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1
HYDRAULIC CONTROL VALVE AND
VALVE-TIMING CONTROL DEVICE FOR
INTERNAL-COMBUSTION ENGINE USING
HYDRAULIC CONTROL VALVE

TECHNICAL FIELD

The present invention relates to a hydraulic control valve
used for a valve timing control device that variably controls
open and closure timing of an intake valve and/or an exhaust
valve of an internal combustion engine in accordance with
an engine operating condition.

BACKGROUND ART

As a related art hydraulic control valve used for the valve
timing control device of the internal combustion engine,
various kinds of hydraulic control valves have been pro-
vided. One of such hydraulic control valves has been dis-
closed in the following Patent Document 1.

As a brief explanation, the hydraulic control valve has a
cylindrical valve body serving as a cam bolt that fixes a vane
rotor to an axial direction one end portion of a camshaft, a
cylindrical sleeve accommodated and fixed inside the valve
body, a spool valve provided slidably along an axial direc-
tion inside the sleeve and a solenoid pressing the spool valve
to the other direction against a spring force of a valve spring
that forces the spool valve to one direction.

The valve body has, at a peripheral wall thereof, a
plurality of ports that penetrate the peripheral wall in a radial
direction and communicate with advance hydraulic cham-
bers and retard hydraulic chambers etc. On the other hand,
the sleeve has, on an outer peripheral surface thereof, a
plurality of communication passages formed along an axial
direction of the sleeve. Further, a plurality of communication
holes are formed at an axial direction end portions of the
communication passages and on a peripheral wall of the
outer peripheral surface of the sleeve.

The spool valve slides in the axial direction by a control
current that is outputted to the solenoid from a control unit,
and controls opening areas of each communication hole and
each communication passage of the sleeve through oil holes
formed on a peripheral surface of the spool valve.

By moving the spool valve in the axial direction in
accordance with an engine operating condition, the commu-
nication passage and the port properly communicate with
each other, and oil pumped out from an oil pump is selec-
tively supplied to and discharged from advance hydraulic
chambers and retard hydraulic chambers of the vane rotor,
then a relative rotation phase of the camshaft with respect to
a crankshaft is varied.

CITATION LIST
Patent Document
Patent Document 1: U.S. Pat. No. 7,389,756
SUMMARY OF THE INVENTION
Technical Problem
In Patent Document 1, however, in order to increase
flexibility of layout in the axial direction of each port of the
valve body, the hydraulic control valve has a structure in

which the plurality of communication passages extending
along the axial direction are formed on the outer peripheral
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surface of the sleeve, the plurality of communication holes
communicating with the ports are formed at the axial
direction end portions of the communication passages and at
the other portions on the peripheral wall of the sleeve, and
the spool valve is slidably provided inside the sleeve.

Because of this, the hydraulic control valve requires a
complex or sophisticated structure. In addition, because it is
required to secure slidability of the spool valve on an inner
peripheral surface of the sleeve while forming the commu-
nication passages at the sleeve, high accuracy of dimensions
is required of the sleeve. Cost of manufacturing operation
therefore increases.

An object of the present invention is therefore to provide
a hydraulic control valve that is capable of increasing the
flexibility of layout in the axial direction of the ports formed
at the valve body without requiring high accuracy of dimen-
sions of each component.

Solution to Problem

A hydraulic control valve comprises a cylindrical valve
body having, at a peripheral wall thereof, a plurality of ports
which penetrate the peripheral wall in a radial direction and
through which working fluid flows; a cylindrical spool valve
provided slidably in an axial direction in the valve body and
switching between opening and closure of each of the
plurality of ports in accordance with a sliding position of the
spool valve; and a cylindrical sleeve fixed to an outer
peripheral surface of the valve body in the axial direction,
the sleeve having, at a peripheral wall thereof, communica-
tion holes which penetrate the peripheral wall in a radial
direction and communicate with the plurality of ports and
also having, on an inner peripheral surface thereof, commu-
nication passages which extend in an axial direction and
communicate with at least one of the plurality of ports.

Effects of Invention

According to the present invention, it is possible to
increase the flexibility of layout in the axial direction of the
ports without requiring high accuracy of dimensions of each
component. Manufacturing cost can therefore be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross section showing a general
configuration of a valve timing control device to which a
hydraulic control valve of the present invention is applied.

FIG. 2 is a front view showing a state in which a vane
rotor used in the present embodiment is held in a middle
phase rotation position.

FIG. 3 is a longitudinal cross section of each component
or element such as a valve body of an electromagnetic
switching valve used in the present embodiment.

FIG. 4 is a perspective exploded view of the valve body
and a sleeve of the electromagnetic switching valve.

FIG. 5 is a perspective view of one split part of the sleeve.

FIG. 6 is a side view of the valve body.

FIG. 7A is a sectional view taken along an A-A line of
FIG. 6. FIG. 7B is a sectional view taken along a B-B line
of FIG. 6. FIG. 7C is a sectional view taken along a C-C line
of FIG. 6.

FIG. 8 is a drawing of the valve body, viewed from a right
side of the valve body.

FIGS. 9A and 9B are longitudinal cross sections of the
valve body, showing a state in which a spool valve of the
electromagnetic switching valve moves to a maximum right
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direction position. FIG. 9A is a longitudinal cross section of
a D-D line of FIG. 8. FIG. 9B is a longitudinal cross section
of an E-E line of FIG. 8.

FIGS. 10A and 10B are longitudinal cross sections of the
valve body, showing a state in which the spool valve of the
electromagnetic switching valve moves to an axial direction
middle position. FIG. 10A is a longitudinal cross section of
a D-D line of FIG. 8. FIG. 10B is a longitudinal cross section
of an E-E line of FIG. 8.

