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(54) Variable valve timing control device

(67) A variable valve timing control device includes
a driving side rotation member (1), a driven side rotation
member (2), a fluid pressure chamber (4, 41, 42), a first
flow path (43) and a second flow path (44) allowing a flow
of an operation fluid into and out of the fluid pressure
chamber (4, 41, 42), an intermediate member (6) being
provided between an inner circumferential surface of the

FIG.1

driven side rotation member (2) and an outer circumfer-
ential surface of a camshaft (10), and a contact portion
(A) where the intermediate member (6) and the driven
side rotation member (2) come in contact with each other
at a position between the first flow path (43) and the sec-
ond flow path (44) when mounting the intermediate mem-
ber (6) to the camshaft (10).
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Description
TECHNICAL FIELD

[0001] This disclosure generally relates to a variable
valve timing control device.

BACKGROUND DISCUSSION

[0002] A known variable valve timing control device
favorably includes a driven side rotation member which
is formed with a lightweight material which has small ro-
tation inertia in order to easily change arelative rotational
phase of the driven side rotation member relative to a
driving side rotation member. Therefore, the driven side
rotation member is generally made from a low strength
material, for example, an aluminum material. On the oth-
er hand, a camshaft connected to the driven side rotation
member is generally made from a high-strength material,
forexample, aniron material. Thus, agap is easily formed
at an interface between the driven side rotation member
and the camshaft due to a difference between a coeffi-
cient of linear expansion of the driven side rotation mem-
ber and a coefficient of linear expansion of the camshaft.
Along with that, the driven side rotation member may be
easily damaged because the high-strength camshaft is
directly in contact with the low-strength driven side rota-
tion member.

[0003] Especially, in a case where a flow path of the
operation fluid which changes a relative rotational phase
of the driven side rotation member relative to the driving
side rotation member extends over the driven side rota-
tion member and the camshaft, and the gap is generated
at the interface of the driven side rotation member and
the camshaft, the relative rotational phase cannot be
changed precisely at the right time, or proper timing be-
cause of the leakage of the operation fluid via the gap.
[0004] A known variable valve timing control device is
disclosed in JP2012-57578A (hereinafter referred to as
Patentreference 1). The variable valve timing control de-
vice disclosed in Patent reference 1 is provided with a
driving side rotation member (housing), a driven side ro-
tation member (inner rotor), and a fluid pressure chamber
defined between the driving side rotation member and
the driven side rotation member, and a first flow path and
a second flow path allowing an operation fluid to flow in
or flow out of the fluid pressure chamber. The variable
valve timing control device further includes an interme-
diate member between an inner circumferential surface
of the driven side rotation member and an outer circum-
ferential surface of the camshaft and connects the driven
side rotation member and the camshaft. A space config-
uring a part of the first flow path is defined between the
driven side rotation member and the camshaft, whereas
apartofthe second flow pathis placed atthe intermediate
member. A contact portion where the intermediate mem-
ber is in contact with the driven side rotation member is
provided between the first flow path and the second flow
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path. The driven side rotation member is made from an
aluminum material, whereas the intermediate member is
made from an iron material.

[0005] According to the variable valve timing control
device disclosed in Patent reference 1, because the var-
iable valve timing control device includes the intermedi-
ate member which is positioned between the inner cir-
cumferential surface of the driven side rotation member
and the outer circumferential surface of the camshaft, to
connect the driven side rotation member and the cam-
shaft, the driven side rotation member made from the
aluminum material does not come in contact with the
camshaft. Thus, in a case where the camshaft is made
from a high-strength material, the driven side rotation
member made from the aluminum material may be pre-
vented from being damaged. Further, because the inter-
mediate member is made from the iron material which
includes a coefficient of linear expansion that is close to
a coefficient of linear expansion of the camshaft which
is made from the high-strength material, the gap is not
generated at the interface of the intermediate member
and the camshaft. Accordingly, in a case where the flow
path of the operation fluid extends over the intermediate
member and the camshaft, the operation fluid does not
leak easily. However, as a result of mounting the inter-
mediate member inwardly of the driven side rotation
member between the driven side rotation member and
the camshaft in order to prevent the driven side rotation
member and the camshaftfrom being in contact with each
other, the space formed between the driven side rotation
member and the camshaft corresponds to the part of the
first flow path, whereas the part of the second flow path
is provided at the intermediate member. Thus, in a state
where a gap is generated at an interface between the
driven side rotation member and the intermediate mem-
ber, the first flow path and the second flow path commu-
nicate with each other via the gap, and the operation fluid
leaks out of and flows into the first and second flow paths.
Accordingly, the relative rotational phase of the driven
side rotation member relative to the driving side rotation
member may not be changed precisely at the right time,
or proper timing. Thus, in order to change the relative
rotational phase of the driven side rotation member rel-
ative to the driving side rotation member precisely at the
right time, or proper timing, the contact portion where the
intermediate member and the driven side rotation mem-
ber come in contact with each other in the entire circum-
ference between the first and second flow paths is pro-
vided to prevent the operation fluid from leaking out of
and flowing into the first and second flow paths.

