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ROTATIONAL TENSIONER WITH STORED ENERGY AND DAMPING FEATURE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The invention pertains to the field of tensioners. More particularly, the invention

pertains to a tensioner with stored energy.

DESCRIPTION OF RELATED ART

During the operational lifetime of a chain or belt, the chain or belt elongates,
causing an increase in slack, and the chain or belt is also subject to variations in tension,
both of which reduce the operational efficiency and may cause loss of control. A tensioner
is used to contact a strand of the chain or belt to maintain tension in the strand during

operation of the chain or belt.

U.S. Patent No. 7,901,309, entitled “Tensioner for a Timing Chain” and issued
March &, 2011 to Lehtovaara et al., discloses a tensioner with a base plate and a pivot arm.
One end of the pivot arm is pivotally mounted to the base plate for rotation about a first
axis. A spring biases the pivot arm to rotate in a tensioning direction. A push rod assembly
is pivotally mounted to the other end of the pivot arm. The push rod assembly is rotatable
about a second axis extending parallel to the first axis. The push rod assembly frictionally
engages the pivot arm, generating frictional forces counteracting and damping the spring
bias. When the tensioning guide is forced to rotate in the tensioning direction, the acting
moment arm of the push rod, causes the guide to rotate towards the endless drive. The
acting moment arm is considerable longer at the end of the tensioning stroke than in the

beginning of the stroke.

U.S. Patent No. 8,052,559, entitled “Tensioner with Two Way Damper” and issued
November 8, 2011 to Wigsten et al., discloses a tensioner for a power transmission system
with two tensioning arms operatively engaged with the strand of the chain or the belt of
the power transmission system. The upper end of each tensioning arm is connected to a

two way damper, which is pivotally mounted between the upper ends of the tensioning
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arms. When a pre-determined chain tension overload threshold is reached, the damper
allows the tensioner to adjust the tension in the chain with minimal oscillations and
minimal phase change variation. The tension overload threshold is the amount of torque

required to overcome the coefficient of friction.

The above-mentioned references are hereby incorporated by reference herein.

SUMMARY OF THE INVENTION

A tensioner uses a low rate torsion spring in a first stage and a high rate torsion
spring in a second stage to maintain tension in a chain or belt. The first stage is connected
to the second stage by a torque coupling. The high rate torsion spring is maintained in an
energized state between a ground and a dead stop to store energy and to provide tension
under high loads. In some embodiments, the torque coupling is a damper. In other

embodiments, the torque coupling is a clutch.

In some embodiments, a tensioner includes a first stage, a torque coupling, and a
second stage. The first stage includes an arm and a low rate torsion spring. The arm
includes an arm body and a first ground. The arm body has a first end extending outwardly
from a second end pivotable around a pivot axis and receives torque applied by a load
from a chain or belt. The first ground extends from the arm body parallel to the pivot axis.
The low rate torsion spring is mounted around the pivot axis and has a first end contacting
the first ground to resist rotation of the arm in a first direction around the pivot axis. The

torque coupling is mounted around the pivot axis and receives torque from the first stage.

The second stage receives torque transmitted by the torque coupling. The second
stage includes a second stage housing, a high rate torsion spring, a dead stop, and a second
ground. The second stage housing is rotatable about the pivot axis and has a spring trap.
The high rate torsion spring is rotatable with the second stage housing. The high rate
torsion spring has a first end extending through the spring trap and a second end opposite
the first end. The dead stop is non-rotatable with respect to the pivot axis, extends parallel
to the pivot axis, and contacts the first end of the high rate torsion spring when no load is
being applied to the arm by the chain or belt. The second ground is non-rotatable with

respect to the pivot axis, extends parallel to the pivot axis, and contacts the second end of
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the high rate torsion spring when no load is being applied to the arm by the chain or belt.
The high rate torsion spring is held in an energized state by the dead stop and the second

ground when no load is being applied to the arm by the chain or belt.

