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OVER-RUNNING DECOUPLER WITH
TORQUE LIMITER

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 61/108,600 filed Oct. 27, 2008, the
disclosure of which 1s hereby incorporated by reference as 1f
tully set forth in detail herein.

INTRODUCTION

The present disclosure generally relates to drive systems
in which rotary power 1s transmitted between a source of
rotary power and one or more driven components and an
over-running decoupler 1s employed to dampen fluctuations
in the torsional load transmitted from the source of rotary
power to the driven component, as well as to permit one or
more of the driven components to be decoupled from and
re-coupled to the source of rotary power to reduce or
climinate torsional loads occurring as a result of deceleration
of the source of rotary power relative to the driven compo-
nent. More particularly, the present disclosure relate to a
method for inhibiting a resonant condition in an over-
running decoupler.

It 1s known to provide an over-running decoupler in a
drive system to permit one or more driven components in the
drive system to decouple to reduce or eliminate torsional
loads occurring as a result of the deceleration of a source of
rotary power relative to the driven component. Exemplary
over-running decouplers are disclosed 1 U.S. patent appli-

cation Ser. Nos. 10/519,591, 10/542,625, 10/572,128 and
10/581,097 and employ Ser. Nos. 10/519,591, 10/542,625,
10/5°72,128 and 10/381,097 and employ a torsionally resil-
ient coupling between a decoupler mput member and a
decoupler output member.

We have noted that operation of an over-runming decou-
pler under some load conditions can cause the torsionally
resilient coupling of the over-running decoupler to vibrate at
a natural frequency (1.e., resonate), which can significantly
reduce the operating life of the over-running decoupler.
Resonance 1n the torsionally resilient coupling may be
brought about through the torsional load produced by a
driven accessory, through torsional vibrations input to the
drive system from a source of rotary power or combinations
thereol. Accordingly, there remains a need in the art for a
method for attenuating or inhibiting resonance 1n an over-
running decoupler, as well as for an over-running decoupler
that can attenuate or inhibit resonance in the torsionally
resilient coupling located between the decoupler input mem-
ber and the decoupler output member.

SUMMARY

In one form, the present teachings provide a method for
producing an over-running decoupler that 1s configured to
transmit rotary power between a rotary member and a hub.
The over-running decoupler includes a one-way clutch hav-

5

10

15

20

25

30

35

40

45

50

55

60

65

2

ing a clutch spring, a carrier that 1s coupled to the clutch
spring and at least one spring that resiliently couples the
carrier to the hub. The method includes: establishing a
desired fatigue life of the at least one spring; establishing a
design deflection of the at least one spring during resonance,
wherein deflection of the at least one spring at the design
deflection during resonance does not reduce a fatigue life of
the at least one spring below the desired fatigue life; and
preventing resonance in the over-running decoupler by
controlling a maximum deflection of the at least one spring
such that the maximum detlection 1s less than or equal to the
design detlection.

In another form, the teachings of the present disclosure
provide a method for operating a drive system having an
endless power transmitting element and an over-running
decoupler. The over-running decoupler includes a hub, a
rotary member and a one-way clutch between the hub and
the rotary member. The one-way clutch includes a carrier, a
clutch spring and one or more springs disposed between the
carrier and the hub. The clutch spring has a first end, which
1s engaged to the carrier, and 1s configured to be drivingly
coupled to the rotary member. The method includes: oper-
ating the drive system under a first set of operating condi-
tions to cause coupling of the clutch spring to the rotary
member to facilitate transmission of torque through the
over-running decoupler; and decoupling the over-running
decoupler 1n response to deflection of the at least one spring
by an amount that 1s greater than or equal to a predetermined
spring deflection. The predetermined spring deflection 1s
selected to 1nhibit onset of a resonant condition 1n the at least
one spring.

In a further form, the teaching of the present disclosure
provide a method for producing an over-running decoupler
that 1s configured to transmit rotary power between a rotary
member and a hub. The over-running decoupler includes a
clutch having a clutch spring, a carrier that 1s coupled to the
clutch spring and at least one spring that resiliently couples
the carrier to the hub. The method includes: establishing a
desired fatigue life of the at least one spring; establishing a
design torque that may be, transmitted through the at least
one spring during resonance, wherein transmission of the
design torque through the at least one spring during reso-
nance does not reduce a fatigue life of the at least one spring
below the desired fatigue life; and preventing resonance in
the over-running decoupler by controlling a maximum
torque transmitted through the decoupler such that the
maximum torque 1s less than or equal to the design torque.

