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ENDLESS DRIVE ARRANGEMENT FOR HYBRID VEHICLE USING TWO-
ARMED TENSIONER WITH NON-ORBITING ARMS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent
Application No. 62/113,302 filed February 6, 2015 and PCT Application No.
CA2015/051067 filed October 21, 2015, the contents of both of which are

incorporated herein in their entirety.

FIELD

[0002] This disclosure relates generally to the art of endless drive
arrangements, and more particularly to systems for vehicular front engine
accessory drive arrangements that include a motor/generator unit in addition to

an internal combustion engine.

BACKGROUND

[0003] Vehicular engines typically employ a front engine accessory drive,
which uses a belt to transfer power from the engine to one or more accessories,
such as an alternator, an air conditioner compressor, a water pump and various
other accessories. Some vehicles are hybrids and employ both an internal
combustion engine which drives the belt, and an auxiliary power device such as
a motor-generator unit (MGU) instead of the alternator, or such as a separate
electric drive motor in addition to an alternator. In certain situations, the auxiliary
power device is used to drive the belt, such as, for example, during a boost event
where power is transferred to the engine by the auxiliary power device through
the belt.

[0004] While hybrid vehicles are advantageous in terms of improved fuel

economy, their operation can result in higher stresses and different stresses on
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certain components such as the belt from the front engine accessory drive, which

can lead to a reduction in the operating life of these components.

[0005] Tensioning the belt in a hybrid vehicle can be difficult, particularly in
some of today’s vehicles where there is relatively little room for the tensioner.
Attention has been given in recent years to mounting a tensioner onto the MGU
itself so as to tension the belt spans immediately upstream from and downstream
from the MGU, in order to ensure that the appropriate span is tensioned
regardless of whether the MGU is driving the belt or whether the engine is driving
the belt.

[0006] Such tensioners, however, do not always perform as desired. It
would be advantageous to provide a tensioner and an endless drive arrangement
that incorporates such a tensioner, with improved performance compared to at
least tensioners that have been proposed in the past, for the front engine

accessory drive in a hybrid vehicle.

SUMMARY

[0007] In an aspect, an endless drive arrangement is provided and
includes a crankshaft pulley that is driveable by an engine, an auxiliary power
device, an endless drive member and a tensioner. The auxiliary power device
has an auxiliary power device pulley that is rotatable about an auxiliary power
device pulley axis. The auxiliary power device pulley is provided on an auxiliary
power device drive shaft that extends from an end-face of the auxiliary power
device, wherein the end-face is part of a frame for the auxiliary power device.
The endless drive member extends about the crankshaft pulley and the auxiliary
power device pulley. The tensioner includes a base that is mountable to a frame
of the auxiliary power device, a first arm, a second arm and an arm biasing
member. The first arm has a first tensioner pulley positioned to engage a first
span of the endless drive member. The first arm is pivotally mounted to the base

at a first arm pivot structure on a first side of the auxiliary power device pulley to
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cause movement of the first tensioner pulley along a first selected path over a
selected range of tensions in the first span ranging from a low tension of 100N to
a high tension that is equal to a yield strength of the endless drive member. The
second arm has a second tensioner pulley positioned to engage a second span
of the endless drive member. The second arm is pivotally mounted to the base
at a second arm pivot structure on a second side of the auxiliary power device
pulley arm to cause movement of the second tensioner pulley along a second
selected path over a selected range of tensions in the second span ranging from
a low tension of 100N to a high tension that is equal to the yield strength of the
endless drive member. The arm biasing member operatively connecting the first
arm and the second arm to one another. The first and second selected paths are
positioned such that, for any combination of tensions in the first and second
spans within the selected range of tensions the first tensioner pulley and the
second tensioner pulley remain sufficiently spaced apart from one another that
the first and second spans of the endless drive member remain spaced apart
from one another. The first and second arm pivot structures are within an area of
the end-face of the auxiliary power device from which the auxiliary power device
drive shaft extends. In another aspect, the tensioner itself is provided without the

rest of the endless drive arrangement.

