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(54) VALVE ACTUATOR FOR INTERNAL COMBUSTION ENGINE

(57) Provided is a valve operating apparatus for an
internal combustion engine that, with respect to a con-
figuration including urging means that urges a transfer
member that transfers an acting force of a cam to a valve,
can facilitate manufacture of a support portion of the urg-
ing means and suppress an increase in the mass of the
internal combustion engine.

A first rocker arm (18) is provided that is interposed
between a main cam (14) and a valve (26) and that trans-
fers an acting force of the main cam (14) to the valve
(26). A lost motion mechanism (60) is provided that urges
the first rocker arm (18) in one direction. A holding mem-
ber (68) is provided that holds the lost motion mechanism
(60). The lost motion mechanism (60) is attached to a
spark plug tube (66) through the holding member (68).
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Description

Technical Field

[0001] The present invention relates to a valve oper-
ating apparatus for an internal combustion engine.

Background Art

[0002] A conventional valve operating apparatus for
an internal combustion engine is disclosed in, for exam-
ple, Patent Document 1. The aforementioned conven-
tional valve operating apparatus includes a lost motion
mechanism that urges a rocker arm in one direction. More
specifically, a cylinder head in which the aforementioned
valve operating apparatus is mounted includes a boss
portion that is formed by casting around a spark plug
insertion cylinder (spark plug tube). The aforementioned
lost motion mechanism is supported by the boss portion.
The applicants are aware of the following documents,
which includes the above described document, as doc-
uments related to the present invention.

Citation List

Patent Documents

[0003]

Patent Document 1: Japanese Laid-open Patent Ap-
plication Publication No. 2000-240418

Patent Document 2: Japanese Laid-open Patent Ap-
plication Publication No. 2007-327378

Patent Document 3: Japanese Laid-open Patent Ap-
plication Publication No. Hei 6-280522

Summary of Invention

Technical Problem

[0004] When forming a boss portion (support portion)
for supporting urging means such as a lost motion mech-
anism by casting on a top face of a cylinder head as in
the above described conventional technique, the neces-
sity arises to guide molten metal that has dropped down-
ward one time in an upward direction again. Consequent-
ly, when the fluidity of the molten metal is taken into con-
sideration, the boss portion is a shape that has poor man-
ufacturability and a large amount of excess thickness.
As a result, the mass of the internal combustion engine
increases, and that increase is a factor that causes the
fuel consumption performance of the vehicle to deterio-
rate.
[0005] The present invention has been conceived to
solve the above described problem, and an object of the
present invention is to provide a valve operating appa-

ratus for an internal combustion engine that, with respect
to a configuration including urging means that urges a
transfer member that transfers an acting force of a cam
to a valve, can facilitate manufacture of a support portion
of the urging means and suppress an increase in the
mass of the internal combustion engine.

Solution to Problem

[0006] A first aspect of the present invention is a valve
operating apparatus for an internal combustion engine,
comprising:

a transfer member that is interposed between a cam
and a valve, and transfers an acting force of the cam
to the valve;
urging means that urges the transfer member in one
direction; and
a holding member that holds the urging means,
wherein the urging means is attached to a spark plug
tube through the holding member.

[0007] A second aspect of the present invention is the
valve operating apparatus for an internal combustion en-
gine according to the first aspect of the present invention,
wherein the transfer member includes a first rocker arm
that rocks in synchrony with rotation of the cam, and
wherein the urging means is means that urges the first
rocker arm towards the cam.
[0008] A third aspect of the present invention is the
valve operating apparatus for an internal combustion en-
gine according to the second aspect of the present in-
vention,
wherein the holding member is attached to the spark plug
tube in a condition in which the holding member is rotat-
able in a circumferential direction of the spark plug tube,
wherein the valve operating apparatus for an internal
combustion engine further comprising:

an engagement groove that is formed in one of the
urging means and the first rocker arm at a contact
portion between the urging means and the first rock-
er arm; and

a projecting portion that is formed in the other of the
urging means and the first rocker arm at the contact
portion and that engages with the engagement
groove.

[0009]  A fourth aspect of the present invention is the
valve operating apparatus for an internal combustion en-
gine according to the second or third aspect of the present
invention,
wherein the transfer member further includes a second
rocker arm that is capable of pushing and moving the
valve,
wherein the valve operating apparatus for an internal
combustion engine further comprises a switching mech-
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anism capable of switching between a connected state
in which the first rocker arm and the second rocker arm
are in connection and a non-connected state in which
the connection is released, and
wherein the urging means is a lost motion mechanism
that urges the first rocker arm so as to maintain a state
in which the first rocker arm contacts the cam.
[0010] A fifth aspect of the present invention is the
valve operating apparatus for an internal combustion en-
gine according to the first or second aspect of the present
invention,
wherein the urging means is a lash adjuster that has a
function of expanding and contracting so as to make a
tappet clearance zero and that is disposed so as to sup-
port a fulcrum of the transfer member.
[0011] A sixth aspect of the present invention is the
valve operating apparatus for an internal combustion en-
gine according to any one of the first to fifth aspects of
the present invention,
wherein the holding member includes a holding portion
that covers a trunk portion of the urging means from out-
side, and an attachment portion that is attached to the
spark plug tube.
[0012] A seventh aspect of the present invention is the
valve operating apparatus for an internal combustion en-
gine according to the sixth aspect of the present inven-
tion,
wherein a cross-sectional shape of the holding portion is
an enlarged shape of a cross-sectional shape of the urg-
ing means.
[0013] An eighth aspect of the present invention is the
valve operating apparatus for an internal combustion en-
gine according to any one of the first to seventh aspects
of the present invention,
wherein an end portion on an opposite side to an end
portion that contacts the transfer member in the urging
means is received and stopped by a base member to
which the spark plug tube is fixed.

