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(54) VARIABLE VALVE TIMING DEVICE

(57)  Avariable valve timing device is provided having
a speed reduction mechanism that is simple in structure
and which can keep the relative rotation between the
camshaft and the sprocket within a predetermined angu-
lar range even if the speed reduction mechanism mal-
functions. A camshaft (1) and a sprocket (2) are coaxially
provided so as to be rotatable relative to each other. A
speed reduction mechanism (5) is mounted in a housing
(7) which is rotationally fixed to the sprocket (2). The
speed reduction mechanism (5) includes an intermediate
shaft (10) having a retainer portion (10b) retaining a plu-
rality of rollers (9) disposed between the outer periphery
of an eccentric shaft portion (6) of an output shaft (4) of
an electric motor (3) and an internal gear (8) fixed in po-
sition in the housing (7). The intermediate shaft (10) has
a stopper pin (17) provided on the intermediate shaft (10)
engaged inan engaging recess (18) formedin the sprock-
et (2) so as to be movable within the range of the circum-
ferential length of the recess (18). When the output shaft
(4) of the electric motor (3) rotates, the rollers (9) are
pressed against the teeth of the internal gear (8) by the
eccentric shaft portion (6) and revolve around the output
shaft (4). The revolution of the rollers (9) is transmitted
to the camshaft (1) through the intermediate shaft (10),
thus changing the angular position of the camshaft (1)
relative to the sprocket. If the speed reduction mecha-
nism (5) malfunctions, the stopper pin (17) engages the

engaging recess (18), thus restricting the relative rotation
between the intermediate shaft (10) and the stopper pin
(17) within a predetermined angular range.

Fig.1

m
IS
-L/“/, el

22

lQ 5

i ‘!* ‘ “ |I;‘

12—

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 415978 A1 2

Description
TECHNICAL FIELD

[0001] This invention relates to a variable valve timing
device which can change the timing of opening and clos-
ing intake valves or exhaust valves of an engine.

BACKGROUND ART

[0002] Intake valves, through which an air-fuel mixture
is fed into an engine, and exhaust valves, through which
exhaust gas is discharged, are opened and closed in
synchronization with the engine stroke. A variable valve
timing device is known which changes the timing of open-
ing and closing of the valves, thereby improving fuel
economy of the engine and reducing exhaust gas.
[0003] Fig. 12 shows aconventional variable valve tim-
ing device (such as disclosed in Patentdocument 1) com-
prising a camshaft 41 for driving engine valves, a sprock-
et 42 through which the engine revolution is transmitted
to the camshaft 41 and which is arranged coaxial with
the camshaft 41 so as to be rotatable relative to the cam-
shaft 41, an electric motor 43 having an output shaft 44
coaxial with the camshaft 41, and a speed reduction
mechanism 45 and the link mechanism 46 through which
the rotation of the output shaft 44 of the motor 43 is trans-
mitted to the camshaft 44, thereby changing the angular
position of the camshaft 41 relative to the sprocket 42 by
rotating the camshaft 41 and the sprocket 42 relative to
each other, in order to change the timing of opening and
closing of the engine valves.

[0004] The speed reduction mechanism 45 includes
an internal gear 47 rotatably supported on an eccentric
shaft portion 44a of the output shaft 44 of the electric
motor 43 through a bearing, and having part of its teeth
meshing with an external gear 49 provided on a housing
48 integral with the sprocket 42, so that when the output
shaft 44 is rotated relative to the sprocket 42, the internal
gear 47 rotates around the eccentric shaft portion 44a.
The rotation of the internal gear 47 is transmitted to a
guide plate 50, and the rotation of the guide plate 50 is
transmitted to the cam plate 41a which is rotationally fixed
to the camshaft 41a through the link mechanism 46,
which comprises arms 46a and 46b, thereby rotating the
camshaft 41 relative to the sprocket 42.

PRIOR ART DOCUMENT(S)
PATENT DOCUMENT(S)

[0005] Patent document 1:
2008-57349A see Figs. 3t0 8
[0006] By rotating the camshaft 41 relative to the
sprocket 42 and thus changing the angular position of
the camshaft 41 relative to the crankshaft, it is possible
to change the timing of opening and closing of the engine
intake valves or exhaust valves.
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SUMMARY OF THE INVENTION
OBJECT OF THE INVENTION

[0007] With the electric variable valve timing device
disclosed in Patent document 1, the rotation of the output
shaft 44 of the electric motor 43 is transmitted to the cam-
shaft 41 through the complicated structure comprising
the speed reduction mechanism 45 and the link mecha-
nism 46, which makes it difficult to reduce the size of the
device. If the speed reduction mechanism 45 malfunc-
tions, it may become impossible to keep the angular po-
sition between the camshaft41 and the sprocket 42 within
apredetermined angular range because there is no back-
up mechanism for transmitting the rotation of the output
shaft 44 of the electric motor 43 to the camshaft 41.
[0008] An object of the present invention is to simplify
the structure of the speed reduction mechanism and to
keep the relative rotation between the camshaft and the
sprocket within a predetermined angular range even if
the speed reduction mechanism malfunctions.

MEANS TO ACHIEVE THE OBJECT

[0009] In order to achieve this object, the present in-
vention provides a variable valve timing device compris-
ing a camshaft for driving at least one of an intake valve
and an exhaust valve of an engine, and a sprocket con-
figured to be rotated by the engine to drive the camshaft,
the camshaft and the sprocket being arranged coaxially
with each other so as to be rotatable relative to each
other, an electric motor having an output shaft, and a
speed reduction mechanism through which the rotation
of the output of the electric motor can be transmitted to
the camshaft at a reduced rate, thereby changing the
angular position of the camshaft relative to the sprocket,
wherein the speed reduction mechanism comprises an
eccentric shaft portion provided on the output shaft of the
electric motor and having a circular cross-section, a
housing fixed to the sprocket, an internal gear fixedly
mounted in the housing and having teeth, a plurality of
rollers disposed between the internal gear and an outer
periphery of the eccentric shaft portion, and an interme-
diate shaft coaxial with the camshaft and including an
annular retainer portion formed with circumferentially
equidistantly spaced pockets in which the respective roll-
ers are retained, wherein the number of the pockets of
the retainer portion is smaller or larger by one than the
number of the teeth of the internal gear, wherein each
tooth of the internal gear has a profile that coincides with
the locus of the radially outermost portion of each roller
which is parallel to the locus of the center of the roller 9,
when the output shaft of the electric motor rotates and
the rollers revolve around the output shaft, whereby the
revolution of the rollers is transmitted to the camshaft
through the intermediate shaft, and wherein the variable
valve timing device further includes restricting means for
restricting the rotation of the camshaft relative to the
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sprocket within a predetermined angular range.

