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(57) A variable valve timing control device (1) in-
cludes a retracting portion (34) accommodating a lock
member (80) biased by a spring (81). The variable valve
timing control device further includes a spring receiving
bore (35) connected to the retracting portion for accom-
modating the spring and including a guide portion (35a)
for guiding the spring in the axial direction, a receiving

FIG.4

portion into which a head portion (80a) of the lock mem-
ber is inserted at a predetermined relative rotation
phase, and a fluid passage (25) through which the op-
eration fluid is supplied to or discharged from the receiv-
ing portion. A length of the guide portion in the axial di-
rection is larger than each distance formed between
windings of the spring adjacent to each other in the axial
direction.
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Description
FIELD OF THE INVENTION

[0001] This invention generally relates to a variable
valve timing control device. More particularly, the
presentinvention pertains to a variable valve timing con-
trol device for controlling an opening and closing timing
of an intake valve and exhaust valve of an internal com-
bustion engine.

BACKGROUND

[0002] A known variable valve timing control device is
disclosed in Japanese Patent Laid-Open Publication
No. 2003-13713. The disclosed variable valve timing
control device includes a rotating member integrally
connected to a camshaft for opening and closing a
valve, and a rotation transmitting member to which a ro-
tation force from a crankshaft is transmitted. The rota-
tion transmitting member is assembled to the rotating
member so as to be rotatable relative thereto within a
predetermined range. The variable valve timing control
device also includes vanes each assembled to the ro-
tating member and dividing a fluid chamber defined
within the rotation transmitting member into an ad-
vanced angle chamber and a retarded angle chamber.
The variable valve timing control device further includes
a first fluid passage and a second fluid passage through
which an operation fluid is supplied to or discharged
from the advanced angle chamber and the retarded an-
gle chamber, respectively. The rotating member and the
rotation transmitting member are relatively rotated to
each other by the operation fluid to be supplied to or
discharged from each fluid pressure chamber. The ro-
tation transmitting member includes a retracting groove
portion for receiving a lock member biased towards the
rotating member by a spring. The rotation transmitting
member also includes a spring receiving bore connect-
ed to the retracting groove portion for receiving the
spring, and formed with a guide portion for guiding the
spring in an axial direction of the spring. The rotating
member includes a receiving portion into which a head
portion of the lock member is inserted when a relative
rotation phase between the rotating member and the ro-
tation transmitting member is positioned at a predeter-
mined phase. The relative rotation of the rotation trans-
mitting member to the rotating member is restricted by
engaging the lock member and the receiving portion
with each other.

[0003] According to the above-mentioned variable
valve timing control device, an appropriate clearance is
provided between an outer circumference of a winding
portion of the spring and an inner circumference of the
spring receiving bore for forming a guide portion that
guides the spring so that the winding portion of the
spring is prohibited to be bent when the spring is com-
pressed or extended along with the operation of a lock
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plate (lock member). In addition, concave comers R are
formed at connecting portions between an inner circum-
ferential face of the guide portion and the both end por-
tions of the spring receiving bore in the radial direction
thereof to which the both end portions of the spring con-
tact respectively, i.e. end portions of the guide portion
in the axial direction, for assuring contact faces for both
end portions of the spring and also preventing stress oc-
curring when the rotation force is added in the rotating
direction in case that the relative rotation between the
rotating member and the rotation transmitting member
is restricted.

[0004] According to the above-mentioned structure,
when the spring is assembled to the spring receiving
bore or the head portion of the lock member is inserted
into the receiving portion and thus the spring is extend-
ed, the winding portion of the spring may climb over the
end portion of the guide portion (concave comer R) and
impossible to be compressed. Therefore, the lock mem-
ber may be not received in the retracting groove portion,
thereby causing the malfunction of the variable valve
timing control device.

[0005] Thus, a need exists for a variable valve timing
control device wherein a winding portion of a spring bi-
asing a lock member is prevented from climbing over a
guide portion during a valve timing control.