Advantageous Effects of Invention

[0014] According to the first aspect of the present in-
vention, the necessity to form a support portion of the
urging means by casting on a top face of a base member
such as a cylinder head on which the valve operating
apparatus is mounted is eliminated. As a result, a boss
portion (support portion) that includes excess thickness
is not required, and hence manufacture of the aforemen-
tioned support portion can be facilitated and the mass of
the internal combustion engine can be reduced. It is
thereby possible to prevent a deterioration in the fuel con-
sumption performance of a vehicle that is caused by an
increase in the mass thereof.
[0015] According to the second aspect of the present
invention, in the case of a configuration that has the trans-
fer member including the first rocker arm that rocks in
synchrony with the cam, and that is equipped with the
urging means that urges the first rocker arm toward the

cam, manufacture of a support portion of the urging
means can be facilitated and the mass of the internal
combustion engine can be reduced.
[0016]  According to the third aspect of the present
invention, it is possible to accurately perform positioning
of the urging means with respect to the first rocker arm
without leading to an increase in the number of compo-
nents.
[0017] According to the fourth aspect of the present
invention, in the case of the valve operating apparatus
in which the urging means is configured as the lost motion
mechanism that urges the first rocker arm toward the
cam, manufacture of a support portion of the lost motion
mechanism can be facilitated and the mass of the internal
combustion engine can be reduced.
[0018] According to the fifth aspect of the present in-
vention, in the case of the valve operating apparatus in
which the urging means is configured as the lash adjuster
that supports a fulcrum of the transfer member, manu-
facture of a support portion of the lash adjuster can be
facilitated and the mass of the internal combustion engine
can be reduced.
[0019] According to the sixth aspect of the present in-
vention, in the case of a configuration equipped with the
holding member including the aforementioned holding
portion and the aforementioned attachment portion,
manufacture of a support portion of the urging means
can be facilitated and the mass of the internal combustion
engine can be reduced.
[0020] According to the seventh aspect of the present
invention, since there is no necessity to provide an un-
required protruding portion in the holding member, the
weight of the holding member can be reduced.
[0021] According to the eighth aspect of the present
invention, the holding member carries out only a guiding
function that guides the urging means, and the base
member is responsible for bearing an urging force of the
urging means. As a result, a force that acts on the holding
member can be decreased, and hence the weight of the
holding member can be reduced.

Brief Description of Drawings

[0022]

Figure 1 is a perspective view that illustrates the con-
figuration of a variable valve operating apparatus ac-
cording to Embodiment 1 of the present invention;
Figure 2 shows partial cross-sectional views that il-
lustrate the configuration of the variable valve oper-
ating apparatus shown in Figure 1;
Figure 3 is a perspective view for describing a char-
acteristic support structure of a lost motion mecha-
nism according to Embodiment 1 of the present in-
vention;
Figure 4 is a perspective view that shows the external
shape of a holding member 68 shown in Figure 3;
Figure 5 shows views for describing a configuration
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that the variable valve operating apparatus is pro-
vided with for performing positioning between a first
rocker arm and the lost motion mechanism;
Figure 6 is a view for describing an effect produced
by the support structure of the lost motion mecha-
nism according to Embodiment 1 of the present in-
vention;
Figure 7 is a cross-sectional view that shows a cross-
section of the lost motion mechanism and the first
rocker arm taken at the axis line position of the lost
motion mechanism as seen from the advancing di-
rection of an engagement groove;
Figure 8 is a view that schematically shows the con-
figuration of a valve operating apparatus according
to Embodiment 2 of the present invention; and
Figure 9 is a view that schematically shows the con-
figuration of another valve operating apparatus that
is applicable to the present invention.