In yet another form, the present teachings provide an
over-running decoupler having a rotary member, a hub, a
one-way clutch that 1s disposed between the hub and the
rotary member, and a resonance-inhibiting clutch. The one-
way clutch includes a spring carrier, a helical wrap spring
and a torsionally resilient coupling between the spring
carrier and the hub. The helical wrap spring includes a
plurality of coils that are engaged to the rotary member, a
first end and a second end. The first end of the helical wrap
spring 1s drivingly engaged to the spring carrier. The reso-
nance-mhibiting clutch 1s configured to cause the one-way
clutch to disengage the rotary member when a deflection of
the torsionally resilient coupling exceeds a predetermined
deflection.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure, 1ts application and/or uses 1n
any way.
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BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for illustration pur-
poses only and are not mtended to limit the scope of the
present disclosure in any way. Similar or identical elements
are given consistent identifying numerals throughout the
various figures.

FIG. 1 1s a schematic illustration of the front of an engine
with a front engine accessory drive system that employs an
over-running decoupler constructed in accordance with the
teachings of the present disclosure, the over-running decou-
pler being employed to transmit rotary power to an alterna-
tor;

FI1G. 2 1s a schematic 1llustration of the front of an engine
with a front engine accessory drive system that employs an
over-running decoupler constructed in accordance with the
teachings of the present disclosure, the over-running decou-
pler being employed to transmit rotary power from the
crankshaft of the engine to an endless power transmitting
element;

FIG. 3 1s a perspective, partly cut-away view of the
over-running decoupler of FIG. 1;

FIG. 4 1s an exploded perspective view of a portion of the
over-running decoupler of FIG. 1;

FIG. 5 1s a partial plan view of a portion of the over-
running decoupler of FIG. 1, illustrating an exemplary
configuration of a portion of a clutch spring carrier;

FIG. 6 1s a plan view of a portion of the over-runming
decoupler of FIG. 1, illustrating an exemplary configuration
of the hub:;

FIGS. 7 and 8 are perspective views of a portion of the
over-running decoupler of FIG. 1, 1llustrating the resonance-
inhibiting clutch 1n an mmoperative condition and an opera-
tive condition, respectively;

FI1G. 9 1s a graph with plots depicting several operational
characteristics associated with the operation of an alternator
with a prior over-running decoupler;

FIG. 10 1s a graph with a plot depicting a rotational
displacement of the pulley and hub of the prior over-running
decoupler;

FI1G. 11 1s a graph with plots depicting several operational
characteristics associated with the operation of an alternator
with the over-running decoupler of FIG. 1; and

FIG. 12 1s a graph with a plot depicting a rotational
displacement of the rotary member and hub of the over-
running decoupler of FIG. 1.

DETAILED DESCRIPTION

With reference to FIG. 1 of the drawings, an over-runming,
decoupler constructed in accordance with the teachings of
the present disclosure 1s generally indicated by reference
numeral 10. The particular over-running decoupler 10 illus-
trated 1s particularly suited for use with a driven device 12,
such as an alternator or a supercharger, 1n a drive system 14
that employs an endless power transmitting element 16, such
as a belt or a chain, from a source of rotary power 18, such
as an engine or a transmission. Those of skill 1n the art will
appreciate that the over-runming decoupler 10 could be
configured for use in another type of drive system (e.g., a
drive system employing gears) and/or that the over-running
decoupler 10 could be employed to transmit rotary power
from a drive shaft 20 into the drive system as shown 1n FIG.
2. Accordingly, it will be appreciated that the teachings of
the present disclosure have application in a crankshaft
decoupler, similar to those which are disclosed in U.S. patent

application Ser. Nos. 10/572,128 and 10/542,625, the dis-
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4

closures of which are hereby incorporated by reference as 1f
fully set forth in detail herein.

With reference to FIGS. 3 and 4, the over-running decou-
pler 10 can include a one-way clutch 30, a rotary member
32, a hub 34, and a resonance-nhibiting clutch 36. Except
as described herein, the one-way clutch 30, the hub 34 and
the rotary member 32 can be configured in the manner
described 1 U.S. patent application Ser. Nos. 10/519,591
and/or 10/542,625.

