner roller in the axial direction.

[0005] In case of a thick oil film formed between slid-
ing contact surfaces of the rollers under the operation
condition at high speed and low oil temperature, the
aforementioned inclination of the outer roller may be
covered by the thick oil film. However, in case of a thin
oil film formed under the operation condition at low
speed and high oil temperature, the inclination of the
outer roller cannot be covered by the thin oil film. The
frequency of direct contact between the sliding surfaces
is increased, thus increasing the friction loss.

SUMMARY OF THE INVENTION

[0006] Itis an object of the invention to provide a roller
rocker arm type valve train that prevents generation of
edge loads by avoiding increase in the frequency of di-
rect contact between contact surfaces of the outer roller
and the inner roller so as to reduce the friction loss while
maintaining fluid lubrication under an operation condi-
tion at low speed and high oil temperature where the oil
film formed between the sliding surfaces becomes thin.
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[0007] The roller rocker arm type valve train according
to the invention is provided with an inner roller that is
rotatably supported at a roller pin fixed to a rocker arm
and an outer roller that is rotatably supported around the
inner roller coaxially thereto. In the roller rocker arm type
valve train, an inclined surface is formed on an outer
peripheral edge of at least one of an outer circumferen-
tial surface of the inner roller and an inner circumferen-
tial surface of the outer roller in a predetermined range
along a radial direction thereof.

[0008] In the roller rocker arm type valve train as
aforementioned, the inner roller and the outer roller are
assembled into a double ring structure.

[0009] Assumingthatan alignmenterror has occurred
in the process of manufacturing or operation conditions,
and contact surfaces of the cam and the outer roller in
the axial direction are relatively inclined, in other words,
the outer roller is inclined upon its abutment on the cam,
the thick oil film formed between the sliding surfaces un-
der the operation condition at high speed and low oil
temperature may cover such inclination of the outer roll-
er. Accordingly, the fluid lubrication for the contact sur-
faces between the outer roller and the inner roller can
be maintained.

[0010] Meanwhile, if the il film is thin under the op-
eration condition at low speed and high oil temperature,
the inclination of the outer roller cannot be covered. Ac-
cordingly the frequency of the direct contact between
the sliding surfaces is increased, thus increasing the
friction loss.

[0011] Intheroller rocker arm type valve train accord-
ing to the invention, the inclined surfaces are formed on
the outer peripheral edge of at least one of the outer
circumferential surface of the inner roller and the inner
circumferential surface of the outer roller along the radial
direction of the roller such that a total width of the in-
clined surfaces is within a predetermined range Even if
the outer roller is inclined, edge loads in the axial direc-
tion at the end portions of the inner circumferential sur-
face of the outer roller and the outer circumferential sur-
face of the inner roller are not increased, preventing the
oil film from running out. This makes it possible to main-
tain the fluid lubrication under the operation condition at
low speed and high oil temperature, and to prevent in-
crease in the friction loss owing to the increase in the
frequency in the direct contact between the sliding sur-
faces of the inner and the outer rollers.

[0012] The inclined surfaces formed on at least one
of the outer circumferential surface of the inner roller and
the inner circumferential surface of the outer roller may
be formed as a crowning surface, a tapered surface, a
chamfer surface, or an arbitrary combination thereof.
[0013] Inthe roller rocker arm type valve train accord-
ing to the invention, the inclined surface is formed such
that a total width of the inclined surfaces is in a range
between 15% and 45% of an outer diameter of the roller.
[0014] If the width of the inclined surface which is
formed on at least one of the outer circumferential sur-
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face of the inner roller and the inner circumferential sur-
face of the outer roller is relatively small, the edge loads
cannot be sufficiently reduced. Meanwhile if the width
of the inclined surface is relatively large, the average
surface pressure increases owing to the decrease in the
contact width. There may be a concern with respect to
the direct contact between the outer and the inner rollers
at the portion other than the outer peripheral edge of the
roller.

[0015] Inthe roller rocker arm type valve train accord-
ing to the invention, the inclined surface is formed such
that the total width of the inclined surfaces is in a pre-
determined range. Accordingly, the significant effect for
reducing the friction loss may be obtained.