[0010] With this arrangement, as the output shaft of
the electric motor rotates, the rollers are pressed against
the teeth of the internal gear by the outer periphery of
the eccentric shaft portion, and revolve around the ec-
centric shaft portion. The revolution of the rollers is trans-
mitted to the camshaft through the intermediate shaft,
which has the integral retainer portion retaining the roll-
ers. Thus, the speed reduction mechanism alone can
both reduce the rotational speed of the output shaft of
the electric motor and transmit the thus reduced rotation
of the output shaft to the camshaft. This eliminates the
necessity for a complicated structure comprising a speed
reducing mechanism for reducing the rotational speed of
the output shaft of the electric motor and a link mecha-
nism for transmitting the thus reduced rotation of the out-
put shaft to the camshaft, as was necessary in the con-
ventional arrangements. The speed reduction mecha-
nism of the present invention is thus simple in structure.
[0011] The restricting means restricts the angular po-
sition of the camshaft relative to the sprocket within a
predetermined angle even if the speed reduction mech-
anism malfunctions.

[0012] The restricting means may comprise a protru-
sion provided on one of the intermediate shaft and the
sprocket, and a circumferentially elongated engaging re-
cess formed in the other of the intermediate shaft and
the sprocket, the protrusion being engaged in the engag-
ing recess such that the protrusion is movable within the
range of the circumferential length of the engaging re-
cess, whereby the relative rotation between the interme-
diate shaft and the sprocket is restricted within an angle
formed between two lines connecting the center of the
sprocket to the protrusion when the protrusion is at the
respective extreme circumferential ends of the engaging
recess.

[0013] With this arrangement, due to the engagement
of the protrusion in the engaging recess, the relative ro-
tation between the intermediate shaft and the sprocket
is restricted within an angle formed between two lines
connecting the center of the sprocket to the protrusion
when the protrusion is at the respective extreme circum-
ferential ends of the engaging recess. This makes it pos-
sible to keep the rotation of the camshaft relative to the
sprocket within the above predetermined angle range.
[0014] Alternatively, the restricting means may com-
prise a protrusion provided on one of the sprocket and
the camshaft, and a circumferentially elongated engag-
ing recess formed in the other of the sprocket and the
camshaft, the protrusion being engaged in the engaging
recess such that the protrusion is movable within the
range of the circumferential length of the engaging re-
cess, whereby the relative rotation between the sprocket
and the camshaft is restricted within an angle formed
between two lines connecting the center of the sprocket
to the protrusion when the protrusion is at the respective
extreme circumferential ends of the engaging recess.
[0015] With this arrangement, due to the engagement
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of the protrusion in the engaging recess, the relative ro-
tation between the sprocket and the camshaft is restrict-
ed within an angle formed between two lines connecting
the center of the sprocket to the protrusion when the pro-
trusion is at the respective extreme circumferential ends
of the engaging recess. This makes it possible to keep
the relative rotation between the sprocket and the cam-
shaft within the above predetermined angle range.
[0016] The camshaft may be formed with an oil pas-
sage through which engine oil can pass, and the sprocket
may be formed with an oil path through which engine oil
supplied from the oil passage can be supplied to the
speed reduction mechanism.

[0017] Ordinarily, an engine has an oil sump from
which engine oil is supplied to engine parts to lubricate
the engine parts. The oil sump is connected to the oil
passage of the camshaft, so that the parts of the speed
reduction mechanism are lubricated with engine oil that
is supplied through the oil passage and the oil path.
[0018] An oil reservoir for engine oil may be provided
in the oil passage. The oil reservoir allows smooth and
quickly supply of engine oil stored in the oil reservoir to
the speed reduction mechanism especially when the en-
gine is started or during hard acceleration of the engine,
at which time it is usually difficult to supply enough oil to
the speed reduction mechanism. Also, the oil reservoir
reduces a sudden change in the amount of engine oil
supplied to the speed reduction mechanism, thus stabi-
lizing the amount of engine oil supplied.

[0019] An oil filter may be provided in the oil passage
to remove foreign matter that enters the oil passage from
outside, such as metal dust contained in engine oil cir-
culating through the engine, thereby preventing deterio-
ration in the lubricating ability.

[0020] In the arrangement in which the camshaft has
the oil passage through which engine oil flows and the
sprocket has the oil path through which engine oil from
the oil passage is supplied to the speed reduction mech-
anism, the valve timing device may further comprise an
intermediate support bearing comprising a slide bearing
disposed around an outer periphery of the intermediate
shaft and fixedly fitted in a cylindrical portion of the inter-
nal gear.

[0021] With this arrangement, since the interior of the
speed reduction mechanism is lubricated by engine oil,
it is possible to use as the intermediate support bearing
a slide bearing, which is simpler in structure and less
expensive than a rolling bearing, which is ordinarily used
for this purpose, and which includes inner and outer races
adapted to slide on each other through an oil film. This
reduces the manufacturing cost of the speed reduction
mechanism.