SUMMARY OF THE INVENTION

[0006] According to an aspect of the present inven-
tion, a variable valve timing control device comprising,
a rotating member integrally connected to a camshaft
for opening and closing a valve and rotatably assembled
to a cylinder head of an internal combustion engine, a
rotation transmitting member assembled to the rotating
member so as to be rotatable relative thereto within a
predetermined range and to which a rotation force from
a crankshaft is transmitted, a retracting portion formed
on either one of the rotation transmitting member and
the rotating member and accommodating a lock mem-
ber biased towards either one of the rotation transmitting
member and the rotating member by a spring. The
spring including a winding portion formed by a plurality
of windings and both end portions in an axial direction
of the spring, a spring receiving bore connected to the
retracting portion for accommodating the spring and in-
cluding a guide portion for guiding the spring in the axial
direction of the spring, a receiving portion formed on ei-
ther one of the rotating member and the rotation trans-
mitting member and into which a head portion of the lock
member is inserted when a relative rotation phase be-
tween the rotating member and the rotation transmitting
member is positioned at a predetermined phase. A
length of the guide portion in the axial direction is larger
than each distance formed between the windings of the
spring adjacent to each other in the axial direction.

[0007] According to the aforementioned embodiment,
the length of the guide portion in the axial direction is
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defined larger than each distance formed between the
windings of the spring adjacent to each other in the axial
direction. Therefore, when the spring is assembled to
the spring receiving bore or the spring is extended since
the head portion of the lock member is positioned within
the receiving portion, the lock member is prevented from
being disabled to be received in the retracting portion
due to the windings climbing over the end portion of the
guide portion (i.e. concave comer) and the winding por-
tion not being compressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and additional features and
characteristics of the present invention will become
more apparent from the following detailed description
considered with reference to the accompanying draw-
ings, wherein:

[0009] Fig. 1 is a longitudinal sectional view of a var-
iable valve timing control device taken along the line A-A
of Fig. 2 according to an embodiment of the present in-
vention;

[0010] Fig. 2 is a cross-sectional view of the variable
valve timing control device in a retarded angle phase,
taken along the line B-B of Fig. 1 according to the em-
bodiment of the present invention;

[0011] Fig. 3 is a cross-sectional view of the variable
valve timing control device in an intermediate angle
phase, taken along the line B-B of Fig. 1 according to
the embodiment of the present invention; and

[0012] Fig. 4 is alongitudinal sectional view of the var-
iable valve timing control device and also an enlarged
view of D portion of Fig. 2 according to the embodiment
of the present invention.

DETAILED DESCRIPTION

[0013] An embodiment of the present invention is ex-
plained referring to attached drawings.

[0014] A variable valve timing control device 1 shown
in Figs. 1 to 4 includes a rotating member 2 for opening/
closing a valve, which includes a camshaft 10 rotatably
supported on a cylinder head 100 of an internal com-
bustion engine and an inner rotor 20 integrally fixed to
a tip end portion of the camshaft 10. The variable valve
timing control device 1 also includes a rotation transmit-
ting member 3 having an outer rotor 30 being rotatable
relative to the inner rotor 20 within a predetermined
range, a front plate 40, and a rear plate 50. A timing
sprocket 31 is integrally formed on an outer periphery
of the outer rotor 30. Further, the variable valve timing
control device 1 includes a torsion spring 60 disposed
between the inner rotor 20 and the front plate 40, four
vanes 70 assembled to the inner rotor 20, and a lock
plate 80 (see Fig. 2) assembled to the outer rotor 30.
[0015] The timing sprocket 31 receives the rotation
force in the clockwise direction thereof, which is shown
as a rotation direction of camshaft in Fig. 2. The rotation
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force is transmitted from a crankshaft (not shown) via a
crank sprocket (not shown) and a timing chain (not
shown).