[0008] In another aspect, an endless drive arrangement is provided and
includes a crankshaft pulley that is driveable by an engine, an auxiliary power
device, an endless drive member and a tensioner. The auxiliary power device
has an auxiliary power device pulley that is rotatable about an auxiliary power
device pulley axis. The auxiliary power device pulley is provided on an auxiliary
power device drive shaft that extends from an end-face of the auxiliary power
device, wherein the end-face is part of a frame for the auxiliary power device.
The endless drive member extends about the crankshaft pulley and the auxiliary
power device pulley. The tensioner includes a base that is mountable to a frame
of the auxiliary power device, a first arm, a second arm and an arm biasing
member. The first arm has a first tensioner pulley positioned to engage a first

span of the endless drive member. The first arm is pivotally mounted to the base
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at a first arm pivot structure on a first side of the auxiliary power device pulley to
cause movement of the first tensioner pulley along a first selected path over a
selected range of tensions in the first span ranging from a low tension of 100N to
a high tension that is equal to a yield strength of the endless drive member. The
second arm has a second tensioner pulley positioned to engage a second span
of the endless drive member. The second arm is pivotally mounted to the base
at a second arm pivot structure on a second side of the auxiliary power device
pulley arm to cause movement of the second tensioner pulley along a second
selected path over a selected range of tensions in the second span ranging from
a low tension of 100N to a high tension that is equal to the yield strength of the
endless drive member. The arm biasing member operatively connecting the first
arm and the second arm to one another. The first and second selected paths are
positioned such that, for any combination of tensions in the first and second
spans within the selected range of tensions the first tensioner pulley and the
second tensioner pulley remain sufficiently spaced apart from one another that
the first and second spans of the endless drive member remain spaced apart
from one another. The first tensioner pulley axis is spaced from the auxiliary
power device pulley axis by a first pulley-pulley distance, and the second
tensioner pulley axis is spaced from the auxiliary power device pulley axis by a
second pulley-pulley distance. Substantially throughout movement along the first
and second paths during operation, a ratio of the second pulley-pulley distance to
the first pulley-pulley distance is between about 0.5 and about 0.85. In another
aspect, the tensioner itself is provided without the rest of the endless drive

arrangement.

[0009] In yet another aspect, an endless drive arrangement is provided
and includes a crankshaft pulley that is driveable by an engine, an auxiliary
power device, an endless drive member and a tensioner. The auxiliary power
device has an auxiliary power device pulley that is rotatable about an auxiliary
power device pulley axis. The auxiliary power device pulley is provided on an
auxiliary power device drive shaft that extends from an end-face of the auxiliary

power device, wherein the end-face is part of a frame for the auxiliary power
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device. The endless drive member extends about the crankshaft pulley and the
auxiliary power device pulley. The tensioner includes a base that is mountable to
a frame of the auxiliary power device, a first arm, a second arm and an arm
biasing member. The first arm has a first tensioner pulley positioned to engage a
first span of the endless drive member. The first arm is pivotally mounted to the
base at a first arm pivot structure on a first side of the auxiliary power device
pulley to cause movement of the first tensioner pulley along a first selected path
over a selected range of tensions in the first span ranging from a low tension of
100N to a high tension that is equal to a yield strength of the endless drive
member. The second arm has a second tensioner pulley positioned to engage a
second span of the endless drive member. The second arm is pivotally mounted
to the base at a second arm pivot structure on a second side of the auxiliary
power device pulley arm to cause movement of the second tensioner pulley
along a second selected path over a selected range of tensions in the second
span ranging from a low tension of 100N to a high tension that is equal to the
yield strength of the endless drive member. The arm biasing member operatively
connecting the first arm and the second arm to one another. The first and
second selected paths are positioned such that, for any combination of tensions
in the first and second spans within the selected range of tensions the first
tensioner pulley and the second tensioner pulley remain sufficiently spaced apart
from one another that the first and second spans of the endless drive member
remain spaced apart from one another. The first arm and the second arm are
positionable during use to hold the first and second spans in such a way that a
radial line extending from the auxiliary power device pulley axis passes through
the first and second spans. In another aspect, the tensioner itself is provided

without the rest of the endless drive arrangement.