[0006] According to the variable valve timing control
device disclosed in Patent reference 1, the intermediate
member is inserted from an end of the driven side rotation
member to be positioned between the inner circumfer-
ence of the driven side rotation member and an outer
circumference of the camshaft. Thus, after mounting the
driven side rotation member and the intermediate mem-
ber to the driving side rotation member, the intermediate
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member may easily come out of the driven side rotation
member when the camshaft is mounted to the variable
valve timing control device. Accordingly, the mounting
process of the variable valve timing control device may
be complicated. Further, in a case where the intermediate
member is press-fitted into the driven side rotation mem-
ber, a gap may be generated between the intermediate
member and the driven side rotation member because
of aresistance force applied when the intermediate mem-
ber is press-fitted into the driven side rotation member.
The first and second flow paths communicate with each
other via the gap, leading to the inferior operation.
[0007] A need thus exists for a variable valve timing
control device that prevents a driven side rotation mem-
ber from being damaged by a camshaft which is made
from a high-strength material, that restrains an operation
fluid from leaking out of and flowing into the first and
second flow paths while simplifying the mounting process
of the variable valve timing control device.

SUMMARY

[0008] Accordingto an aspect of this disclosure, a var-
iable valve timing control device includes a driving side
rotation member configured to synchronously rotate with
a driving shaft of an internal combustion engine, a driven
side rotation member provided inwardly of the driving
side rotation member to be coaxial with the driving side
rotation member, the driven side rotation member inte-
grally rotating with a camshaft for opening and closing a
valve of the internal combustion engine, a fluid pressure
chamber defined between the driving side rotation mem-
ber and the driven side rotation member, a first flow path
and a second flow path allowing a flow of an operation
fluid into and out of the fluid pressure chamber to change
a relative rotational phase of the driven side rotation
member relative to the driving side rotation member be-
tween a most advanced angle phase and a mostretarded
angle phase, an intermediate member being provided
between an inner circumferential surface of the driven
side rotation member and an outer circumferential sur-
face of the camshaft, the intermediate member connect-
ing the driven side rotation member and the camshaft,
and a contact portion where the intermediate member
and the driven side rotation member come in contact with
each other at a position between the first flow path and
the second flow path when mounting the intermediate
member to the camshaft after mounting the intermediate
member and the driven side rotation member to the driv-
ing side rotation member after mounting the intermediate
member to the driven side rotation member by press-
fitting in a state where a space configuring a part of the
first flow path is defined between the driven side rotation
member and the camshaft and the intermediate member
includes a part of the second flow path.

[0009] According to the aforementioned construction
of this disclosure, the intermediate member comes in
contact with the driven side rotation member between
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the first flow path and the second flow path when the
intermediate member is mounted to the camshaft after
the intermediate member and the driven side rotation
member are mounted to the driving side rotation member
after the intermediate member is press-fitted into the driv-
en side rotation member. Thus, when the intermediate
member and the driven side rotation member are mount-
ed to the driving side rotation member, the intermediate
member is positioned inside the driven side rotation
member by press-fitting. Accordingly, without having to
be glued by an adhesive material or attracted by a mag-
netic force of a magnet, the intermediate member is pre-
vented from being coming out of the driven side rotation
member by a friction force applied between the driven
side rotation member and the intermediate member be-
fore mounting the driven side rotation member and the
intermediate member to the camshaft. Thus, after mount-
ing the driven side rotation member and the intermediate
member to the driving side rotation member, the inter-
mediate member is prevented from coming out of the
driven side rotation member before mounting the cam-
shaft to the intermediate member.

[0010] According to the aforementioned construction
of this disclosure, the driven side rotation member is pre-
vented from being damaged by the camshaft which is
made from a high-strength material. Along with that, the
mounting process is simplified while adopting the con-
struction where the operation fluid is prevented from leak-
ing out of and flowing into the first and second flow paths.
[0011] According to another aspect of this disclosure,
the variable valve timing control device further includes
a control valve being positioned inwardly of the interme-
diate member in a radial direction, the control valve con-
trolling the operation fluid to flow into and out of the fluid
pressure chamber.

[0012] According to the aforementioned construction
of this disclosure, comparing to a case where a control
valve is positioned outside a camshaft, a flow path in
which the operation fluid flows in and out of the fluid cham-
ber is shortened. Accordingly, the control valve of this
disclosure may be mounted to a reduced space while
reducing the process for configuring the flow path.
[0013] According to further aspect of this disclosure,
the intermediate member is press-fitted to a portion of an
inner wall of the driven side rotation member.