[0022] The variable valve timing device may further
comprise an output support bearing comprising a slide
bearing disposed around an outer periphery of the output
shaft of the electric motor and fixedly fitted in a cylindrical
portion of the housing. With this arrangement too, since
the interior of the speed reduction mechanism is lubri-
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cated by engine oll, it is possible to use as the interme-
diate support bearing a slide bearing, which is simpler in
structure and less expensive than a rolling bearing, which
is ordinarily used for this purpose, and which includes
inner and outer races adapted to slide on each other
through an oil film. This reduces the manufacturing cost
of the speed reduction mechanism.

[0023] In the arrangement in which the camshaft has
the oil passage through which engine oil flows and the
sprocket has the oil path through which engine oil from
the oil passage is supplied to the speed reduction mech-
anism, the intermediate shaft and the internal gear may
be configured to be rotatable relative to each other with
an outer periphery of the intermediate shaft in sliding con-
tact with an inner periphery of a cylindrical portion of the
internal gear.

[0024] With this arrangement, since an oil film of en-
gine oil is present between the outer periphery of the
intermediate shaft and the radially inner surface of the
cylindrical portion of the internal gear, the intermediate
shaft and the cylindrical portion of the internal gear can
smoothly rotate relative to each other. This eliminates
the necessity to provide a bearing between the interme-
diate shaft and the cylindrical portion of the internal gear,
thus reducing the number of parts of the device.

[0025] In the arrangement in which the camshaft has
the oil passage through which engine oil flows and the
sprocket has the oil path through which engine oil from
the oil passage is supplied to the speed reduction mech-
anism, the output shaft of the electric motor and the hous-
ing may be configured to be rotatable relative to each
other with an outer periphery of the output shaft in sliding
contact with an inner periphery of a cylindrical portion of
the housing.

[0026] With this arrangement, since an oil film of en-
gine oil is present between the outer periphery of the
output shaft of the electric motor and the radially inner
surface of the cylindrical portion of the housing, the output
shaft and the cylindrical portion of the housing can
smoothly rotate relative to each other. This eliminates
the necessity to provide a bearing between the output
shaft and the cylindrical portion of the housing, as well
as between the intermediate shaft and the cylindrical por-
tion of the internal gear, thus reducing the number of
parts of the device.

[0027] Sliding portions of the outer periphery of the in-
termediate shaft and a radially inner surface of the cylin-
drical portion of the internal gear may be coated with films
having improved wear resistance. Alternatively or in ad-
dition, sliding portions of the outer periphery of the output
shaft of the electric motor and a radially inner surface of
the cylindrical portion of the housing may be coated with
films having improved wear resistance.

[0028] With this arrangement, at the sliding portions,
since the coating films are in contact with each other, it
is possible to reduce wear compared to the case in which
the sliding surfaces are in direct contact with each other.
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ADVANTAGES OF THE INVENTION

[0029] According to the present invention, the speed
reduction mechanism alone can both reduce the rota-
tional speed of the output shaft of the electric motor and
transmit the thus reduced rotation of the output shaft to
the camshaft. The speed reduction mechanism is thus
simple in structure and thus its installation space is small.
Even if the speed reduction mechanism malfunctions,
the relative rotation between the camshaft and the
sprocket can be limited to a predetermined angular
range.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

Fig. 1 is a sectional view of a variable valve timing
device according to Embodiment 1 of the present
invention.

Fig. 2 is a sectional view taken along line A-A of Fig.
1.

Fig. 3 is a sectional view taken along line B-B of Fig.
1.

Fig. 4 is a sectional view of a variable valve timing
device according to Embodiment 2.

Fig. 5 is a sectional view taken along line C-C of Fig.
4,

Fig. 6 is a sectional view of a variable valve timing
device according to Embodiment 3.

Fig. 7 is a sectional view of Modification 1 of Embod-
iment 3.

Fig. 8 is a sectional view of Modification 2 of Embod-
iment 3.

Fig. 9 is a sectional view of a variable valve timing
device according to Embodiment 4.

Fig. 10 is a sectional view of Modification 1 of Em-
bodiment 4.

Fig. 11 is a sectional view of Modification 2 of Em-
bodiment 4.

Fig. 12 is a sectional view of a conventional variable
valve timing device.

Fig. 13 is a sectional view taken along line D-D of
Fig.12.

BEST MODE FOR EMBODYING THE INVENTION

[0031] Now referring to Figs. 1 and 2, description is
made of the variable valve timing device according to
Embodiment 1 of the present invention.

EMBODIMENT 1

[0032] Embodiment 1 comprises a camshaft 1 for driv-
ing intake valves (not shown), a sprocket 2 which is co-
axial with the camshaft 1 and through which the revolution
of the engine is transmitted to the camshaft 1, an electric
motor 3 having an output shaft 4 which is coaxial with



7 EP 2 415978 A1 8

the camshaft 1, and a speed reduction mechanism 5
through which the rotation of the output shaft 4 is trans-
mitted to the camshaft 1, whereby it is possible to change
the angular position of the camshaft 1 relative to the
sprocket 2, thereby changing the timing of opening and
closing of the intake valves.

[0033] The rotation of the crankshaft of the engine is
transmitted to the sprocket 2 through a timing chain (not
shown). Embodiment 1 further includes a housing 7 hav-
ing a cylindrical portion fixed to one end surface of the
sprocket 2 so as to be coaxial with the sprocket 2. The
housing 7 is a cylindrical member having a first closed
end and a second open end. Near the first closed end of
the cylindrical portion, the output shaft 4 of the electric
motor 3 is rotatably and coaxially supported by the cam-
shaft 1 through an output shaft support bearing 11. At
the second open end, the cylindrical portion of the hous-
ing 7 is fixed to the sprocket 2. The output shaft support
bearing 11 is a ball bearing.

[0034] The output shaft 4 of the electric motor 3 carries
an eccentric shaft portion 6 having a circular cross-sec-
tion at its second end around which a ball bearing 12 is
fixedly fitted. An axial through hole 4a is formed in the
eccentric shaft portion 6 at its portion of which the radial
dimension from the axis of output shaft 4 is maximum.
The through hole 4a allows smooth and balanced rotation
of the eccentric shaft portion 6.