[0010] In yet another aspect, an endless drive arrangement is provided
and includes a crankshaft pulley that is driveable by an engine, an auxiliary
power device, an endless drive member and a tensioner. The auxiliary power
device has an auxiliary power device pulley that is rotatable about an auxiliary

power device pulley axis. The auxiliary power device pulley is provided on an
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auxiliary power device drive shaft that extends from an end-face of the auxiliary
power device, wherein the end-face is part of a frame for the auxiliary power
device. The endless drive member extends about the crankshaft pulley and the
auxiliary power device pulley. The tensioner includes a base that is mountable to
a frame of the auxiliary power device, a first arm, a second arm and an arm
biasing member. The first arm has a first tensioner pulley positioned to engage a
first span of the endless drive member. The first arm is pivotally mounted to the
base at a first arm pivot structure on a first side of the auxiliary power device
pulley to cause movement of the first tensioner pulley along a first selected path
over a selected range of tensions in the first span ranging from a low tension of
100N to a high tension that is equal to a yield strength of the endless drive
member. The second arm has a second tensioner pulley positioned to engage a
second span of the endless drive member. The second arm is pivotally mounted
to the base at a second arm pivot structure on a second side of the auxiliary
power device pulley arm to cause movement of the second tensioner pulley
along a second selected path over a selected range of tensions in the second
span ranging from a low tension of 100N to a high tension that is equal to the
yield strength of the endless drive member. The arm biasing member operatively
connecting the first arm and the second arm to one another. The first and
second selected paths are positioned such that, for any combination of tensions
in the first and second spans within the selected range of tensions the first
tensioner pulley and the second tensioner pulley remain sufficiently spaced apart
from one another that the first and second spans of the endless drive member
remain spaced apart from one another. The first span is at a lower tension than
the second span when the auxiliary power device is not supplying power to the
engine via the endless drive member and wherein the second span is at a lower
tension than the first span when the auxiliary power device is supplying power to
the engine via the endless drive member. The first tensioner pulley axis is at a
first arm pivot distance from a pivot axis of the first arm pivot structure. The
second tensioner pulley axis is at a second arm pivot distance from a pivot axis

of the second arm pivot structure. The first arm pivot distance is greater than the
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second arm pivot distance. In another aspect, the tensioner itself is provided

without the rest of the endless drive arrangement.

[0011] In yet another embodiment, a tensioner is provided for maintaining
tension in an endless drive member. The tensioner includes, a base, a first
tensioner arm and a second tensioner arm. The base is generally C-shaped and
is configured to mount to a housing of an accessory that is drivable by the
endless drive member. The first tensioner arm has a first tensioner pulley
rotatably mounted thereto. The first tensioner pulley is configured for
engagement with a first span of the endless drive member. The first tensioner
arm is pivotally mounted to the base and is biased for movement in a first free
arm direction. The second tensioner arm that has a second tensioner pulley
rotatably mounted thereto. The second tensioner pulley is configured for
engagement with a second span of the endless drive member. The second
tensioner arm is pivotally mounted to the base for movement along a second
path and is biased for movement in a second free arm direction. The base has a
mounting face that faces the housing of the accessory and an away face that is
opposite the mounting face. At least one of the first and second tensioner arms
extends outside of the base and wherein the pulley for said at least one of the
first and second tensioner arms has an accessory-facing face and an arm-facing
face that faces said at least one of the first and second tensioner arms. The

accessory-facing face is axially closer to the accessory than the away face of the

base.

[0012] In another aspect, a method of operating a tensioner is provided,
comprising:

a) driving an endless drive member via an engine and operating an

auxiliary power device in a regen mode via the endless drive member;

b) during step a), engaging a first span of the endless drive member
on a first side of the auxiliary power device with a first tensioner arm of a

tensioner and engaging a second span of the endless drive member on a second
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side of the auxiliary power device with a second tensioner arm of the tensioner,

wherein the first and second tensioner arms are connected to a biasing structure;

C) switching from the regen mode to a mode in which the endless

drive member is driven at least partially using the auxiliary power device; and

d) during said switching in step c), moving the first and second
tensioner arms, based on changes in tension in the first and second spans of the
endless drive member, wherein the second tensioner arm is moved through a

greater angular sweep than the first tensioner arm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing and other aspects of the invention will be better

appreciated with reference to the attached drawings, wherein:

[0014] Figure 1 is a plan view of an endless drive arrangement in

accordance with inventive aspects of the disclosure;

[0015] Figure 2 is a plan view of a tensioner that is part of the endless

drive arrangement shown in Figure 1;

[0016] Figure 3 is an exploded perspective view of a variant of the

tensioner shown in Figure 2;

[0017] Figure 4 is a perspective view of the variant of the tensioner shown
in Figure 3;

[0018] Figure 5 is a plan view of another variant of the tensioner shown in
Figure 2; and