In some embodiments, a method of storing energy in a high rate torsion spring of a
tensioner includes mounting the high rate torsion spring on a second stage housing of the
tensioner such that a first end of the high rate torsion spring extends through a spring trap
of the second stage housing. The method also includes energizing the high rate torsion
spring and pinning the first end of the high rate torsion spring in contact with a dead stop,
non-rotatable with respect to the pivot axis and extending parallel to the pivot axis, and the
second end of the high rate torsion spring in contact with a second ground, non-rotatable
with respect to the pivot axis and extending parallel to the pivot axis, such that the high
rate torsion spring is held in an energized state by the dead stop and the second ground

when no load is being applied to the arm by the chain or belt.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic perspective view of portions of an assembly for a rotational

tensioner in an embodiment of the present invention.

Fig. 2 shows a schematic cross sectional view through the pivot axis of the assembly of

Fig. 1.

Fig. 3 shows a schematic perspective view of portions of an assembly for a rotational

tensioner in another embodiment of the present invention.
Fig. 4 shows a schematic top view of the assembly of Fig. 3.

Fig. 5 shows a schematic perspective view of an assembly for a rotational tensioner in

another embodiment of the present invention.

Fig. 6 shows a schematic cross sectional view of the assembly of Fig. 5 through line 6-6 of

Fig. 7.

Fig. 7 shows a schematic end view of the assembly of Fig. 5.
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DETAILED DESCRIPTION OF THE INVENTION

A rotational mechanical tensioner may be used to maintain tension in a chain or
belt drive. The tensioner preferably includes a first stage and a second stage. The first
stage acts to take up slack using a low rate torsion spring. The second stage acts against
high load inputs from the chain or belt drive using a high rate torsion spring. The high rate
torsion spring has a spring rate greater than the spring rate of the low rate torsion spring.
The spring rate of the high rate torsion spring is preferably about an order of magnitude
greater than the spring rate of the low rate torsion spring. In some embodiments, the spring
rate ratio of the high rate torsion spring to the low rate torsion spring is in the range of 8:1
to 12:1. In some embodiments, the spring rate ratio is about 10:1. The two stages pivot
about a common axis and are connected by a torque coupling. In some embodiments, the
torque coupling is a clutch. In some embodiments, the clutch is a slip clutch. In other
embodiments, the clutch is a non-slip clutch. In other embodiments, the torque coupling is
a damper. In some embodiments, the damper is a slip damper. In other embodiments, the

damper is a non-slip damper.

A one-way bearing locks when load is applied by the chain or belt drive, thereby
allowing the load to be transmitted from the first stage to the second stage through the
clutch or damper. The spring on the second stage is held in an energized state between
ground and a dead stop. When torque from the chain or belt drive exceeds the high rate
torsion spring torque, the second stage rotates the spring off the dead stop, increasing
tensioning force. When torque from the chain or belt drive is less than the high rate torsion
spring torque, no energy is transmitted by the high rate torsion spring. In such
embodiments, the high rate torsion spring does not transmit load through to the chain or
belt drive except in response to high drive loads. Damping is preferably provided by
friction during slip under very high loads and by hysteresis damping under all loads. In
some embodiments, tension from the chain or belt drive is transmitted through a tensioner

arm to a lift arm of the damper.

Referring to Fig. 1 and Fig. 2, the assembly 10 includes a first stage 20 and a
second stage 30 coupled together by a clutch assembly 40. In this embodiment, the first
and second stages 20, 30 are in a stacked configuration, with the first stage 20 being

stacked on top of the second stage 30 with respect to the pivot axis, with the clutch
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assembly 40 located between the two stages on the pivot axis. The first stage 20 includes a
washer 21, a one-way bearing 22, a lift arm 23, a low rate spring ground 24, and a low rate
torsion spring 25. The washer 21 is preferably coated with polytetrafluoroethylene. The
first stage 20 is attached by a bolt (not shown) to the clutch assembly 40 through a central
opening 26 in the first stage 20.