[0035] As shownin Figs. 1 and 2, the speed reduction
mechanism 5 comprises the eccentric shaft portion 6 of
the output shaft 4 of the electric motor 3, an internal gear
8 fixed to the inner surface of the cylindrical portion of
the housing 7, which is fixed to the sprocket 2, a plurality
of rollers 9 disposed between the internal gear 8 and the
radially outer portion of the eccentric shaft portion 6 and
adapted to roll while being kept in contact with the teeth
8a of the internal gear 8, and an intermediate shaft 10
having an annular retainer portion 10b formed with cir-
cumferentially equidistantly arranged pockets 10a each
holding one roller 9.

[0036] The internal gear 8 is coaxial with the camshaft
1 with its teeth 8a arranged at equal pitches so as to
radially face the radially outer surface of the outer race
of the ball bearing 12. The internal gear 8 has at least
one axial protrusion 8b formed at one end surface and
engaged in an axial engaging hole 7a, thus rotationally
fix the internal gear 8 to the housing 7.

[0037] The teeth 8a are formed on the inner periphery
of the internal gear 8 at its first end portion. In the em-
bodiment of Fig. 2, the internal gear 8 has 29 teeth 8a.
The rollers 9 are rollably disposed between the teeth 8a
and the ball bearing 12 of the eccentric shaft portion 6 at
the first end portion of the internal gear 8 so as to be kept
in contact with the teeth 8a and the bearing 12.

[0038] Eachtooth 8a of the internal gear 8 has a profile
that coincides with the locus of the radially outermost
portion of each roller 9, which is parallel to the locus of
the center of the roller 9, when the output shaft 4 of the
electric motor 3 rotates and the rollers 9 revolve around
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the shaft 4 along the outer periphery of the ball bearing
12 of the eccentric shaft portion 6.

[0039] The rollers 9 are retained in the respective cir-
cumferentially equidistantly spaced apart pockets 10a of
the retainer portion 10b of the intermediate shaft 10. The
pockets 10a are provided at all or some of the circumfer-
entially spaced apart points which are greater or fewer
in number by one than the number of the teeth 8a. In the
embodiment of Fig. 2 for example, the retainer portion
10b has 15 pockets 10a which are each located at every
other one of 30 circumferentially equidistantly spaced
apart points, which are larger in number by one than the
29 teeth 8a.

[0040] The intermediate shaft 10 is an annular mem-
ber which is rotatably supported by an intermediate shaft
support bearing 13 in the form of a ball bearing mounted
inthe cylindrical portion of the internal gear 8 atits second
axial end. The intermediate shaft 10 has a flange 10c
extending from its radially inner surface at its first axial
end and in engagement with a small-diameter portion 1a
of the camshaft 1 at its first axial end.

[0041] A coupling pin 14 extends axially through the
flange 10c of the intermediate shaft 10 and is inserted
and fixed in a fixing hole 1b formed in the shoulder de-
fining the small-diameter portion 1a of the camshaft 1,
thereby rotationally fixing the intermediate shaft 10 to the
camshaft 1.

[0042] A bolt 16 is tightened in a threaded hole 1c
formed in the center of the small-diameter portion 1a of
the camshaft 1 with a washer 15 disposed between the
small-diameter portion 1a and the bolt. When the bolt 16
is tightened, the washer 15 presses the flange 10c
against the camshaft 1, thereby more reliably fixing the
intermediate shaft 10 to the camshaft 1.

[0043] The intermediate shaft 10, which is fixed to the
camshaft 1, is formed with an axial through hole 10d in
which a stopper pin 17 is inserted and fixed in position
with its end portion protruding from the second end of
the intermediate shaft 10.

[0044] Instead of inserting the stopper pin 17 into the
through hole 10d with its end protruding from the inter-
mediate shaft 10 as in Embodiment 1, the intermediate
shaft 10 may be formed by forging so that a protruding
portion identical in shape to the protruding end portion
of the stopper pin 17 is integrally formed on the interme-
diate shaft 10 when forming the intermediate shaft 10 by
forging.

[0045] The camshaft 1 has an integral flange 1d on its
outer periphery which axially retains the sprocket 2 in
position so as to be rotatable relative to the camshaft 1.
As shown in Fig. 3, the sprocket 2 is formed with a cir-
cumferentially elongated recess 18 in which the stopper
pin 17 of the intermediate shaft 10 is engaged.

[0046] Since the recess 18 is elongated in the circum-
ferential direction, the stopper pin 17 is movable in the
circumferential direction within the range defined by the
circumferential length of the recess 18. In other words,
the relative rotation angle range between the intermedi-
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ate shaft 10 and the sprocket 2 is restricted within 6 be-
tween the two dot-and-dash lines in Fig. 3 which connect
the center O of the sprocket 2 to the center of the stopper
pin 17 when the pin 17 is in abutment with the respective
circumferential ends of the elongated recess 18 (6 is 30°
in Fig. 3). Thus the relative rotation angle range between
the camshaft 1 and the sprocket 2 is also restricted to 6
because the camshaft 1 is rotationally fixed to the inter-
mediate shaft 10.

[0047] In Fig. 3, the means for restricting the relative
rotation angle range comprises the stopper pin 17 pro-
vided on the intermediate shaft 10 and the recess 18
formed in the sprocket 2. But instead, a stopper pin may
be provided on the sprocket 2 and a recess may be
formed in the intermediate shaft 10 so that the stopper
pin is engaged in the recess.

[0048] Now the operation of Embodiment 1 is de-
scribed.

When the engine is started, and the engine revolution is
transmitted to the sprocket 2 through the timing chain,
the housing 7 is rotated together with the sprocket 2. The
internal gear 8 in the housing 7 is thus also rotated to-
gether with the housing 7.