[0019] Figure 6 is a plan view of yet another variant of the tensioner shown
in Figure 2.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0020] Figure 1 shows an endless drive arrangement 10 for an engine,
schematically represented by a dashed-line rectangle and shown at 12. In
embodiments wherein the engine 12 is mounted in a vehicle, the endless drive
arrangement 10 may be a front engine accessory drive. The engine 12 includes
a crankshaft 14 that has a crankshaft pulley 16 mounted thereon. The crankshaft
pulley 16 is drivable by the crankshaft 14 of the engine 12 and itself drives one or
more vehicle accessories 18 via an endless drive member 20, such as a belt.
For convenience the endless drive member 20 will be referred to as a belt 20,
however it will be understood that it could be any other type of endless drive
member. The accessories 18 may include a motor-generator unit (MGU) 18a, an
air conditioning compressor 18b, a water pump (not shown), a power steering
pump (not shown) and/or any other suitable accessory. In the layout shown in
Figure 1, the crankshaft 14 may rotate clockwise during normal operation of the
engine 12. However, in an alternative embodiment the engine 12 may be driven

to rotate counterclockwise.

[0021] In Figure 1, two accessories 18 are shown, however there could be
more or fewer accessories. Each of the driven accessories has a drive shaft 22
and a pulley 24. The MGU 18a has an MGU drive shaft 22a and an MGU pulley

24a, which together rotate about an auxiliary power device pulley axis APDA.

[0022] As can be seen in Figure 1, the belt 20 is engaged with the
crankshaft pulley 16 and the MGU pulley 24a (and the other accessory pulleys
24). Under normal operating conditions the endless drive arrangement 10 is
operable in a first mode in which the endless drive arrangement 10 may be
driven by the engine 12, and in turn drives the pulleys 24 of the accessories 18.
In the first mode, (i.e. when the MGU 18a is not supplying power to the engine12
via the belt 20), the tension in the first belt span 20a is lower than the tension in
the second belt span 20b. The MGU 18a may be operable to as an alternator in

the first mode, in order to charge the vehicle’s battery (not shown).
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[0023] The MGU 18a is also operable as a motor, wherein it drives the
MGU pulley 24a, which in turn drives the belt 20. During such events where the
MGU 18a is operated as a motor (i.e. when the MGU 18a is supplying power to
the engine 12 via the belt 20), the endless drive arrangement may be considered
to be operable in a second mode, in which the tension in the second belt span
20b is lower than the tension in the first belt span 20a. This may be during a
‘boost’ event when the engine 12 is driving the wheels of the vehicle, but
additional power is desired to supply further power to the wheels indirectly by
transferring power to the engine’s crankshaft 14 via the belt 20. Another situation
in which the MGU 18a is operated as a motor include a BAS (Belt-Alternator
Start) event, in which the MGU 18a drives the belt 20 in order to cause rotation of
the crankshaft 14, and thereby start the engine 12. Yet another situation in which
the MGU 18a is operated as a motor is an ISAF (ldle/Stop Accessory Function)
event, when the MGU 18a is used to drive the belt 20 in order to drive one or
more accessories when the engine is off (e.g. in some hybrid vehicles where the
engine is turned off automatically when the vehicle is at a stoplight or is

otherwise stopped briefly).

[0024] In the present disclosure, the span 20a of the belt 20 may be
referred to at the first belt span 20a or the simply the first span 20a, and the span
20b of the belt 20 may be referred to as the second belt span 20b or simply the

second span 20b.

[0025] It will be noted that the MGU 18a is but one example of an auxiliary
power device that can be used as a motor to drive the belt 20 for any of the
purposes ascribed above to the MGU 18a. In an alternative example, the
accessory 18a may be a separate electric motor that may be provided adjacent
to an alternator (either upstream or downstream on the belt 20 from the
alternator), wherein the electric motor may be used for driving the belt 20 when it
is desired to boost acceleration of the vehicle, in BAS operation, and/or in ISAF

operation.

10
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[0026] A tensioner 25 for the endless drive arrangement 10 is shown in
Figure 1, and in more detail in Figures 2 and 3. The tensioner 25 includes a first
tensioner pulley 26 that is configured for engagement with the first span 20a and
a second tensioner pulley 28 that is configured for engagement with the second
belt span 20b. The first tensioner pulley 26 is rotatably mounted on a first
tensioner arm 30. The second tensioner pulley 28 is rotatably mounted on a
second tensioner arm 32 (Figure 1). The first and second tensioner arms 30 and
32 are each pivotably about respective first and second tensioner arm pivot axes
APA1 and APA2. More specifically, the first and second tensioner arms 30 and
32 are mounted to a base 33 that mounts fixedly to the housing of the MGU 18a

or any other suitable stationary member.