[0014] According to the aforementioned construction
of this disclosure, the intermediate member may be proc-
essed with a reduced man-hour and a reduced size of
the portion to be processed.

[0015] According to still another aspect of this disclo-
sure, the intermediate member is press-fitted to the inner
wall of the driven side rotation member at plural positions
being equally spaced apart along a circumferential direc-
tion relative to an axis.

[0016] According to the aforementioned construction
of this disclosure, the intermediate member may be proc-
essed with a reduced man-hour and a further reduced
size of the portion to be processed.
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[0017] According to another aspect of this disclosure,
the intermediate member is fitted only to a portion posi-
tioned between a portion where the second flow path is
formed and the contact portion of the inner wall.

[0018] According to the aforementioned construction
of this disclosure, the intermediate member may be proc-
essed with a reduced man-hour and a reduced size of
the portion to be processed.

[0019] According to the still further aspect of this dis-
closure, the driven side rotation member includes plural
press-fitting portions which are irregularly positioned
along the circumferential direction of the driven side ro-
tation member, and come in contact with the intermediate
member when press-fitting to the intermediate member,
and a length from the press-fitting portion to a center of
the driven side rotation member is shorter than a length
from the inner wall to a center of the driven side rotation
member.

[0020] According to the aforementioned construction
of this disclosure, the intermediate member may be proc-
essed with a reduced man-hour and a further reduced
size of the portion to be processed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Theforegoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:

Fig. 1 is a cross sectional view illustrating an entire
configuration of a variable valve timing control device
according to a first embodiment disclosed here;
Fig. 2 is a cross-sectional view of the variable valve
timing control device taken along line II-1l in Fig. 1;
Fig. 3 is a detailed view of an oil control valve when
controlling a relative rotational phase of a driven side
rotation member relative to a driving side rotation
member to establish an advanced angle position;
Fig. 4 is a detailed view of the oil control valve when
controlling the relative rotational phase of the driven
side rotation member relative to the driving side ro-
tation member to establish a retarded angle position;
Fig. 5is an exploded perspective view partially illus-
trating the configuration of the variable valve timing
control device;

Fig. 6 is a cross sectional view illustrating an entire
configuration of a variable valve timing control device
according to a second embodiment; and

Fig. 7 is a cross sectional view partially explaining a
configuration of a variable valve control device ac-
cording to a third embodiment:

DETAILED DESCRIPTION

[0022] Embodiments of a variable valve timing control
device for controlling, or regulating the timing for opening
and closing an intake valve of an engine for a vehicle will
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be explained hereunder with reference to the drawings.
[0023] A first embodiment of the variable valve timing
control device of this disclosure will be explained with
reference to Figs. 1 to 5.

[0024] As shown in Figs. 1 and 2, the variable valve
timing control device includes a driving side rotation
member 1 (a housing) and a driven side rotation member
2 (aninner rotor). The aluminum-alloy-made driving side
rotation member 1 synchronously rotates with a crank-
shaft of an engine for a vehicle. The aluminum-alloy-
made driven side rotation member 2 is positioned inward-
ly of the driving side rotation member 1 to be coaxial with
the driving side rotation member 1. The driven side rota-
tion member 2 integrally rotates with a camshaft 10 which
opens and closes an intake valve of the engine.

[0025] The driven side rotation member 2 is relatively
rotatably supported by the driving side rotation member
1. The camshaft 10 is coaxially configured with a cam-
shaft body 10a and a steel-made oil control valve bolt
10b, or a steel-made OCV bolt 10b. The steel-made OCV
bolt 10b is coaxially positioned within the driven side ro-
tation member 2 and is screwed and fixed to the camshaft
body 10a. The engine for the vehicle corresponds to an
internal combustion engine, whereas the crankshaft cor-
responds to a driving shaft of the internal combustion
engine.

[0026] A steel-made intermediate rotation member 6
serving as an intermediate member is provided between
an inner circumference of the driven side rotation mem-
ber 2 and an outer circumferential surface of the OCV
bolt 10b. The intermediate rotation member 6 is coaxially
inserted and press-fitted into the driven side rotation
member 2 to be positioned therein from a direction of a
camshaft body 10a. The cylindrical rotation member 6
transmits the rotation of the driven side rotation member
2 to the OCV bolt 10b. The OCV bolt 10b is positioned
between the driven side rotation member 2 and the in-
termediate rotation member 6 and screwed and fixed to
an end portion of the camshaft body 10a. The interme-
diate rotation member 6 connects the driven side rotation
member 2 and the camshaft 10. The camshaft body 10a
serves as a rotation shaft of a cam which controls, or
regulates the opening and closing of the intake valve of
the engine. The camshaft body 10a integrally rotates with
the driven side rotation member 2, the intermediate ro-
tation member 6, and the OCV bolt 10b. The camshaft
body 10a is rotatably mounted to a cylinder head of the
engine.

