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(57) Abstract: A hydraulic tensioner (10) and method of
manufacture can include a housing (12), a piston (16) move-
able from a retracted position toward an extended position
with respect to the housing (12) in response to fluid pres-
sure, and a tensioner spring (36) biasing the piston (16) to-
ward the extended position. The hydraulic tensioner (10) can
include a modular sleeve (14) supported by the housing (12)
and detining an aperture (15) for slidably receiving the pis-
ton (16) and defining an expandable fluid chamber (18). The
housing (12) can provide a fluid passage (39) for fluid com-
munication between the expandable fluid chamber (18) and a
source of pressurized fluid. The housing (12) can have a seat
(25) in tluid communication with the aperture (15). An end
(38) of the modular sleeve (14) can be seated with respect to
a seat (25) of the housing (12) to seal the fluid passage (39).
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WEIGHT AND COST OPTIMIZED CARRIER FOR MODULAR
HYDRAULIC TENSIONER

FIELD OF THE INVENTION

[0001] The invention relates to a hydraulic chain tensioner having a piston

longitudinally moveable in a housing, and more particularly to the housing of the

tensioner.
BACKGROUND
[0002] There is a desire to provide a cost-effective and lightweight housing
for a hydraulic chain tensioner.
SUMMARY
[0003] A hydraulic tensioner for an endless loop power transmission member

can include a housing, a piston moveable from a retracted position toward an
extended position with respect to the housing in response to fluid pressure, and a
tensioner spring biasing the piston toward the extended position with respect to the
housing. The hydraulic tensioner can include a modular sleeve supported by the
housing and defining an aperture for slidably receiving the piston. The piston and the
aperture of the modular sleeve can define an expandable fluid chamber. The housing
can support the modular sleeve and provide a fluid passage for fluid communication
between the expandable fluid chamber and a source of pressurized fluid.

[0004] A hydraulic tensioner for an endless loop power transmission member
can include a modular sleeve having an aperture extending along a longitudinal axis,
a housing for supporting the modular sleeve, a tensioner spring mounted within the
modular sleeve, and a slideable piston mounted within the modular sleeve to be
moveable along the longitudinal axis of the aperture. The housing can have a seat in
fluid communication with the aperture of the modular sleeve and defining a fluid
passage allowing fluid communication with a source of pressurized fluid. An end of
the modular sleeve can be seated with respect to the seat of the housing to seal the
fluid passage in fluid communication with the expandable fluid chamber. The piston
and the modular sleeve can define an expandable fluid chamber in fluid

communication with the fluid passage. The piston can be moveable between an
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extended position and a retracted position with respect to the modular sleeve in
response to fluid pressure within the expandable fluid chamber. The piston can be
biased by the tensioner spring toward the extended position.
[0005] A hydraulic tensioner can be manufactured for attachment to an
engine assembly. The hydraulic tensioner can include a piston operable for
movement in response to fluid pressure within an expandable fluid chamber. The
method can include forming a modular sleeve defining an aperture for slidably
receiving the piston such that the piston and the aperture define the expandable fluid
chamber, forming a housing to support the modular sleeve, and fixedly engaging the
housing and the modular sleeve with respect to one another to allow sealed fluid
communication between the expandable fluid chamber and a source of pressurized
fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The description herein makes reference to the accompanying drawings
wherein like reference numerals refer to like parts throughout the several views, and
wherein:

[0007] Figure 1 is a cross sectional view of a hydraulic tensioner having a
housing, a piston moveable from a retracted position toward an extended position
with respect to the housing in response to fluid pressure, a tensioner spring biasing
the piston toward the extended position, a modular sleeve supported by the housing
and defining an aperture for slidably receiving the piston, and an expandable fluid
chamber defined by the aperture and the piston, the housing providing a fluid passage
for fluid communication between the expandable fluid chamber and a source of
pressurized fluid, the piston being oscillatable by an endless loop power transmission
member such that a snap ring carried on the piston engages with side walls of an
annular groove formed within the modular sleeve to define longitudinal end limits of
travel for the piston during oscillation, while allowing supplemental periodic
incremental sequential extending movement of the piston outwardly toward the
extended position simultaneously with snap ring movement into another adjacent
groove of the piston in response to fluid pressure within the expandable fluid

chamber;
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[0008] Figure 2 is a top view of the hydraulic tensioner of Figure 1;