FIGS. 11A and 11B are longitudinal cross sections of the
valve body, showing a state in which the spool valve of the
electromagnetic switching valve moves to a maximum left
direction position. FIG. 11A is a longitudinal cross section of
a D-D line of FIG. 8. FIG. 11B is a longitudinal cross section
of an E-E line of FIG. 8.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

An embodiment of a hydraulic control valve of the
present invention applied to a valve timing control device of
an internal combustion engine will be explained with refer-
ence to the drawings.

As shown in FIGS. 1 and 2, the valve timing control
device has a sprocket 1 as a drive rotary member (a drive
rotor) which is driven and rotates by an engine crankshaft
through a timing chain (not shown), a camshaft 2 on an
intake side which is disposed along a longitudinal direction
of'the engine and capable of rotating relative to the sprocket
1, a phase-change mechanism 3 which is disposed between
the sprocket 1 and the camshaft 2 and changes a relative
rotation phase between the sprocket 1 and the camshaft 2, a
locking mechanism 4 which locks and holds the phase-
change mechanism 3 at a most-retarded phase position, and
a hydraulic circuit 5 which separately actuates the phase-
change mechanism 3 and the locking mechanism 4.

The sprocket 1 is formed into a substantially thick disk
shape. The sprocket 1 has, at an outer circumference thereof,
a gear wheel (or a toothed wheel) la around which the timing
chain is wound. The sprocket 1 serves as a rear cover that
covers a rear end opening of an after-mentioned housing. A
supporting hole 15 that rotatably supports one end portion
2a of the camshaft 2 is formed in the middle of the sprocket
1.

The camshaft 2 is rotatably supported by a cylinder head
01 through a plurality of camshaft bearings 02. The camshaft
2 has, on an outer peripheral surface thereof, a plurality of
oval-shaped rotation cams that are fixedly connected to the
camshaft 2 in axial direction positions and actuate intake
valves (not shown) as engine valves. Further, the camshaft
2 is provided, in an axial center position in the one end
portion 2a, with a bolt hole 6 in order for an after-mentioned
cam bolt 50 to screw in.

This bolt hole 6 is formed in the one end portion 2a from
atop end side of the one end portion 2a in the axial direction.
The bolt hole 6 is formed into a reduced-diameter-stepped
shape from an opening front end side toward an inner bottom
of'the bolt hole 6. The bolt hole 6 has a female thread portion
64 having a uniform diameter at a top end side of the bolt
hole 6 and a stepped portion 65 formed into a tapered shape
whose diameter is reduced from an rear end of the female
thread portion 6a toward the inner bottom of the bolt hole 6.
The female thread portion 64 has a female thread formed on
an axial direction inner side of the bolt hole 6.
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A hydraulic pressure (or an oil) introduction chamber 6¢
to which hydraulic pressure (or oil) pumped out from an
after-mentioned oil pump 20 is supplied is formed inside the
stepped portion 6b.

The phase-change mechanism 3 has, as shown in FIGS. 1
and 2, a housing 7 fixedly connected to the sprocket 1 from
the axial direction, a vane rotor 9, as a driven rotary member
(a driven rotor) which is rotatably accommodated in the
housing 7, secured to the one end portion 2a of the camshaft
2 from the axial direction through an after-mentioned valve
body 50 serving as the cam bolt 50, and four retard hydraulic
chambers 11 and four advance hydraulic chambers 12 as
retard working chambers and advance working chambers
defined in a working chamber inside the housing 7 by four
shoes 10 provided on an inner circumferential surface of an
after-mentioned housing body 7aso as to protrude inwards
and the vane rotor 9.

The housing 7 is formed by a cylindrical housing body 7a
formed as a single component with sintered metal, a front
cover 13 formed by a press molding process and closing or
covering a front end opening of the housing body 7a, and the
sprocket 1 as the rear cover covering the rear end opening of
the housing 7. The housing body 7a, the front cover 13 and
the sprocket 1 are tightened together by four bolts 14 that
penetrate respective bolt insertion holes 10a of the four
shoes 10, then fixedly connected together. The front cover 13
is provided, in the middle thereof, with a penetration hole
13a having a relatively large diameter. An outer circumfer-
ential side inner peripheral surface of the penetration hole
13a seals each of the hydraulic chambers 11, 12.

The vane rotor 9 is formed as a single component with
metal material. The vane rotor 9 has a rotor portion 15
secured to the one end portion 2a of the camshaft 2 by the
valve body 50 and four vanes 16a to 16d arranged at
substantially regular intervals of 90° in a circumferential
direction on an outer circumferential surface of the rotor
portion 15 and protruding in a radial direction.

The rotor portion 15 has a cylindrical shape having a
relatively large diameter. The rotor portion 15 is provided, in
the middle thereof, with a bolt insertion hole 154 penetrating
the rotor portion 15 and leading to the female thread hole 6a
of the camshaft 2 in the axial direction. A top end surface of
the one end portion 2a of the camshaft 2 contacts a rear end
surface of the rotor portion 15.

On the other hand, the vanes 16a to 16d are formed so as
to have a relatively small protrusion length (or a relatively
short protrusion height). Each of the vanes 16a to 16d is
placed between the adjacent two of the shoes 10. The vanes
164 to 164 have a substantially same circumferential direc-
tion width, and have a thick plate shape. Seal members 17a
and 175 that seal gaps between the inner circumferential
surface of the housing body 7a and the outer circumferential
surface of the rotor portion 15 are provided on outer periph-
eral surfaces of the vanes 16a to 164 and at top ends of the
shoes 10 respectively.