The one-way clutch 30 can comprise a resilient torque
transmitting coupling 40, a clutch spring carrier 42 and a
clutch spring 44. The resilient torque transmitting coupling
40 1s configured to torsionally resiliently couple the clutch
spring carrier 42 and the hub 34 and can comprise one or
more springs. In the particular example provided, the resil-
ient torque transmitting coupling 40 comprises a single
helical torsion spring 46 that 1s disposed concentrically
about the rotary axis 48 of the over-running decoupler 10,
but 1t will be appreciated that other torsionally-compliant
couplings could be employed, such as two or more arcuate
coil compression springs as disclosed 1n U.S. patent appli-
cation Ser. No. 10/572,128. The torsion spring 46 can be
formed of an appropriate spring wire with a desired cross-
sectional shape (e.g., round, square, rectangular) and can
have ends that can be ground or unground. In the particular
example provided the torsion spring 46 has closed ends 50
that are not ground.

With reference to FIGS. 4 and 5, the clutch spring carrier
42 can be torsionally coupled to the resilient torque trans-
mitting coupling 40, as well as engaged to the clutch spring
44. In the particular example provided, the clutch spring
carrier 42 comprises a helical raceway 52, which 1s config-
ured to abut a corresponding one of the ends 50 of the torsion
spring 46, an abutment 54, and a clutch spring groove 56.
The abutment 54 can be configured to abut an axial end face
58 of the wire that forms the torsion spring 46 when the end
50 of the torsion spring 46 i1s abutted against the helical
raceway 52. The clutch spring groove 56 can extend from an
outer circumierential surface 60 of the clutch spring carrier
42 1nto a radially interior portion of the clutch spring carrier
42 and can terminate at a clutch spring abutment 62.

The clutch spring 44 can be formed of a spring wire
material and can comprise a first end 66, a second end 68 and
a plurality of helical coils 70 between the first and second
ends 66 and 68. The spring wire material can have a desired
cross-sectional shape, such as square, rectangular or round,
and can be uncoated (1.¢., bare) or coated with an appropriate
plating and/or coating. Moreover, a lubricant, such as a
grease lubricant, can be employed on the helical coils 70 of
the clutch spring 44. The first end 66 can be recerved 1nto the
clutch spring groove 56 1 an axial direction and can
cooperate with the clutch spring groove 56 such that the first
end 66 1s retained to the clutch spring carrier 42 1n radial and
circumfierential directions. Moreover, an axial end 72 of the
wire that forms the first end 44 can abut the clutch spring
abutment 62 so that rotary power may be transmitted
between the spring carrier 42 and the clutch spring 44 (1.¢.,
from the spring carrier 42 to the clutch spring 44 or from the
clutch spring 44 to the spring carrier 42) via contact between
the clutch spring abutment 62 and the axial end 72 of the first
end 66.

Returning to FIGS. 3 and 4, the rotary member 32 can
have an external surface 80, which 1s shaped or otherwise
configured to transmit rotary power 1 a particular drive
system, and an internal cylindrical surface 82. In the
example provided, the rotary member 32 1s a pulley with an
external surface that 1s configured to engage a poly-vee bellt,
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but 1t will be appreciated that the rotary member 32 could be
configured with a different pulley configuration, or with the
configuration of a roller, a friction roller, a sprocket or a gear,
for example. The internal cylindrical surface 82 can be sized
to Irictionally engage the helical coils 70 of the clutch spring
44. In the particular example provided, the helical coils 70
of the clutch spring 44 engage the internal cylindrical
surtace 82 with an interference {it.

With reference to FIGS. 4 and 6, the hub 34 can be
torsionally coupled to the resilient torque transmitting cou-
pling 40 and can include a head or flange portion 90 and a
shank portion 92. In the particular example provided, the
flange portion 90 comprises a helical raceway 100, which 1s
configured to abut a corresponding one of the ends 50 of the
torsion spring 46 and an abutment 102 that can be configured
to abut an axial end face 104 of the wire that forms the
torsion spring 46 when the end 50 of the torsion spring 46
1s abutted against the helical raceway 100. The shank portion
92 can be configured to be coupled to an mput member of
a driven accessory 12 (FIG. 1) or to an output member 16
(FIG. 1A) of a source of rotary power through any appro-
priate means, such as an interference {it, a mating spline or
toothed geometry, threads, threaded fasteners, keys, etc.,
such that the hub 34 will rotate with the input member of the
accessory or the output member of power source. The hub 34
may include one or more features that aid in the installation
of the over-running decoupler 10, such as a hex recess 108
that can be employed to hold or turn the hub 34 relative to
the input member of the accessory or the output member of
power source. The shank portion 92 can be received through
the one-way clutch 30 such that the clutch spring carrier 42
1s rotatably disposed thereon.