The second stage 30 includes a housing 31 with an annular cylindrical chamber 32
receiving a high rate torsion spring 33. The second stage 30 also includes a spring trap 34
in the wall of the housing 31 and a clearance window 35 in the wall of the housing 31 for
biasing the high rate spring 33 to ground. The second stage 30 housing 31 rotates on a pin
or bolt (not shown) extending into a central opening 36 in the second stage 30. The high
rate spring ground (not shown) and the dead stop (not shown) for the high rate spring 33

are preferably mounted to the non-rotating surface to which the tensioner is mounted.

The clutch 42 transmits torque from the first stage 20 to the second stage 30 at
torques below a torque required to cause the clutch to slip. Although not shown in Fig. 1
and Fig. 2, the high rate spring ground and the dead stop are preferably located in a
manner similar to that shown in Fig. 3 or Fig. 7, operate in a manner similar to that
described with respect to Fig. 7, and may be located directly on a mounting surface or on a

mounting plate as shown in Fig. 3.

Referring to Fig. 3 and Fig. 4, the assembly 50 includes a first stage 60 and a
second stage 70 coupled together by a damper assembly 80. In this embodiment, the first
and second stages are in a concentric configuration, with the first stage 60 being farther
from the pivot axis than the second stage 70, with the damper assembly 80 located radially
between the two stages. The first stage 60 includes a one-way bearing 62, a lift arm 63, a

low rate spring ground 64, and a low rate torsion spring (not shown).

The second stage 70 includes a housing 71 with an annular cylindrical chamber 72
receiving a high rate torsion spring (not shown). The second stage 70 also includes a
spring trap 74 in the wall of the housing 71. A bearing or pivot 75 allows the second stage
70 to rotate with respect to a mounting plate 76, which includes mounting holes 79 for
mounting the mounting plate 76 to a surface (not shown). The mounting plate 76 includes

a high rate spring ground 77 and a dead stop 78 for the high rate torsion spring.
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The damper assembly 80 includes a damper 82 and a damper race 84 and transmits
torque from the first stage 60 to the second stage 70 at torques below a torque required to
cause the damper assembly 80 to slip. The damper 82 is preferably made of an elastomeric
material. In some embodiments, the elastomeric material is an ethylene vinyl acetate
(EVA), an acsium alkylated chlorosulfonated polyethylene (ACSM), a polyacrylate
(ACM), an ethylene/acrylic (EEA), a fluoroelastomer (FKM), a polychloroprene (CR), an
epichlorohydrin ethylene oxide (EEO), a nitrile (NBR), a hydrogenated nitrile rubber
(HNBR), a silicone (MQ), a fluorosilicone (FVMQ), a chlorosulfonated polyethylene
(CSM), or a perfluoroclastomer (FFKM). Although not shown in Fig. 3 and Fig. 4, the low
rate spring and high rate spring are preferably located in a manner similar to that shown in

Fig. 2 or Fig. 7 and operate in a manner similar to that described with respect to Fig. 7.

Referring to Fig. 5, Fig. 6, and Fig. 7, the assembly 110 includes a first stage 120
and a second stage 130 coupled together by a clutch assembly 140. In this embodiment,
the first and second stages 120, 130 are in a stacked configuration, with the first stage 120
being stacked on top of the second stage 130 with respect to the pivot axis, with the clutch
142 located between the two stages on the pivot axis. The first stage 120 includes a one-
way bearing 122, a lift arm 123, a low rate spring ground 124, and a low rate torsion

spring 125.

The second stage 130 includes a housing 131 with a cylindrical chamber 132
receiving a high rate torsion spring 133. The second stage 130 also includes a spring trap
134 in the wall of the housing 131 and a clearance window 135 in the wall of the housing
131 for biasing the high rate spring 133 to ground 137. The second stage 130 housing 131
rotates on a pin 136 extending through the second stage 130. The high rate spring ground
137 and the dead stop 138 for the high rate spring are preferably mounted to the non-
rotating surface to which the tensioner is mounted. The clutch 142 transmits torque from
the first stage 120 to the second stage 130 at torques below any torque required to cause

the clutch to slip.