The vane rotor 9 is configured so that when the vane rotor
9 relatively rotates to a retarded angle side, as shown by a
dashed line in FIG. 2, one side surface of the first vane 16a
contacts a protrusion surface 106 formed on an opposing
side surface of one shoe 10, then a rotation position at the
most-retarded angle side of the vane rotor 9 is limited.
Likewise, the vane rotor 9 is configured so that when the
vane rotor 9 relatively rotates to an advanced angle side, as
shown by a two-dot chain line in FIG. 2, the other side
surface of the first vane 16a contacts an opposing side
surface of the other shoe 10, then a rotation position at the
most-advanced angle side of the vane rotor 9 is limited.
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At this time (when the vane rotor 9 is positioned at the
most-retarded angle position or the most-advanced angle
position), with regard to the other vanes 165 to 164, both
side surfaces of each of the vanes 165 to 164 do not contact
the respective opposing surfaces of the shoes 10 which face
the side surfaces of the vanes 165 to 16d in the circumfer-
ential direction, namely that the vanes 165 to 16d are in a
no-contact state with each shoe 10. Therefore, contact accu-
racy of the vane rotor 9 and the shoes 10 is improved. In
addition, a supply speed of hydraulic pressure to each of the
hydraulic chambers 11, 12 increases, thereby improving a
forward/backward rotation response of the vane rotor 9.

Between the both side surfaces in forward/backward
rotation directions of the vanes 16a to 164 and the respective
both side surfaces of the shoes 10, the retard hydraulic
chambers 11 and the advance hydraulic chambers 12 are
defined. Each of the retard hydraulic chambers 11 and each
of'the advance hydraulic chambers 12 communicate with the
after-mentioned hydraulic circuit 5 through a retard side
communication passage 11a and an advance side commu-
nication passage 12q that are formed in a substantially radial
direction at an inside of the rotor portion 15.

The locking mechanism 4 is a mechanism that holds the
vane rotor 9 at the most-retarded angle side rotation position
(the position shown by the dashed line in FIG. 2) with
respect to the housing 7.

That is, the locking mechanism 4 mainly has, as shown in
FIGS. 1 and 2, a lock hole forming section 1¢ (shown only
in FIG. 1) which is press-fixed to a predetermined position
on an inner peripheral side of the sprocket 1, a lock hole 24
formed in the lock hole forming section 1¢, a lock pin 25
which is provided so as to be able to move forward and
backward in a sliding hole 27 formed at an inside of the first
vane 16a of the vane rotor 9 in the axial direction and whose
small diameter top end portion 25a is engaged with and
disengaged from the lock hole 24 for lock and release of the
vane rotor 9, a coil spring 26 which forces the lock pin 25
toward the lock hole 24, a lock-release hydraulic pressure
receiving chamber (not shown) which is provided inside the
lock hole 24 and releases the engagement of the lock pin 25
by a supplied hydraulic pressure by moving the lock pin 25
backward from the lock hole 24 against a spring force of the
coil spring 26, and a lock passage which supplies the
hydraulic pressure into the lock-release hydraulic pressure
receiving chamber.

The lock hole 24 has a circular shape having a diameter
that is sufficiently greater than an outside diameter of the
small diameter top end portion 25a of the lock pin 25. The
lock hole 24 is formed on the inner peripheral surface of the
sprocket 1 at a position corresponding to the most-retarded
angle side rotation position of the vane rotor 9.

The lock pin 25 is configured so that when a pressure
receiving surface of the top end portion 25a receives the
hydraulic pressure supplied to the lock-release hydraulic
pressure receiving chamber, the lock pin 25 moves back-
ward and comes out from the lock hole 24, and the lock is
released. Further, the lock pin 25 is configured so that when
the top end portion 254 enters and is engaged with the lock
hole 24 by the spring force of the coil spring 26 provided at
rear end side of the lock pin 25, the vane rotor 9 is held and
locked with respect to the housing 7.

The hydraulic circuit 5 has, as shown in FIGS. 1 and 2, a
retard oil passage 18 that supplies and discharges the
hydraulic pressure (or the oil) to and from each retard
hydraulic chamber 11 through the retard side communica-
tion passage 11a, an advance oil passage 19 that supplies and
discharges the hydraulic pressure (or the oil) to and from
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each advance hydraulic chamber 12 through the advance
side communication passage 12a, the lock passage that
supplies and discharges the hydraulic pressure (or the oil) to
and from the lock-release hydraulic pressure receiving
chamber, an oil pump 20 that selectively supplies working
fluid to the retard and advance oil passages 18 and 19, and
a single-unit electromagnetic switching valve 21 as the
hydraulic control valve that switches the oil passage
between the retard oil passage 18 and the advance oil
passage 19 in accordance with an engine operating condi-
tion.

One end portion of the retard oil passage 18 and one end
portion of the advance oil passage 19 are respectively
connected to retard oil passage holes 64a and advance oil
passage holes 645 of an after-mentioned sleeve 52 of the
electromagnetic switching valve 21, while the other end side
of the retard oil passage 18 and the other end side of the
advance oil passage 19 communicate with the retard hydrau-
lic chambers 11 and the advance hydraulic chambers 12
through the retard side communication passage 11a and the
advance side communication passage 12a respectively.

The lock passage is configured to communicate with the
retard oil passage 18 and supply and discharge the hydraulic
pressure (or the oil), which is supplied to and discharged
from the retard hydraulic chambers 11, to and from the
lock-release hydraulic pressure receiving chamber.