[0009] Figure 3 is a perspective view of the hydraulic tensioner of Figure 1
showing a seat machined in the housing engageable with the modular sleeve and a
portion of the housing axially spaced from the seat and engageable with an outer
periphery of the modular sleeve for retaining the modular sleeve, when the modular
sleeve is seated with respect to the seat of the housing; and

[0010] Figure 4 is an exploded view of the hydraulic tensioner of Figure 1
showing a snap ring selectively engageable within one of a plurality of grooves
formed on the piston as the piston is driven toward the extended position, a window
defined by the modular sleeve having spaced side walls allowing outer ends of the
snap ring to expand slightly and the snap ring to move between adjacent grooves in
response to hydraulic fluid pressure within the fluid chamber ratcheting the piston
outwardly with respect to the aperture of the modular sleeve, the tensioner spring
interposed between a first check valve and a second check valve within the modular
sleeve, the first check valve preventing back flow of hydraulic fluid out of the
expandable fluid chamber of the housing, and the second check valve allowing
intermittent lubrication of the endless loop power transmission member in response
to oscillation of the piston.

DETAILED DESCRIPTION

[0011] Referring now to Figures 1-4, a tensioning system for imparting
tension to an endless loop power transmission member can include a hydraulic
tensioner 10. By way of example and not limitation, the endless loop power
transmission member can include a chain or a belt encircling a driving sprocket and
at least one driven sprocket. The hydraulic tensioner 10 can include a housing 12
supporting a hollow longitudinal sleeve 14 defining an interior aperture. The interior
aperture can be a cylindrical aperture. A piston 16 can be slidably received within the
cylindrical aperture within sleeve 14 for longitudinal movement between an extended
position and a retracted position. A tensioner spring 36 can bias the piston 16 toward
the extended position with respect to the cylindrical aperture 14. The piston 16 and
the cylindrical aperture 14 can define an expandable fluid chamber 18. In operation,

fluid enters the fluid chamber 18 through a fluid passage 39 formed in the housing 12
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from a source of pressurized fluid, such as an oil pump or reservoir. The hydraulic
tensioner 10 can include a cantilever spring 20 having a first end 22 attachable to the
housing 12 and a second end 24 releasibly engageable with the piston 16 for retaining
the piston 16 in the retracted position within the cylindrical aperture 14 of the
hydraulic tensioner 10 against urgings of the biasing spring 36 during storage,
shipment and installation. The second end 24 can be disengageable from the piston
16 to allow longitudinal movement of the piston 16 outwardly toward the extended
position with respect to the cylindrical aperture 14 of the housing 12. The second end
24 of the cantilever spring 20 can be re-engaged with an outer end of the piston 16 for
retaining the piston 16 within the cylindrical aperture of the housing during service
situations, by way of example and not limitation, such as service situations requiring
repair, replacement, or adjustment of the endless loop power transmission member.
[0012] As best shown in Figures 1 and 3, by way of example and not
limitation, the hydraulic tensioner 10 can include a spring-receiving slot 30 formed in
the housing 12 of the hydraulic tensioner 10 for receiving the first end 22 of the
cantilever spring 20. The cantilever spring 20 can be retained by the housing during
both shipment and operation of the hydraulic tensioner 10, if desired. Alternatively,
the cantilever spring 20 can be releasibly engaged and disengaged with respect to
retaining notches at both ends for separation from the housing 12, if desired. The
spring-receiving slot 30 can include a hook-shaped slot formed in the housing 12.
The first end 22 of the cantilever spring 20 can include a shaped end complementary
to the shape of the spring-receiving slot 30 such that the first end 22 can be fixedly
secured within the spring-receiving slot 30. By way of example and not limitation,
the spring-receiving slot 30 can be located on the housing 12 along a surface adjacent
to an outwardly extending nose end 26 of the piston16. The second end 24 of the
cantilever spring 20 can move relative to the fixed first end 22. As best shown in
Figures 1-3, a spring-retention groove 32 can be formed on the nose end 26 of the
piston 16 for retention of the second end 24 of the cantilever spring 20. As best
shown in Figures 1 and 3, the cantilever spring 20 can include a hooked end 34 at the
second end 24 of the cantilever spring 20. The cantilever spring 20 can include a flat