[0016] The camshaft 10 includes a known cam (not
shown) for opening/closing an intake valve (not shown).
An advanced angle fluid passage (first fluid passage) 11
and a retarded angle fluid passage (second fluid pas-
sage) 12 extending in an axial direction of the camshaft
10 are provided inside of the camshaft 10. The ad-
vanced angle fluid passage 11 is connected to a first
connecting port 201 of a switching valve 200 via a pas-
sage 71 provided on the camshaft 10 in the radial direc-
tion thereof, an annular groove 14, and a connecting
passage 16 provided on the cylinder head 100. In addi-
tion, the retarded angle fluid passage 12 is connected
to a second connecting port 202 of the switching valve
200 via a passage 72 provided on the camshaft 10 in
the radial direction thereof, an annular groove 13, and
a connecting passage 15 provided on the cylinder head
100.

[0017] The switching valve 200 is a known type
wherein a spool 204 is moved against a biasing force of
a spring (not shown) by energizing a solenoid 203.
When the solenoid 203 is de-energized, a supply port
206 connected to an oil pump 205 that is driven by the
internal combustion engine communicates with the sec-
ond connecting port 202. At the same time, the first con-
necting port 201 communicates with a discharge port
207. When the solenoid 203 is energized, the supply
port 206 communicates with the first connecting port
201 and at the same time the second connecting port
202 communicates with the discharge port 207 as
shown in Fig. 1. Therefore, in case that the solenoid 203
of the switching valve 200 is de-energized, the operation
fluid (fluid pressure) is supplied to the retarded angle
fluid passage 12. In case that the solenoid 203 is ener-
gized, the operation fluid is supplied to the advanced
angle fluid passage 11. Energization of the solenoid 203
of the switching valve 200 is duty-controlled by which a
ratio of energization/de-energization per unit time is
changed. For example, when the switching valve 200 is
duty-controlled at 50%, the first and second ports 201
and 202, and the supply and discharge ports 206 and
207 are not connected to each other.

[0018] The inner rotor 20 is integrally fixed to the cam-
shaft 10 via an installation bolt 91. As shown in Fig. 2,
four vane grooves 21 and a receiving portion 22 are
formed on the inner rotor 20. In addition, three first fluid
passages 23 extending in the radial direction of the inner
rotor 20, a fluid groove 23a, four second fluid passages
24 extending in the radial direction of the inner rotor 20,
and a third fluid passage 25 for connecting a bottom por-
tion of the receiving portion 22 to the advanced angle
fluid passage 11.

[0019] AsshowninFig. 2, the vanes 70 are positioned
in the vane grooves 21 respectively, being movable in
the radial direction of the inner rotor 20. The four vanes
70 are movable within four fluid pressure chambers RO
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respectively, which are each defined between the outer
rotor 30 (to be explained later) and the inner rotor 20
and arranged, dividing each fluid pressure chamber RO
into an advanced angle chamber R1 and a retarded an-
gle chamber R2. Each vane 70 is biased in the radially
outward direction by a vane spring 73 (see Fig. 1) dis-
posed between the bottom portion of each vane groove
21 and the bottom face of each vane 70.

[0020] In a state shown in Fig. 2, i.e. when a relative
phase between the camshaft 10 and the inner rotor 20,
and the outer rotor 30 is positioned at a predetermined
phase (i.e. most retarded angle phase), a head portion
80a of the lock plate (lock member) 80 having a flat plate
shape and movably assembled to the outer rotor 30 is
inserted into the receiving portion 22 by a predetermined
amount so that the relative rotation between the outer
rotor 30 and the inner rotor 20 can be locked, i.e. re-
stricted.

[0021] As shown in Fig. 2, the operation fluid (fluid
pressure) is supplied to or discharged from the four re-
tarded angle chambers R2, which are defined and di-
vided by the vanes 70, via the retarded angle fluid pas-
sage 12 and the second fluid passage 24. In addition,
the operation fluid is supplied to or discharged from
three advanced angle chambers R1 out of four via the
advanced angle fluid passage 11 and the first fluid pas-
sage 23. The operation fluid is supplied to the lock plate
80 from the third fluid passage 25 formed on the bottom
portion of the receiving portion 22. When the lock plate
80 is moved, the operation fluid is supplied to or dis-
charged from the remaining (i.e. one out of four) ad-
vanced angle chamber R1 via the fluid groove 23a con-
necting the third fluid passage 25 and that advanced an-
gle chamber R1. Accordingly, for one advanced angle
chamber R1 out of four, the first fluid passage 23 is not
provided and the third fluid passage 25 is shared to be
used, which may achieve a simple structure of the fluid
passage and a reduced cost of manufacturing.

