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(7) ABSTRACT

A hydraulic tensioner comprising a piston slidably inserted
in a piston bore of a housing having rack teeth on an outer
circumference thereof, a piston spring biasing the piston in
a protruding direction, a pawl member having teeth engage-
able with the rack teeth of the piston to permit protruding
movement of the piston but to block reverse movement of
the piston provided in a pawl hole of the housing, and a pawl
spring in a pawl spring hole of a generally elliptical cross-
section that biases the pawl member in an engaging direction
of the teeth of the pawl member with the rack teeth of the
piston. A long axis of the generally elliptical cross-sectional
shape of the pawl spring is oriented toward an axial direction
of the piston. Wire portions of the pawl spring substantially
follow the long axis that contacts an upper surface of the
pawl member.
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HYDRAULIC TENSIONER

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims an invention which was
disclosed in Japanese Application No. 2003-311278, filed
Sep. 3, 2003, entitled “Hydraulic Tensioner.” The benefit
under 35 USC §119(a)~(d) or §365(b) is hereby claimed, and
the aforementioned application is hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a hydraulic ten-
sioner for imparting appropriate tension to a chain, belt or
the like, and more particularly, to a hydraulic tensioner
having a ratchet mechanism to prevent retraction of a piston
at the time of decreased hydraulic pressure.

[0004] 2. Description of Related Art

[0005] A hydraulic tensioner generally includes a housing,
a piston that is biased in a protruding direction by a spring
and fitted slidably into a piston hole formed in the housing,
and a fluid chamber defined by the piston and the piston hole
of the housing. During operation, the combined efforts of the
spring load and the hydraulic pressure in the chamber
balances the external force from a chain or belt imparted to
the distal end of the piston.

[0006] When external force is applied from a chain to the
distal end of a piston during inadequate hydraulic pressure
in the chamber such as at the time of engine start, the piston
is easily forced to retract into the housing, thereby causing
noise or oscillation.

[0007] In order to prevent such retraction of a piston,
various kinds of hydraulic tensioners with ratchet mecha-
nisms have been proposed, such as shown in Japanese patent
application laying-open publication No. 7-158703.

[0008] The hydraulic tensioner includes a rack received in
a longitudinal hole disposed parallel to the piston hole and
engaged with a shoulder portion of the piston via a flange,
a ratchet received in a lateral hole communicating with the
longitudinal hole and engaged with the rack, and a spring
biasing the ratchet in an engaging direction with the ratchet.

[0009] During operation, when the piston protrudes, the
rack moves along with the piston via the flange in a
protruding direction. When the piston retracts due to the
external force of the distal end of the piston of the chain,
only the piston retracts and as the distal end of the piston
moves to the position of the distal end of the rack, the
rearward movement of the piston is halted by the engage-
ment of the ratchet with the rack. Additionally, in this case,
a stepped portion of the distal end of the piston relative to the
distal end of the flange functions to provide backlash for the
tensioner.

[0010] The prior art tensioner requires a rack discretely
from the piston, thereby making the structure of the ten-
sioner complicated.

[0011] The present invention addresses such a problem
and its object is to provide a hydraulic tensioner with a
backlash mechanism that can simplify the structure of the
tensioner. Another object of the present invention is to
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provide a hydraulic tensioner with a backlash mechanism
that can apply stable spring force to the pawl member.

SUMMARY OF THE INVENTION

[0012] A hydraulic tensioner according to the present
invention includes a housing having an axially extending
piston hole formed therein, a piston axially slidable in the
piston hole that forms a fluid chamber with the piston hole
and is formed with rack teeth on at least a portion of an outer
circumference of the piston, a piston spring provided in the
piston hole for biasing the piston in a protruding direction,
a pawl member provided in the housing that has a teeth
portion engageable with the rack teeth of the piston, so as to
permit the movement of the piston in a protruding direction
but to prevent its movement in a retracting direction, a pawl
hole formed in the housing to receive the pawl member with
a clearance relative to a front and rear end surface of the
pawl member, and a pawl coil spring that is provided in a
pawl spring hole formed in the housing and connected to the
pawl hole, that biases the pawl member in an engaging
direction of the teeth portion of the pawl member with the
rack teeth.

[0013] According to the present invention, since the rack
teeth are formed on the outer circumference of the piston,
there is no need to provide a rack discretely from the piston,
thereby making the structure simple. Moreover, in this case,
since the pawl member has a teeth portion engageable with
the rack teeth of the piston disposed with a longitudinal
clearance formed relative to the pawl hole, the clearance
functions to provide backlash to the tensioner. Thereby, a
hydraulic tensioner with a backlash mechanism is achieved
with a simple structure.

