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(67)  [Problems]

Avalve lifter with a variable lift mechanism is required
to be deployed at a predetermined angle with respect to
a cam unit, and the present invention is intended to
achieve this requirement with a simple configuration with-
out too much processing such as a fitting of the conven-
tional longitudinal groove and a pin.

[Means for Solving the Problems]

A cam sliding contact surface of a valve lifter on
which a high lift cam and a low lift cam slides is formed
to be a smooth inclined surface and a cam slide starting
point is lower than a cam slide terminating point, thereby
establishing an elevation difference between the cam
slide starting point and the cam slide terminating point.
As a result, since the high lift cam and the low lift cam
always move uphill on the cam sliding contact surface,
namely, from the low cam slide starting point toward the
high cam terminating point along the slope of the cam
sliding contact surface, the valve lifter is not subjected to
a force around the reciprocating axis from the cam and
therefore, the direction of the valve lifter is maintained
constant.

DIRECT-ACTION VALVE LIFTER FOR INTERNAL COMBUSTION ENGINE

FIG. 1T
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Description
[FIELD OF THE INVENTION]

[0001] The presentinvention relates to a cylindrical di-
rect-action valve lifter of an internal combustion engine
incorporated in a valve train of the internal combustion
engine. Among such valve lifters, the present invention
particularly relates to a valve lifter with a variable lift
mechanism.

[0002] This type of the valve lifter is configured to en-
able an amount of lift to be altered between a high valve
lift and a low valve lift by switching operation of a cam
unit integrating a high lift cam and a low lift cam between
its high lifter with a high lift cam sliding contact surface
andits low lifter with a low lift cam sliding contact surface.
Generally, in the case where the lift is high, a high effi-
ciency can be achieved at a high revolution while the
efficiency is lowered at a low revolution. To the contrary,
in the case where the lift is low, a high efficiency can be
achieved at a low revolution while the efficiency is low-
ered at a high revolution. Therefore, the lift of the valve
is switched between a high lift suitable for a high revolu-
tion and a low lift suitable for a low revolution.

[BACKGROUND OF THE INVENTION]

[0003] The valve lifter with a variable lift mechanism
having the above configuration has to be deployed at a
predetermined angle with respect to the cam unit.
[0004] One reason is to prevent the cam and the valve
lifter from colliding with each other. If the valve lifter ro-
tates around the reciprocating axis and changes the di-
rection thereof, the high lifter deviates from its fixed po-
sition and in the case where the internal combustion en-
gine is driven using the low lift cam, the high lift cam
comes off the high lifter and crashes into the low lifter to
be destroyed.

[0005] A second reason is to prevent an oil feeding
passage from deviating in position. In the valve lifter with
avariable lift mechanism having the above configuration,
a cam switching mechanism of the valve lifter is operated
by feeding hydraulic pressure from the side of the engine
and if the valve lifter rotates and the direction thereof
changes, the position of the oil feeding opening on the
engine side and that of the oil receiving port on the valve
lifter side deviate from each other, whereby the feeding
of oil is hindered and the cam switching mechanism acts
up.

[0006] For these reasons, the valve lifter needs to be
deployed at a predetermined angle with respect to the
cam unit, in other words, the valve lifter is required to
have directionality relative to the cam unit. Convention-
ally, these needs are satisfied by providing a detent
means in the valve lifter.

[0007] Forexample,inFigure 14 (Figure 1 of the patent
document identified later), a pin 102 is projected from the
side surface of the valve lifter 101 so as to engage with
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a longitudinal groove 104 formed on the inner surface of
a cylinder bore 103. The pin 102 and the longitudinal
groove 104 constitute a detent means of the valve lifter
101.

[0008] The reference numeral 105 in Figure 14 desig-
nates a center lifter which advances and retracts with
hydraulic pressure of an oil passage 106 and when the
center lifter is located in a retracted position as shown in
Figure 14, a high lift center cam 108 passes through a
slit 107 and a low lift cam 109 comes into slidable contact
with a low lifter 110. As a result, a valve 111 is opened
and closed with low lift. On the other hand, when the
center lifter 105 advances into the slit 107 and locates at
an advanced position thereof, the high lift center cam 108
comes into slidable contact with the outer surface of the
center lifter and the valve 110 is opened and closed with
high lift.

[0009] Inthethus constituted valve lifter with a variable
lift mechanism, the same technical advantages can be
obtained as those in Figure 11 by, contrary to the lifter
shown in Figure 14, providing the pin 102 on the side of
a bore and providing the longitudinal groove 104 on the
side of the valve lifter. In either case, the detent of the
valve lifter can be accomplished by engaging the pin with
the longitudinal groove.