bar, wire, or cross-sectional spring material. The hooked end 34 can be engageable
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with the spring-retention groove 32 for securing the cantilever spring 20 to the nose
end 26 of the piston 16. By way of example and not limitation, the cantilever spring
20 can engage the piston 16 via a pin-in-hole connection or other retention method.
When the piston 16 is spring-loaded during shipment of the hydraulic tensioner 10,
the piston 16 can be secured within the cylindrical aperture of the sleeve 14 by
engagement of the cantilever spring 20 with the piston 16. It should be recognized by
those skilled in the art that the first and/or second ends 22, 24 interfacing between the
cantilever spring 20 and the piston 16, and/or the cantilever spring 20 and the housing
12, could be modified to allow the cantilever spring 20 to be symmetrical with
respect to the first end 22 and second end 24.

[0013] Referring now to Figures 3-4, a longitudinal modular sleeve 14 can be
supported by the housing 12 of the hydraulic tensioner 10. The modular sleeve 14
can be secured to the housing 12. The modular sleeve 14 can include a first end 38
located inwardly with respect to the housing 12 and a second end 40 located
outwardly with respect to the housing 12. The second end 40 can receive the piston
16 and allow for longitudinal movement of the piston 16 inwardly and outwardly
within the cylindrical aperture defined by the sleeve 14 with respect to the housing
12. Tt should be recognized by those skilled in the art that the shape of the housing
12 supporting the modular sleeve 14 can be modified. The modular sleeve 14 can
define a notch or window 42 located at the second end 40 with spaced side walls 42a,
42b. As best seen in Figures 1, 3 and 4, the hydraulic tensioner 10 can include a snap
ring 44 fixed to an outer circumference of the piston 16 and selectively engageable
within one of the plurality of grooves 16a in sequential order along the external
surface of the piston 16 as the piston is driven toward the extended position. As best
seen in Figure 3, the snap ring 44 can have at least one projection 50, 52 extending
radially outwardly with respect to the piston 16 and engageable within the window
42. The side walls 42a, 42b of the window 42 allow the outer ends 50, 52 of the snap
ring 44 to expand slightly in response to hydraulic fluid pressure within the
expandable fluid chamber 18 to ratchet the piston 16 outwardly in order to maintain a
predetermined pressure on the endless loop power transmission member in response

to gradual elongation and wear of the endless loop power transmission member. The
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outward piston 16 ratcheting corresponds to a reduced back pressure from the endless
loop power transmission member on the piston 16 as the endless loop power
transmission member gradually elongates and wears, thereby moving the snap ring 44
from one groove 16a to another groove 16a of the piston 16 as the piston 16 extends
outwardly from the cylindrical aperture of the housing to maintain a desired
predetermined pressure on the endless loop power transmission member. As best
seen in Figure 1, the modular sleeve 14 includes an inner annular groove having
sidewalls 14a, 14b for receiving the snap ring 44 and for limiting longitudinal
oscillation movement of the piston 16 within the cylindrical aperture of the housing
12 in response to oscillation of the endless loop power transmission member during
rotation, while back pressure from the endless loop power transmission member is
substantially balanced with fluid pressure within the expandable fluid chamber 18 of
the hydraulic tensioner. The snap ring 44 interacts with the sidewalls 14a, 14b to
define longitudinal end limits of oscillation of the piston while maintaining the
desired predetermined pressure on the endless loop transmission member.
Elongation of the endless loop power transmission member reduces back pressure
from the endless loop power transmission member on the piston 16, and allows the
hydraulic fluid pressure within the expandable fluid chamber 18 of the housing 12 to
ratchet the piston 16 outwardly driving the snap ring 44 into another groove 16a of
the piston 16 extending the piston 16 to an incrementally expanded outwardly
extended position. The ratchet motion sequentially drives the piston 16 outwardly
with respect to the housing 12 in order to maintain the desired predetermined
pressure on the endless loop power transmission member as the endless loop power
transmission member gradually elongates and wears during an expected lifetime of
use.