[0027] As shown in Fig. 1, the driving side rotation
member 1 is integrally configured with a front plate 11,
an outer rotor 12 and a rear plate 13. The front plate 11
is positioned on the opposite side of the camshaft body
10a relative to the intermediate rotation member 6. The
driven side rotation member 2 is covered by the outer
rotor 12. The rear plate 13 is integrally provided with a
timing sprocket 15. The driven side rotation member 2 is
accommodated in the driving side rotation member 1 and
afluid pressure chamber 4 is defined between the driving



7 EP 2 843 201 A1 8

side rotation member 1 and the driven side rotation mem-
ber 2.

[0028] When the crankshaft rotates, a rotational force
is transmitted to the timing sprocket 15 via a force trans-
mission member 100. The driving side rotation member
1 rotates in a rotation direction S shown in Fig. 2. In re-
sponse to the rotation of the driving side rotation member
1, the driven side rotation member 2 is activated to rotate
in the rotation direction S. Accordingly, the camshaft 10
rotates and the cam being provided at the camshaft body
10a pushes down the intake valve of the engine to open
the valve.

[0029] As shown in Fig. 2, plural projections 14 is po-
sitioned inwardly of the outer rotor 12 and protrudes in-
wardly in a radial direction and being spaced apart along
the rotation direction S. Thus, the fluid pressure chamber
4 is provided between the driven side rotation member
2 and the outer rotor 12. The projection 14 functions as
a shoe relative to an outer circumferential surface of the
driven side rotation member 2. Projections 21 are pro-
vided on the outer circumferential surface of the driven
side rotation member 2 to be positioned at portions which
face the fluid pressure chambers 4, respectively. The flu-
id pressure chamber 4 is divided into an advanced angle
chamber 41 serving as a fluid pressure chamber and a
retarded angle chamber 42 serving as a fluid pressure
chamber by the projection 21 along the rotation direction
S. According to the embodiment, four fluid pressure
chambers 4 are provided, however, the construction is
not limited to the foregoing.

[0030] The oil serving as the operation fluid is supplied
to and drained from the advanced angle chamber 41 and
the retarded angle chamber 42, or is blocked to be sup-
plied to and drained from the advanced angle chamber
41 and the retarded angle chamber 42, to apply the oil
pressure to the projection 21. Accordingly, the relative
rotational phase of the driven side rotation member 2
relative to the driving side rotation member 1 is displaced
in either the advanced angle direction or the retarded
angle direction, or the relative rotational phase is main-
tained at a predetermined phase. The advanced angle
direction is defined as a direction where the volume of
the advanced angle chamber 41 increases and is indi-
cated with an advanced angle direction S1 (serving as a
first rotation direction) in Fig. 2. The retarded angle di-
rection is defined as a direction where the volume of the
retarded angle chamber 42 increases and is indicated
with a retarded angle direction S2 (serving as a second
rotation direction) in Fig. 2. The relative rotational phase
when the volume of the advanced angle chamber 41 is
maximized is defined as a most advanced angle phase.
The relative rotational phase when the volume of the ad-
vanced angle chamber 42 is maximized is defined as a
most retarded angle phase.

[0031] The variable valve timing control apparatus in-
cludes a lock mechanism 8 which locks, or retains the
relative rotational phase of the driven side rotation mem-
ber 2 relative to the driving side rotation member 1 at a
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predetermined lock phase which is positioned between
the most advanced angle phase and the most retarded
angle phase. In astate where the oil pressure is not stable
immediately after starting the engine, the rotational
phase of the camshaft 10 relative to the crankshaft may
be maintained properly and the engine may rotate stably
by locking, or retaining the relative rotational phase.
[0032] AsshowninFig.2,alockmember81is movably
configured along an axial direction. The lock member 81
is maintained in a locked state, or a retained state by
being held in an engaged state with a lock groove pro-
vided at either the front plate 11 or the rear plate 13 by
using a biasing member. A lock passage 82 is provided
at the driven side rotation member 2 and connects the
lock mechanism 8 and an advanced angle oil passage
43 (serving as afirstflow path). When the advanced angle
control is operated to displace the relative rotational
phase of the driven side rotation member 2 relative to
the driving side rotation member 1 to the advanced angle
direction S1, the oil pressure is applied to the lock mech-
anism 8. As a result, the lock member 81 comes out of
the lock groove against the biasing force applied by the
biasing member to release the locked state.

[0033] As shown in Fig. 1, the OCV 51 serves as a
control valve and controls, or regulates a supply and
draining of the oil to and from the fluid pressure chamber
4. The OCV 51 is coaxially provided with the camshaft
10 and positioned inwardly of the intermediate rotation
member 6 in the radial direction. The OCV 51 includes
a spool 52, a spring 53 which biases the spool 52, and
an electromagnetic solenoid 54 which activates the spool
52. The spool 52 is accommodated in an accommodation
space 5a which is provided at an end portion of the OCV
bolt 10b and is slidable along an axis X inside the ac-
commodation space 5a. The electromagnetic solenoid
54 adopts a known structure.