[0027] The first and second tensioner pulleys 26 and 28 are biased in first
and second free arm directions (shown in Figure 1 at DFA1 and DFAZ2
respectively). More specifically, a tensioner biasing member 41 may be
positioned to apply a tensioner biasing force F on the first and second tensioner
arms 30 and 32 in the respective first and second free arm directions DFA1 and
DFA2.

[0028] The tensioner biasing member 41 may include a linear helical
compression spring 42 that extends between the first and second tensioner arms
30 and 32 and a strut 43. In the example shown the helical compression spring
42 surrounds the strut 43 and engages drive surfaces on the strut 43. The strut
43 is pin jointed at its two ends 43a and 43b to the first and second tensioner
arms 30 and 32, thereby enabling a spring force F to be transferred from the
spring 42 into the arms 30 and 32. The strut 43 is extensible and contractible as
needed to permit compression and extension of the helical compression spring
42. In some embodiments, the strut 43 can prevent buckling of the spring 42 to
ensure that the spring 42 remains captured between the first and second arms
30 and 32. In an embodiment shown in Figure 3, the helical compression spring

42 may directly engage end handles shown at 30a and 32a which directly form

11
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part of the first and second arms 30 and 32. In such an embodiment, no strut is

provided because the spring 42 is made sufficiently strong to avoid buckling.

[0029] In an alternative embodiment, the tensioner biasing member 41
may include a leaf spring (not shown) that abuts first and second drive surfaces
on the first and second tensioner arms 30 and 32 and urges the arms 30 and 32
to drive the first and second tensioner pulleys 26 and 28 into the belt 20. In yet
another alternative embodiment, the tensioner biasing member 41 may be any

other suitable type of biasing member.

[0030] The first and second tensioner pulleys 26 and 28 are rotatably
mounted to the first and second tensioner arms 30 and 32 respectively, for
rotation about first and second pulley rotation axes TPA1 and TPA2. In the
example shown, each pulley 26 and 28 is mounted via a bearing 44 to a shaft 45

that extends from the respective arm 30 or 32.

[0031] In the embodiment shown in Figure 2, the first tensioner arm pivot
axis APA1 is positioned between the engagement point where the tensioner
biasing member 41 applies the force F on the first tensioner arm 30 (i.e. the pin
jointed end 43a of the strut 43), and the pulley rotation axis TPA1. Similarly, the
second tensioner arm pivot axis APA2 is positioned between the engagement
point where the tensioner biasing member 41 applies the force F on the second
tensioner arm 30 (i.e. the pin jointed end 43b of the strut 43), and the pulley
rotation axis TPA2. As a result, the spring force F urges the arms 30 and 32 to
pivot about their pivot axes APA1 and APA2 to drive the pulleys 26 and 28 into
the first and second belt spans 20a and 20b.

[0032] Optionally, as shown in Figure 3, a damping structure 46 may be
provided for each of the first and second tensioner arms 30 and 32. For example,
the damping structure 46 for the arm 32 may include a first friction surface 48a
that is provided on a first bushing member 48 and is configured to engage a
corresponding second damping surface 49a on thrust member 49. A damping

biasing structure 50 is provided as part of the damping structure 46, to drive

12
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engagement of the friction surfaces 48a and 49a with the damping surfaces of
the arm 32 with a selected force that preferably remains at least generally
constant as the bushing member 48 wears by some amount. The damping
biasing structure 50 may include, for example, a plurality of Belleville washers 51,
or any include any other suitable biasing member or members. A threaded
fastener, such as a bolt with a washer (together shown at 52), passes through
the damping biasing structure 50, the arm 32, through the base shaft 53 and into
a receiving aperture on the MGU housing so as to retain the arm 32 on the base
33, while permitting pivotal movement of the arm 30. The fastener 52 engages a
thrust member 54, which engages the Belleville washers 51. A second bushing
member 56 is shown engaged with a second axial side of the arm 32. The
damping structure may be similar to that which is shown in US Patent No.
8591358, the contents of which are incorporated herein in their entirety. It will be
noted that the same damping structure may be provided for the arm 30 as is
shown and described for the arm 32. However, it is optionally possible that the
amount of damping that is provided may differ for the two arms 30 and 32. Any
other suitable mounting structure to pivotally mount the arms 30 and 32 to the
base 33 may be provided. Any other suitable damping structure may be

provided.