Description of Embodiments

Embodiment 1

[Basic configuration of valve operating apparatus of Em-
bodiment 1]

[0023] A valve operating apparatus for an internal com-
bustion engine according to Embodiment 1 of the present
invention is configured as a variable valve operating ap-
paratus that is capable of switching an operating state of
a valve between a valve operating state and a closed-
valve stopped state.
[0024] Figure 1 is a perspective view that illustrates
the configuration of a variable valve operating apparatus
10 according to Embodiment 1 of the present invention.
Figure 2 shows partial cross-sectional views that illus-
trate the configuration of the variable valve operating ap-
paratus 10 shown in Figure 1. More specifically, Figure
1 illustrates the configuration of the variable valve oper-
ating apparatus 10 with respect to a certain cylinder of
the internal combustion engine. Figure 2(A) is a partial
cross-sectional view that shows a cross-section of one
part (rocker arms 18 and 20, and a rocker shaft 22) of
the variable valve operating apparatus 10 along a plane
including the axis line of the rocker shaft 22 and the axis
line of switching pins 36, 38, and 44. It is assumed that
the respective cylinders of the internal combustion en-
gine are equipped with two intake valves and two exhaust
valves. Further, it is assumed that the configuration
shown in Figure 1 and Figure 2 functions as an apparatus
that drives two intake valves or two exhaust valves that
are arranged in the respective cylinders.
[0025] The variable valve operating apparatus 10 of
the present embodiment includes a camshaft 12. The
camshaft 12 is connected by a timing chain or a timing
belt to a crankshaft that is not illustrated in the drawings,
and is configured so as to rotate at half the speed of the
crankshaft. One main cam 14 and one auxiliary cam 16

are formed per cylinder on the camshaft 12.
[0026] Each main cam 14 includes an arcuate base
circle portion 14a that is coaxial with the camshaft 12,
and a nose portion 14b that is formed such that a part of
the base circle is expands outwards in the radial direction.
Further, in the present embodiment, each auxiliary cam
16 is constructed as a cam that has only a base circle
portion (a zero-lift cam). Each cylinder of the internal com-
bustion engine is provided with one first rocker arm 18
and one second rocker arm 20 that are adjacent to each
other. The rocker arms 18 and 20 of each cylinder are
rotatably (rockably) supported by one rocker shaft 22.
[0027] As shown in Figure 1, the rocker arms 18 and
20 are interposed between the cams 14 and 16 and
valves 26 as transfer members that transfer an acting
force of the main cam 14 to the valves 26. A cam roller
28 is rotatably attached to the first rocker arm 18 at a
position at which the cam roller 28 can contact the main
cam 14. The first rocker arm 18 is urged by means of a
lost motion mechanism 60, described later, so that the
cam roller 28 is always in contact with the main cam 14.
In this connection, the configuration relating to the lost
motion mechanism 60 is a characterizing portion of the
present embodiment, and hence it is described in detail
later referring to Figure 3 to Figure 7. The first rocker arm
18 configured as described above rocks in a manner that
takes the rocker shaft 22 as a fulcrum through coopera-
tion between the acting force of the main cam 14 and an
urging force of the aforementioned lost motion mecha-
nism 60.
[0028] As shown in Figure 1 and Figure 2, the second
rocker arm 20 for driving two of the valves 26 is configured
in an integrated manner so as to surround the first rocker
arm 18 from both sides. In addition, a pad 20a is provided
on the second rocker arm 20 at a position that can contact
the auxiliary cam 16 within the base circle section of the
main cam 14. Further, each valve 26 is urged in the clos-
ing direction by a valve spring 30.

(Configuration of switching mechanism)

[0029] The variable valve operating apparatus 10 is
equipped with a switching mechanism 32 for switching
between a connected state in which the first rocker arm
18 and the second rocker arm 20 are connected together
(see Figure 2(A)) and a non-connected state in which the
connection between the first rocker arm 18 and the sec-
ond rocker arm 20 is released (see Figure 2(B)). Due to
the provision of this switching mechanism 32, the variable
valve operating apparatus 10 can switch between a state
in which the acting force of the main cam 14 is transferred
through the first rocker arm 18 to the second rocker arm
20 (the aforementioned connected state) and a state in
which the acting force of the main cam 14 is not trans-
ferred to the second rocker arm 20 (the aforementioned
non-connected state), and can thereby switch the valve
opening characteristics of the valve 26 between a valve
operating state and a closed-valve stopped state.
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[0030] As shown in Figure 2, a first pin hole 34a that
is concentric with the cam roller 28 is formed inside a
bush 34 that functions as a spindle of the cam roller 28,
and two second pin holes 20bL and 20bR are formed at
positions corresponding to the first pin hole 34a inside
the second rocker arm 20. A cylindrical first switching pin
36 is movably inserted into the first pin hole 34a. A cy-
lindrical second switching pin 38 that contacts against
the first switching pin 36 is movably inserted into the sec-
ond pin hole 20bL (on the left side in Figure 1). In the
second pin hole 20bL in which the second switching pin
38 has been inserted, an end portion on an opposite side
to the first rocker arm 18 is blocked by a cap 40. Further,
a return spring 42 that urges the second switching pin 38
in the direction of the first rocker arm 18 is disposed inside
the second pin hole 20bL. In addition, a cylindrical third
switching pin 44 that contacts against the first switching
pin 36 is movably inserted into the other second pin hole
20bR (on the right side in Figure 1).
[0031] The switching mechanism 32 has a pin driving
mechanism for driving the switching pin 36 and the like
while resisting the urging force of the return spring 42.
More specifically, a link arm 46 having an arm portion
46a that contacts against the third switching pin 44 is
disposed at a side of the second rocker arm 20. The link
arm 46 is rotatably supported by the rocker shaft 22. Fur-
ther, as shown in Figure 2, the rocker shaft 22 is formed
in a hollow shape. A link shaft 50 is inserted inside the
rocker shaft 22. The link shaft 50 is provided to enable
the link arm 46 and a link arm (not shown in the drawings)
disposed in another cylinder that is not illustrated in the
drawings to be displaced in conjunction with each other
in the axial direction of the rocker shaft 22.
[0032] As shown in Figure 1 and Figure 2, at a distal
end of the arm portion 46a of the link arm 46, a projecting
portion 46b is provided at a position at which the project-
ing portion 46b can project toward the circumferential
surface of the camshaft 12. In addition, on the camshaft
12, at a location facing the projecting portion 46b, a guide
rail 54 is provided that is formed as a helical groove that
extends in the circumferential direction. Further, the
switching mechanism 32 includes an electromagnetic so-
lenoid 56 as an actuator that generates a driving force
for causing the projecting portion 46b to engage with (be
inserted into) the guide rail 54. The electromagnetic so-
lenoid 56 is configured to be duty controlled based on
commands from an ECU (Electronic Control Unit) 58 for
controlling the operating state of the internal combustion
engine.
[0033] The variable valve operating apparatus 10 of
the present embodiment is configured so that, as shown
in Figure 2(A), in a state in which passage of a current
to the electromagnetic solenoid 56 is turned off, the pro-
jecting portion 46b of the link arm 46 separates from the
guide rail 54 and, further, the link arm 46 receives the
urging force of the return spring 42 and is positioned at
a displacement end Pmax1. In this state, the first rocker
arm 18 and the second rocker arm 20 are in a state in