[0034] A spring 53 is provided inside the accommoda-
tion space 5a at a position which is axially inward of the
accommodation space 5a and constantly biases the
spool 52 in a direction opposite to the camshaft body
10a. Upon supplying electricity to the electromagnetic
solenoid 54, a push pin 54a provided at the electromag-
netic solenoid 54 pushes a rod portion 52a which is pro-
vided atthe spool 52. In consequence, the spool 52 slides
towards the camshaft body 10a against the biasing force
of the spring 53. The OCV 51 is configured to regulate,
or control the position of the spool 52 by regulating, or
controlling a duty ratio of the electric power supplied to
the electromagnetic solenoid 54. Further, the feeding
amount by the OCV 51 to the electromagnetic solenoid
54 is controlled by an electric control unit, or an ECU.
[0035] As shown in Fig. 5, the cylindrical intermediate
rotation member 6 is positioned inwardly of the driven
side rotation member 2, specifically, positioned at a por-
tion closer to the cam shaft body 10a (the right in Fig. 5).
A washer member 7 is positioned inwardly of the driving
side rotation member 1 and the driven side rotation mem-
ber 2 and positioned opposite from the camshaft body
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10a (the left in Fig. 5) relative to the intermediate rotation
member 6. The intermediate rotation member 6 and the
washer member 7 are positioned inwardly of the driven
side rotation member 2. As shown in Figs. 1 and 5, in a
state where the driven side rotation member 2 is covered
by the driving side rotation member 1, the OCV bolt 10b
is placed inwardly of each center hole of the washer mem-
ber 7, the driven side rotation member 2 and the inter-
mediate rotation member 6 and screwed and fixed to the
camshaft body 10a. As shown in Fig.1, the intermediate
rotation member 6 and the driven side rotation member
2 are in contact with each other along the entire circum-
ference in the axial direction between the advanced angle
oil passage 43 and aretarded angle oil passage 44 (serv-
ing as a second flow path) and include a contact portion
A. Thus, the intermediate rotation member 6 comes in
contact with the driven side rotation member 2 at a po-
sition between the advanced angle oil passage 43 and
the retarded angle oil passage 44 when mounting the
intermediate rotation member 6 to the camshaft 10 after
mounting the intermediate rotation member 6 and the
driven side rotation member 2 to the driving side rotation
member 1.

[0036] The washer member 7 increases a tightening
force of the OCV bolt 10 relative to the camshaft body
10a. A torsion spring 9 is mounted to position between
the washer member 7 and the front plate 11 and biases
the washer member 7 and the front plate 11 to rotate the
driven side rotation member 2 relative to the driving side
rotation member 1 in the advanced angle direction S1.
[0037] An outer diameter of the intermediate rotation
member 6 is set to be slightly greater than an inner di-
ameter of a cylindrical inner wall 2a (serving as an inner
wall) of the driven side rotation member 2. In a state
where the intermediate rotation member 6 is inserted into
the driven side rotation member 2 to be positioned inside
thereof along the axis X, a fitting portion 20 fits the entire
outer circumferential surface of the intermediate rotation
member 6 into the entire inner circumferential surface of
the cylindricalinnerwall 2a. Accordingly, the intermediate
rotation member 6 is integrally mounted to the driven side
rotation member 2 by press-fitting into the driven side
rotation member 2 at the fitting portion 20.

[0038] A fitting pressure level of the fitting portion 20
to the driven side rotation member 2 is set to be a pres-
sure level that allows the intermediate rotation member
6 to forcibly move to come in contact with the driven side
rotation member 2 when the OCV bolt 10 which is insert-
ed into and extends through the washer member 7, the
driven side rotation member 2, and the intermediate ro-
tation member 6 from a direction of the front plate 11 is
screwed and fixed to the camshaft body 10a. According-
ly, the intermediate rotation member 6 reliably comes in
contact with the driven side rotation member 2 throughout
the circumference between the advanced angle oil pas-
sage 43 and the retarded angle oil passage 44 to prevent
the oil from leaking out of and flowing into the advanced
angle oil passage 43 and the retarded angle oil passage
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44.

[0039] When the driven side rotation member 2 and
the intermediate rotation member 6 are mounted to the
driving side rotation member 1, a certain amount of a
friction force is applied to the fitting portion 20 between
the driven side rotation member 2 and the intermediate
rotation member 6. Then, the friction force serves as a
resistance force and prevents the intermediate rotation
member 6 from coming out of the driven side rotation
member 2 until the camshaft 10 is connected to the in-
termediate rotation member 6 after mounting the inter-
mediate rotation member 6 to the driven side rotation
member 2.