The oil pump 20 is a generally used pump such as a
trochoid pump that is driven by the engine crankshaft. The
working fluid pumped up from an oil pan 23 through an oil
inlet passage 205 by rotation of outer and inner rotors of the
oil pump 20 is discharged through an oil outlet passage 20a,
and a part of this discharged working fluid is provided to
sliding parts of the internal combustion engine from a main
oil gallery M/G, and the other working fluid is provided to
the electromagnetic switching valve 21. Here, a filter (not
shown) is provided at a downstream side of the oil outlet
passage 20a. Further, the oil pump 20 is provided with an oil
flow amount control valve (not shown) that controls an oil
flow amount to a proper amount by returning surplus work-
ing fluid, which flows from the oil pump 20 to the oil outlet
passage 20a, to the oil pan 23 through a drain passage 22.

As shown in FIGS. 1 and 3, the electromagnetic switching
valve 21 is a three-port three-position proportional valve.
The electromagnetic switching valve 21 is formed mainly by
the cylindrical valve body 50, a cylindrical spool valve 51
provided slidably in the axial direction inside the valve body
50, the cylindrical sleeve 52 fixed to an outer peripheral
surface of the valve body 50, a drain plug 53 fixedly
press-fitted to a top end of the spool valve 51, a valve spring
54 as a forcing member elastically interposed between the
drain plug 53 and a ring-shaped stepped surface formed
inside the valve body 50 and forcing the spool valve 51 to
a right direction of FIG. 1, and a solenoid unit 55 as an
actuator provided at an outer side one end portion of the
valve body 50 and moving the spool valve 51 to a left
direction of FIG. 1 against a spring force of the valve spring
54.

The valve body 50 is formed with iron-based metal
material. As mentioned above, the valve body 50 serves as
the cam bolt. As shown in FIGS. 1, 3 and 4, the valve body
50 mainly has a head portion 50a on the solenoid unit 55
side, a cylindrical shaft portion 505 extending from a base
or root of the head portion 50q in the axial direction, a large
diameter cylindrical portion 50c¢ formed at a top end side of
the cylindrical shaft portion 505 and having on an outer
peripheral surface thereof a male thread portion 50d that
screws in the female thread portion (the female thread hole)
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6a of the camshaft 2, and a sliding hole 50e formed inside
the valve body 50 from a top end surface side of the head
portion 50q in the axial direction.

The head portion 50a has, at an outer circumference
thereof, a hexagonal portion to which a tightening tool such
as a wrench can be fitted. Further, a ring-shaped stopper 56
that limits a maximum sliding position of the spool valve 51
to the solenoid unit 55 side is press-fixed to an inner
circumferential surface of a large diameter groove portion
formed inside the head portion 50a at a top end side of the
head portion 50a.

As shown in FIGS. 7A to 7C, the cylindrical shaft portion
5056 is provided, from the male thread portion 504 side
toward the head portion 50a side at a peripheral wall thereof,
with four introduction ports 57, four advance ports 19a, four
reintroduction ports 58 and four retard ports 184 which are
formed into a cruciform in a radial direction. Here, although
the four introduction ports 57 are not shown in FIGS. 7A to
7C, the four introduction ports 57 are formed into the
cruciform in the radial direction, in the same manner as the
other ports.

As shown in FIG. 3, the cylindrical shaft portion 505 is
also provided, at a close position to the retard port 18a on an
outer peripheral surface thereof, with a positioning hole 50/
that is a fitting hole formed in the radial direction for making
positioning of the sleeve 52.

An introduction passage 59 that communicates with the
hydraulic pressure introduction chamber 6¢ of the camshaft
2 from the axial direction is formed inside the large diameter
cylindrical portion 50c. Hydraulic pressure (or oil) pumped
out from the oil outlet passage 20a by the oil pump 20 is
supplied to the introduction passage 59 through the hydrau-
lic pressure introduction chamber 6¢. The introduction pas-
sage 59 is formed into a stepped shape, and each of the
introduction ports 57 communicates with a small diameter
portion 594 formed at an inner side of the introduction
passage 59.

The spool valve 51 is provided, as shown in FIG. 3, with
a drain passage 60 that penetrates the spool valve 51 in the
axial direction. Further, two cylindrical-column land por-
tions (valve portions); first and second land portions 51a and
51b, are formed at an axial direction one end portion side of
an outer periphery of the spool valve 51 on the small
diameter portion 59a side. Between these first and second
land portions 51a¢ and 515, a groove 61 that properly
communicates with the retard ports 18a, the advance ports
19a and the reintroduction ports 58 in accordance with a
sliding position of the spool valve 51 is formed. In addition,
a discharge passage 62 is formed along the axial direction on
the outer peripheral surface of the spool valve 51 from the
second land portion 515 to the drain plug 53. Moreover,
drain holes 63 through which the discharge passage 62 and
the drain passage 60 communicate with each other are
formed along the radial direction on a peripheral wall of the
spool valve 51 on an opposite side to the land portions 51a
and 515 in the axial direction.

As shown in FIG. 3, the drain plug 53 is formed into a
substantially bottomed cylindrical shape with the same
metal material as that of the spool valve 51. The drain plug
53 is press-fixed to the spool valve 51 from the axial
direction so as to be fitted to and cover one end opening 51c¢
of the spool valve 51. The drain plug 53 has, at one end
portion of an outer circumference thereof on the spool valve
51 side, a flange portion 53a formed integrally with the drain
plug 53 for elastically supporting one end portion of the
valve spring 54. The drain plug 53 also has a drain chamber
66 formed inside the drain plug 53 in the axial direction and
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communicating with the drain passage 60 from the axial
direction. Further, the drain plug 53 is provided, at a top end
side peripheral wall thereof, with a pair of openings 66a
formed in the radial direction through which the drain
chamber 66 communicates with the outside.