[PRIOR ART PUBLICATION]
[PATENT PUBLICATION]

[0010] [PATENT PUBICATION 1]
Japanese Patent Publication No. 4829562

[SUMMARY OF THE INVENTION]
[Problems to be Solved by the Invention]

[0011] The conventional detent means requires too
much processing such as the forming of the longitudinal
groove, the attachment of the pin and the like, and the
detent means is not only troublesome to manufacture the
detent means but also complicating in configuration.
Therefore, the detent means is inevitably abraded away
and degraded in durability. Thus, the conventional detent
means gives arise troubles such as the occurrence of a
strange sound.

[0012] The problem to be solved by the present inven-
tion is to achieve the desirable directionality of the valve
lifter with a variable lift mechanism without complicating
the structure of the valve lifter.

[MEANS FOR SOLVING THE PROBLEMS]

[0013] According tothe presentinvention, the camslid-
ing contact surface with which a high lift cam and a low
lift cam come into slidable contact is formed to be a
smooth inclined surface and a position of the sliding con-
tact surface at which the cam initially comes into contact
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is disposed lower than a position of the sliding contact
surface at which the cam ceases to be in contact, thereby
establishing an elevation difference between these
points.

[TECHNICAL ADVANTAGES OF THE INVENTION]

[0014] Inthe presentinvention, both a high lift cam and
alow liftcam slide uphillon aninclined cam sliding contact
surface, namely, from a lower region of the sliding contact
surface with which the cam initially comes into contact
toward a higher region of the sliding contact surface at
which the cam ceases to be in contact. As a result, since
the sliding locus of the cam on the cam sliding contact
surface is along the slope of the inclined surface of the
cam sliding contact surface, the valve lifter is not sub-
jected to a force around the reciprocating axis from the
cam and therefore, the direction of the valve lifter is main-
tained constant.

[0015] Thus, according to the presentinvention, unlike
the conventional detent means, since the detent can be
realized by simply machining the cam sliding contact sur-
face into an inclined surface, thereby reducing the
number of components and the weight of the valve lifter.
Further, since it is unnecessary to form a longitudinal
groove for preventing rotation on the side of the cylinder
bore, processing cost can be reduced. Excellent techni-
cal advantages such as simplicity of assembling compo-
nents, ease of fabricating the valve lifter, and enhanced
reliability of the valve lifter thanks to elimination of the
risk of abrasion and occurrence of a strange sound.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0016]

[Figure 1]

Figure 1 is a cross sectional view of a portion in the
vicinity of a direct acting type valve lifter of an internal
combustion engine that is an embodiment of the
present invention.

[Figure 2]

Figure 2 is an explanatory diagram of an internal
mechanism of the valve lifter shown in Figure 1 in a
low lift operation.

[Figure 3]

Figure 3 is a diagram for explaining an operation in
the vicinity of the valve lifter shown in Figure 2.
[Figure 4]

Figure 4 is an explanatory diagram of an internal
mechanism of the valve lifter shown in Figure 1 in a
high lift operation.

[Figure 5]

Figure 5 is a diagram for explaining an operation in
the vicinity of the valve lifter shown in Figure 4.
[Figure 6]

Figures 6 to 8 are explanatory functional diagrams
of the valve lifter shown in Figure 1 wherein Figure
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6 is a front view of the valve lifter and Figures 7 and
8 are plan views.

[Figures 9 to 11]

Figures 9 to 11 are cross sectional views showing
cam slidable surfaces of the valve lifters according
to embodiments of the present invention, wherein
Figure 9 shows an example in which the cam slidable
surface is constituted as a crowned surface, Figure
10 shows an example in which the cam slidable sur-
face is constituted as a reverse crowned surface and
Figure 11 shows an example in which the cam slid-
able surface is constituted as an inclined plane.
[Figures 12 and 13]

Figures 12 and 13 are perspective views of the valve
lifters according to other embodiments of the present
invention.

[Figure 14]

Figure 14 is a cross sectional view of a conventional
valve lifter and vicinity.

[DESCRIPTION OF THE PREFERRED EMBODI-
MENTS]

[0017] In Figure 1, the reference numeral 11 desig-
nates a cylinder head of an automobile engine and the
reference numeral 12 designates an intake port. The ref-
erence numerals 13, 14, 15 and 16 designate an intake
valve, a valve stem, a valve lifter with a variable lift mech-
anism and a cam, respectively. The reference numeral
16a designates a high lift cam and the reference numeral
16b designates a low lift cam. The high lift cam 16a and
the low lift cam 16b are integrated with a cam shaft 17
for unitization.