A thrust washer 110 can be fixedly coupled to the shank
portion 92 to axially retain the one-way clutch 30 to the hub
34. In the particular example provided, the thrust washer 110
can also maintain the torsion spring 46 in an axially com-
pressed state. The thrust washer 110 and the clutch spring
carrier 42 can be configured to cooperate with one another
as 1s disclosed 1n U.S. application Ser. No. 10/581,097 to
inhibit relative rotation between the helical raceway 52
(FIG. 5) of the clutch spring carrier 42 and the correspond-
ing end 50 of the torsion spring 46.

Bearings and/or bushings can be employed to rotatably
support the rotary member 32 on the hub 34. In the particular
example provided, a bushing 120 can be disposed between
the flange portion 90 and the rotary member 32, while a
sealed or unsealed bearing assembly 122 employing bearing
balls or rollers can be disposed between the shank portion 92
and the rotary member 32. One or more seals or shields 124
can also be provided between the rotary member 32 and the
shank portion 92 to inhibit the ingress of dust, debris and
moisture nto the interior of the over-runming decoupler 10,
as well as to inhibit the egress of any lubricant on the helical
coils 70 of the clutch spring 44 from the interior of the
over-running decoupler 10.

With renewed reference to FIGS. 3 and 4, when rotary
power 1s to be transmitted through the over-running decou-
pler 10, relative rotation between the rotary member 32 and
the hub 34 1n a first rotational direction tends to cause the
clutch spring 44 to uncoil such that 1ts outer circumierential
surface 130 grippingly engages the internal cylindrical sur-
face 82 of the rotary member 32 to thereby enable the
transmission of rotary power through the over-runming
decoupler 10. If the rotational nertia of an object (1.e., the
driven accessory in FIG. 1 or the drive system 1n FIG. 2) 1s
suiliciently high to cause relative rotation between the rotary
member 32 and the hub 34 1n a second, opposite rotational
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direction by a suflicient amount, the clutch spring 44 will
tend to coi1l more tightly such that the rotary member 32 and
hub may rotate independently of one another.

The resonance-inhibiting clutch 36 can comprise any
means for disengaging the one-way clutch 30 when rotary
power 1s transmitted through the over-running decoupler 10
to limit deflection of the resilient torque transmitting cou-
pling 40. In the particular example provided, the resonance-
inhibiting clutch 36 comprises the second end 68 of the
clutch spring 44 and a clutch feature 140 formed on the
flange portion 90 of the hub 34.

The second end 68 of the clutch spring 44 can extend
away from the helical coils 70 1n a desired direction. In the
particular example provided, the second end 68 extends
parallel to the rotary axis 48 of the over-running decoupler
10 1n a tubular zone 146 defined by the helical coils 70. It
will be appreciated, however, that the second end 68 could
extend in another direction, such as radially imwardly or
radially outwardly.

The clutch feature 140 can comprise a clutch member 150
that can engage the second end 68 of the clutch spring 44 to
cause the clutch spring 44 to coil tighter and thereby
disengage the internal cylindrical surface 82 1n response to
deflection of the resilient torque transmitting coupling 40 by
a predetermined amount. In the particular example provided,
an arc-shaped window or aperture 1s formed 1n the flange
portion 90 and the clutch member 150 1s formed or defined
by a side of the aperture. The second end 68 of the clutch
spring 44 can be disposed within the aperture when rotary
power 1s transmitted through the over-running decoupler 10
and the clutch member 150 can rotate toward and away from
the second end 68 of the clutch spring 44 as deflection of the
resilient torque transmitting coupling 40 increases and
decreases, respectiully. As noted above, deflection of the
resilient torque transmitting coupling 40 at a predetermined
design deflection will result 1n contact between the clutch
member 150 and the second end 68 that causes the clutch
spring 44 to coil more tightly and thereby disengage the
rotary member 32. FIG. 7 illustrates the relative positioning
ol the second end 68 and the clutch member 150 when the
deflection of the resilient torque transmitting coupling 40 1s
at a given magnitude that 1s less than the predetermined
amount, whereas FIG. 8 illustrates the relative positioning of
the second end 68 and the clutch member 150 when the
deflection of the resilient torque transmitting coupling 40 1s
at a magnitude that 1s equal to the predetermined amount. It
will be appreciated that depending on the configuration of
the clutch spring 44 and the magnitude of the predetermined
amount of deflection of the resilient torque transmitting
coupling 40, more or less tightening (coiling) of the clutch
spring 44 may be required to cause the clutch spring 44 to
disengage the internal cylindrical surface 82 than that which
1s 1llustrated 1n FIG. 8.