The flange portion 53a contacts an inner peripheral por-
tion of the stopper 56 from the axial direction, then limits a
maximum movement position of the spool valve 51 to an
outward direction.

As shown in FIGS. 3 to 5, the sleeve 52 is formed with
synthetic resin material, and is split into two parts (half parts,
i.e., an upper sleeve and a lower sleeve) in the radial
direction. Both these split parts 52a and 526 are fitted
together from the radial direction, and coupled or joined
together, for instance, by welding, then a cylindrical one-
piece sleeve is formed. An inner peripheral surface of the
sleeve 52 is fitted onto the outer peripheral surface of the
cylindrical shaft portion 505 of the valve body 50, then the
sleeve 52 is fixed to valve body 50. One split part 52a of the
sleeve 52 is provided, at a substantially middle position in a
circumferential direction thereof, with a protrusion 52¢, and
this protrusion 52c¢ is fitted into the positioning hole 50f of
the cylindrical shaft portion 505, thereby making positioning
of the sleeve 52 in a rotation direction and in the axial
direction with respect to the valve body 50 and also fixing
the sleeve 52 to the valve body 50.

Here, both split parts 52¢ and 526 could be joined by
snap-fit etc.

The above-mentioned retard oil passage holes 64a and
advance oil passage holes 645 as communication holes are
formed at the sleeve 52 at positions corresponding to the
retard ports 18a and the advance ports 194 of the valve body
50 respectively so that positions of the retard and advance oil
passage holes 64a and 645 and positions of the retard and
advance ports 18a and 194 coincide respectively. Further,
four communication grooves 65 that communicate with the
corresponding four reintroduction ports 58 are formed along
the axial direction on inner peripheral surfaces of the split
parts 52a and 525 (the split parts 52a and 525 each have two
communication grooves 65).

These communication grooves 65 form communication
passages between the inner peripheral surface of the sleeve
52 and the outer peripheral surface of the cylindrical shaft
portion 506 of the valve body 50. The communication
grooves 65 extend along the axial direction from outer end
portions 65a, on the large diameter cylindrical portion 50c¢
side of the valve body 50, of the split parts 52a and 525.
Inner end portions 655 of the communication grooves 65
extend up to positions corresponding to the reintroduction
ports 58. The outer end portions 65a communicate with the
introduction ports 57 all the time through a passage portion
formed between an inner peripheral surface of the female
thread portion 6a of the bolt hole 6 of the camshaft 2 and the
outer end portions 65a.

The solenoid unit 55 mainly has, as shown in FIG. 1, a
solenoid casing 71 fixed to a chain cover (not shown)
through a bracket 70 with bolts, a coil 72 accommodated and
supported in the solenoid casing 71 and receiving a control
current outputted from an engine control unit (ECU) 37, a
cylindrical fixed yoke 73 fixed to an inner peripheral side of
the coil 72, a movable plunger 74 provided slidably in the
axial direction in the fixed yoke 73, and a drive rod 75
formed integrally with the movable plunger 74 at a top end
of the movable plunger 74 and pressing the spool valve 51
to the left direction of FIG. 1 against the spring force of the
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valve spring 54 with a top end portion 75a of the drive rod
75 contacting a bottom wall of the drain plug 53 from the
axial direction.

The solenoid casing 71 is retained in a retaining hole of
the chain cover by a seal ring 76. A synthetic resin-made
connector 77 having therein terminals 78 that are connected
to the ECU 37 is fixed to a rear end side of the solenoid
casing 71.

As shown in FIGS. 9A and 9B to 11A and 11B, the
solenoid unit 55 is configured so that, by a relative hydraulic
pressure by the control current of the ECU 37 and the spring
force of the valve spring 54, the spool valve 51 moves to
three positions in forward and backward axial directions,
then the groove 61 and the discharge passage 62 of the spool
valve 51 communicate with the retard ports 18a and the
advance ports 194 of the valve body 50, or opening ends of
the retard ports 18a and the advance ports 19a are closed by
the first and second land portions 51a and 515 then their
communications are blocked.

The introduction passage 59, the introduction ports 57, the
communication grooves 65 and the reintroduction ports 58
communicate with each other all the time at any sliding
position of the spool valve 51. Therefore, the hydraulic
pressure (or oil) pumped out by the oil pump 20 is supplied
to the reintroduction ports 58 from the introduction passage
59 through the introduction ports 57 and the communication
grooves 65 all the time.

A computer in the ECU 37 inputs information signals
from various sensors such as a crank angle sensor (an engine
speed detector), an air flow meter, an engine water tempera-
ture sensor, and engine temperature sensor, a throttle valve
opening degree sensor and cam angle sensor detecting a
current rotation phase of the camshaft 2 (all not shown), and
detects a current engine operating condition. Further, as
described above, the computer in the ECU 37 controls the
movement position of the spool valve 51 by outputting the
control current to the coil 72 of the electromagnetic switch-
ing valve 21 or interrupting the control current, then selec-
tively switches the ports.

[Operation of Present Embodiment]

Operation or working of the valve timing control device
of the present embodiment will be explained.

For instance, when the engine stops by an OFF-operation
of an ignition switch, since current application to the sole-
noid unit 55 from the ECU 37 is interrupted, as shown in
FIGS. 9A and 9B, the spool valve 51 is held at a maximum
right direction position (a first position) by the spring force
of the valve spring 54. At this time, the advance ports 19a
of'the valve body 50 are opened by the first land portion 51a
of the spool valve 51, and the advance ports 19a and the
drain passage 60 of the spool valve 51 communicate with
each other. As a consequence, as shown by broken line
arrows in FIG. 9A, the working fluid in the advance hydrau-
lic chambers 12 flows into the drain chamber 66 of the drain
plug 53 through the advance oil passage holes 645 of the
sleeve 52, the advance ports 19a of the valve body 50 and
the drain passage 60 of the spool valve 51, and is discharged
to the outside from the openings 66a. With this working,
pressure of an inside of each advance hydraulic chamber 12
becomes low.