Load from a chain or belt drive applies torque to the biasing assembly 110 in a
clockwise direction 112 for the orientation shown in Fig. 7. The torque forces the low rate
spring ground 124 against the end 127 of the low rate spring 125, which resists clockwise

rotation 112 of the lift arm 123. At low loads, the torque is not transmitted to the high rate
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spring 133. The high rate spring 133 is held in an energized state with one end 150 biased
toward the high rate spring ground 137 and the other end 151 biased toward the dead stop
138, even when no load is applied by the chain or belt. The ground 137 and the dead stop
138 may be located directly on a mounting surface or on a mounting plate as shown in Fig.

3.

For the design shown in Fig. 7, the high rate spring 133 is energized from its free
state by pushing the two ends 150, 151 away from each other, with the ground 137 and the
dead stop 138 holding the two ends 150, 151 in that energized position.

In alternative designs, a high rate spring 133 may be arranged such that the two
ends 150, 151 are at a free state angle with respect to each other such that the high rate
spring 133 is energized from its free state by squeezing the two ends toward each other,
with the ground 137 and the dead stop 138 holding the two ends in that energized position.
In such a design, the two ends 150, 151 of the high rate torsion spring 133 may form a
similar angle in the energized state as the angle shown in Fig. 7, but the ground 137 and
dead stop 138 are now located to contact the other sides of the two ends 150, 151 of the
high rate spring 133, with the first end 150 now extending from a spring trap and
contacting the dead stop and the second end 151 now extending from a clearance window

135 and contacting the ground 137.

Although a lift arm 123 is shown and is coupled to a tensioner arm to receive a
load from the tensioner arm for contacting the chain or belt is shown in Fig. 1 through Fig.
7, the tensioner arm may alternatively be formed directly without a lift arm by modifying
the shape of the extension forming the lift arm to have a sliding surface to contact a chain

or belt.

Although a housing 31, 71, 131 with walls and openings in the walls forming a
spring trap 34, 134 and a clearance window 35, 135 are shown in Fig. 1 through Fig. 7, the
housing 31, 71, 131 may alternatively be minimally formed as a plate rotatable with
respect to the pivot axis, with a pair of pins protruding from the plate to serve as the pin
trap but otherwise without walls. In such embodiments, the high rate torsion spring 33,

133 sits on top of or underneath the plate, with one end of the high rate torsion spring
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trapped between the pins, so that the high rate torsion spring rotates with the housing

around the pivot axis.

The response of the tensioner to a load depends on the torque generated by the
chain or belt drive acting on the tensioner (torque), the low rate spring torque (Trrs) of the
low rate spring 25, 125, the high rate spring torque (Turs) of the high rate spring 33, 133,
and the torque required to cause the clutch 42, 142 to slip (Slip Torque). The action of the
tensioner is described below in terms of four different operational regimes, starting from a

low Torque, increasing to a high Torque, and decreasing again to a low Torque.
State 1: Torque < Trrs

When tension in the chain or belt drive is low, the torque generated by the chain or
belt drive acting on the tensioner is less than the low rate spring torque (Trrs) of the low
rate spring 25, 125, and the lift arm 23, 123 rotates about a one-way bearing 22, 122 to
provide tension to the tensioner arm to prevent slack. The force on the lift arm 23, 123 is
provided by a low rate torsion spring 25, 125 attached to ground 24, 64, 124 on one end
and the lift arm 23, 63, 123 on the other. In this state, the second stage 30, 70, 130 is
biased against ground and does not energize the first stage 20, 70, 130 or the chain or belt