[0049] When the internal gear 8 rotates, the rollers 9
engage some of the teeth 8a and the outer periphery of
the ball bearing 12, the rollers 9 rotate the retainer portion
10b, which retains therollers 9, thus rotating the camshaft
1 through the intermediate shaft 10. In this state, in order
to prevent circumferential movement of the rollers 9 rel-
ative to the internal gear 8, the electric motor 3 is rotated
in synchronization with the sprocket 2. Thus, the cam-
shaft 1 and the sprocket 2 also rotate in synchronization
with each other.

[0050] When the engine revolution decreases e.g. to
idling later, in order to change the timing at which the
intake valves are driven by the camshaft 1, the output
shaft 4 of the electric motor 3 is rotated faster or slower
than the sprocket 2, i.e. rotated relative to the sprocket
2, by electronic control or any other known means.
[0051] As shown in Fig. 2, an annular space between
the radially outer surface of the outer race of the ball
bearing 12 and the internal gear 8 has diametrically op-
posed narrowest and widest portions A and B. In Fig. 2,
the narrowest and widest portions A and B are located
at the 12 and 6 o’clock positions, respectively. When the
output shaft 4 is rotated clockwise relative to the sprocket
2 in this state, the narrowest and widest portions A and
B both rotate clockwise, which means that any portion
on the right-hand side of the annular space decreases in
width until the narrowest portion A passes and any portion
on the left-hand side of the annular space increases in
width until the widest portion B passes.

[0052] At this time, the rollers 9 on the right-hand side
of the annular space are pushed by the outer periphery
of the outer race of the ball bearing 12 and moved radially
outwardly from the apexes of the teeth 8a toward their
bottoms, while the rollers 9 on the left-hand side of the
annular space are moved radially inwardly from the bot-
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toms of the teeth 8a toward their apexes. The rollers 9
thus revolve clockwise along the outer periphery of the
ball bearing 12 as shown by the arrow in Fig. 2.

[0053] The retainer portion 10b of the intermediate
shaft 10, which retains the rollers 9, thus also rotates
clockwise as does the output shaft 4. When the output
shaft 4 rotates counterclockwise relative to the sprocket
2, the narrowest and widest portions A and B of the an-
nular space also rotate counterclockwise, so that the re-
tainer portion 10b of the intermediate shaft 10, which re-
tains therollers 9, also rotates counterclockwise, as does
the output shaft 4.

[0054] In this embodiment, since the number N of the
above-mentioned circumferentially equidistantly spaced
apart points is greater by one than the number of the
teeth 8a of the internal gear 8, every time the output shaft
4 rotates 360 degrees relative to the internal gear 8, each
roller 9 revolves in the same direction as the output shaft
4 by the distance equal to the pitch of the adjacent teeth
8a. Thus, the speed reduction ratio between the output
shaft 4 and the intermediate shaft 10 is equal to the
number N of the above circumferentially equidistantly
spaced apart points. If this number N is smaller than the
number of the teeth 8a by one, the rollers 9 revolve
around the output shaft 4 in the direction opposite to the
rotational direction of the output shaft 4, so that the in-
termediate shaft 10 also rotates in the direction opposite
to the rotational direction of the output shaft 4.

[0055] When the intermediate shaft 10 rotates at a re-
duced rate, the camshaft 1 rotates relative to the sprocket
2, thereby changing the angular position of the camshaft
1 relative to the sprocket 2 so as to be suitable during a
low-speed revolution of the engine. This stabilizes the
engine revolution and improves gas mileage while the
engine is idling.

[0056] When the engine revolution increases from
idling to e.g. high-speed revolution, the difference in ro-
tational speed between the sprocket 2 and the output
shaft 4 of the electric motor 3 is increased, thereby again
changing the angular position of the camshaft 1 relative
to the sprocket 2 so as to be suitable during high-speed
revolution of the engine, allowing higher output of the
engine.

[0057] Thus, the speed reduction mechanism 5 reduc-
es the revolving speed of the rollers 9 by reducing the
rotational speed of the output shaft 4 of the electric motor
3, thereby reducing the rotational speed of the camshaft
1 through the intermediate shaft 10. This eliminates the
need to combine a speed reduction mechanism for re-
ducing the rotation of the output shaft of the electric motor
and a link mechanism for transmitting the reduced rota-
tion to the camshaft, thus simplifying the structure of the
speed reduction mechanism 5.

[0058] In Embodiment 1, as shown in Fig. 3, due to the
engagement of the stopper pin 17 of the intermediate
shaft 10 in the engaging recess 18 of the camshaft 1, the
relative rotation between the intermediate shaft 10 and
the sprocket 2 is restricted within the angle 6, which is
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the angle between the lines connecting the center O of
the sprocket 2 to the center of the stopper pin 17 when
the pin 17 is in abutment with the respective circumfer-
ential ends of the recess 18.

[0059] Thus, evenifit becomes impossible to transmit
the rotation of the sprocket 2 to the camshaft 1 through
the intermediate shaft 10 due to trouble of the reduction
mechanism 5, the angular position of the camshaft 1 rel-
ative to the sprocket 2 can be restricted within the angle
6 because the camshaft 1 is rotationally fixed to the in-
termediate shaft 10.

EMBODIMENT 2

[0060] The variable valve timing device according to
Embodiment 2 is now described with reference to Figs.
4 and 5.

Embodiment 2 has means for restricting the angular po-
sition of the camshaft 1 relative to the sprocket 2 which
differs from that of Embodiment 1. Otherwise, Embodi-
ment 2 is identical in structure to Embodiment 1. Thus
like elements are denoted by identical numerals and their
description is omitted.

[0061] Specifically, in Embodiment 2, as shown in Fig.
4, the sprocket 2 is formed with axial through hole 2b into
which a stopper pin 17 is inserted and fixed in position
with one end portion protruding from the hole 2b. But
instead, a protrusion similar in shape to the protruding
end of the stopper pin 17 may be formed on the sprocket
2 when forming the sprocket 2 by forging. In this case,
the stopper pin 17 and the through hole 2b are not nec-
essary.