[0022] Both side portions of the outer rotor 30 in the
axial direction thereof are integrally fixed to the annular
shaped front plate 40 and the rear plate 50 respectively
via four connecting bolts 92. The outer rotor 30 and the
inner rotor 20 are rotatable relative thereto within the
predetermined range defined by the vane 70 and the
lock plate 80 moved within the fluid pressure chamber
RO. The timing sprocket 31 is integrally formed on an
outer periphery of the outer rotor 30 and on an end side
in the axial direction thereof to which the rear plate 50
is connected. In addition, five convex portions 33 are
formed on the inner circumference of the outer rotor 30
in the circumferential direction thereof so as to project
in the radially inward direction. Each inner circumferen-
tial face of each convex portion 33 is slidably in contact
with an outer circumferential face of the inner rotor 20.
That is, the outer rotor 30 is rotatably supported on the
inner rotor 20. A retracting groove portion 34 for accom-
modating the lock plate 80, and a spring receiving bore
35 connected to the retracting groove portion 34 for ac-
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commodating a coil spring 81 that biases the lock plate
80 in the radially inward direction of the outer rotor 30
are formed between the two convex portions 33 out of
five. The four fluid pressure chambers RO mentioned
above are formed between five convex portions 33, re-
spectively.

[0023] As shown in Fig. 4, the coil spring 81 is ar-
ranged within the spring receiving bore 35 pushing the
lock plate 80 in the radially inward direction of the outer
rotor 30. The coil spring 81 includes a winding portion
81a and both end portions in the axial direction of the
spring 81. The winding portion 81a is formed by spirally
winding a wirerod, i.e. a plurality of windings, and having
a distance B defined between the windings adjacent to
each other in the axial direction as shown in Fig. 4. Both
end portions of the winding portion 81a in the axial di-
rection are formed in parallel to a face defined perpen-
dicular to the axial direction of the spring 81. An appro-
priate clearance is provided between an outer circum-
ference of the winding portion 81a and an inner circum-
ference of the spring receiving bore 35 for forming a
guide portion 35a that guides the coil spring 81 so that
the winding portion 81a of the coil spring 81 is prohibited
to be bent when the coil spring 81 is compressed or ex-
tended along with the operation of the lock plate 80. In
addition, a concave comer R is formed at a connecting
portion between an inner circumferential face of the
guide portion 35a and the both end portions of the spring
receiving bore 35 in the radial direction thereof to which
the both end portions of the coil spring 81 contact re-
spectively, for assuring contact faces for both end por-
tions of the coil spring 81 and also preventing stress oc-
curring when the rotation force is added in the rotating
direction in case that the relative rotation between the
rotating member 2 and the rotation transmitting member
3 is restricted. Under the above-mentioned structure, a
length A of the guide portion 35a in the axial direction
of the coil spring 81 is defined larger than the distance
B of the coil spring 81 under the condition that the lock
plate 80 is engaged with the receiving portion 22. There-
fore, when the coil spring 81 is assembled to the spring
receiving bore 35 or the head portion 80a of the lock
plate 80 is inserted into the receiving portion 22 and thus
the coil spring 81 is extended, the winding portion 81a
is prevented from climbing over the end portion (con-
cave comer R) of the guide portion 35a and also pre-
vented from being disabled to be compressed.

[0024] The torsion spring 60 is provided by engaging
with the front plate 40 at one end and the inner rotor 20
at the other end. The torsion spring 60 biases the inner
rotor 20 towards the advanced angle side (clockwise di-
rection in Fig. 2) relative to the outer rotor 30, the front
plate 40 and the rear plate 50. Thus, the operation re-
sponse of the inner rotor 20 to the advanced angle side
may be improved.