[0033] It is optionally possible to provide the tensioner 25 in conjunction

with an isolator (not shown) on the MGU drive shaft 22a.

[0034] Several features of the tensioner 25 may be advantageous and are

described further below.

C-shaped base with Low Profile based on pulley displacement

[0035] In an embodiment, the base 33 for the tensioner 25 may be
generally C-shaped as shown in Figures 3 and 4. The base 33 has a base body
57, and first and second mounting apertures 59 and 61 which are configured for

mounting the base 33 to corresponding apertures in the housing (shown at 62) of

13
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the MGU 18a or to another suitable member. The tensioner mounting fasteners
64 may be used to pass-through the apertures 59 and 61 and into corresponding
threaded apertures in the MGU housing 62. Only one fastener 64 is shown, for
aperture 59 — however, it will be understood that another of the fastener 64 may
be used for aperture 61. The base 33 has a mounting face 33a that faces the
housing of the accessory and an away face 33b that is opposite the mounting
face 33a. At least one of the first and second tensioner arms 30 and 32 (both in
the present case) extends outside of the base 33. The pulley 26, 28 for the at
least one of the first and second tensioner arms 30, 32 has an accessory-facing
face 66 that faces the accessory (i.e. the auxiliary power device 18a) and an
arm-facing face 68 that faces said at least one of the first and second tensioner
arms 30, 32. It will be that the accessory-facing face 66 is axially closer to the
accessory housing (i.e. the MGU 18a) than the away face 33b of the base 33.
Optionally, the accessory-facing face 66 of each pulley 26, 28 is spaced axially
farther from the away face 33b of the base 33 than is the mounting face of the
base from the away face 33b of the base 33. In other words, the plane of the
accessory-facing face 66 of the pulley 26, 28 may be axially below the plane of

the accessory-facing face 33a of the tensioner 30 and 32 in some embodiments.

[0036] By making the base 33 C-shaped and by arranging the pulleys 26
and 28 as described above, it is possible to obtain a low profile for the tensioner
25 such that the tensioner 25 can fit in certain engine arrangements where space
is tight.

Arms configured so that the belt spans never interfere with one another

[0037] An example of the tensioner 25 is shown in Figure 5. In the example
shown in Figure 5, an arcuate path P1 is shown for the first pulley 26. The
arcuate path P1 represents the path of movement of the first tensioner pulley 26
over a selected range of tensions of the belt 20, ranging from a low tension of

100N to a high tension that is equal to a yield strength of the belt 20.
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[0038] Similarly, an arcuate path P2 is shown for the second pulley 28.
The arcuate path P2 represents the path of movement of the second tensioner
pulley 28 over a selected range of tensions of the belt 20, ranging from a low

tension of 100N to a high tension that is equal to a yield strength of the belt 20.

[0039] The paths P1 and P2 may, in a non-limiting example, each
comprise an angular movement of between about 12 and about 15 degrees,

about the pivot axes APA1 or APA2 as the case may be.

[0040] The first and second selected paths P1 and P2 are positioned such
that, for any combination of tensions in the first and second spans 20a and 20b
within the selected range of tensions noted above, the first tensioner pulley 26
and the second tensioner pulley 28 remain sufficiently spaced apart from one
another that the first and second spans 20a and 20b of the endless drive
member 20 remain spaced apart from one another. This is advantageous over
many tensioners currently available for several reasons. In general, at least
some tensioners of the prior art with two arms can collide during operation.
There are several reasons for this. Due to a need to keep overall space
consumption small due to the severe space restrictions that exist underhood for
some vehicles, the pivot points for two pivoting tensioner arms of an MGU-
mounted tensioner would be generally symmetrical and would hold symmetrical
arms. To ensure that sufficient belt-wrap was achieved, however, the arms would
have to be pivoted inwards towards each other as a starting position. However,
tolerances in the belt length, in the positional relationships between the various
components and the like, can result in the pulleys (and therefore the belt spans
that they carry) being brought closer together than is desired as a starting
position. During idling or other situations where vibrations can cause the
tensioner arms to be positioned closer together than expected, the belt 20 has a
risk of being damaged by engagement of the two belt spans 20a and 20b on
either side of the MGU pulley 24a. Additionally, with the pivot axes sufficiently
close to one another that the arms have a tendency to be angled in such a way