At the same time, as shown in FIGS. 9A and 9B, the retard
ports 184 and the reintroduction ports 58 communicate with
each other through the groove 61 of the spool valve 51.
Consequently, in this state, the reintroduction ports 58, the
communication grooves 65, the introduction ports 57 and
the introduction passage 59 communicate with each other.
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Since operation of the oil pump 20 stops at this engine
stop condition, the hydraulic pressure is not supplied to the
retard and advance hydraulic chambers 11 and 12. There-
fore, as shown by the dashed line in FIG. 2, the vane rotor
9 relatively rotates in a counterclockwise direction (to the
most-retarded angle side) with respect to the sprocket 1 by
a negative torque of an alternating torque which acts on the
camshaft 2. Accordingly, valve timing of the intake valve is
controlled to the most-retarded angle phase.

Here, when the vane rotor 9 is held at the most-retarded
angle position at this time, the lock pin 25 moves forward by
the spring force of the coil spring 26, and enters and is
engaged with the lock hole 24, then the vane rotor 9 is held
and locked with respect to the housing 7.

Next, when the engine starts by an ON-operation of the
ignition switch, the oil pump 20 also operates, and as shown
by arrows in FIGS. 9A and 9B, the hydraulic pressure
discharged to the oil outlet passage 20a flows into the
communication grooves 65 from the introduction passage 59
through the introduction ports 57, and is supplied to the
retard hydraulic chambers 11 from the reintroduction ports
58, the groove 61, the retard ports 18a and the retard oil
passage holes 64a through the retard oil passage 18. With
this working, the retard hydraulic chambers 11 are brought
into a high pressure state. Therefore, since a state in which
the vane rotor 9 relatively rotates to the most-retarded angle
position is kept, the valve timing of the intake valve is
controlled to a retarded angle side, and thus engine start-
ability can be improved.

Here, although the same hydraulic pressure as that of the
retard hydraulic chambers 11 is supplied to the lock-release
hydraulic pressure receiving chamber through the lock pas-
sage at this time point, since hydraulic pressure in the
lock-release hydraulic pressure receiving chamber does not
rise at an early time of cranking, a lock state is kept with the
lock pin 25 engaged with the lock hole 24. It is therefore
possible to suppress flutter of the vane rotor 9 due to the
alternating torque.

Afterwards, when the hydraulic pressure supplied to the
lock-release hydraulic pressure receiving chamber through
the lock passage rises, the lock pin 25 moves backward
against the spring force of the coil spring 26 and comes out
from the lock hole 24, then a lock state is released. With this,
the vane rotor 9 is brought into a free state.

At this time, as described above, each advance hydraulic
chamber 12 is held in a low pressure state.

Next, for instance, when an engine condition is changed
from an idling operation to a steady operation, a predeter-
mined amount of current is applied to the coil 72 of the
solenoid unit 55 from the ECU 37. With this current appli-
cation, as shown in FIGS. 10A and 10B, the spool valve 51
slightly moves to a left direction (a second position) in the
drawings by a pressing force of the drive rod 75 against the
spring force of the valve spring 54. In this state, the retard
ports 18a and the advance ports 19a are closed by the first
and second land portions 51a and 515. And, although the
reintroduction ports 58 communicate with the groove 61, the
reintroduction ports 58 are in a closed state by the first and
second land portions 51a and 5164.

Because of this, as shown in FIG. 10A, discharge of the
working fluid from the retard and advance hydraulic cham-
bers 11 and 12 is stopped, and as shown in FI1G. 10B, supply
of the working fluid pumped out from the oil pump 20 to the
retard and advance hydraulic chambers 11 and 12 is also
simultaneously interrupted.

With this working, as shown by a solid line in FIG. 2, the
vane rotor 9 is held at a middle position between the
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most-retarded angle position and the most-advanced angle
position. Therefore, the valve timing of the intake valve is
controlled to a middle phase between the most-retarded
angle phase and the most-advanced angle phase. Stabiliza-
tion of rotation of the engine and fuel economy in the steady
operation can therefore be improved.

Next, for instance, when the engine condition is changed
from the steady operation to a high-rotation high-load region
(a high-rotation high-load operation), an even stronger cur-
rent is applied to the coil 72 of the solenoid unit 55 from the
ECU 37. With this current application, as shown in FIGS.
11A and 11B, the spool valve 51 moves to a maximum left
direction position (a third position) in the drawings by the
pressing force of the drive rod 75 against the spring force of
the valve spring 54. With this working, the retard ports 18a
communicate with the discharge passage 62, and the rein-
troduction ports 58 and the advance ports 194 communicate
with the groove 61.

As a consequence, as shown by broken line arrows in FIG.
11A, the working fluid in the retard hydraulic chambers 11
flows into the drain passage 60 from the retard oil passage
holes 64a through the retard ports 18a, the discharge passage
62 and the drain holes 63, and further continuously flows
into the drain chamber 66, then is discharged to the outside
through the openings 66a. Therefore, pressure of an inside
of each retard hydraulic chamber 11 becomes low.