[0014] In one embodiment, the pawl coil spring is coiled
in a generally elliptical tubular shape to follow the contour
of the inner surface of the pawl spring hole and the long axis
of the generally elliptical cross-sectional shape of the pawl
coil spring is oriented toward the axial direction of the
piston. Also, a wire portion of the pawl coil spring substan-
tially following the long axis contacts an upper surface of the
pawl member.

[0015] In this case, when the pawl member moves along
with the piston during operation, the wire portion of the pawl
coil spring substantially following the long axis contacts the
upper surface of the pawl member constantly. Thereby,
during transfer of the pawl member, contact area of the pawl
coil spring with the upper surface of the pawl member can
be made nearly constant and thus, compressive force of the
pawl coil spring against the pawl member can be made
nearly constant. As a result, during operation, constantly
stable compressive force is applied to the pawl member.

[0016] In another embodiment, the generally elliptical
cross-sectional shape of the pawl coil spring is formed of a
pair of linear portions following the long axis and disposed
opposite each other and a pair of semi-circular portions
disposed at opposite ends of the linear portions. The linear
portions contact the upper surface of the pawl member.

[0017] In this case, during transfer of the pawl member,
contact area of the pawl coil spring with the upper surface
of the pawl member can be made constant and thus, com-
pressive force of the pawl coil spring against the pawl
member can be made constant. As a result, during operation,
a constant, more stable compressive force is applied to the
pawl member.
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[0018] The pawl coil spring may have a true elliptical
cross-sectional shape.

[0019] A cover on the housing may be provided to cover
an opening portion of the pawl spring hole to prevent the
falling off of the pawl coil spring out of the housing.

BRIEF DESCRIPTION OF THE DRAWING

[0020] FIG. 1 is a perspective view of a hydraulic ten-
sioner without a cover according to an embodiment of the
present invention.

[0021] FIG. 2 is a perspective view of a hydraulic ten-
sioner with a cover attached according to an embodiment of
the present invention.

[0022] FIG. 3 is a longitudinal sectional view of a hydrau-
lic tensioner of FIG. 2.

[0023] FIG. 4 is a top plan view illustrating a positional
relationship between the elliptically coiled pawl coil spring
and the pawl member according to the hydraulic tensioner of
the present invention.

[0024] FIG. 5 is a top plan view illustrating a positional
relationship between the cylindrically coiled pawl coil
spring of the prior art and the pawl member for comparison
to FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] As shown in FIGS. 1-3, a hydraulic tensioner 1
includes a housing 2 with an axially extending piston bore
2a, one end of which opens outside, a hollow piston 3 fitted
axially slidable in the bore 24, and a piston spring 4 provided
in the bore 2a and biasing the hollow piston 3 in a protruding
direction from the bore 2a.

[0026] The housing 2 has attachment holes 20, 21 for
inserting bolts (not shown) to fit the tensioner 1 onto the
engine. Inside the housing 2, a fluid chamber 30 is defined
by an inner space 3a formed in the piston 3 and an inside
wall surface of the bore 2a. On the bottom of the housing 2,
an inlet passage 10 is formed to introduce engine oil from an
outside source of pressurized fluid (not shown) to the fluid
chamber 30.

[0027] A check valve 7 is provided at a bottom portion of
the bore 2a in the housing 2 to permit flow of fluid into the
chamber 30 from the inlet passage 10 but to block fluid flow
in a reverse direction. Here, a ball-type check valve is used,
but any other suitable structure may be employed to form a
check valve.

[0028] A vent disk 8 is provided on the top side of the
inner space 3a of the piston 3 to discharge air trapped in the
fluid chamber 30 to the outside of the tensioner and to
control leakage of the fluid from the fluid chamber 30. The
vent disk 8 has a spiral groove (not shown) on the side
surface thereof and a shaft portion 8a. The top portion of the
piston 3 has an axially extending through hole 31. Air in the
fluid chamber 30 along with the fluid containing the air is
discharged to the outside the tensioner from the spiral
groove of the vent disk 8 through the hole 31. The piston
spring 4 is provided around the shaft portion 8a of the vent
disk 8 and an end of the piston spring 4 biases the vent disk
8 toward the top portion of the piston 3.
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[0029] Rack teeth 3b are formed on a portion of an outer
circumference of the piston 3. On the other hand, a pawl hole
2b opening into the piston bore 2 is formed in the housing
2. A pawl member 5 is disposed in the pawl hole 2b. The
pawl member 5 has a teeth portion Sa formed on the bottom
surface thereof. The teeth portion 5a is engageable with the
rack teeth 3b of the piston 3 so as to permit the movement
of the piston 3 in a protruding direction and to restrain the
rearward movement. An axial clearance is formed between
the pawl hole 2b and the front and rear surface of the pawl
member 5 (see FIG. 3). The pawl member 5 can be axially
translatable in the pawl hole 2b by the length of such a
clearance.