[0040] As shown in Fig. 1, the oil reserved in the oil
pan 61 is sucked by a mechanical oil pump 62 that is
actuated in response to the transmission of the rotational
drive force of the crankshaft, and is supplied to an oil
supply passage 45. The OCV 51 controls the supplying
and draining, or the blocking operation to supply and
drain the oil to and from the advanced angle oil passage
43 and the retarded angle oil passage 44.

[0041] The advanced angle oil passage 43 serves as
an oil passage for changing the relative rotational phase
of the driving side rotation member 1 and the driven side
rotation member 2 in the advanced angle direction S1.
The retarded angle oil passage 44 serves as an oil pas-
sage for changing the relative rotational phase of the driv-
ing side rotation member 1 and the driven side rotation
member 2 in the retarded angle direction S2. Thus, the
advanced angle oil passage 43, the retarded angle oil
passage 44 and a supply oil passage 45 correspond to
flow paths which selectively supply and drain the oil to
and from the fluid pressure chamber 4 in order to change
the relative rotational phase of the driven side rotation
member 2 relative to the driving side rotation member 1
between a most advanced angle phase and a most re-
tarded angle phase. The advanced angle oil passage 43
corresponds to a first flow path and the retarded angle
oil passage 44 corresponds to a second flow path.
[0042] As shown in Fig. 1 and Fig. 2, the advanced
angle oil passage 43 which communicates with the ad-
vanced angle chamber 41 is configured with a first
through hole 43a, a first annular oil passage 43b, and a
second through hole 43c. The first through hole 43a is
provided at the OCV bolt 5b. The first annular oil passage
43b is positioned between the OCV bolt 5b and the driven
side rotation member 2. The second through hole 43c is
provided at the driven side rotation member 2. Thus, the
space configuring the first annular oil passage 43b which
corresponds to a part of the advanced angle oil passage
43 is defined between the driven side rotation member
2 and the OCV bolt 10b.

[0043] The retarded angle oil passage 44 which com-
municates with the retarded angle chamber 42 is config-
ured with a third through hole 44a, a second annular oil
passage 44b, a fourth through hole 44c, and a fifth
through hole 44d. The third through hole 44a is provided
at the OCV bolt 5b. The second annular oil passage 44b
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is provided at an inner circumferential surface of the in-
termediate rotation member 6 between the OCV bolt 10b
and the intermediate rotation member 6. The fourth
through hole 44c is provided at the intermediate rotation
member 6. The fifth through hole 44d is provided at the
driven side rotation member 2. Thus, the second annular
oil passage 44b and the fourth through hole 44c which
configure parts of the retarded angle oil passage 44 are
provided at the intermediate rotation member 6.