as to not have good belt wrap. This can lead to an event called hooting, which
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can occur when the belt wrap is small while the belt tension is low, where the
belt's movement on the pulley causes rotation of the pulley. However, the radial
force on the outer race of the ball bearing that supports the pulley is so small that
the outer race turns without achieving any rotation of the balls inside the bearing,
between the outer and inner races, which can result in a noise that is referred to

hooting as it can resemble a hooting sound.

[0041] By configuring one of the arms 30 or 32 (in the example shown, the
arm 32) so that the pulley-pulley distance DPP1 or DPP2 for that arm (i.e. the
distance between the pulley axis TPA1 or TPA2 and the MGU pulley axis APDA)
is sufficiently smaller than that of the other arm 30 or 32, the paths P1 and P2
can extend in directions that result in higher belt wrap without risk of collision

between the belt spans 20a and 20b.

[0042] Put another way, the first and second paths P1 and P2 are selected
S0 as to be positioned such that, for any combination of tensions in the first and
second spans 20a and 20b within the selected range of tensions the first
tensioner pulley and the second tensioner pulley remain sufficiently spaced apart
from one another that the first and second spans 20a and 20b of the endless

drive member 20 remain spaced apart from one another.

[0043] In some embodiments, the first and second arm pivot structures are
within an area of the end-face (shown at 70 in Figures 1 and 2) of the auxiliary
power DPP2 to the first pulley-pulley distance DPP1 is between about 0.5 and
about 0.85. It has been found that by configuring the arms 30 and 32 to have a
length ratio that falls within this aforementioned range, will ensure that the
tensioner 25 performs well while inhibiting belt slip during transient events such
as a changeover to Boost mode from a Regen mode, or a changeover to a

Regen mode from a Boost mode.

[0044] The first tensioner pulley axis TPA1 is at a first arm pivot distance
DAP1 from the first arm pivot axis APA1. Similarly, the second tensioner pulley

axis TPA2 is at a second arm pivot distance DAP2 from the second arm pivot
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axis APA2. In some embodiments, the first arm pivot distance DAP1 is greater

than the second arm pivot distance DAP2.

[0045] In some embodiments, the first arm 30 and the second arm 32 are
positionable during use to hold the first and second belt spans 20a and 20b in
such a way that a radial line L (Figure 6) extending from the auxiliary power
device pulley axis APDA passes through the first and second belt spans 20a and

20b, and optionally through the first and second tensioner pulleys 26 and 28.

Second tensioner arm is configured to increase belt wrap faster than first

tensioner arm

[0046] With continued reference to Figure 5, it will be noted that one or
both of the distances DPP2 and DAPZ2 for the second tensioner arm 32 may
preferably be shorter than the corresponding distances DPP1 and DAP1 as the
case may be. This is because of the differences in how the endless drive
arrangement ramps up during a boost event relative to how it ramps up during an
engine driven event. During a boost event (or similarly, during any event where
the MGU 18a is driven as a motor to drive the belt 20 instead of or in addition to
the engine 12), the first belt span 20a increases in tension while the second belt
span 20b drops in tension. The change in tension on the belt spans 20a and 20b
is relatively fast. In order to ensure that there is no belt slip, it is beneficial to
increase the amount of belt wrap on the MGU pulley 24a relatively quickly, so
that the increased amount of belt wrap at least partially offsets the reduced belt
tension. By having a shorter pivot length the second arm 32 goes through a
greater angular change for a given amount of linear movement at the pin joint
with the biasing member 41. As a result, the second arm 32 swings inward
towards the MGU pulley 24a by a relatively large amount, thereby increasing the
belt wrap on the MGU pulley 24a by a relatively large amount. By contrast,
during a changeover from the Boost mode to a Regen mode, in which the MGU

18a is either non-operational or is operated as an alternator, the first belt span
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20a decreases in tension, while the second belt span 20b increases in tension.
However, the rate of change in tension is generally slower than the rate of
change in tension during a transition to the Boost mode. As a result, the slower
angular movement that occurs with the first tensioner arm 30 due to its longer
pivot distance DAP1 and its longer pulley-pulley distance DPP1 is acceptable for

preventing belt slip.