[0030] In the housing 2, a pawl spring hole 2c¢ is formed
that opens upwardly in communication with the pawl hole
2b. The pawl spring hole 2¢ is formed in a generally
elliptical cross-sectional shape. In the pawl spring hole 2c,
a pawl coil spring 6 is provided in a compressive state to bias
the pawl member 5 so that the teeth portion Sa of the pawl
member 5 can engage with the rack teeth 3b of the piston 3.
The pawl coil spring 6 is coiled in a generally elliptical
shape to follow the inner circumference of the pawl spring
hole 2c.

[0031] As shown in FIG. 4, the vertical direction a of the
long axis of the generally elliptical cross-sectional shape of
the pawl coil spring 6 coincides with an axial direction of the
piston 3. Wire portions 60, 60' disposed at the lower end of
the pawl coil spring 6 and substantially parallel to the
direction of the long axis contact the upper surface of the
pawl member §.

[0032] In the embodiment shown in FIG. 4, wire portions
60, 60' of the pawl coil spring 6 that are disposed opposite
each other extend linearly. At opposite ends of the wire
portions 60, 60', semi-circular portions 61, 62 are formed,
respectively.

[0033] Also, at an opening portion of the pawl spring hole
2c¢ of the housing 2, a cover 15 is provided to cover the
opening portion (see FIG. 2). The cover 15 prevents the
pawl coil spring 6 from falling out of the pawl spring hole
2c¢. The cover 15 is formed by bending a metal sheet in a
U-shape. The cover 15 also has a plurality of bent portions
15a at lower ends thereof, which are adapted to engage a
plurality of concavities 23 formed on the housing 2 for
attachment of the cover 15 to the housing 2.

[0034] In the vicinity of the opening portion of the piston
hole 2a of the housing 2, a laterally extending through hole
25 is formed, as shown in FIGS. 1 and 2. On the top portion
of the piston 3, a laterally extending groove 3e is formed, as
shown in FIG. 3. The through hole 25 and engagement
groove 3e are provided to maintain the piston 2 in a retracted
state at the time of shipment of the tensioner. The piston 2
is maintained in a retracted state by inserting a retaining pin
(not shown) into the through hole 25 and the engagement
groove 3¢ when they are aligned with each other.

[0035] At the back of the rearmost tooth of the rack teeth
3b of the piston 3, a stop groove 3d is formed. The stop
groove 3d is provided to prevent further protrusion of the
piston 3 by the engagement with the teeth portion Sa of the
pawl member §.

[0036] When the chain slacks or the tension in the chain
decreases during operation, the force of the piston spring 4
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causes the piston 3 to protrude from the housing 2. Then, the
piston 3 moves in the arrow marked direction b along with
the pawl member 5 and the teeth portion Sa engages with the
rack teeth 3b or with the rack teeth 3b passing over the
several teeth portion 5a of the pawl member 5 (see the solid
line and dashed line of FIG. 4).

[0037] Protruding movement of the piston 3 creates a
vacuum condition in the fluid chamber 30, thereby causing
the check valve 7 to open to introduce engine oil into the
fluid chamber 30 through the check valve 7 from the inlet
passage 10. As a result, combined efforts of the force of the
piston spring 4 and the hydraulic pressure of the fluid
chamber 30 act upon the chain via the tensioner arm to
maintain tension in the chain.

[0038] Next, when the chain tension increases and com-
pressive force from the chain presses against the piston 3,
the piston 3 retracts into the housing 2. That is, as shown by
the dashed line and the solid line of FIG. 4, the piston 3
moves in the direction of the arrow marked b along with the
pawl member 5 with the engagement of the rack teeth 3b of
the piston 3 with the teeth portion 5a of the pawl member 5
being maintained. When the rear end surface Sa of the pawl
member 5 comes into contact with the inside wall surface of
the pawl hole 2b, the piston 3 stops. During this movement
of the pawl member 5, a clearance is formed between the
rear end surface 5b of the pawl member 5 and the inside wall
surface of the pawl hole 2b prior to the transfer of the pawl
member 5 which functions to provide backlash at the time of
rearward movement of the piston 3. Such backlash can
relieve shock load to the piston 3 even in the case where the
chain has applied an excessive load to the piston.