drive.
State 2: Turs > Torque > Trrs; Torque < Slip Torque

As the tension in the chain or belt drive increases, the torque generated by the
chain or belt drive acting on the tensioner becomes greater than the low rate spring torque
(Trrs) of the low rate spring 25, 125 but less than the high rate spring torque (Turs) of the
high rate spring 33, 133 and the torque required to cause the clutch or damper 42, 82, 142
to slip. The chain or belt drive forces the lift arm 23, 63, 123 backwards, away from the
chain or belt drive, which locks the one-way bearing 22, 62, 122 and transmits load
through the slip clutch/damper back to the second stage housing 30, 70, 130, which acts
against the high rate spring 33, 133. In this state, the tensioner is dynamically balanced.
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State 3: Turs < Torque; Trrs < Torque; Torque < Slip Torque

As tension in the chain or belt drive increases further, the torque generated by the
chain or belt drive acting on the tensioner exceeds the high rate spring torque (Turs) of the
high rate spring 33, 133 but is still less than the torque required to cause the clutch or
damper 42, 82, 142 to slip, and the high rate spring 33, 133 is lifted off the dead stop 78,
138. As Torque increases within this stage, the high rate spring 33, 133 winds further,
providing resistance to the Torque equal to kx , where k is the spring constant and  is the

angle of winding of the spring.
State 4: Turs < Torque; Trrs < Torque; Torque > Slip Torque

When the torque generated by the chain or belt drive acting on the tensioner goes
above the torque required to cause the clutch or damper 42, 82, 142 to slip, the clutch or
damper slips. The clutch or damper slipping returns the high rate spring 33, 133 to the
dead stop 78, 138 while simultanecously winding up the low rate spring 25, 125. In this
state, the tensioner is dynamically imbalanced. If a damper 80 or clutch 42, 142 without

slip is used, however, this state does not occur.

The lift arm 23, 123 transmits load from the tensioner arm to the tensioning
mechanism and is preferably fixed on the outside of the clutch 42, 142 or damper 80 by a

shoulder bolt and a low friction washer.

A one-way bearing 22, 62, 122 allows the lift arm 23, 63, 123 to rotate toward the
tensioner arm but locks when the tensioner arm pushes against the lift arm and is
preferably fixed to the inside of the clutch or damper 42, 82 142 and rotates about a bolt or
pin, which is fixed to the second stage housing 30, 70, 130.

The low rate spring 25, 125 biases the lift arm 23, 63, 123 and provides a low force
to index the lift arm out and biased against the tensioner arm, as the chain or belt
clongates, to bias the tensioner arm against the chain or belt without over-tensioning the

chain or belt.

A clutch assembly 40, 142 provides damping and protects against over-extension.

In some embodiments, the clutch 42, 142 may be fixed to the second stage housing 30,
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130 and is allowed to pivot freely about the bolt or pin. In essence, the clutch assembly 42,
142, includes two plates 43, 143 attached to the second stage housing 30, 130 and the lift
arm 23, 123, respectively, that are pressed together by springs so that the torque between
the first stage 20, 120 and the second stage 30, 130 is transmitted through a frictional

interface.

The second stage housing 30, 130 rotates about a fixed pin or bearing 136, which is
attached to ground 137. One end of the high rate spring 33, 133 is preferably grounded
against the housing by a spring trap 34, 134 such that the spring 33, 133 resists the rotation
of the housing 31, 131 and returns the housing to ground.

The high rate spring 33, 133 provides a reservoir of stored energy and is fixed to
ground on both ends with a predetermined pre-load. One leg of the high rate spring 33,
133 is also contained by the spring trap 34, 134 of the second stage housing 30, 130. The
ground on this end of the high rate spring 33, 133 is called the dead stop 138, because the
function of the tensioner lifts and returns the high rate spring 33, 133 to this dead stop 138.

The high rate spring 33, 133 is used to store energy. As a result of a one-way
bearing and geometry, the spring is never unwound regardless of the position of the
tensioner. Therefore, a high spring force is only generated when the chain or belt drive

inputs a high load. In this way, excessive spring load on the drive is avoided.