which they are connected through the switching pins 36
and 38. As a result, the state is a valve operating state
in which the acting force of the main cam 14 is transferred
to both of the valves 26 through the second rocker arm
20 from the first rocker arm 18.
[0034] Furthermore, the variable valve operating ap-
paratus 10 of the present embodiment is configured so
that, as shown in Figure 2(B), when a current is passed
to the electromagnetic solenoid 56, the projecting portion
46b engages with the guide rail 54 as a result of rotation
of the link arm 46 that is pushed by the drive shaft 56a,
and as a result the link arm 46 is displaced toward a
displacement end Pmax2. Further, the variable valve op-
erating apparatus 10 is configured so that, during a period
in which passage of a current to the electromagnetic so-
lenoid 56 is continuing, in a state in which the projecting
portion 46b is separated from the camshaft 12 and in
which the urging force of the return spring 42 is being
received and borne by the engagement between the link
arm 46 and the drive shaft 56a of the electromagnetic
solenoid, the link arm 46 is retained in position. In this
state that is shown in Figure 2 (B), the first rocker arm
18 and the second rocker arm 20 are not connected to
each other. As a result, irrespective of rotation of the main
cam 14, since the second rocker arm 20 enters a station-
ary state, the operating state of the valve 26 is the closed-
valve stopped state.
[0035] As described in the foregoing, according to the
variable valve operating apparatus 10 of the present em-
bodiment, by switching between states in which passage
of a current to the electromagnetic solenoid 56 is turned
on and off, the operating state of the valves 26 can be
switched between a valve operating state and a closed-
valve stopped state by utilizing the switching pin 36 and
the like. In this connection, the configuration of the pin
driving mechanism is not limited to the above described
configuration, and for example, the pin driving mecha-
nism may be a mechanism in which the switching pin 36
and the like are driven utilizing an electric motor or hy-
draulic pressure.

[Characteristic configuration of Embodiment 1]