[0016] In the roller rocker arm type valve train accord-
ing to the invention, the increase in the frequency of di-
rect contact between the outer and the inner rollers is
avoided so as to prevent generation of the edge load as
well as to provide the effect for reducing the friction loss
while maintaining the fluid lubrication under the opera-
tion condition at low speed and high oil temperature
where the oil film formed between the sliding surfaces
becomes thin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing and further objects, features
and advantages of the invention will become apparent
from the following description of preferred embodiments
with reference to the accompanying drawings, wherein
like numerals are used to represent like elements and
wherein:

Fig. 1 is a front view showing a structure of a roller
rocker arm type valve train according to an embod-
iment of the invention;

Fig. 2 is a sectional view taken along lines 2-2 of
Fig. 1, showing a structure of a main portion of the
roller rocker arm type valve train according to the
embodiment of the invention;

Fig. 3 is a graph showing a relationship between an
oil temperature and a friction loss at a slide bearing;
Fig. 4 is a graph showing a relationship between a
width of an inclined surface formed on the roller and
the friction force;

Fig. 5 is a sectional view corresponding to Fig. 2,
showing another example of the inclined surface of
the roller rocker arm type valve train according to
the invention; and

Fig. 6 is a sectional view corresponding to Fig. 2,
showing another example of the inclined surface of
the roller rocker arm type valve train according to
the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0018] Fig. 1 is a front view showing a structure of a
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roller rocker arm type valve train 10 according to an em-
bodiment of the invention. Fig. 2 is a sectional view tak-
en along lines 2-2 of Fig. 1 showing the roller rocker arm
type valve train 10.

[0019] The roller rocker arm type valve train 10 is pro-
vided with a rocker arm 12 having one end portion sup-
ported at a pivot portion 14 such that the other top por-
tion is moveable up and down. A pressure portion 16 at
the top portion of the rocker arm 12 abuts on a cap 20
crowned on an axial top portion of a valve 18 (for exam-
ple, an intake valve or an exhaust valve).

[0020] An inner roller 22 and an outer roller 24 are
attached to the center of the rocker arm 12 in the longi-
tudinal direction. The inner roller 22 is rotatably support-
ed at aroller pin 26 fixed to the rocker arm 12. The outer
roller 24 is rotatably supported around the inner roller
22 coaxially thereto. The inner roller 22 and the outer
roller 24 are assembled into a double ring structure. The
outer roller 24 is disposed to be in contact with a cam
28 that presses the outer circumferential surface of the
outer roller 24. The pressure portion 16 of the rocker
arm 12 then applies a pressure force to the cap 20
crowned on the valve 18 so as to be operated.

[0021] ReferringtoFig. 2, crowning surfaces 30 as the
inclined surface are formed on the outer peripheral edge
of the outer circumferential surface of the inner roller 22
in a predetermined range along the roller radial direc-
tion. Chamfers 32 are further formed at edge portions
of the crowning surfaces 30, respectively.

[0022] In the roller rocker arm type valve train of the
embodiment, the curvature R of the crowning surface
30 is approximately 30 mm. The total width of the width
K of the crowning surface 30 and the width M of the
chamfer 32 is 33% of the outer diameter of the inner
roller 22 with the cut amount § of the crowning surface
30 of approximately 0.024 mm.

[0023] Operations of the roller rocker arm type valve
train according to the embodiment of the invention will
be described hereinafter.

[0024] The roller rocker arm type valve train 10 in-
cludes the inner roller 22 and the outer roller 24 which
are assembled into a double ring structure.

[0025] Assuming that the axial contact surfaces of the
cam 28 and the outer roller 24 are relatively inclined ow-
ing to an alignment error that has occurred in the proc-
ess of manufacturing or operating conditions, that is, the
outer roller 24 is inclined upon its abutment on the cam
28, if the oil film formed between the sliding surfaces is
thick under the operation condition at high speed and
low oil temperature, such inclination of the outer roller
24 may be covered by the oil film. Accordingly, the fluid
lubrication between the outer roller 24 and the inner roll-
er 22 may be maintained.