[0062] AsshowninFig.5,theflange 1d of the camshaft
1 is formed with a circumferentially extending, radially
outwardly opening recess 18 in which the stopper pin 17
of the sprocket 2 engages.

[0063] The stopper pin 17 is thus circumferentially
movable within the range defined by the circumferentially
extending recess 18 (i.e. the range between two dash-
and-dot lines in Fig. 5). In other words, the relative rota-
tion angle range between the sprocket 2 and the cam-
shaft 1 is restricted within the angle 6 between the above
two dash-and-dot lines, which connects the center O of
the sprocket 2 to the center of the stopper pin 17 when
the pin 17 is in abutment with the respective circumfer-
ential ends of the recess 18 (6 is 30° in Fig. 5).

[0064] In Embodiment 2, the means for restricting the
angular position of the camshaft relative to the sprocket
comprises the stopper pin 17 fixed to the sprocket 2 and
the recess 18 formed in the camshaft 1. But instead, the
stopper pin 17 may be fixed to the camshaft 1 and en-
gaged in a recess similar to the recess 18 and formed in
the sprocket 2.

[0065] InEmbodiment2 too, even ifit becomes impos-
sible to transmit the rotation of the sprocket 2 to the cam-
shaft 1 through the intermediate shaft 10 due to trouble
of the reduction mechanism 5, the angular position of the
camshaft 1 relative to the sprocket 2 can be restricted
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within the angle 6 as in Embodiment 1.
EMBODIMENT 3

[0066] The variable valve timing device according to
Embodiment 3 is now described with reference to Figs.
6 to 8.

Embodiment 3 differs from Embodiment 1 in that the cam-
shaft 1 has an oil passage 20 through which engine oil
flows, and that the sprocket 2 is formed with another oil
path 21 through which engine oil from the oil passage 20
is supplied to the speed reduction mechanism 5. Other-
wise, this embodiment is structurally identical to Embod-
iment 1. Thus, like elements are denoted by identical
numerals and their description is omitted.

[0067] Engine oil is ordinarily circulated through an oil
sump to every component part of the engine to ensure
lubricity. In Embodiment 3, the oil passage 20 of the cam-
shaft 1 communicates with the oil sump. Thus, engine oil
is supplied from the oil sump to the component parts of
the speed reduction mechanism 5 through the oil pas-
sage 20 and the oil path 21 of the sprocket 2.

[0068] The oil passage 20 extends through the axis of
the camshaft 1 and communicates with the threaded hole
1c for the bolt 16. The oil passage 20 has a radial branch
extending from the area near the tip of the bolt 16 and
open to the outer periphery of the camshaft 1.

[0069] An oil reservoir 22 having a larger diameter
than the oil passage 20 may be provided at the radially
inner end of the radial branch. By providing the oil res-
ervoir 22, it is possible to smoothly and quickly supply
engine oil stored in the oil reservoir 22 to the speed re-
duction mechanism 5 especially when the engine is start-
ed or during hard acceleration of the engine, at which
time itis usually difficult to supply enough oil to the mech-
anism 5.

[0070] An oil filter 23 may be provided in the oil pas-
sage 20 to remove foreign matter that enters the oil pas-
sage 20 from outside, such as metal dust contained in
engine oil circulating through the engine, thereby pre-
venting deterioration in the lubricating ability.

[0071] The oil path 21 extends between the inner pe-
ripheral surface of the sprocket 2 and its second end
surface, and communicates at its end at the inner periph-
eral surface of the sprocket 2 with the opening of the oil
passage 20 at the outer periphery of the camshaft 1, and
faces the intermediate shaft supporting bearing 13 in the
housing 7 at its end at the second end surface of the
sprocket 2.

[0072] Since the oil path 21 is open at the second end
surface of the sprocket so as to face the intermediate
shaft support bearing 13, it is possible to supply engine
oil that flows through the oil path 21 to the intermediate
shaft support bearing 13. While the intermediate shaft 10
is rotating, since the output shaft support bearing 11 also
rotates, it is possible to effectively supply engine oil to
every component parts of the speed reduction mecha-
nism 5.
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[0073] In Fig. 6, the output shaft support bearing 11
and the intermediate support shaft 13 of the speed re-
duction mechanism 5 are ball bearings. But these bear-
ings may be slide bearings as shown in Fig. 7, which
comprise inner and outer races adapted to slide on each
other through an oil film and are simpler in structure than
ball bearings, provided it is possible to supply enough
engine oil to every component parts of the speed reduc-
tion mechanism 5 and thus to ensure sufficient lubricity
so that the output shaft 4 of the electric motor 3 and the
intermediate shaft 10 can be smoothly rotated.

[0074] Alternatively, only either one of the output shaft
support bearing 11 and the intermediate shaft support
bearing 13 may be a slide bearing, depending e.g. on
the reduction ratio of the speed reduction mechanism 5
and/or the rotational speed of the output shaft 4 of the
electric motor 3.

[0075] Inthis embodiment, if it is possible to smoothly
rotate the output shaft 4 of the electric motor 3 and the
intermediate shaft 10, the intermediate shaft support
bearing 13 may be omitted, and instead, as shown in Fig.
8, the intermediate shaft 10 and the internal gear 8 may
be arranged so as to be rotatable relative to each other
with the outer periphery of the intermediate shaft 10 and
the inner periphery of the cylindrical portion of the internal
gear 8 in sliding contact with each other. Further alter-
natively, instead of providing the output shaft support
bearing 11, the output shaft 4 of the electric motor 3 and
the housing 7 may be arranged so as to be rotatable
relative to each other with the outer periphery of the out-
put shaft 4 and the inner periphery of the cylindrical por-
tion of the housing 7 in sliding contact with each other.
[0076] In either of the above arrangements, since en-
gine oil is supplied to every component part of the speed
reduction mechanism 5, an oil film forms between the
slide contact surfaces of the intermediate shaft 10 and
the cylindrical portion of the internal gear 8 and/or be-
tween the slide contact surfaces of the output shaft 4 and
theinner periphery of the cylindrical portion of the housing
7, allowing smooth rotation of the intermediate shaft 10
and the output shaft 4 relative to the internal gear and
the housing. Both of the above two arrangements may
be used or only either one of the above two arrangements
may be used.