With reference to FIG. 9, plots depicting various aspects
of the operation of an alternator driven through a prior art
over-running decoupler are illustrated. Plot 200 represents
the rotational speed of the pulley of the prior art over-
running decoupler as a function of time, plot 202 represents
the voltage of the alternator field as a function of time, and
plot 204 represents the rotational speed of the hub of the
prior art over-running decoupler as a function of time.
Although the testing that produced these plots was per-
formed on a test bench, it should be appreciated that the
testing was configured to simulate the driving of the alter-
nator through a front engine accessory drive of the type that
1s commonly employed in automotive vehicles. In this
regard, we note that while the change in rotational speed of
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the pulley may seem large, it should be appreciated that the
diameter of the alternator pulley 1s relatively small as
compared with the crankshait pulley so that relatively small
variances in engine rotational speed are magnified by an
amount that 1s approximately related to a ratio of the
circumierence of the crankshaift pulley to the circumierence
of the alternator pulley.

Absent other torsional inputs, the prior art over-running
decoupler 1s configured to attenuate the eflect on the hub of
the oscillation 1n the speed of the pulley and as such, one
would have expected the rotational speed of hub to have
oscillations having peak-to-peak variation of a smaller mag-
nitude than the magnitude of the peak-to-peak variation in
the rotational speed of the pulley.

In plot 202, sudden changes in the magnitude of the
alternator field voltage occur when the regulator of the
alternator switches off or on. Since the torque required to
rotate the alternator 1s related to the alternator field voltage,
the switching off and on of the alternator produces sudden
changes 1n the torsional loading of the over-running decou-
pler. The torsional vibration input to the prior over-running,
decoupler via the pulley and the torsional load nput to the
prior over-runmng decoupler via the hub combine to drive
the torsionally resilient coupling into resonance as 1s shown
in FI1G. 10, which 1llustrates the angular displacement of the
hub relative to the pulley. The dashed horizontal lines in
FIG. 10 depict the upper and lower bounds of the angular
displacement for a given cycle as being approximately 81.5
degrees over a 0.0555 second interval.

Plots depicting various aspects of the operation of an
alternator driven through the over-runming decoupler 10
(FIG. 3) are illustrated in FIGS. 11 and 12. In FIG. 11, plot
300 represents the rotational speed of the rotary member 32
(FIG. 3) as a function of time, plot 302 represents the voltage
of the alternator field as a function of time, and plot 304
represents the rotational speed of the hub 34 (FIG. 3) as a
function of time. In FIG. 12, the plot depicts the angular
displacement of the hub 34 (FIG. 3) relative to the rotary
member 32 (FIG. 3). The dashed horizontal lines in FIG. 12
depict the upper and lower bounds of the angular displace-
ment for a given cycle as being approximately 35.0 degrees
over a 0.0198 second interval. As with the above-described
example, the testing that produced these plots was per-
formed on a test bench under conditions identical to that
which were employed to generate the plots associated with
FIGS. 9 and 10. As shown 1n FIG. 12, however, the
over-running decoupler 10 (FIG. 1) 1s not 1n resonance.

With renewed reference to FIGS. 3 and 4, 1t will be
appreciated that a method 1s provided hereimn in for the
operation of a drive system having an over-running decou-
pler with a resilient torque transmitting coupling. More
specifically, the drive system can be operated under a first set
of operating conditions to cause coupling of the one-way
clutch 30 to the rotary member 32 to facilitate transmission
of torque through the over-running decoupler 10; the over-
running decoupler can be decoupled 1n response to deflec-
tion of the resilient torque transmitting coupling 40 in the
one-way clutch 30 by an amount that 1s equal to a prede-
termined deflection that 1s selected to inhibit onset of a
resonant condition in the resilient torque transmitting cou-
pling 40.