In some embodiments, instead of a slip clutch, a rotational damper 82 may be used.
In these embodiments, the lift arm rotates 63 about a one-way bearing 62 fixed to the
outside of the damper 82, the outside of the second stage housing 131 is fixed to the inside
of the damper, and the second stage housing 130 rotates freely about a pin 136 or bearing.
The damper 82 may be designed with slip or without slip. Also, the damper may be
constructed and placed in one of a number of different ways depending on the amount of

damping required.

In the case of low wear drives, where rotation due to wear is likely to be minimal,
the one-way bearing 62 and low rate spring may be eliminated and the lift arm 63 may be
connected directly to the damper 82, with the high rate spring being set to provide a

predetermined pre-load.
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In the case of torsionally inactive drives, the damper/slip clutch may be eliminated
so that any damping is incidental and the tensioner operates as a sprung mechanical

tensioner.

The tensioner stores spring force in the high rate spring without transmitting it to
the drive. Therefore, pre-load and tensioner force may be much lower without sacrificing
control. This results in higher efficiency operation, i.e. lower frictional losses, compared to

conventional tensioners.

Accordingly, it is to be understood that the embodiments of the invention herein
described are merely illustrative 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 themselves recite those features regarded as essential to the

invention.
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What is claimed is:
1. A tensioner comprising:
a first stage (20, 60, 120) comprising:

an arm (23, 63, 123) comprising a body having a first end extending outwardly
from a second end pivotable around a pivot axis, the body receiving
torque applied by a load from a chain or belt, and a first ground (24, 64,
124) extending from the body parallel to the pivot axis; and

a low rate torsion spring (25, 125) mounted around the pivot axis and having a
first end contacting the first ground (24, 64, 124) to resist rotation of the

arm in a first direction around the pivot axis;

a torque coupling (40, 80, 140) mounted around the pivot axis and receiving torque

from the first stage (20, 60, 120); and

a second stage (30, 70, 130) receiving torque transmitted by the torque coupling (40,
80, 140), the second stage comprising:

a second stage housing (31, 71, 131) rotatable about the pivot axis, the second

stage housing having a spring trap (34, 74, 134);

a high rate torsion spring (33, 133) rotatable with the second stage housing (31,
71, 131), the high rate torsion spring having a first end (151) extending
through the spring trap (34, 74, 134) of the second stage housing (31, 71,
131) and a second end (150) opposite the first end (151);

a dead stop (78, 138), non-rotatable with respect to the pivot axis, extending
parallel to the pivot axis, and contacting the first end (151) of the high rate
torsion spring (33, 133), when no load is being applied to the arm (23, 63,
123) by the chain or belt; and

a second ground (77, 137), non-rotatable with respect to the pivot axis, extending

parallel to the pivot axis, and contacting the second end (150) of the high
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rate torsion spring (33, 133), when no load is being applied to the arm by

the chain or belt;

wherein the high rate torsion spring (33, 133) is held in an energized state by the
dead stop (78, 138) and the second ground (77, 137) when no load is
being applied to the arm (23, 63, 123) by the chain or belt.

2. The tensioner of claim 1 further comprising a one-way bearing (22, 62, 122) between
the arm (23, 63, 123) and the torque coupling (40, 80, 140), the one-way bearing
(22, 62, 122) locking when load is applied by the chain or belt drive, thereby
allowing the load to be transmitted from the first stage (20, 60, 120) to the second
stage (30, 70, 130) through the torque coupling (40, 80, 140).

3. The tensioner of claim 1, wherein the torque coupling is a damper (80).
4. The tensioner of claim 1, wherein the torque coupling is a clutch (40, 140).

5. The tensioner of claim 1, wherein the arm (23, 63, 123) is a lift arm, the tensioner
further comprising a tensioner arm having a first end, a second end pivotally
mounted around the pivot axis and a sliding surface to contact the chain or belt,
wherein the tensioner arm is coupled to transmit torque from the load applied by

the chain or belt to the lift arm.