[0044] The oil supply passage 45 selectively supplying
the oil to the advanced angle oil passage 43 and the
retarded angle oil passage 44 is configured with a first
passage 45a, a second passage 45b, a third annular pas-
sage 45¢, and a sixth through hole 45d. The first passage
45a is provided at the camshaft body 10a. The second
passage 45b is provided at the intermediate rotation
member 6. The third annular passage 45c is provided at
the intermediate rotation member 6 between the inter-
mediate rotation member 6 and the OCV bolt 10b. The
sixth through hole 45d is provided at the OCV bolt 10b.
[0045] Thus, the intermediate rotation member 6 in-
cludes the second annular oil passage 44b, the fourth
though hole 44c, the second passage 45b and the third
annular oil passage 45¢ which are the parts of the ad-
vanced angle oil passage 43, the retarded angle oil pas-
sage 44, and the supply oil passage 45 which supply and
drain the oil to and from the fluid pressure chamber 4.
[0046] As shown in Fig. 1, the oil which flows inside
the supply oil passage 45 flows into an annular groove
52b which is provided at an outer circumferential surface
of the spool 52. In a state where the annular groove 52b
communicates with neither the first through hole 43a nor
the third through hole 44a which are provided at the OCV
bolt 10b, the oil is not supplied to the advanced angle
chamber 41 and the retarded angle chamber 42. In this
state, because the first through hole 43a is configured
so as not to communicate with the seventh through hole
52c which is provided at the spool 52, the oil in the ad-
vanced angle chamber 41 is not drained to the outside
of the variable valve timing control device via the ad-
vanced angle oil passage 43, the seventh through hole
52c, the accommodation space 5a and a drain hole 52d.
In addition, in this state, the third through hole 44a is
configured so as not to communicate with the accommo-
dation space 5a, the oil in the retarded angle chamber
42 is notdrained to the outside of the variable valve timing
control device via the retarded angle oil passage 44, the
accommodation space 5a and a drain hole 52d. That is,
upon supplying a predetermined amount of electricity to
the electromagnetic solenoid 54 to control the OCV 51
to hold the spool 52 at the position shown in Fig. 1, the
relative rotational phase of the driven side rotation mem-
ber 2 relative to the driving side rotation member 1 is
maintained because the oil is blocked so as not to be
supplied and drained to and from the advanced angle
chamber 41 and the retarded angle chamber 42.
[0047] When the electromagnetic solenoid 54 is not
energized, the spool 52 is held at the position shown in
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Fig. 3 by the biasing force of the spring 53. In those cir-
cumstances, the annular groove 52b of the spool 52 com-
municates with the first through hole 43a of the OCV bolt
10b and does not communicate with the third through
hole 44a. Simultaneously, the third through hole 44a
communicates with the accommodation space 5a. Thus,
the oil supplied to the supply oil passage 45 is supplied
to the advanced angle chamber 41 via the advanced an-
gle oil passage 43, whereas the oil in the retarded angle
chamber 42 is drained to the outside of the variable valve
timing control device via the retarded angle oil passage
44, the accommodation space 5a, and the drain hole 52d.
In those circumstances, the relative rotational phase is
displaced in the advanced angle direction S1 by the oil
pressure applied to the advanced angle chamber 41.
[0048] When the electromagnetic solenoid 54 is ener-
gized maximally, the spool 52 is held at the position
shown in Fig. 4 against the biasing force of the spring
53. In those circumstances, the annular groove 52b of
the spool 52 communicates with the third through hole
44a of the OCV bolt 10b and does not communicate with
the first through hole 43a. Simultaneously, the first
through hole 43a communicates with the seventh through
hole 52c of the spool 52. Thus, the oil supplied to the
supply oil passage 45 is supplied to the retarded angle
chamber 42 via the retarded angle oil passage 44, where-
as the oil in advanced angle chamber 41 is drained to
the outside of the variable valve timing control device via
the advanced angle oil passage 43, the seventh through
hole 52c, the accommodation space 5a, and the drain
hole 52d. In those circumstances, the relative rotational
phase is displaced in the retarded angle direction S2 by
the oil pressure applied to the retarded angle chamber 42.
[0049] A second embodiment of this disclosure will be
explained referring to Fig. 6. In the second embodiment,
the fitting portion 20 of the intermediate rotation member
6 is press-fitted to a portion of the cylindrical inner wall
2a along the direction of the axis X, specifically, only the
portion positioned between a portion where the retarded
angle oil passage 44 is formed and the contact portion
A. The outer circumferential surface of the intermediate
rotation member 6 protruding towards the rear plate 13
relative to the driven side rotation member 2 is relatively
rotationally in close contact with the rear plate 13.
[0050] That is, in a state where the fitting portion 20
press-fits only to the portion of the cylindrical inner wall
2a positioned between the portion where the retarded
angle oil passage 44 is formed and the contact portion
A, the intermediate rotation member 6 is in close contact
with the driven side rotation member 2 at the fitting portion
20 and at the contact portion A. Accordingly, the ad-
vanced angle oil passage 43 and the retarded angle oil
passage 44 are prevented from communicating with each
other via the interface between the intermediate rotation
member 6 and the driven side rotation member 2.
[0051] On the other hand, in a state where the gap is
generated between the outer circumferential surface of
the intermediate rotation member 6, specifically, a part
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protruding towards the rear plate 13 relative to the portion
where the retarded angle oil passage 44 is formed, and
the rear plate 13, the oil may leak to the outside of the
variable valve timing control device via the retarded angle
oil passage 44 which extends over the intermediate ro-
tation member 6 and the driven side rotation member 2.
Thus, the outer circumferential surface of the intermedi-
ate rotation member 6 is configured so as to be relatively
rotationally in close contact with the rear plate 13 to pre-
vent the oil from leaking out via the retarded angle oil
passage 44. Constructions other than the aforemen-
tioned configuration are similar to the constructions of
first embodiment.

[0052] A third embodiment of this disclosure will be ex-
plained referring to Fig. 7. Similarly to Fig. 6 showing the
configuration of the second embodiment, according to
the third embodiment, the outer circumferential surface
of the intermediate rotation member 6, specifically, the
part protruding towards the rear plate 13 relative to the
driven side rotation member 2 is relatively rotationally in
close contact with the rear plate 13 to prevent the oil from
leaking to the outside via the retarded angle oil passage
44. In the third embodiment, plural fitting portions 200
which are formed on the outer circumferential surface of
the intermediate rotation member 6 in order to be fitted
to the cylindrical inner wall 2a of the driven side rotation
member 2 are press-fitted to plural portions of the cylin-
drical inner wall 2a, the plural portions which are equally
spaced apart along the circumferential surface of the cy-
lindrical inner wall 2a.