[0039] In this case, the pawl member 5 having the teeth
portion 5a engageable with the rack teeth 3b of the piston 3
is disposed with a longitudinal clearance formed relative to
the pawl hole 2b, thereby simplifying the structure of a
hydraulic tensioner with a backlash mechanism. Also, in this
case, the rack teeth 3b are formed around the outer circum-
ference of the piston 3, which eliminates the necessity for
providing a rack discretely from the piston, thereby simpli-
fying the entire structure of the tensioner. Moreover, in this
case, when the pawl member § moves in conjunction with
the forward and rearward movement of the piston 3, as
shown in FIG. 4, the pawl member 5 is in constant contact
with the linear wire portions 60, 60' of the pawl coil spring
6.

[0040] The contact portions of the pawl coil spring 6 on
the pawl member 5 before and after the transfer of the pawl
member 5 are designated by the hatched portions 6A, 6B,
respectively. The contact lengths and areas of the hatched
portions 6A, 6B are the same. Thereby, the compressive
force of the pawl coil spring 6 against the pawl member 5 is
not changed in accordance with the transfer of the pawl
member 5. The spring load of the pawl coil spring 6 relative
to the pawl member 5 can thus be made constant. As a result,
during operation, a constantly stable compressive load can
be applied to the pawl member S.

[0041] Next, for comparison with the present invention, a
pawl coil spring in a cylindrical shape, which was typically
used in the prior art, is shown in FIG. 5. In FIG. 5, like
reference numbers indicate identical or functionally similar
elements.

[0042] In this case, since the pawl coil spring 6' has a
round cross-sectional shape, the lengths and thus the areas of
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the contact portions 6'A, 6'B of the pawl coil spring 6' are
different between before and after the transfer of the pawl
member 5. Therefore, compressive force of the pawl coil
spring 6' relative to the pawl member 5 may be altered in
accordance with the pawl member 5.

[0043] In contrast, according to the present invention,
since the pawl member 5 is constantly in contact with the
linear portions of the pawl coil spring 6 before and after its
transfer, the contact area of the pawl coil spring 6 can be
made constant, and thus constant compressive force relative
to the pawl member 5 can be maintained.

[0044] In the embodiment shown in FIG. 4, the pawl coil
spring 6 has a cross-sectional shape formed of a pair of
linear portions and semi-circular portions, which is of the
shape described mathematically as a “Cassini ellipse”. How-
ever, it will be understood by one skilled in the art that the
spring of the present invention may also have a conventional
elliptical cross-sectional shape, in which the linear portions
are slightly curved. For the purposes of this invention it will
be understood that when the term “elliptical” or “generally
elliptical” is used, what is meant is either a Cassini ellipse
or a conventional ellipse or similar figures.

[0045] Also, in the above-mentioned embodiment, the
cover 15 is attached to the tensioner but it may be omitted.
In this case, for example, the opening portion of the pawl
spring hole 2¢ of the housing 2 needs to be caulked to
prevent the pawl coil spring 6 from falling out of the pawl
spring hole 2c.

[0046] Accordingly, it is to be understood that the embodi-
ments of the invention herein described are merely illustra-
tive of the application of the principles of the invention.
Reference herein to details of the illustrated embodiments is
not intended to limit the scope of the claims, which them-
selves recite those features regarded as essential to the
invention.

What is claimed is:

1. A hydraulic tensioner for imparting tension to a chain
comprising:

a housing having an axially extending piston hole, the
piston hole having at least one end open to atmosphere,
a pawl spring hole extending inwards towards the
piston hole from an outer surface of the housing, and a
pawl hole communicating between the piston hole and
the pawl spring hole;

a piston having a first end for applying tension to the chain
and a second end having rack teeth formed at least on
a portion of an outer circumference thereof, the piston
being axially slidable and forming a fluid chamber
between the second end and the end of the piston hole
of the housing;

a piston spring in the fluid chamber of the housing for
biasing the piston in a protruding direction;

a pawl member having teeth formed on a lower surface
thereof and engageable with the rack teeth of the piston,
wherein the teeth and the teeth of the pawl member
permit movement of the piston in a protruding direction
but prevent movement of the piston in a retracting
direction;
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a pawl coil spring for biasing the teeth of the pawl
member to engage the rack teeth of the piston located
in the pawl spring hole and having an elliptical cross-
sectional shape having: a pair of linear portions dis-
posed opposite each other and a long axis, and a pair of
semicircular portions disposed at opposite ends of the
linear portions,

wherein the pawl hole is located relative to the pawl
spring hole such that the linear portions of the pawl coil
spring contact an upper surface of the pawl member.

Mar. 3, 2005

2. The hydraulic tensioner of claim 1, wherein the pawl
spring hole has an elliptical cross-sectional shape.

3. The hydraulic tensioner of claim 1, wherein a long axis
of the elliptical cross-sectional shape of the pawl coil spring
is oriented toward an axial direction of the piston.

4. The hydraulic tensioner of claim 1, further comprising
a cover that covers the pawl spring hole in the housing.