[0036] Figure 3 is a perspective view for describing a
characteristic support structure of the lost motion mech-
anism 60 according to Embodiment 1 of the present in-
vention. More specifically, Figure 3 is a partial cross-sec-
tional view that shows a cross-section of each constituent
element mounted on a cylinder head 62 taken at a center
position of the lost motion mechanism 60.
[0037] As shown in Figure 3, a spark plug tube 66 for
guiding attachment and detachment of a spark plug 64
is press-fitted into a center part of the cylinder head 62
that functions as a base member on which the variable
valve operating apparatus 10 is mounted. An attachment
portion 68a of a holding member 68 that holds the lost
motion mechanism 60 is attached to the spark plug tube
66.
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[0038] Figure 4 is a perspective view that shows the
external shape of the holding member 68 shown in Figure
3.
As shown in Figure 3 and Figure 4, in addition to the
aforementioned attachment portion 68a, the holding
member 68 includes a holding portion 68b that holds the
lost motion mechanism 60, and a connecting portion 68c
that connects the attachment portion 68a and the holding
portion 68b. More specifically, the lost motion mechanism
60 of the present embodiment is attached to the spark
plug tube 66 through the holding member 68.
[0039] As shown in Figure 4, the spark plug tube 66 is
formed in a cylindrical shape. The attachment portion
68a into which the spark plug tube 66 is fitted is also
formed in a cylindrical shape in which both ends are open.
The attachment portion 68a is supported by the spark
plug tube 66 in a condition in which the holding member
68 is rotatable in the circumferential direction of the spark
plug tube 66.
[0040] As shown in Figure 3, the lost motion mecha-
nism 60 includes a lost motion spring 70, and a lifter 72
that is interposed between the lost motion spring 70 and
the first rocker arm 18. The holding portion 68b of the
holding member 68 has a cylindrical form in which both
ends are open. The lost motion spring 70 and the lifter
72 are accommodated inside the holding portion 68b.
[0041] The lifter 72 is formed in a cylindrical shape in
which one end is open and the other end is closed. The
lost motion spring 70 is accommodated inside the lifter
72. More specifically, one end of the lost motion spring
70 contacts a top portion 72a of the lifter 72 that is closed,
and the other end thereof contacts the cylinder head 62.
That is, the lost motion spring 70 is configured so as to
urge the first rocker arm 18 toward the main cam 14
through the top portion 72a of the lifter 72 while utilizing
the cylinder head 62 as a bearing surface that receives
the spring load.
[0042] In other words, the holding portion 68b is formed
so as to cover the lateral face of the lifter 72 that is a trunk
portion of the lost motion mechanism 60 and a lateral
face of the lost motion spring 70 from outside. Further, a
cross-sectional shape (annular circular shape) of the
holding portion 68b that is taken in a direction perpen-
dicular to the axis line of the lost motion mechanism 60
is an enlarged shape of the cross-sectional shape (cir-
cular shape) of the lifter 72.
[0043]  Figure 5 shows views for describing a config-
uration that the variable valve operating apparatus 10 is
provided with for performing positioning between the first
rocker arm 18 and the lost motion mechanism 60. More
specifically, Figure 5(A) is a view that shows the first rock-
er arm 18 as seen from the direction of a region that the
lost motion mechanism 60 contacts, and Figure 5(B) is
a view that shows the lifter 72 as seen from the top portion
72a side.
[0044] As shown in Figure 5(B), an engagement
groove 72b is formed in the (outer surface of the) top
portion 72a of the lifter 72 that contacts with the first rocker

arm 18. More specifically, the engagement groove 72b
is formed so as to transverse the outer surface of the top
portion 72a while the center in the width direction of the
groove passes through the axis line of the lifter 72.
[0045] Further, as shown in Figure 5(A), a protrusion-
shaped pad 18a that engages with the engagement
groove 72b is formed at an area facing the top portion
72a on the first rocker arm 18. More specifically, the pad
18a is formed so as to extend along the direction of move-
ment of the first rocker arm 18 when viewing the first
rocker arm 18 from the lifter 72.
[0046] Figure 6 is a view for describing an effect pro-
duced by the support structure of the lost motion mech-
anism 60 according to Embodiment 1 of the present in-
vention.
As described above, the lost motion mechanism 60 of
the present embodiment is attached to the spark plug
tube 66 through the holding member 68. Therefore, it is
not necessary to form a support portion of the lost motion
mechanism 60 by casting on the top face of the cylinder
head 62. As a result, as shown in Figure 6, a boss portion
that includes excess thickness is not required, and thus
manufacture of the aforementioned support portion can
be facilitated and the mass of the internal combustion
engine can be reduced. It is thus possible to prevent a
deterioration in the fuel consumption performance of the
vehicle that is attributable to an increase in the mass of
the internal combustion engine. Further, since process-
ing with respect to a large component such as the cylinder
head 62 can be reduced, the processing costs can be
decreased.
[0047] Further, in the above described variable valve
operating apparatus 10, the first rocker arm 18 is dis-
posed at a position that is surrounded by the second rock-
er arm 20 that pushes and moves the two valves 26. In
other words, in each cylinder, the first rocker arm 18 is
disposed so as to be sandwiched between two of the
valves 26. Further, the spark plug tube 66 is disposed in
the center of each cylinder. In addition, although not
shown in the drawings in this case, in general, the two
valves 26 are disposed at positions that are equidistant
from the center of the respective cylinders in which the
spark plug tube 66 is arranged and that are symmetrical
positions in the longitudinal direction of the cylinder head
62 when taking the center of each cylinder as a reference.
Accordingly, the first rocker arm 18 and the spark plug
tube 66 are disposed adjacent to each other as shown
in Figure 3. In the present embodiment, the lost motion
mechanism 60 is attached through the holding member
68 to the spark plug tube 66 configured in this manner.
Therefore, the connecting portion 68c of the holding
member 68 can be shortened. It is thereby possible to
favorably ensure the rigidity of the holding member 68
and to also reduce the weight of the holding member 68.
[0048] As described above, one end of the lost motion
spring 70 contacts the top portion 72a of the lifter 72 that
is closed, and the other end thereof contacts the cylinder
head 62. According to this configuration, the holding por-
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tion 68b of the holding member 68 carries out only a
guiding function that guides expansion and contraction
of the lost motion mechanism 60, and the cylinder head
62 as a base member is responsible for bearing the spring
load of the lost motion spring 70.
Since it is thereby possible to decrease a force that acts
on the holding member 68, the weight of the holding
member 68 can be reduced.
[0049] Further, as described above, the cross-section-
al shape of the holding portion 68b that is taken in a di-
rection perpendicular to the axis line of the lost motion
mechanism 60 is an enlarged shape of the cross-sec-
tional shape of the lifter 72. Since it is thus not necessary
to provide an unrequired protruding portion in the holding
member 68, the weight of the holding member 68 can be
reduced.
[0050] Figure 7 is a cross-sectional view that shows a
cross-section of the lost motion mechanism 60 and the
first rocker arm 18 taken at the axis line position of the
lost motion mechanism 60 as seen from the advancing
direction of the engagement groove 72b.
As described above, the attachment portion 68a of the
holding member 68 is supported by the spark plug tube
66 in a state in which the holding member 68 is rotatable
in the circumferential direction of the spark plug tube 66.
As shown in Figure 7, positioning of the lifter 72 with
respect to the first rocker arm 18 is performed by engage-
ment between the engagement groove 72b formed in the
lifter 72 and the pad 18a formed on the first rocker arm 18.
[0051] If a configuration is employed in which, unlike
the above described configuration, the rotational position
of an attachment portion with respect to a spark plug tube
is fixed in a case where the lost motion mechanism 60
is held by means of the holding member 68 that is sep-
arate from the cylinder head 62, the following issue aris-
es. That is, if a contact point between the first rocker arm
and the lost motion mechanism deviates from the center
of the lost motion mechanism, a force that pushes the
lost motion spring in the radial direction thereof acts on
the holding member. Accordingly, it is important that po-
sitioning of the lost motion mechanism with respect to
the first rocker arm is performed accurately. Consequent-
ly, when adopting a configuration that fixes the rotational
position of the attachment portion with respect to the
spark plug tube, the necessity arises to accurately per-
form assembly with regard to positioning of the lost mo-
tion mechanism with respect to the first rocker arm.
Therefore, a high degree of processing and assembling
accuracy is required with respect to the spark plug tube
that is press-fitted into the cylinder head, and the number
of working man-hours required for the aforementioned
process increases.
[0052] In contrast, according to the configuration of the
present embodiment, by causing the engagement
groove 72b formed in the lifter 72 and the pad 18a formed
in the first rocker arm 18 to engage while configuring the
attachment portion 68a of the holding member 68 so as
to be rotatable with respect to the spark plug tube 66, it