6. The tensioner of claim 1, wherein the arm (23, 63, 123) is a tensioner arm having a

sliding surface to contact the chain or belt.
7. The tensioner of claim 1, wherein:

the first stage (20, 60, 120) further comprises a housing wall defining the spring trap
(34, 74, 134) and a clearance window (35, 135) and defining a chamber (32,
132); and

wherein the high rate torsion spring (33, 133) is maintained in the chamber (32, 132)
of the housing of the first stage (20, 120) and the second end of the high rate
torsion spring (33, 133) extends through the clearance window (35, 135).
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8. The tensioner of claim 1, wherein the high rate torsion spring (33, 133) has a spring rate

greater than a spring rate of the low rate torsion spring (25, 125).

9. The tensioner of claim 1, wherein the torque coupling (40, 80, 140) slips, whenever an
applied torque greater than a slip torque is applied to the torque coupling (40, 80,
140) by the chain or belt through the first stage (20, 60, 120).

10. The tensioner of claim 9, wherein the slip torque is greater than a high spring torque
(Trrs) of the high rate torsion spring (33, 133) and the high spring torque (Turs) is

greater than a low spring torque (Trrs) of the low rate torsion spring (25, 125).

11. The tensioner of claim 10, wherein, when the applied torque is less than the low spring
torque (Trrs), the arm (23, 63, 123) rotates about a one-way bearing (22, 62, 122)
between the arm (23, 63, 123) and the torque coupling (40, 80, 140) to provide

tension to the chain or belt.

12. The tensioner of claim 10, wherein, when the applied torque is greater than the low
spring torque (Trrs) but less than the high spring torque (Turs), the arm (23, 63,
123) is forced back by the chain or belt drive, the torque is transmitted to the high

rate torsion spring (33, 133), and the tensioner is dynamically balanced.

13. The tensioner of claim 10, wherein, when the applied torque is greater than the high
spring torque (Turs) but less than the slip torque, the high rate torsion spring (33,
133) is lifted off the dead stop (78, 138) and winds further, providing additional

resistance.

14. A method of storing energy in a high rate torsion spring (33, 133) of a tensioner, the

method comprising the steps of:

a) mounting the high rate torsion spring (33, 133) on a second stage housing (31, 71,
131) of the tensioner such that a first end of the high rate torsion spring
extends through a spring trap (34, 74, 134) in the second stage housing (31,

71, 131), the tensioner comprising:

a first stage (20, 60, 120) comprising:
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an arm (23, 63, 123) comprising a body having a first end extending
outwardly from a second end pivotable around a pivot axis, the body
receiving torque applied by a load from a chain or belt, and a first
ground (24, 64, 124) extending from the body parallel to the pivot

axis; and

a low rate torsion spring (25,125) mounted around the pivot axis and having
a first end located to the first ground (24, 64, 124) to resist rotation of

the arm in a first direction around the pivot axis;

a torque coupling (40, 80, 140) mounted around the pivot axis and receiving

torque from the first stage (20, 60, 120); and

a second stage (30, 70, 130) receiving torque transmitted by the torque coupling
(40, 80, 140), the second stage comprising:

the second stage housing (31, 71, 131) rotatable about the pivot axis; and

the high rate torsion spring (33, 133) having the first end (151) extending
through the spring trap (34, 74, 134) of the second stage housing (31,
71, 131) and a second end (150) opposite the first end (151);

b) energizing the high rate torsion spring (33, 133) and pinning the first end (151) of
the high rate torsion spring (33, 133) in contact with a dead stop (78, 138),
non-rotatable with respect to the pivot axis and extending parallel to the pivot
axis, and the second end (150) of the high rate torsion spring (33, 133) in
contact with a second ground (77,137), non-rotatable with respect to the pivot
axis and extending parallel to the pivot axis, such that the high rate torsion
spring (33, 133) is held in an energized state by the dead stop (78, 138) and the
second ground (77, 137) when no load is being applied to the arm (23, 63,123)
by the chain or belt.