[0018] The reference numeral 18 designates a cylinder
bore and the intake port 12 is closed by pressing the
intake valve 13 against the intake port 12 using a coil
spring 19 provided in the cylinder bore 18. The cam 16
(16a or 16b) is constituted so as to press the valve lifter
15 downward in Figure 1 against the spring force of the
coil spring 19, thereby opening the intake valve 13. The
reference numeral 20 designates a cam sliding contact
surface of the valve lifter 15. The cam 16 slides on the
cam sliding contact surface 20 to push the valve lifter 15,
thereby opening the intake valve 13. This operation is
repeated so that the valve lifter 15 linearly reciprocates
in the cylinder bore 18.

[0019] The cam sliding contact surface 20 of the valve
lifter 15 is provided with a high lifter 15a having a high lift
cam sliding contact surface 20a and low lifters 15b, 15b
having low lift cam sliding contact surfaces 20b, 20b (See
Figures 2 to 5). These are disposed in such a manner
that the high lifter 15a is sandwiched between the low
lifters 15b, 15b from either side. When a hydraulic pres-
sure pin 21 laterally penetrating the high lifter 15a is
moved by hydraulic pressure, the leading end portion of
the hydraulic pressure pin 21 is inserted into the low lifter
15b (See Figure 4), whereby the high lifter 15a and the
right-and-left low lifters 15b, 15b are integrated (See Fig-
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ure 5). When the hydraulic pressure pin 21 comes away
from the low lifter 15b (See Figure 2), the high lifter 15a
and the low lifter 15b are disconnected from each other
so that the high lifter 15a can freely move up and down
with respect to the low lifter 15b (See Figure 3).

[0020] As apparentfrom the above, in the state shown
in Figure 3, although the high lift cam 16a is in contact
with the high lift cam sliding contact surface 20a, it does
not push down the valve lifter 15, in other words, it makes
a blank shot. As a result, the low lift cam 16b comes into
contact with the low lift cam sliding contact surface 20b
and pushes down the valve lifter 15 so that the valve lifter
15 operates to produce a low lift. To the contrary, in the
state shown in Figure 5, the high lifter 15a is integrated
with the low lifter 15b and the high lift cam 16a comes
into contact with the high lift cam sliding contact surface
20ato push down the valve lifter 15. As a result, the valve
lifter 15 operates to produce a high lift.

[0021] In Figures, the reference numeral 22 desig-
nates an opening for receiving oil for generating hydraulic
pressure, the reference numeral 23 designates an oper-
ating pin for pushing the hydraulic pressure pin 21 and
the reference numeral 24 designates a return spring for
returning the high lifter 20a to its initial position (the po-
sition where the high lift cam sliding contact surface 20a
and the low lift cam sliding contact surface 20b are lo-
cated at the same level).

[0022] Here, the cam sliding contact surface 20 (the
high lift cam sliding contact surface 20a and/or the low
lift cam sliding contact surface 20b) according to the
present invention is configured as a smooth inclined sur-
face.

[0023] As a result, as shown in Figure 6, the cam 16
(the high lift cam 16a or the low lift cam 16b) first comes
into point contact with a high position H offset from the
center of the cam sliding contact surface 20. Assuming
this position H to be a cam slide starting point A, the cam
16 slides on the cam sliding contact surface 20 from point
A in accordance with the rotation of the cam 16 and the
cam 16 until it leaves the cam sliding contact surface 20
at cam slide terminating point B (See Figure 7). Since a
line segment connecting point A and point B is offset from
the center of the cam sliding contact surface 20, the valve
lifter 15 rotates owing to the friction resistance of the cam
16 in a direction from point A toward point B, namely, the
direction (clockwise direction) indicated by an arrow in
Figure 7. In other words, the valve lifter 15 receives clock-
wise torque from the cam 16. When the valve lifter 15
rotates and the cam slide starting point A arrives at the
low position L of the cam sliding contact surface 20, the
direction of the friction resistance of the cam 16 from
point A toward point B bisects the center line of the valve
lifter 15 and no rotational force is any longer applied to
the valve lifter 15, whereby the rotation of the valve lifter
15 stops.

[0024] The same applies to a case where the cam 16
rotates in the reverse direction.

[0025] In the case where the cam 16 rotates in the re-
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verse direction, the cam slide starting point corresponds
to point B in Figure 8 and the cam slide terminating point
corresponds to point A. At this time, the friction resistance
of the cam 16 is applied in the direction from point B
toward point A, whereby the valve lifter 15 rotates in the
direction (counterclockwise direction) indicated by an ar-
row in Figure 8. As a result, when the cam slide starting
point B arrives at the low portion L of the cam sliding
contact surface 20, no rotational force is any longer ap-
plied to the valve lifter 15, whereby the rotation of the
valve lifter 15 stops.

[0026] As apparent from the above, according to the
present invention, since the cam sliding contact surface
20 is configured as an inclined surface, the cam slide
starting point arrives at the low position L of the cam
sliding contact surface 20 and the rotation of the valve
lifter 15 stops, irrespective of the rotational direction of
the cam 16.