is possible to accurately perform positioning of the lost
motion mechanism 60 with respect to the first rocker arm
18 without leading to an increase in the number of com-
ponents.
[0053] Note that, in the above described Embodiment
1, the main cam 14 corresponds to "cam" according to
the above described first aspect of the present invention,
the first rocker arm 18 corresponds to "transfer member"
according to the first aspect of the present invention, and
the lost motion mechanism 60 corresponds to "urging
means" according to the first aspect of the present in-
vention.
In addition, the pad 18a formed on the first rocker arm
18 corresponds to "projecting portion" according to the
above described third aspect of the present invention.
Further, the cylinder head 62 corresponds to "base mem-
ber" according to the above described eighth aspect of
the present invention.
[0054]  Embodiment 2
Next, Embodiment 2 of the present invention is described
referring to Figure 8.
Figure 8 is a view that schematically shows the configu-
ration of a valve operating apparatus 80 according to
Embodiment 2 of the present invention. Note that, in Fig-
ure 8, elements that are the same as constituent ele-
ments shown in the above described Figure 1 are denot-
ed by the same reference symbols, and a description of
those elements is omitted or simplified hereunder.
[0055] The valve operating apparatus 80 shown in Fig-
ure 8 is provided with a rocker arm 84 as a transfer mem-
ber that is interposed between a cam 82 and the valve
26. More specifically, an end portion of the valve 26 con-
tacts against one end of the rocker arm 84, and a cam
roller 86 is arranged at a center part of the rocker arm
84. The other end of the rocker arm 84 is supported by
a lash adjuster 88. According to this configuration, the
rocker arm 84 can pivot in a manner that takes the end
portion (the aforementioned other end) supported by the
lash adjuster 88 as a fulcrum. The lash adjuster 88 has
a function of expanding and contracting to make the tap-
pet clearance zero.
[0056] As shown in Figure 8, in the present embodi-
ment also, the spark plug tube 66 is press-fitted into the
cylinder head 62. The lash adjuster 88 is attached to the
spark plug tube 66 through a holding member 90. The
holding member 90 includes an attachment portion 90a
that is attached to the spark plug tube 66, a holding por-
tion 90b that holds the lash adjuster 88, and a connecting
portion 90c that connects the attachment portion 90a and
the holding portion 90b.
[0057] One end of the lash adjuster 88 contacts the
aforementioned other end of the rocker arm 84 as de-
scribed above. The other end of the lash adjuster 88 con-
tacts the cylinder head 62. More specifically, the lash
adjuster 88 is configured so that the rocker arm 84 can
be urged towards the cam 82 while utilizing the cylinder
head 62 as a bearing surface that receives a load that
acts on the lash adjuster 88 through the rocker arm 84.
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[0058] In other words, in the present embodiment also,
the holding portion 90b is formed so as to cover the lateral
face of the lash adjuster 88 that is a trunk portion of the
lash adjuster 88 from outside. Further, a cross-sectional
shape (annular circular shape) of the holding portion 90b
that is taken in a direction perpendicular to the axis line
of the lash adjuster 88 is an enlarged shape of the cross-
sectional shape (circular shape) of the lash adjuster 88.
[0059] In addition, according to the present embodi-
ment, a projecting portion 88a of the lash adjuster 88 that
functions as a fulcrum of the rocker arm 84 is configured
so as to engage with an engagement groove 84a provid-
ed in the aforementioned other end of the rocker arm 84.
[0060] As described above, according to the present
embodiment, the lash adjuster 88 that is used as urging
means that urges the rocker arm 84 that is a transfer
member is attached to the spark plug tube 66 through
the holding member 90. Thus, the necessity to form a
support portion of the lash adjuster 88 by casting on the
top face of the cylinder head 62 is eliminated. As a result,
a boss portion that includes excess thickness is not re-
quired, and thus manufacture of the aforementioned sup-
port portion can be facilitated and the mass of the internal
combustion engine can be reduced. It is thereby possible
to prevent a deterioration in the fuel consumption per-
formance of the vehicle that is attributable to an increase
in the mass of the internal combustion engine. In addition,
the same advantageous effects as in the above de-
scribed Embodiment 1 can also be achieved.
[0061] Note that, in the above described Embodiment
2, the rocker arm 84 corresponds to "transfer member"
according to the above described first aspect of the
present invention, and the lash adjuster 88 corresponds
to "urging means" according to the first aspect of the
present invention.
[0062] In the above Embodiment 1, an example was
described of a configuration in which the lost motion
mechanism 60 that urges the first rocker arm 18 is at-
tached to the spark plug tube 66 through the holding
member 68. However, the configuration of a valve oper-
ating apparatus for an internal combustion engine to
which the present invention can be applied is not limited
to the above described configuration. For example, a
configuration as shown in Figure 9 that is described below
may also be adopted.
[0063] Figure 9 is a view that schematically shows the
configuration of another valve operating apparatus that
is applicable to the present invention. Note that, in Figure
9, elements that are the same as constituent elements
shown in the above described Figure 1 are denoted by
the same reference symbols, and a description of those
elements is omitted or simplified hereunder.
A variable valve operating apparatus 100 shown in Figure
9 is equipped with a first rocker arm 102 that is the same
as the above described first rocker arm 18, as a transfer
member that is interposed between the main cam 14 and
the valve 26 (not shown in Figure 9). More specifically,
one end of the first rocker arm 102 is rotatably supported