1/4

Fig. 1

Fig. 2

| /i’//ﬁ

OO0

|I
4
O|: 42

30

33

36



WO 2016/028730 PCT/US2015/045617

2/4

Fig. 3




000000000000000000000000000000




WO 2016/028730 PCT/US2015/045617

4/4
: 110
Fig. 6 /
122
\ i
151 125 AN ]
N H=
B \ | L
\
- = = 127 1%
138 | | | | 124
130
N ©
— — N .
/ / N \\
/ \ 133
B 131 / 132
142 /
136
140
110
Fig. 7 122 /
131
123
//
134
151 /—\ 127
7 \@ 6
138 U
125
112 135
133

137 150



ATIONAL SEARC (8) International application No.
[NTERRATIONAL SEARCH REPORT PCT/US2015/045617

A. CLASSIFICATION OF SUBJECT MATTER
F16H 7/08(2006.01)i, F16H 7/10(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F16H 7/08, F16H 7/10; F16H 7/12

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢eKOMPASS(KIPO internal) & Keywords: tensioner, arm, dual spring, spring constant, and clutch

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2011-002718 A1l (THE GATES CORPORATION) 06 January 2011 1-14
See paragraphs [0026], [0029]-10032] and figures 5, 7.

A US 2011-0256969 A1 (FRANKOWSKI et al.) 20 October 2011 1-14
See paragraphs [0021]1-[0032] and figures 1-5.

A US 6264578 Bl (AYUKAWA, KAZUMASA) 24 July 2001 1-14
See column 4, line 25 - column 5, line 54 and figures 2, 3.

A US 4826471 A (USHIO, K0ZO) 02 May 1989 1-14
See column 3, line 12 - column 4, line 33 and figure 2.

A US 5620385 A (CASCIONALE et al.) 15 April 1997 1-14
See column 5, line 32 - column 7, line 43 and figures 2, 3.

. . . . N7 .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
15 October 2015 (15.10.2015) 16 October 2015 (16.10.2015)
Name and mailing address of the ISA/KR Authorized officer e
International Application Division s\\i i\\_}\‘\ X

& Korean [ntellectual Property Office
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140 Telephone No.  +82-42-481-3360
Form PCT/ISA/210 (second sheet) (January 2015)

LEE, Jong Kyung




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/045617
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2011-002718 Al 06/01/2011 CA 2764772 Al 06/01/2011
CA 2764772 C 17/12/2013
CN 102472372 A 23/05/2012
CN 102472372 B 04/03/2015
EP 2449287 Al 09/05/2012
EP 2449287 Bl 11/12/2013
JP 05364205 B2 11/12/2013
JP 2012-530235 A 29/11/2012
US 2010-0331127 Al 30/12/2010
US 8092328 B2 10/01/2012
US 2011-0256969 Al 20/10/2011 CA 2792307 Al 27/10/2011
CN 102859233 A 02/01/2013
EP 2561250 Al 27/02/2013
JP 2013-525698 A 20/06/2013
KR 10-2013-0061137 A 10/06/2013
US 2014-0014458 Al 16/01/2014
US 8613680 B2 24/12/2013
WO 2011-130833 Al 27/10/2011
US 6264578 Bl 24/07/2001 CA 2282970 Al 22/03/2001
CA 2282970 C 08/07/2003
DE 69902424 T2 24/04/2003
EP 0967412 A2 29/12/1999
EP 0967412 A3 23/08/2000
EP 0967412 Bl 07/08/2002
JP 02951321 B1 20/09/1999
JP 2000-018346 A 18/01/2000
US 4826471 A 02/05/1989 JP 02-048776 B2 26/10/1990
JP 63-308259 A 15/12/1988
US 5620385 A 15/04/1997 EP 0709595 Al 01/05/1996
EP 0709595 B1 25/08/1999
JP 08-210446 A 20/08/1996

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