On the other hand, as for the advance hydraulic chambers
12, as shown by arrows in FIGS. 11A and 11B, the working
fluid pumped out by the oil pump 20 is supplied to the
advance hydraulic chambers 12 from the groove 61 through
the advance ports 19a, the advance oil passage holes 645 and
the advance oil passage 19, then the pressure of the inside of
each advance hydraulic chamber 12 becomes high.

Therefore, as shown by the two-dot chain line in FIG. 2,
the vane rotor 9 relatively rotates in a clockwise direction to
the most-advanced angle side. Accordingly, the valve timing
of the intake valve is controlled to the most-advanced angle
phase. A valve overlap amount of the intake valve thus
increases, and an intake charging efficiency is improved,
thereby improving an engine torque output.

As explained above, the ECU 37 controls the axial
direction movement position of the spool valve 51 by
applying the predetermined amount of current to the elec-
tromagnetic switching valve 21 or interrupting the current
application. Consequently, the phase-change mechanism 3
and the locking mechanism 4 are controlled, then the cam-
shaft 2 is controlled to an optimum relative rotation position
with respect to the sprocket 1, thereby improving contact
accuracy of the valve timing.

In the present embodiment, the spool valve 51 is provided
slidably in the valve body 50, and the sleeve 52 is fixed to
the outer peripheral surface of the cylindrical shaft portion
506 of the valve body 50. It is therefore possible to simplify
the overall structure of the electromagnetic switching valve
21. Further, since the hydraulic circuit for the passage hole
and the port can also be simplified, manufacturing operation
efficiency is enhanced, and cost of manufacturing operation
is reduced.

In addition, unlike the related art, the sleeve 52 is not
provided inside the valve body 50, but is simply fixed to the
outer peripheral surface of the valve body 50. Thus, high
accuracy of dimensions is not required of the sleeve 52. This
also reduces the cost of manufacturing operation.

Further, since the high accuracy of dimensions is not
required of the sleeve 52, the sleeve 52 can be formed with
the synthetic resin material. Weight reduction of the elec-
tromagnetic switching valve 21 can be achieved.
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As described above, since the selective switching control
of the working fluid is carried out by the valve body 50 and
the spool valve 51, there is no need to consider clogging of
foreign matter existing in the working fluid which is caused
by form or structure of the sleeve 52. That is, the sleeve 52
can be formed with material such as softer synthetic resin
material than those of the valve body 50 and the spool valve
51.

Furthermore, the sleeve 52 is formed by two split parts,
and the two split parts are joined together by welding.
Assembly performance when fixing the sleeve 52 to the
valve body 50 is improved.

Moreover, a length (or depth) in the axial direction of the
bolt hole 6 is shortened, and a shape in a longitudinal cross
section of the bolt hole 6 is simplified. It is therefore possible
to facilitate a boring or drilling work of the camshaft 2.

In the present embodiment, two hydraulic pressure con-
trols of the retard and advance hydraulic chambers 11 and 12
and the lock-release hydraulic pressure receiving chamber
are carried out by the one electromagnetic switching valve
21. Therefore, flexibility of layout of the device for the
engine is increased, and cost reduction can be achieved.

In addition, since the vane rotor 9 is held at the middle
phase position by closing each passage hole by the sliding
position of the spool valve 51 of the electromagnetic switch-
ing valve 21, this holding performance is improved.

The present invention is not limited to the above embodi-
ment. In the above embodiment, the hydraulic control valve
is applied to the valve timing control device. However, the
hydraulic control valve can be applied to other devices such
as an automatic transmission for vehicle.

Further, as the actuator, it is possible to use a pressure
force other than electromagnetic force of the solenoid unit
55.

Furthermore, the valve timing control device could be
applied to not only the intake valve but also an exhaust
valve.

The sleeve 52 could be formed with metal material such
as aluminum alloy material by casting. In addition, the
sleeve 52 could be formed by a one-piece cylindrical mem-
ber. The former sleeve can be formed without requiring high
accuracy of dimensions. The latter sleeve can reduce parts
count.

EXPLANATION OF REFERENCE

1. .. sprocket

2 . . . camshaft

2a . . . one end portion

3 . . . phase-change mechanism
4 . . . locking mechanism

5 . .. hydraulic circuit

6 . . . bolt hole

6a . . . female thread portion

65 . . . stepped portion

6c . . . introduction chamber

7 . .. housing

7a . . . housing body

9 . .. vane rotor

11 . . . retard hydraulic chamber
12 . . . advance hydraulic chamber
16a-16d . . . vane

18 . . . retard oil passage

19 . . . advance oil passage

18a . . . retard port

19q . . . advance port

20 . .. oil pump
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20a . . . oil outlet passage
21 . . . electromagnetic switching valve (control valve)
37 . . . control unit (ECU)
50 . . . valve body (cam bolt)
50a . . . head portion
506 . . . cylindrical shaft portion
50c . . . large diameter cylindrical portion
504 . . . male thread portion
50¢ . . . sliding hole
51 ... spool valve

51a, 515 . . . first and second land portions

52 .. . sleeve

53 ... drain plug

54 . . . valve spring (forcing member)

55 . . . solenoid unit (actuator)

59 . . . introduction passage

60 . . . drain passage

61 . . . groove

62 . . . discharge passage

63 . . . drain hole

64a . . . retard oil passage hole (communication hole)
645 . . . advance oil passage hole (communication hole)
65 . . . communication groove

66 . . . drain chamber

66a . . . opening

The invention claimed is:

1. A hydraulic control valve comprising:

a cylindrical valve body having, at a peripheral wall
thereof, a plurality of ports which penetrate the periph-
eral wall of the valve body in a radial direction and
through which working fluid flows;

a cylindrical spool valve provided slidably in an axial
direction in the valve body and structured to switch
between opening and closure of each of the plurality of
ports in accordance with a sliding position of the spool
valve; and

a cylindrical sleeve fixed to an outer peripheral surface of
the valve body in the axial direction, the sleeve having,
at a peripheral wall thereof, communication holes
which penetrate the peripheral wall of the sleeve in a
radial direction and communicate with the plurality of
ports and the sleeve further including, on an inner
peripheral surface thereof, communication passages
which extend in the axial direction and communicate
with at least one of the plurality of ports.