by the rocker shaft 22, and a cam roller 104 is arranged
at a center part of the first rocker arm 102. A lost motion
arm 106 formed in an L-shape is fixed to the other end
of the first rocker arm 102.
[0064]  The variable valve operating apparatus 100 is
also equipped with a lost motion mechanism 108 that
urges the first rocker arm 102 toward the main cam 14
through the lost motion arm 106. The lost motion mech-
anism 108 includes a lost motion spring 110 and a lifter
112 that is interposed between the lost motion spring 110
and the lost motion arm 106.
[0065] In the configuration shown in Figure 9 also, the
spark plug tube 66 is press-fitted into the cylinder head
62. The lost motion mechanism 108 is attached to the
spark plug tube 66 through a holding member 114. The
holding member 114 includes an attachment portion
114a that is attached to the spark plug tube 66, and a
holding portion 114b that holds the lost motion mecha-
nism 108. Note that, the holding member 114 shown in
Figure 9 is not equipped with a connecting portion, and
the holding portion 114b is attached in a perpendicular
direction with respect to the attachment portion 114a.
[0066] Further, as shown in Figure 9(B), an engage-
ment groove 112b that engages with a pad 106a provided
on the lost motion arm 106 is formed in a top portion 112a
of the lifter 112. The same advantageous effects as in
the above described Embodiment 1 can also be achieved
according to the configuration shown in Figure 9 that is
described above.
[0067] Although examples in which the auxiliary cam
16 is configured as a zero-lift cam have been described
in the foregoing Embodiments 1 and 2, an auxiliary cam
of the present invention is not limited to a zero-lift cam.
More specifically, for example, with respect to the con-
figuration of the above described variable valve operating
apparatus 10, a configuration may also be adopted in
which the auxiliary cam includes a nose portion that is
constructed so as to obtain a lift that is less than that of
the main cam 14. According to a configuration in which
this kind of auxiliary cam is provided, it is possible to
switch a lift amount (and/or a working angle) of a valve
between two stages by means of the main cam and aux-
iliary cam.
[0068] Further, in the above described Embodiment 1,
the variable valve operating apparatus 10 is described
as an example of a valve operating apparatus. However,
as described above in Embodiment 2 also, a valve op-
erating apparatus that is an object of the present inven-
tion is not limited to a valve operating apparatus config-
ured as a variable valve operating apparatus. More spe-
cifically, it is sufficient that the valve operating apparatus
is equipped with a holding member that holds urging
means that urges a transfer member that is interposed
between a cam and a valve.
[0069] Furthermore, in the foregoing Embodiments 1
and 2, the first rocker arm 18 or the like is described as
an example of an object that is urged by the lost motion
mechanism 60 or the lash adjuster 88 functioning as urg-
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ing means. However, a transfer member according to the
present invention is not limited to a rocker arm. More
specifically, it is sufficient that a transfer member is a
member that is interposed between a cam and a valve
and transfers an acting force of the cam to the valve.
[0070] Further, in the above Embodiment 1, an exam-
ple is described in which the engagement groove 72b is
formed in the top portion 72a of the lifter 72 of the lost
motion mechanism 60, and the pad (projecting portion)
18a that engages with the engagement groove 72b is
formed at a region that faces the lifter 72 on the first rocker
arm 18. However, the present invention is not limited
thereto and, for example, a configuration may be adopted
in which a projecting portion such as a pad is formed on
the top portion 72a side of the lifter 72 that is the urging
means and an engagement groove is formed on first rock-
er arm 18 side that is the transfer member.
[0071] In addition, the above Embodiment 1 has been
described taking the lost motion mechanism 60 that urg-
es the first rocker arm 18 in a pushing direction towards
the main cam 14 as an example. However, the configu-
ration of urging means according to the present invention
is not limited thereto and, for example, it is sufficient that
the urging means is means that generates an urging force
in a direction that draws in a transfer member such as
the first rocker arm 18.