A method 1s also provided herein for producing an over-
running decoupler constructed 1n accordance with the teach-
ings ol the present disclosure (1.e., a non-resonating over-
running decoupler). The method can comprise: establishing,
a desired fatigue life of the resilient torque transmitting
coupling 40 (or the over-running decoupler 10); establishing
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a design deflection of the resilient torque transmitting cou-
pling 40; and preventing resonance in the resilient torque
transmitting coupling 40 by controlling a maximum deflec-
tion of the resilient torque transmitting coupling 40 such that
the maximum detflection experienced by the resilient torque
transmitting coupling 40 1s less than or equal to the design
deflection.

It will be appreciated that the desired fatigue life of the
resilient torque transmitting coupling 40 may be established
in any number of ways, such as through analytical means,
experiment, choice, or combinations thereof. Typically the
over-running decoupler 10 would be required to survive a
predetermined regimen or systematic plan involving a pre-
determined quantity of test or operating cycles. For example,
an over-running decoupler employed in a front engine
accessory drive of an automotive vehicle may be required to
survive a test regimen comprising a predetermined quantity
of engine starts, such as 300,000 engine starts. A more
sophisticated test regimen may include a first quantity of
engine starts, a second quantity of engine idle segments
(simulating the idling of the engine of the vehicle for a
predetermined quantity of time), a third quantity of accel-
eration segments (simulating the acceleration of the engine
of the vehicle over a predetermined quantity of time and at
a predetermined rate), and a fourth quantity of deceleration
segments (simulating the deceleration of the engine of the
vehicle over a predetermined quantity of time and at a
predetermined rate). In such situation, 1t may be desirable to
employ an analytical means, such as simulation software, to
initially design the resilient torque transmitting coupling 40,
then modity the resilient torque transmitting coupling 40 in
view ol criteria involving the cost or manufacturability of
the torque transmitting device (e.g., the decoupler assembly
10), and thereafter modily the resilient torque transmitting
coupling 40 1n response to data collected during testing.
Alternatively, the desired fatigue life may established simply
through choice, for example through the copying of a
resilient torque transmitting coupling 40 1n a non-resonating,
over-running decoupler known to have a desired fatigue life,
or the choosing of a non-resonating over-running decoupler
from one or more non-resonating over-running decouplers
based on at least one of an 1nertia of the device or devices
that are to be driven by the non-resonating over-running
decoupler and a peak torque to drive the device or devices
that are to be driven by the non-resonating over-runmng
decoupler.

The design deflection 1s a deflection that the resilient
torque transmitting coupling 40 may experience during
resonance without reducing the fatigue life of the resilient
torque transmitting coupling below the desired fatigue life.
The design deflection 1s not necessarily the maximum
deflection and may be established 1n any number of ways,
such as through analytical means, experiment, choice or
combinations thercol. For example, the design deflection
may be set or chosen at a level that 1s below the maximum
deflection that the resilient torque transmitting coupling 40
may experience during resonance without reducing the
fatigue life of the resilient torque transmitting coupling 40
below the desired fatigue life. Alternatively, the design
deflection may be established simply through choice, for
example through the copying of operational or physical
characteristics from a non-resonating over-running decou-
pler known to have a desired fatigue life.

As detlection of the resilient torque transmitting coupling
40 1s directly related to the amount of torque that 1s trans-
mitted through the resilient torque transmitting coupling 40,
it will be appreciated that the design detlection can be sized
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large enough to ensure that the component or components
receiving rotary power through the non-resonating over-
running decoupler may be driven under all circumstances.
For example, it may be desirable 1n some situations to
establish a peak torque of the device or devices that are to
receive rotary power through the non-resonating over-run-
ning decoupler and to establish that the deflection of the
resilient torque transmitting coupling 40 when transmitting
the peak torque 1s less than the design deflection.

It will be appreciated that the above description 1s merely
exemplary in nature and 1s not intended to limit the present
disclosure, its application or uses. While specific examples
have been described in the specification and 1llustrated 1n the
drawings, 1t will be understood by those of ordinary skill 1n
the art that various changes may be made and equivalents
may be substituted for elements thereof without departing
from the scope of the present disclosure as defined 1n the
claims. Furthermore, the mixing and matching of features,
clements and/or functions between various examples 1s
expressly contemplated herein so that one of ordinary skill
in the art would appreciate from this disclosure that features,
clements and/or functions of one example may be incorpo-
rated mto another example as appropriate, unless described
otherwise, above. Moreover, many modifications may be
made to adapt a particular situation or material to the
teachings of the present disclosure without departing from
the essential scope thereol. Therefore, 1t 1s mntended that the
present disclosure not be limited to the particular examples
illustrated by the drawings and described in the specification
as the best mode presently contemplated for carrying out the
teachings of the present disclosure, but that the scope of the

present disclosure will include any embodiments falling
within the foregoing description and the appended claims.