[0077] The sliding surfaces of the intermediate shaft
10 and the cylindrical portion of the internal gear 8 and/or
the sliding surfaces of the output shaft 4 and the inner
periphery of the cylindrical portion of the housing 7 may
be coated with films having improved wear resistance
such as chrome plating or diamond-like carbon (DLC).
With this arrangement, at the sliding portions, since the
coating films are in contact with each other, it is possible
to reduce wear compared to the case in which the sliding
surfaces are in direct contact with each other.

EMBODIMENT 4

[0078] The variable valve timing device according to
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Embodiment 4 is now described with reference to Figs.
9to 11.

Embodiment 4 differs from Embodiment 2 in that the cam-
shaft 1 has an oil passage 30 through which engine oil
flows, and that the sprocket 2 is formed with another oil
path 31 through which engine oil from the oil passage 30
is supplied to the speed reduction mechanism 5, in the
same manner as Embodiment 3 differs from Embodiment
1.

Otherwise, this embodiment is structurally identical to
Embodiment 2. Thus, like elements are denoted by iden-
tical numerals and their description is omitted.

[0079] As in Embodiment 3, the oil passage 30 of the
camshaft 1 communicates with the oil sump. Thus, en-
gine oil is supplied from the oil sump to the component
parts of the speed reduction mechanism 5 through the
oil passage 30 and the oil path 31 of the sprocket 2, thus
ensuring lubricity of the component parts of the speed
reduction mechanism 5.

[0080] The oil passage 30 extends through the axis of
the camshaft 1 and communicates with the threaded hole
1c for the bolt 16. The oil passage 30 has a radial branch
extending from the area near the tip of the bolt 16 and
open to the outer periphery of the camshaft 1.

[0081] Anoilreservoir 32 having a larger diameterthan
the oil passage 30 may be provided at the radially inner
end of the radial branch. By providing the oil reservoir
32, it is possible to smoothly and quickly supply engine
oil stored in the oil reservoir 32 to the speed reduction
mechanism 5 especially when the engine is started or
during hard acceleration of the engine, at which time it
is usually difficult to supply enough oil to the mechanism
5.

[0082] An oil filter 33 may be provided in the oil pas-
sage 30 to remove foreign matter that enters the oil pas-
sage 30 from outside, such as metal dust contained in
engine oil circulating through the engine, thereby pre-
venting deterioration in the lubricating ability.

[0083] As in Embodiment 3, the oil path 31 extends
between the inner peripheral surface of the sprocket 2
and its second end surface, and communicates at its end
at the inner peripheral surface of the sprocket 2 with the
opening of the oil passage 30 at the outer periphery of
the camshaft 1, and faces the intermediate shaft support-
ing bearing 13 in the housing 7 at its end at the second
end surface of the sprocket 2.

[0084] Since the oil path 31 is open at the second end
surface of the sprocket so as to face the intermediate
shaft support bearing 13, it is possible to supply engine
oil that flows through the oil path 31 to the intermediate
shaft support bearing 13. While the intermediate shaft 10
is rotating, since the output shaft support bearing 11 also
rotates, it is possible to effectively supply engine oil to
every component parts of the speed reduction mecha-
nism 5.

[0085] In Fig. 9, the output shaft support bearing 11
and the intermediate support shaft 13 of the speed re-
duction mechanism are ball bearings. But these bearings
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may be slide bearings as shown in Fig. 10, which com-
prise inner and outer races adapted to slide on each other
through an oil film and are simpler in structure than ball
bearings, provided it is possible to supply enough engine
oil to every component parts of the speed reduction
mechanism 5 and thus to ensure sufficient lubricity so
that the output shaft 4 of the electric motor 3 and the
intermediate shaft 10 can be smoothly rotated, as in Em-
bodiment 3.

[0086] Alternatively, only either one of the output shaft
support bearing 11 and the intermediate shaft support
bearing 13 may be a slide bearing, depending e.g. on
the reduction ratio of the speed reduction mechanism 5
and/or the rotational speed of the output shaft 4 of the
electric motor 3.

[0087] In this embodiment, if it is possible to smoothly
rotate the output shaft 4 of the electric motor 3 and the
intermediate shaft 10, as in Embodiment 3, the interme-
diate shaft support bearing 13 may be omitted, and in-
stead, as shown in Fig. 11, the intermediate shaft 10 and
the internal gear 8 may be arranged so as to be rotatable
relative to each other with the outer periphery of the in-
termediate shaft 10 and the inner periphery of the cylin-
drical portion of the internal gear 8 in sliding contact with
each other. Further alternatively, instead of providing the
output shaft support bearing 11, the output shaft 4 of the
electric motor 3 and the housing 7 may be arranged so
as to be rotatable relative to each other with the outer
periphery of the output shaft 4 and the inner periphery of
the cylindrical portion of the housing 7 in sliding contact
with each other.

[0088] In either of the above arrangements, since en-
gine oil is supplied to every component part of the speed
reduction mechanism 5, an oil film forms between the
slide contact surfaces of the intermediate shaft 10 and
the cylindrical portion of the internal gear 8 and/or be-
tween the slide contact surfaces of the output shaft 4 and
theinner periphery of the cylindrical portion of the housing
7, allowing smooth rotation of the intermediate shaft 10
and the output shaft 4 relative to the internal gear and
the housing. Both of the above two arrangements may
be used or only either one of the above two arrangements
may be used.

[0089] The sliding surfaces of the intermediate shaft
10 and the cylindrical portion of the internal gear 8 and/or
the sliding surfaces of the output shaft 4 and the inner
periphery of the cylindrical portion of the housing 7 may
be coated with films having improved wear resistance
such as chrome plating or diamond-like carbon (DLC).
With this arrangement, at the sliding portions, since the
coating films are in contact with each other, it is possible
to reduce wear compared to the case in which the sliding
surfaces are in direct contact with each other.