[0027] The inclined surface of the cam sliding contact
surface 20 is not limited to a flat surface (See Figure 11).
The inclined surface of the cam sliding contact surface
20 may be configured as a crowned shape (See Figure
9) or as a reverse crowned shape (See Figure 10). In
short, it is sufficient for the cam slide starting point to be
lower than the cam slide terminating point, whereby an
elevation difference is present between the cam slide
starting point and the cam slide terminating point.
[0028] As shown in Figure 9, in the case where the
inclined surface of the cam sliding contact surface 20 is
formed to have the crowned shape, the cam sliding con-
tact surface 20 is formed so that the left half thereof with
respect to the center thereof is formed as a horizontal
plane 25 and the right half thereof is formed as a decliv-
itous plane 26. The border between the horizontal plane
25 and the declivitous plane 26 is continuously connected
by a smooth curved plane so that the cam sliding contact
surface 20 has a crowned shape in which the central
portion is high as a whole. As a result, the cam slide
starting point A where the cam 16 comes into contact
with the cam sliding contact surface 20 becomes lower
than the cam slide terminating point B where the cam 16
leaves the cam sliding contact surface 20.

[0029] Figure 10showsthe cam sliding contact surface
20 having a reverse crowned shape. More specifically,
the cam sliding contact surface 20 is formed so that the
right half thereof with respect to the center thereof is
formed as a declivitous plane 27 and the left half thereof
is formed as a horizontal plane 28. The border between
the declivitous plane 27 and the horizontal plane 28 is
continuously connected by a smooth curved plane so
that the cam sliding contact surface 20 has a reverse
crowned shape in which the central portion is low as a
whole.

[0030] Inthe example in which the cam sliding contact
surface 20 has the reverse crowned shape, similarly to
in the case of the cam sliding contact surface 20 having
the crowned shape, the cam slide starting point becomes
lower than the cam slide terminating point B.
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[0031] Inthecasewherethe outerdiameter ofthe valve
lifter 15is equal to 30 mm, itis necessary for the elevation
difference to exceed 15 wm and it is preferable for the
elevation difference to be equal to or larger than 30 pm.
By calculations, the mean gradient is equal to or larger
than 0.05 % (=0.015/ 30 X 100).

[0032] Moreover, there are valve lifters with a variable
lift mechanism which are different in arrangement rela-
tionship between the high lifter having the high cam slid-
ing contact surface and the low lifter having the low cam
sliding contact surface.

[0033] Figure 12 shows anexample in which a low lifter
30 is disposed inside of an annular high lifter 29 and
Figure 13 shows an example in which arc-like low lifters
32 are disposed on opposite sides of a rectangular high
lifter 31. The cam sliding contact surface according to
the present invention incudes these arrangements of the
high lifter and the low lifter shown in Figures 12 and 13.
[0034] The presentinvention can be widely applied to
a valve lifter with a variable lift mechanism built in an
internal combustion engine of, for example, an automo-
bile, industrial vehicle or the like.

[BRIEF DESCRIPTION OF REFEECE SYMBOLS]

[0035] Thereference numeral 11 designates acylinder
head, the reference numeral 12 designates an intake
port, the reference numeral 13 designates an intake
valve, the reference numeral 14 designates a valve stem,
the reference numeral 15 designates a valve lifter, the
reference numeral 16 designates a cam, the reference
numeral 18 designates a cylinder bore, the reference nu-
meral 19 designates a coil spring, the reference numeral
20 designates a cam sliding contact surface, the refer-
ence symbol A designates a cam slide starting point on
the cam sliding contact surface, and the reference sym-
bol B designates a cam slide terminating point on the
cam sliding contact surface, respectively.

Claims

1. A cylindrical direct-action valve lifter, wherein an in-
clined surface of a cam sliding contact surface is
formed by a flat surface inclined with respect to a
plane perpendicular to a reciprocating direction of
the valve lifter and a cam slide starting point on the
cam sliding contact surface is positioned to be lower
than a cam slide terminating point thereon.

2. Acylindrical direct-action valve lifter, wherein an in-
clined surface of a cam sliding contact surface is
formed by a crowned surface and a cam slide starting
point on the cam sliding contact surface is positioned
to be lower than a cam slide terminating point ther-
eon.

3. A cylindrical direct-action valve lifter, wherein an in-

10

15

20

25

30

35

40

45

50

55

clined surface of a cam sliding contact surface is
formed by a reverse crowned surface and a cam
slide starting point on the cam sliding contact surface
is positioned to be lower than a cam slide terminating
point thereon.
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FIG. 1
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FIG. 2
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FIG. 4
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