[0014] As best shown in Figures 1 and 4, the hydraulic tensioner 10 can
include at least one check valve 46, 48 received within the cylindrical aperture of the
sleeve 14. The tensioner spring 36 can be interposed between a first check valve 46
and a second check valve 48 within the modular sleeve 14. The tensioner spring 36
can bias the piston 16 in an outward direction from the cylindrical aperture of the

sleeve 14. The first check valve 46 prevents back flow of the hydraulic fluid out of
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the expandable chamber 18 of the housing 12, thereby preventing inward movement
of the piston 16 beyond the degree allowed by the interaction of snap ring 44 with the
side wall 14b of the sleeve 14. The second check valve 48 allows intermittent
lubrication of the endless loop power transmission member as the piston 16 is
“pumped” between the extended and retracted positions during longitudinal
movement of the snap ring 44 between the end limits of travel defined by the side
walls 14a, 14b of the inner annular groove of the sleeve 14.

[0015] As best seen in Figures 3-4, the hydraulic tensioner 10 can include a
seat 25 formed in the housing 12 engageable with the modular sleeve 14, at least one
fluid passage 39 formed in the housing 12 allowing fluid communication between the
source of pressurized fluid and the expandable fluid chamber 18, and a portion 27 of
the housing 12 engageable with an outer periphery of the modular sleeve 14 for
retaining the modular sleeve 14 when the modular sleeve 14 is seated with respect to
the seat 25 of the housing 12. The portion 27 of the housing 12 can be separate and
axially spaced apart with respect to the seat 25. The housing 12 can include a
supplemental support for the modular sleeve 14 including at least one concentric ring
of material 27 forming part of the housing 12 and located along the longitudinal axis
of the modular sleeve 14. The aperture 15 of the modular sleeve 14 can include a
first end 38 and a second end 40. The first end 38 can be seated with respect to the
seat 25 of the housing 12 allowing sealed fluid communication between the
expandable fluid chamber 18 and the source of pressurized fluid. The second end 40
can slidably receive the piston 16 and allow movement of the piston 16 in response to
fluid pressure. By way of example and not limitation, the modular sleeve 14 and the
housing 12 can be press-fit to provide a sealed fluid passage communication between
the expandable fluid chamber 18 and the source of pressurized fluid. The housing 12
can be overmolded on the modular sleeve 14 to provide sealed fluid passage
communication between the expandable fluid chamber 18 and the source of
pressurized fluid. The modular sleeve 14 can be formed as a solid pin and the
housing 12 can be overmolded on the pin and the pin can be formed to provide sealed
fluid passage communication between the expandable fluid chamber 18 and the

source of pressurized fluid. The housing 12 can include at least one bolt aperture 60,
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62 and a fluid passage 39 allowing fluid communication between the expandable
fluid chamber 18 and the source of pressurized fluid.

[0016] A hydraulic tensioner 10 can be manufactured for installation with
respect to an engine assembly. The hydraulic tensioner 10 can include a piston 16
operable for movement in an expandable fluid chamber 18 in response to fluid
pressure. The method can include forming a modular sleeve 14 defining an aperture
15 for slidably receiving the piston 16, such that the piston 16 and the aperture 15
define an expandable fluid chamber 18, forming a housing 12 to support the modular
sleeve 14 and the piston 16, and fixedly engaging the housing 12 and the modular
sleeve 14 with respect to one another to provide sealed fluid passage communication
between the expandable fluid chamber 18 and a source of pressurized fluid. The
method can further include machining the housing 12 sequentially to first define a
portion of material 27 engageable with an outer periphery of the modular sleeve 14
for retaining the modular sleeve 14 when the modular sleeve 14 is seated with respect
to the seat of the housing 12, and to second define a separate, longitudinally spaced,
sleeve-engaging seat 25. The method can further include forming at least one fluid
passage 39 in fluid communication between the source of pressurized fluid and the
expandable fluid chamber 18 through the sleeve-engaging seat 25 of the housing 12.
The fixedly engaging step of the method can further include press-fitting the modular
sleeve 14 and the housing 12 to one another to provide a sealed fluid passage 39
defined in the housing 12 in fluid communication between the source of pressurized
fluid and the expandable fluid chamber 18. The fixedly engaging step of the method
can further include overmolding the housing 12 on the modular sleeve 14, machining
the housing 12 to define at least one fluid passage 39 in fluid communication
between the source of pressurized fluid and the expandable fluid chamber 18, and
machining the housing 12 to define at least one bolt aperture 60, 62 for attaching the
hydraulic tensioner 10 to an engine block. The modular sleeve 14 can allow
machining the housing 12 to define a housing 12 of optimal weight and reduce
manufacturing costs. By way of example and not limitation, the housing 12 can be