Description of symbols

[0072]

10, 100 variable valve operating apparatus

12 camshaft

14 main cam

14a base circle portion

14b nose portion

16 auxiliary cam

18, 102 first rocker arm

18a pad

20 second rocker arm

20bL, 20bR second pin hole

22 rocker shaft

26 valve

28, 86, 104 cam roller

32 switching mechanism

34a first pin hole

36 first switching pin

38 second switching pin

42 return spring

44 third switching pin

46 link arm

50 link shaft

54 guide rail

56 electromagnetic solenoid

58 ECU (Electronic control Unit)

60, 108 lost motion mechanism

62 cylinder head

64 spark plug

66 spark plug tube

68, 90, 114 holding member

68a, 90a, 114a attachment portion

68b, 90b, 114b holding portion

68c, 90c connecting portion

70, 110 lost motion spring

72, 112 lifter

72b, 84a, 112b engagement groove

80 valve operating apparatus

82 cam

84 rocker arm

88 lash adjuster

88a proj ecting portion

106 lost motion arm

106a pad

Pmax 1 displacement end
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Pmax 2 displacement end

Claims

1. A valve operating apparatus for an internal combus-
tion engine, comprising:

a transfer member that is interposed between a
cam and a valve, and transfers an acting force
of the cam to the valve;
urging means that urges the transfer member in
one direction; and
a holding member that holds the urging means,
wherein the urging means is attached to a spark
plug tube through the holding member.

2. The valve operating apparatus for an internal com-
bustion engine according to claim 1,
wherein the transfer member includes a first rocker
arm that rocks in synchrony with rotation of the cam,
and
wherein the urging means is means that urges the
first rocker arm towards the cam.

3. The valve operating apparatus for an internal com-
bustion engine according to claim 2,
wherein the holding member is attached to the spark
plug tube in a condition in which the holding member
is rotatable in a circumferential direction of the spark
plug tube,
wherein the valve operating apparatus for an internal
combustion engine further comprising:

an engagement groove that is formed in one of
the urging means and the first rocker arm at a
contact portion between the urging means and
the first rocker arm; and
a projecting portion that is formed in the other
of the urging means and the first rocker arm at
the contact portion and that engages with the
engagement groove.

4. The valve operating apparatus for an internal com-
bustion engine according to claim 2 or 3,
wherein the transfer member further includes a sec-
ond rocker arm that is capable of pushing and moving
the valve,
wherein the valve operating apparatus for an internal
combustion engine further comprises a switching
mechanism capable of switching between a con-
nected state in which the first rocker arm and the
second rocker arm are in connection and a non-con-
nected state in which the connection is released, and
wherein the urging means is a lost motion mecha-
nism that urges the first rocker arm so as to maintain
a state in which the first rocker arm contacts the cam.

5. The valve operating apparatus for an internal com-
bustion engine according to claim 1 or 2,
wherein the urging means is a lash adjuster that has
a function of expanding and contracting so as to
make a tappet clearance zero and that is disposed
so as to support a fulcrum of the transfer member.

6. The valve operating apparatus for an internal com-
bustion engine according to any one of claims 1 to 5,
wherein the holding member includes a holding por-
tion that covers a trunk portion of the urging means
from outside, and an attachment portion that is at-
tached to the spark plug tube.

7. The valve operating apparatus for an internal com-
bustion engine according to claim 6,
wherein a cross-sectional shape of the holding por-
tion is an enlarged shape of a cross-sectional shape
of the urging means.

8. The valve operating apparatus for an internal com-
bustion engine according to any one of claims 1 to 7,
wherein an end portion on an opposite side to an
end portion that contacts the transfer member in the
urging means is received and stopped by a base
member to which the spark plug tube is fixed.
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