[0025] The relative rotation between the inner rotor 20
and the outer rotor 30 to the advanced angle side is
equal to the movement of the vanes 70 in the advanced
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angle direction (clockwise direction) as shown in Fig. 3
from the most retarded angle state as shown in Fig. 2.
The most advanced angle phase is restricted at a posi-
tion where the vane 70 is in contact with one side face
of the convex portion 33 in the circumferential direction
thereof. The most retarded angle phase is restricted at
a position where the head portion 80a of the lock plate
80 is positioned in the receiving portion 22. According
to the present embodiment, one of the vanes 70 is in
contact with the other side face of the convex portion 33
in the circumferential direction thereof at the most re-
tarded angle phase.

[0026] According to the above-mentioned embodi-
ment, when the internal combustion engine is stopped,
the oil pump 205 is stopped and also the switching valve
200 is not energized. Thus, the operation fluid is not sup-
plied to the fluid pressure chambers R0O. As shown in
Fig. 2, the inner rotor 20 and the outer rotor 30 are po-
sitioned at the most retarded angle phase due to a cam
friction applied to the retarded angle direction. The head
portion 80a of the lock plate 80 is positioned within the
receiving portion 22 of the inner rotor 20 and thus the
relative rotation between the inner rotor 20 and the outer
rotor 30 is restricted at the most retarded angle phase.
Even when the internal combustion engine is started
and the oil pump 205 is driven, the operation fluid sup-
plied from the oil pump 205 is only virtually provided to
the retarded angle chamber R2 via the connecting pas-
sage 15, the retarded angle fluid passage 12, and the
passage 24 while the duty ratio is small for energizing
the switching valve 200 (i.e. the ratio of energizing time
relative to the de-energizing time per unit time is small).
Therefore, the variable valve timing control device 1 is
maintained in a locked state.

[0027] When the retarded angle phase is required for
the valve timing depending on the operation condition
of the internal combustion engine, the duty ratio for en-
ergizing the switching valve 200 is brought to be large
and then the position of the spool 204 is switched. The
operation fluid supplied from the oil pump 205 is provid-
ed to the advanced angle chamber R1 by passing
through the connecting passage 16, the advanced angle
fluid passage 11, and the first fluid passage 23, or by
passing through the fluid groove 23a after supplied to
the receiving portion 22 from the third fluid passage 25.
[0028] Meanwhile, the operation fluid stored in the re-
tarded angle chamber R2 is sent to the passage 24, the
retarded angle fluid passage 12, and the connecting
passage 15 to be discharged from the discharge port
207 of the switching valve 200. Therefore, the lock plate
80 is moved against the biasing force of the spring 81,
thereby retracting the head portion 80a from the receiv-
ing portion 22. Then, the locked state between the inner
rotor 20 and the outer rotor 30 is released. At the same
time, the inner rotor 20 integrally rotating with the cam-
shaft 10 and each vane 70 rotate relative to the outer
rotor 30, the front plate 40, and the rear plate 50 in the
advanced angle direction (clockwise direction in Fig. 2).
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Due to the aforementioned relative rotation, the variable
valve timing control device 1 is shifted from the state in
Fig. 2 to the state in Fig. 3. Then, the timing of the cam
is brought in the advanced angle state. The relative ro-
tation phase may be defined arbitrarily by controlling the
duty ratio of the switching valve 200. For example, the
relative rotation between the inner rotor 20 and the outer
rotor 30 may be stopped at the intermediate phase.

It is explicitly stated that all features disclosed in
the description and/or the claims are intended to be dis-
closed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value
ranges or indications of groups of entities disclose every
possible intermediate value or intermediate entity for the
purpose of original disclosure as well as for the purpose
of restricting the claimed invention, in particular as limits
of value ranges.