[0026] Meanwhile, if the oil film is thin in the aforemen-
tioned state under the operation condition at low speed
and high oil temperature, the thin oil film cannot cover
the inclination of the outer roller 24. The frequency of
direct contact between the sliding surfaces of the outer
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and the inner rollers is increased, thus increasing the
friction loss. Fig. 3 shows the experimental results rep-
resenting the increase in the friction loss as increase in
the oil temperature.

[0027] In the roller rocker arm type valve train 10 ac-
cording to the invention, the crowning surfaces 30 and
the chamfers 32 that form the inclined surface are made
on the outer peripheral edge of the outer circumferential
surface of the inner roller 22 in the predetermined range
along the roller radial direction. If the outer roller 24 is
inclined, each edge load at the axial ends of the inner
circumferential surface of the outer roller 24 and the out-
er circumferential surface of the inner roller 22 is not in-
creased, preventing the oil film from running out. This
makes it possible to maintain the fluid lubrication under
the operation condition at low speed and high oil tem-
perature while keeping the friction resistance as the ad-
vantageous feature of the slide bearing. Accordingly the
increase in the friction loss owing to the increase in the
frequency of direct contact between the sliding surfaces
of the outer and the inner rollers may be prevented.
[0028] If the width of the inclined surface (the crown-
ing surface 30 and the chamfer 32) is relatively small,
the edge load cannot be reduced sufficiently. Mean-
while, if the width of the inclined surface is relatively
large, the average surface pressure is increased owing
to the decrease in the contact width. There may be a
concern with respect to the direct contact at the portion
other than the outer peripheral edge. It is preferable to
form the inclined surface such that the total width thereof
is in the range between 15% and 45% of the outer di-
ameter of the roller. Fig. 4 shows the experimental re-
sults with respect to the influence of the change in the
width of the inclined surface (the crowning surface 30)
to the friction force. The significant friction loss reducing
effect may be obtained especially when the total width
of the inclined surface (crowning surface, tapered sur-
face, chamfer surface) is in the range between 15% and
45% of the outer diameter of the roller.

[0029] In the roller rocker arm type valve train as
aforementioned, the crowning surfaces 30 and cham-
fers 32 at both edge portions thereof are formed as the
inclined surface. However, the chamfers 32 do not have
to be necessarily provided.

[0030] In the roller rocker arm type valve train as de-
scribed above, the crowning surfaces 30 as the inclined
surface are formed on the outer circumferential surface
of the inner roller 22. However, the inclined surface may
be formed on the inner circumferential surface of the
outer roller 24. Alternatively, the crowning surfaces 30
may be formed both on the outer circumferential surface
of the inner roller 22 and the inner circumferential sur-
face of the outer roller 24, respectively by setting the cut
amount 9 to half.

[0031] The inclined surface may include not only the
crowning surfaces 30 but also simple tapered surfaces,
chamfer surfaces, or arbitrary combinations thereof.
[0032] Referring to Fig. 5, the inclined surface may
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include tapered surfaces 42 and chamfers 44 formed on
the outer circumferential surface of an inner roller 40 at
an inclined angle of 6 and the cut amount of §. Alterna-
tively as shown in Fig. 6, only tapered surfaces 48 are
formed on the outer circumferential surface of an inner
roller 46 as the inclined surface at an inclined angle of
6 and the cut amount of 4.

Claims

1. Avroller rocker arm type valve train (10) including an
inner roller (22) that is rotatably supported at a roller
pin (26) fixed to a rocker arm (12) and an outer roller
(24) that is rotatably supported around the inner roll-
er coaxially thereto, characterized in that inclined
surfaces are formed on an outer peripheral edge of
at least one of an outer circumferential surface of
the innerroller (22) and an inner circumferential sur-
face of the outerroller (24) in a predetermined range
along a radial direction of the roller.

2. The roller rocker arm type valve train according to
claim 1, characterized in that the inclined surface
comprises at least one of a crowning surface (30),
a tapered surface (42, 48), a chamfer surface (32,
44), and combinations thereof.

3. The roller rocker arm type valve train according to
claim 1 or 2, characterized in that the inclined sur-
face is formed such that a total width of the inclined
surface is in a range between 15% and 45% of an
outer diameter of the roller.
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FIG.3
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FIG.4
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