What 1s claimed 1s:

1. A method [for producing] of operating an over-running
decoupler that 1s configured to transmit rotary power
between a rotary member and a hub, [comprising: provid-
ing] wherein the decoupler includes a one-way clutch having
a wrap spring, [and] a carrier that is coupled to the wrap
spring|; providing] and at least one isolation spring that
resiliently couples the carrier to the hub; the method com-
prising:

controlling a maximum deflection of the at least one

1solation spring, wherein below the maximum detlec-
tion during relative rotation 1s a first direction between
the rotary member and the hub, the one-way clutch
couples the rotary member and the hub,

and wherein upon reaching the maximum detlection dur-

ing relative rotation in the first direction [an] a clutcl
feature, engageable with an end of the wrap spring to
cause the wrap spring to coil more tightly, engages the
end of the wrap spring [engages a limit surface on one
of the rotary member and the hub] to prevent radial
expansion of the wrap spring clutch [to] ard limit
torque transier between the rotary member and the hub,
and wherein during relative rotation 1n a second direction
between the rotary member and the hub, the one-way
clutch decouples the rotary member and the hub.

2. The method of claim 1, wherein the maximum deflec-
tion 1s selected so as not to reduce a fatigue life of the at least
one 1solation spring below a desired fatigue life.

3. The method of claim 1, wherein the maximum detlec-
tion 1s selected at least partly based on a rotational 1nertia of
at least one device that 1s driven through the over-running
decoupler.
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4. The method of claim 1, wherein the maximum deflec-
tion 1s selected at least partly based on a peak torque of one
or more devices driven through the over-running decoupler.

5. The method of claim 1, further comprising establishing,
a peak drive torque of a device that 1s to receive rotary power
from the over-running decoupler and wherein the maximum
deflection of the at least one 1solation spring 1s greater than
a deflection of the at least one 1solation spring when a torque
having a magnitude that 1s equal to the peak drive torque 1s
transmitted through the over-running decoupler.

6. A method for operating a drive system having an
endless power transmitting element and an over-running
decoupler, comprising:

providing a hub, a rotary member and a one-way clutch

between the hub and the rotary member, the one-way
clutch comprising a carrier, and a wrap spring, the wrap
spring having a first end, which 1s engaged to the
carrier, the wrap spring being configured to be driv-
ingly coupled to a radially inner surface of the rotary
member;

providing at least one 1solation spring disposed between

the carrier and the hub:;

operating the drive system under a first set of operating

conditions to cause coupling of the wrap spring to the
rotary member to {facilitate transmission of torque
through the over-running decoupler;
limiting torque transfer between the wrap spring and the
rotary member 1n response to an increasing torque
transier resulting 1 a deflection of the at least one
1solation spring by an amount that 1s greater than or
equal to a predetermined spring deflection; and

operating the drive system under a second set of operating,
conditions to cause decoupling of the wrap spring from
the rotary member to prevent transmission ol torque
through the over-running decoupler,

wherein the wrap spring has a second end on a side that

1s opposite the first end, the second end being contacted
by one of the rotary member and the hub to coil at least
a portion of the wrap spring radially inwardly away
from a radially inner surface of the rotary member to
thereby 1nitiate the decoupling of the over-running
decoupler when the amount by which the at least one
1solation spring has deflected 1s greater than or equal to
the predetermined spring deflection.

7. The method of claim 6, wherein the at least one
isolation spring comprises a helical coil spring that 1is
disposed concentrically about a rotational axis of the over-
running decoupler.

8. The method of claim 6, wherein the rotary member
comprises a pulley, a roller or a sprocket.

9. The method of claim 6, wherein the predetermined
spring deflection 1s selected to provide the at least one
1solation spring with at least a predetermined fatigue life.