Claims

1. A variable valve timing control device (1) compris-
ing a rotating member (2) integrally connected to a
camshaft (10) for opening and closing a valve and
rotatably assembled to a cylinder head (100) of an
internal combustion engine, a rotation transmitting
member (3) assembled to the rotating member so
as to be rotatable relative thereto within a predeter-
mined range and to which a rotation force from a
crankshaft is transmitted, a vane (70) provided on
either one of the rotating member and the rotation
transmitting member, a fluid pressure chamber (RO)
formed between the rotating member and the rota-
tion transmitting member and divided into an ad-
vanced angle chamber (R1) and a retarded angle
chamber (R2) by the vane, a first fluid passage (23)
and a second fluid passage (24) through which an
operation fluid is selectively supplied to or dis-
charged from the advanced angle chamber and the
retarded angle chamber respectively, a retracting
portion (34) formed on either one of the rotation
transmitting member and the rotating member and
accommodating alock member (80) biased towards
either one of the rotation transmitting member and
the rotating member by a spring (81), the spring in-
cluding a winding portion (81a) formed by a plurality
of windings and both end portions in an axial direc-
tion of the spring (81), a spring receiving bore (35)
connected to the retracting portion for accommo-
dating the spring and including a guide portion (35a)
for guiding the spring in the axial direction of the
spring, a receiving portion formed on either one of
the rotating member and the rotation transmitting
member and into which a head portion (80a) of the
lock member is inserted when a relative rotation
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phase between the rotating member and the rota-
tion transmitting member is positioned at a prede-
termined phase, and a third fluid passage (25)
through which the operation fluid is supplied to or
discharged from the receiving portion character-
ized in that

a length (A) of the guide portion in the axial direction
is larger than each distance (B) formed between the
windings of the spring adjacent to each other in the
axial direction.

A variable valve timing control device according to
claim 1, wherein the spring receiving bore includes
a concave comer (R) at a connecting portion be-
tween an inner circumferential face of the guide por-
tion and both end portions of the spring receiving
bore in the radial direction thereof to which the both
end portions of the spring contact respectively.

A variable valve timing control device according to
claim 1, wherein the guide portion is formed be-
tween an outer circumference of the winding portion
and an inner circumference of the spring receiving
bore.

A variable valve timing control device according to
claim 2, wherein the guide portion is formed be-
tween an outer circumference of the winding portion
and an inner circumference of the spring receiving
bore.

A variable valve timing control device according to
claim 1, wherein the both end portions of the spring
in the axial direction are formed in parallel to a face
defined perpendicular to the axial direction of the
spring.

A variable valve timing control device (1) compris-
ing a rotating member (2) integrally connected to a
camshaft (10) for opening and closing a valve and
rotatably assembled to a cylinder head (100) of an
internal combustion engine, a rotation transmitting
member (3) assembled to the rotating member so
as to be rotatable relative thereto within a predeter-
mined range and to which a rotation force from a
crankshaft is transmitted, a retracting portion (34)
formed on either one of the rotation transmitting
member and the rotating member and accommo-
dating a lock member (80) biased towards either
one of the rotation transmitting member and the ro-
tating member by a spring (81), the spring including
awinding portion (81a) formed by a plurality of wind-
ings and both end portions in an axial direction of
the spring (81), a spring receiving bore (35) con-
nected to the retracting portion for accommodating
the spring and including a guide portion (35a) for
guiding the spring in the axial direction of the spring,
a receiving portion formed on either one of the ro-
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10.

tating member and the rotation transmitting mem-
ber and into which a head portion (80a) of the lock
member is inserted when a relative rotation phase
between the rotating member and the rotation
transmitting member is positioned at a predeter-
mined phase characterized in that

alength (A) of the guide portion in the axial direction
is larger than each distance (B) formed between the
windings of the spring adjacent to each other in the
axial direction.

A variable valve timing control device according to
claim 6, wherein the spring receiving bore includes
a concave comer (R) at a connecting portion be-
tween an inner circumferential face of the guide por-
tion and both end portions of the spring receiving
bore in the radial direction thereof to which the both
end portions of the spring contact respectively.

A variable valve timing control device according to
claim 6, wherein the guide portion is formed be-
tween an outer circumference of the winding portion
and an inner circumference of the spring receiving
bore.

A variable valve timing control device according to
claim 7, wherein the guide portion is formed be-
tween an outer circumference of the winding portion
and an inner circumference of the spring receiving
bore.

A variable valve timing control device according to
claim 6, wherein the both end portions of the spring
in the axial direction are formed in parallel to a face
defined perpendicular to the axial direction of the

spring.
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