[0053] That is, press-fitting portions 20a include the
same width and are equally spaced apart on the cylin-
drical inner wall 2a of the driven side rotation member 2
in a circumferential direction at, for example, three por-
tions. A length from an inner surface of the press-fitting
portions 20a to a center of the driven side rotation mem-
ber 2 is shorter than a length from the cylindrical inner
wall 2a to a center of the intermediate rotation member
6. The intermediate rotation member 6 includes the fitting
portions 200 which are equally spaced apart and press-
fitted to the press-fitting portions 20a.

[0054] According to the third embodiment, for exam-
ple, three outer diameter portions 6a of the intermediate
rotation member 6 are reliably press-fitted to the cylin-
drical inner wall 2a. Thus, the intermediate rotation mem-
ber 6 is coaxially positioned with the driven side rotation
member 2 precisely while reducing the size of the portion
of the intermediate rotation member 6 to be processed
for press-fitting.

[0055] Alternatively, the fitting portions 200 may in-
clude the plural press-fitting portions 20a which are un-
equally spaced apart on the cylindrical inner wall 2a in
the circumferential direction. That is, according to the
third embodiment, the driven side rotation member 2 in-
cludes the plural press-fitting portions 20a which are ir-
regularly positioned along the circumferential direction
of the driven side rotation member 2 and come in contact
with the intermediate rotation member 6 when press-fit-
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ting to the intermediate rotation member 6. A length from
the press-fitting portion to a center of the driven side ro-
tation member 2 is shorter than a length from the cylin-
drical inner wall 2a to a center of the driven side rotation
member 2.

[0056] Alternatively, according to the variable valve
timing control device of the disclosure controls an open-
ing and closing timing of an exhaust valve.

[0057] Alternatively, according to the variable valve
timing control device of the disclosure is applicable to an
internal combustion engine for an automobile and for oth-
er purposes.

Claims
1. A variable valve timing control device, comprising:

a driving side rotation member (1) configured to
synchronously rotate with a driving shaft of an
internal combustion engine;

a driven side rotation member (2) provided in-
wardly of the driving side rotation member (1) to
be coaxial with the driving side rotation member
(1), the driven side rotation member (2) integrally
rotating with a camshaft (10) for opening and
closing a valve of the internal combustion en-
gine;

a fluid pressure chamber (4, 41, 42) defined be-
tween the driving side rotation member (1) and
the driven side rotation member (2);

a first flow path (43) and a second flow path (44)
allowing a flow of an operation fluid into and out
of the fluid pressure chamber (4, 41, 42) to
change a relative rotational phase of the driven
side rotation member (2) relative to the driving
side rotation member (1) between a most ad-
vanced angle phase and a most retarded angle
phase;

an intermediate member (6) being provided be-
tween an inner circumferential surface of the
driven side rotation member (2) and an outer
circumferential surface of the camshaft (10), the
intermediate member (6) connecting the driven
side rotation member (2) and the camshaft (10);
and

a contact portion (A) where the intermediate
member (6) and the driven side rotation member
(2) come in contact with each other at a position
between the first flow path (43) and the second
flow path (44) when mounting the intermediate
member (6) to the camshaft (10) after mounting
the intermediate member (6) and the driven side
rotation member (2) to the driving side rotation
member (1) after mounting the intermediate
member (6) to the driven side rotation member
(2) by press-fitting in a state where a space con-
figuring a part of the first flow path (43) is defined
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between the driven side rotation member (2) and
the camshaft (10) and the intermediate member
(6) includes a part of the second flow path (44).

The variable valve timing control device according
to claim 1, further comprising:

a control valve (51) being positioned inwardly of
the intermediate member (6) in aradial direction,
the control valve (51) controlling the operation
fluid to flow into and out of the fluid pressure
chamber (4, 41, 42).

The variable valve timing control device according
to either claim 1 or 2, wherein the intermediate mem-
ber (6) is press-fitted to a portion of an inner wall (2a)
of the driven side rotation member (2).

The variable valve timing control device according
to claim 3, wherein the intermediate member (6) is
press-fitted to the inner wall (2a) of the driven side
rotation member (2) at a plurality of positions being
equally spaced apart along a circumferential direc-
tion relative to an axis (X).

The variable valve timing control device according
to claim 3, wherein the intermediate member (6) is
fitted only to a portion positioned between a portion
where the second flow path (44) is formed and the
contact portion (A) of the inner wall (2a).

The variable valve timing control device according
to claim 3, wherein:

the driven side rotation member (2) includes a
plurality of press-fitting portions (20a) being ir-
regularly positioned along a circumferential di-
rection of the driven side rotation member (2),
the plurality of press-fitting portions (20a) com-
ing in contact with the intermediate member (6)
when press-fitting to the intermediate member
(6); and

a length from the press-fitting portion (20a) to a
center of the driven side rotation member (2) is
shorter than a length from the inner wall (2a) to
the center of the driven side rotation member (2).
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