2. The hydraulic control valve as claimed in claim 1,

wherein:

the valve body has, at a top end portion thereof, an
introduction passage into which the working fluid is
introduced.

3. The hydraulic control valve as claimed in claim 2,

wherein:

the sleeve is formed with softer material than material of
the valve body and the spool valve.

4. The hydraulic control valve as claimed in claim 3,

wherein:

the valve body and the spool valve are formed with metal
material, and the sleeve is formed with synthetic resin
material.

5. The hydraulic control valve as claimed in claim 4,

wherein:

the sleeve is separable into an upper sleeve and a lower
sleeve configured to be joined in the radial direction.

6. The hydraulic control valve as claimed in claim 4,

wherein:

the sleeve has a one-piece cylindrical shape.
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7. The hydraulic control valve as claimed in claim 2,
wherein:

the sleeve is formed with metal material by casting.

8. The hydraulic control valve as claimed in claim 1,
wherein:

the valve body having, at the peripheral wall thereof, an
introduction hole which penetrates the peripheral wall
of the valve body in the radial direction, and into which
the working fluid is introduced.

9. A hydraulic control valve for a valve timing control
device of an internal combustion engine, the valve timing
control device controlling a relative rotation phase of a
camshaft with respect to a crankshaft by actuating a rotor by
supply and discharge of working fluid, the hydraulic control
valve comprising:

a hollow cam bolt fixing the rotor to a first end portion of
the camshaft, the cam bolt having, at a peripheral wall
thereof, supply-and-discharge ports which penetrate the
peripheral wall of the cam bolt in a radial direction and
through which the working fluid flows;

a cylindrical spool valve provided slidably in an axial
direction in the cam bolt and structured to switch
between opening and closure of each of the supply-
and-discharge ports in accordance with a sliding posi-
tion of the spool valve; and

a hollow sleeve fixed to an outer peripheral surface of the
cam bolt in the axial direction, the sleeve having, at a
peripheral wall thereof, communication holes which
penetrate the peripheral wall of the sleeve in a radial
direction and communicate with the supply-and-dis-
charge ports and the sleeve further including, on an
inner peripheral surface thereof, communication pas-
sages which extend in the axial direction and commu-
nicate with at least one of the supply-and-discharge
ports.

10. The hydraulic control valve as claimed in claim 9,

wherein:

the cam bolt has, at a top end portion thereof, an intro-
duction passage into which the working fluid is intro-
duced.

11. The hydraulic control valve as claimed in claim 10,

wherein:

the sleeve is separable into a first sleeve and a second
sleeve configured to be joined in the radial direction,
the sleeve being formed of synthetic resin material.

12. The hydraulic control valve as claimed in claim 11,
wherein:

the communication passages are formed between a com-
munication groove formed along the axial direction on
the inner peripheral surface of the sleeve and the outer
peripheral surface of the cam bolt.

13. The hydraulic control valve as claimed in claim 12,

wherein:

the sleeve has, at the inner peripheral surface thereof, a
protrusion, and

the cam bolt has, at the outer peripheral surface thereof,
a fitting hole in which the protrusion is fitted, and the
sleeve is fixed to the cam bolt by fitting the protrusion
in the fitting hole.

14. The hydraulic control valve as claimed in claim 13,

wherein:

the sleeve is fixed to the outer peripheral surface of the
cam bolt by snap-fit or welding.

15. The hydraulic control valve as claimed in claim 10,

wherein:

the sleeve has a one-piece cylindrical shape and is formed
of synthetic resin material.
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16. A valve timing control device of an internal combus-

tion engine, the valve timing control device comprising:
a drive rotor to which a turning force is transmitted from

an engine crankshaft, the drive rotor having therein a
chamber;

a driven rotor which is fixed to a first end portion of a

camshaft and rotatably accommodated in the drive
rotor, the driven rotor dividing the chamber into an
advance hydraulic chamber and a retard hydraulic
chamber, the driven rotor relatively rotating with
respect to the drive rotor to an advanced angle side or
a retarded angle side by supply and discharge of
working fluid to and from the advance and retard
hydraulic chambers;

a hydraulic control valve which controls the supply and

discharge of the working fluid, which is pumped out
from an oil pump, to and from the advance and retard
hydraulic chambers; and

an actuator which actuates the hydraulic control valve,

and the hydraulic control valve including
a hollow cam bolt fixing the driven rotor to the first end
portion of the camshaft, the cam bolt having, at a

16

peripheral wall thereof, supply-and-discharge ports
which penetrate the peripheral wall of the cam bolt
in a radial direction and through which the working
fluid flows;

a cylindrical spool valve provided slidably in an axial
direction in the cam bolt and structured to switch
between opening and closure of each of the supply-
and-discharge ports in accordance with a sliding
position of the spool valve; and

a hollow sleeve fixed to an outer peripheral surface of
the cam bolt in the axial direction, the sleeve having,
at a peripheral wall thereof, communication holes
which penetrate the peripheral wall of the sleeve in
a radial direction and communicate with the supply-
and-discharge ports and the sleeve further including,
on an inner peripheral surface thereof, communica-
tion passages which extend in the axial direction and
communicate with at least one of the supply-and-
discharge ports.
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