formed of plastic or aluminum.



WO 2016/109171 PCT/US2015/065515

[0017] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be
understood that the invention is not to be limited to the disclosed embodiments but,
on the contrary, is intended to cover various modifications and equivalent

5  arrangements included within the spirit and scope of the appended claims, which
scope is to be accorded the broadest interpretation so as to encompass all such

modifications and equivalent structures as is permitted under the law.
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What is claimed is:

1. In a hydraulic tensioner (10) for an endless loop power
transmission member, the hydraulic tensioner (10) including a housing (12), a piston
(16) moveable from a retracted position toward an extended position with respect to
the housing (12) in response to fluid pressure, and a tensioner spring (36) biasing the
piston (16) toward the extended position with respect to the housing (12), the
improvement comprising:

a modular sleeve (14) supported by the housing (12), the modular
sleeve (14) defining an aperture (15) for slidably receiving the piston (16), the piston
(16) and the aperture (15) of the modular sleeve (14) defining an expandable fluid
chamber (18); and

the housing (12) supporting the modular sleeve (14) and providing a
fluid passage (39) for fluid communication between the expandable fluid chamber

(18) and a source of pressurized fluid.

2. The improvement of claim 1 further comprising:

a seat (25) formed in the housing (12) engageable with the modular
sleeve (14),

at least one fluid passage (39) formed in the housing (12) allowing
fluid communication between the source of pressurized fluid and the expandable
fluid chamber (18); and

a portion (27) of the housing (12) engageable with an outer periphery
of the modular sleeve (14) for retaining the modular sleeve (14) when the modular
sleeve (14) is seated with respect to the seat (25) of the housing (12), the portion (27)

of the housing (12) separate and axially spaced apart with respect to the seat (25).

3. The improvement of claim 2, wherein the aperture of the modular
sleeve (14) includes a first end (38) and second end (40), the first end (38) seated
with respect to the seat (25) of the housing (12) allowing sealed fluid passage

communication between the expandable fluid chamber (18) and the source of

10
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pressurized fluid, the second end (40) for slidably receiving the piston (16) and

allowing movement of the piston (16) in response to fluid pressure,.

4. The improvement of claim 1 further comprising:

a plurality of grooves (16a) formed on an external surface of the piston
(16);

a snap ring (44) selectively engageable within one of the plurality of
grooves (16a) in sequential order along the external surface of the piston (16) as the
piston is driven toward the extended position, the snap ring (44) having outer ends
(50, 52) extending radially outwardly with respect to the piston (16); and

a window (42) defined by the modular sleeve (14) having spaced side
walls (42a, 42b), the side walls (42a, 42b) of the window (42) allowing the outer ends
(50, 52) of the snap ring (44) to expand slightly and the snap ring (44) to move
between adjacent grooves of the plurality of grooves (16a) in response to hydraulic
fluid pressure within the expandable fluid chamber (18) ratcheting the piston (16)

outwardly with respect to the aperture of the modular sleeve (14).

5. The improvement of claim 4 further comprising:

the tensioner spring (36) interposed between a first check valve (46)
and a second check valve (48) within the modular sleeve (14), the first check valve
(46) preventing back flow of hydraulic fluid out of the expandable fluid chamber (18)
of the housing (12), the second check valve (48) allowing intermittent lubrication of
the endless loop power transmission member as the piston (16) is driven in
oscillation between allowable extended and retracted positions during movement of
the snap ring (44) interacting with end limits of travel defined by side walls (14a,

14b) of an inner annular groove of the modular sleeve (14).
6. The improvement of claim 1, wherein the modular sleeve (14) and

the housing (12) are press-fit to provide sealed fluid passage communication between

the expandable fluid chamber (18) and the source of pressurized fluid.