10. A method [for producing] of operating an over-
running decoupler that 1s configured to transmit rotary
power between a rotary member and a hub, [comprising:
providing] wherein the decoupler includes a one-way clutch
having a wrap spring, [and] a carrier that is coupled to the
wrap spring [; providing] and at least one isolation spring
that resiliently couples the carrier to the hub; the method
COmprising:

controlling a maximum torque of the [at least one spring]

decoupler, wherein below the maximum torque during
relative rotation 1n a first direction between the rotary
member and the hub, the one-way clutch couples the
rotary member and the hub,
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and wherein upon reaching the maximum torque an end of
the wrap spring engages a [limit surtace] clutch feature
on one of the rotary member and the hub to cause the
wrap spring to coil more tightly to thereby prevent
radial expansion of the wrap spring [clutch to] arnd limit
torque transier between the rotary member and the hub,

and wherein during relative rotation 1n a second direction
between the rotary member and the hub, the one-way
clutch decouples the rotary member and the hub.

11. The method of claim 10, wherein the maximum torque
so as not to reduce the fatigue life of the at least one 1solation
spring below the desired fatigue life.

12. The method of claim 10, further comprising estab-
lishing a peak drive torque of a device that i1s to receive
rotary power from the over-running decoupler and wherein
the maximum torque that i1s transmitted through the over-
running decoupler 1s greater than the peak drive torque.

13. The method of claim 10, wherein the maximum torque
1s selected at least partly based on a rotational 1nertia of at
least one device that i1s driven through the over-running
decoupler.

14. The method of claim 10, wherein the maximum torque
1s selected at least partly based on a peak torque of one or
more devices driven through the over-running decoupler.

13. A decoupler, comprising:

a rotary driving member;

a rotary driven member coaxially mounted with the dviv-
ing member for relative votary movement therewith;

a decoupling assembly extending between the driving
member and the driven member, the decoupling assem-
bly including an isolation spring and a one-way clutch
mechanism, the isolation spring being a torsional
spring having a first end engaging one of the dviven and
driving members and a second end engaging a carrier,
and the one-way clutch mechanism including a wrap
spring having a first end engaging the carvier, a second
end, and a plurality of coils helically extending fric-
tionally engaging only the other of the driven and
driving members;

whevrein one of the driving member and the drviven mem-
ber includes a clutch feature which, upon a predeter-
mined degree of relative votation between the driving
and the driven members, is engageable with the second
end of the wrap spring to cause the wrap spring to coil
more tightly,

wherein, during velative rotation in a first divection
between the driving member and the driven member,
the wrap spring couples the rotary member and the
hub, and wherein, during relative rotation in the first
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divection the isolation spring deflects, and wherein,
when the isolation spring rveaches a maximum deflec-
tion the clutch feature engages the second end of the
wrap spring to limit engagement of the wrap spring
with the other of the driven and driving members,
thereby limiting torque transfer between the driving
member and the drviven member; and

wherein, during rvelative rotation in a second direction
between the driving member and the driven member,
the one-way clutch decouples the driving member and
the driven member.

16. A drive system having an endless power transmitting

element driving one or more accessories, comprising:

an over-running decoupler including a hub connected to
an accessory shaft, a votary member driven by the
endless power transmitting element, and an isolator
disposed between the rvotary member and the hub;

the isolator including an isolation spring, a carrier and a
one-way clutch, wherein the isolation spring has a first
end engaged with the carrier and the one-way clutch
comprises a wrap spring having a first end engaged
with the carrier, the wrap spring having a plurality of
coils engaged only with and configured to be drivingly
coupled to a radially inner clutch surface;

wherein the drive system operates under a first set of
operating conditions to cause coupling of the wrap
spring to the vadially inner clutch surface to facilitate
transmission of torque through the over-running
decoupler, wherein torque transfer between the wrap
spring and the radially inner clutch surface is limited
in vesponse to an increasing tovque transfer vesulting in
a deflection of the at least one isolation spring by an
amount that is greater than or equal to a predetermined
spring deflection, said limited torque transfer being
carried out through the wrap spring, which has a
second end on a side that is opposite the first end, the
second end being contacted by a feature on one of the
rotary member and the hub to coil at least a portion of
the wrap spring radially inwardly away from the radi-
ally inner clutch surface to theveby initiate the decou-
pling of the overrunning decoupler when the amount by
which the at least one isolation spring has deflected is
greater than orv equal to the predetermined spring
deflection; and

wherein the drive system is operated under a second set
of operating conditions to cause decoupling of the wrap
spring from the rotary member to prevent transmission
of torque through the over-running decoupler.
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