DESCRIPTION OF THE NUMERALS

[0090]
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1. Camshaft

1a. Small-diameter portion
1b. Fixing hole

1c. Threaded hole

1d. Flange

2. Sprocket

2a. Engaging recess

2b. Through hole

3. Electric motor

4. Output shaft

4a. Through hole

5. Speed reduction mechanism
6. Eccentric shaft portion
7. Housing

7a. Engaging hole

8. Internal gear

8a. Teeth

8b. Protrusion

9. Roller

10. Intermediate shaft
10a. Pocket

10b. Retainer portion

10c. Flange

10d. Through hole

11. Output shaft support bearing
12. Ball bearing

13. Intermediate shaft support bearing
14. Coupling pin

15. Washer

16. Bolt

17. Stopper pin

18. Engaging recess

20, 30. Oil passage

21, 31. QOil path

22. 32. QOil reservoir

23, 33. Qil filter

41. Camshaft

41a. Cam plate

42. Sprocket

43. Electric motor

44. Output shaft

45. Speed reduction mechanism
46. Link mechanism

46a. Arm

46b. Arm

47. Internal gear

48. Housing

49. External gear

50. Guide plate

Claims

1. Avariable valve timing device comprising a camshaft
for driving at least one of an intake valve and an
exhaust valve of an engine, and a sprocket config-
ured to be rotated by the engine to drive the cam-
shaft, said camshaft and said sprocket being ar-
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ranged coaxially with each other so as to be rotatable
relative to each other, an electric motor having an
output shaft, and a speed reduction mechanism
through which the rotation of the output of the electric
motor can be transmitted to the camshaft at a re-
duced rate, thereby changing the angular position of
the camshaft relative to the sprocket,
characterized in that said speed reduction mech-
anism comprises an eccentric shaft portion provided
on the output shaft of the electric motor and having
a circular cross-section, a housing fixed to the
sprocket, an internal gear fixedly mounted in the
housing and having teeth, a plurality of rollers dis-
posed between the internal gear and an outer pe-
riphery of the eccentric shaft portion, and an inter-
mediate shaft coaxial with the camshaft and includ-
ing an annular retainer portion formed with circum-
ferentially equidistantly spaced pockets in which the
respective rollers are retained, that the number of
the pockets of the retainer portion is smaller or larger
by one than the number of the teeth of the internal
gear, that each tooth of the internal gear has a profile
that coincides with the locus of the radially outermost
portion of each roller which is parallel to the locus of
the center of the roller, when the output shaft of the
electric motor rotates and the rollers revolve around
the output shaft, whereby the revolution of the rollers
is transmitted to the camshaft through the interme-
diate shaft, and that the variable valve timing device
further includes restricting means for restricting the
rotation of the camshaft relative to the sprocket within
a predetermined angular range.

The variable valve timing device of claim 1, wherein
the restricting means comprises a protrusion provid-
ed on one of the intermediate shaft and the sprocket,
and a circumferentially elongated engaging recess
formed in the other of the intermediate shaft and the
sprocket, said protrusion being engaged in the en-
gaging recess such that the protrusion is movable
within the range of the circumferential length of the
engaging recess, whereby the relative rotation be-
tween the intermediate shaft and the sprocket is re-
stricted within an angle formed between two lines
connecting the center of the sprocket to the protru-
sion when the protrusion is atthe respective extreme
circumferential ends of the engaging recess.

The variable valve timing device of claim 1, wherein
the restricting means comprises a protrusion provid-
ed on one of the sprocket and the camshaft, and a
circumferentially elongated engaging recess formed
in the other of the sprocket and the camshaft, said
protrusion being engaged in the engaging recess
such that the protrusion is movable within the range
of the circumferential length of the engaging recess,
whereby the relative rotation between the sprocket
and the camshatft is restricted within an angle formed
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10

10.

11.

between two lines connecting the center of the
sprocket to the protrusion when the protrusion is at
the respective extreme circumferential ends of the
engaging recess.

The variable valve timing device of any of claims 1
to 3, wherein the camshaft is formed with an oil pas-
sage through which engine oil can pass, and the
sprocket is formed with an oil path through which
engine oil supplied from the oil passage can be sup-
plied to the speed reduction mechanism.

The variable valve timing device of claim 4, wherein
the oil passage has an oil reservoir for engine oil.

The variable valve timing device of claim 4 or 5, fur-
ther comprising an oil filter provided in the oil pas-
sage of the camshaft.

The variable valve timing device of any of claims 4
to 6, further comprising an intermediate support
bearing comprising a slide bearing disposed around
an outer periphery of the intermediate shaft and fix-
edly fitted in a cylindrical portion of the internal gear.

The variable valve timing device of any of claims 4
to 7, further comprising an output support bearing
comprising a slide bearing disposed around an outer
periphery of the output shaft of the electric motor and
fixedly fitted in a cylindrical portion of the housing.

The variable valve timing device of any of claims 4
to 6, wherein the intermediate shaft and the internal
gear are rotatable relative to each other with an outer
periphery of the intermediate shaft in sliding contact
with an inner periphery of a cylindrical portion of the
internal gear.

The variable valve timing device of any of claims 4
to 6 and 9, wherein the output shaft of the electric
motor and the housing are rotatable relative to each
other with an outer periphery of the output shaft in
sliding contact with an inner periphery of a cylindrical
portion of the housing.

The variable valve timing device of claim 9 or 10
wherein sliding portions of the outer periphery of the
intermediate shaft and a radially inner surface of the
cylindrical portion of the internal gear are coated with
films having improved wear resistance, or sliding
portions of the outer periphery of the output shaft of
the electric motor and a radially inner surface of the
cylindrical portion of the housing are coated with
films having improved wear resistance.
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