11
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7. The improvement of claim 1, wherein the housing (12) is
overmolded on the modular sleeve (14) to provide sealed fluid passage
communication between the expandable fluid chamber (18) and the source of

pressurized fluid.

8. The improvement of claim 1, wherein the modular sleeve (14) is
formed as a solid pin, the housing (12) overmolded on the pin, the pin formed to
provide sealed fluid passage communication between the expandable fluid chamber
(18) and the source of pressurized fluid, the housing (12) having at least one bolt
aperture (60, 62) and a fluid passage (39) allowing fluid communication between the

expandable fluid chamber (18) and the source of pressurized fluid.

9. A hydraulic tensioner (10) for an endless loop power transmission
member comprising;

a modular sleeve (14) having an aperture (15) extending along a
longitudinal axis;

a housing (12) for supporting the modular sleeve (14), the housing
(12) having a seat (25) in fluid communication with the aperture (15) of the modular
sleeve (14) and defining a fluid passage (39) allowing fluid communication with a
source of pressurized fluid, an end of the modular sleeve (14) seated with respect to
the seat (25) of the housing (12) to seal the fluid passage (39);

a tensioner spring (36) mounted within the modular sleeve (14); and

a slideable piston (16) mounted within the modular sleeve (14) to be
moveable along the longitudinal axis in the aperture (15), the piston (16) and the
modular sleeve (14) defining an expandable fluid chamber (18) in fluid
communication with the fluid passage (39), the piston (16) moveable between an
extended position and a retracted position with respect to the modular sleeve (14) in
response to fluid pressure within the fluid chamber (18), the piston (16) biased by the

tensioner spring (36) toward the extended position.

10. The hydraulic tensioner (10) of claim 9 further comprising:

12
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a supplemental support for the modular sleeve (14) including at least
one concentric ring of material (27) forming part of the housing (12) and located
along the longitudinal axis of the modular sleeve (14), the at least one concentric ring
of material (27) engageable with an outer periphery of the modular sleeve (14) for
retaining the modular sleeve (14) when the modular sleeve (14) is seated with respect

to the seat of the housing (12).

11. The hydraulic tensioner (10) of claim 9, wherein the modular
sleeve (14) and the housing (12) are press-fit to provide sealed fluid passage
communication between the expandable fluid chamber (18) and the source of

pressurized fluid.

12. A method of manufacturing for a hydraulic tensioner (10) having
a piston (16) operable for movement in an expandable fluid chamber (18) in response
to fluid pressure, the method comprising:

forming a modular sleeve (14) defining an aperture for slidably
receiving the piston (16), the piston (16) and the aperture defining the expandable
fluid chamber (18);

forming a housing (12) to support the modular sleeve (14); and

fixedly engaging the housing (12) and the modular sleeve (14) with
respect to one another to provide sealed fluid passage communication between the

expandable fluid chamber (18) and a source of pressurized fluid.

13. The method of claim 12 further comprising:

machining the housing (12) sequentially to first define a portion of
material (27) engageable with an outer periphery of the modular sleeve (14) for
retaining the modular sleeve (14) when the modular sleeve (14) is seated with respect
to the seat of the housing (12), and to second define a separate, longitudinally spaced,

sleeve-engaging seat (25); and

13
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between the source of pressurized fluid and the expandable fluid chamber (18)

through the sleeve-engaging seat (25) of the housing (12).

14. The method of claim 13, wherein the fixedly engaging further
comprises:

press-fitting the modular sleeve (14) and the housing (12) to provide a
sealed fluid passage (39) defined in the housing (12) in fluid communication between

the source of pressurized fluid and the expandable fluid chamber (18).

15. The method of claim 12, wherein the fixedly engaging further
comprises:

overmolding the housing (12) on the modular sleeve (14),

machining the housing (12) to define at least one fluid passage (39) in
fluid communication between the source of pressurized fluid and the expandable
fluid chamber (18); and

machining the housing (12) to define at least one bolt aperture (60, 62)

for attaching the hydraulic tensioner (10) to an engine block.

14
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