[0047] By contrast, some tensioners of the prior art employ additional
idlers in order to ensure that there is sufficient belt wrap on the MGU pulley to
prevent belt slip during transient events. However, it is generally undesirable to
add idlers to a belt system in a vehicle for a variety of reasons. Accordingly, it is
preferable for a belt system to be able to transition as needed to ensure that belt
slip does not occur by means of moving tensioner arms, as is the case for the
tensioner 25 shown and described herein. Thus, the endless drive arrangement

10 shown herein preferably does not include any idler pulleys.

Method of operation

[0048] In an aspect, a method of operating a tensioner such as the

tensioner 25, is provided, comprising:

a) driving an endless drive member (e.g. belt 20) via an engine (e.g.
engine 12) and operating an auxiliary power device (e.g. MGU 18a) in a regen

mode via the endless drive member:;

b) during step a), engaging a first span (e.g. span 20a) of the endless
drive member on a first side of the auxiliary power device with a first tensioner
arm (e.g. arm 30) of a tensioner (e.g. tensioner 25) and engaging a second span
(e.g. span 20b) of the endless drive member on a second side of the auxiliary
power device with a second tensioner arm (e.g. arm 32) of the tensioner, wherein
the first and second tensioner arms are connected to a biasing structure (e.g.

biasing member 41);
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C) switching from the regen mode (Figure 2) to a mode in which the
endless drive member is driven at least partially using the auxiliary power device

(as shown in Figure 5); and

d) during said switching in step c), moving the first and second
tensioner arms, based on changes in tension in the first and second spans of the
endless drive member, wherein the second tensioner arm is moved through a

greater angular sweep than the first tensioner arm.

Alternative embodiments

[0049] The endless drive arrangement 10 is shown as having the MGU
18a, the crankshaft 14 and the air conditioning compressor, however, it will be
appreciated by one skilled in the art that the endless drive arrangement 10 may
have more or fewer components that are engaged with the belt 20. For example,
the endless drive arrangement could be a ‘two-pulley’ system in which there is

only the crankshaft pulley 16 and the MGU pulley 24a (and the tensioner 25).

[0050] Other components could be driven off of a second belt (not shown)

that is driven by the crankshaft separately using a second crankshaft pulley.

[0051] While it has been shown for the tensioner pulleys 26 and 28 to
hang from the tensioner arms 30 and 32 thereby facing the MGU 18a, it will be
understood that, in some embodiments, one or both tensioner pulleys 26 and 28

may face away from the MGU 18a.

[0052] While the description contained herein constitutes a plurality of
embodiments of the present invention, it will be appreciated that the present
invention is susceptible to further modification and change without departing from

the fair meaning of the accompanying claims.
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CLAIMS

1. An endless drive arrangement, comprising:

a crankshaft pulley that is driveable by an engine;

an auxiliary power device having an auxiliary power device pulley that is
rotatable about an auxiliary power device pulley axis, wherein the auxiliary power
device pulley is provided on an auxiliary power device drive shaft that extends
from an end-face of the auxiliary power device, wherein the end-face is part of a
frame for the auxiliary power device;

an endless drive member that extends about the crankshaft pulley and the
auxiliary power device pulley; and

a tensioner that includes

a base that is mountable to a frame of the auxiliary power device;

a first arm having a first tensioner pulley positioned to engage a first
span of the endless drive member, wherein the first arm is pivotally
mounted to the base at a first arm pivot structure on a first side of the
auxiliary power device pulley to cause movement of the first tensioner
pulley along a first selected path over a selected range of tensions in the
first span ranging from a low tension of 100N to a high tension that is
equal to a yield strength of the endless drive member;

a second arm having a second tensioner pulley positioned to
engage a second span of the endless drive member, wherein the second
arm is pivotally mounted to the base at a second arm pivot structure on a
second side of the auxiliary power device pulley arm to cause movement
of the second tensioner pulley along a second selected path over a
selected range of tensions in the second span ranging from a low tension
of 100N to a high tension that is equal to the yield strength of the endless

drive member; and
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an arm biasing member operatively connecting the first arm and the
second arm to one another,

wherein the first and second selected paths are positioned such
that, for any combination of tensions in the first and second spans within
the selected range of tensions the first tensioner pulley and the second
tensioner pulley remain sufficiently spaced apart from one another that the
first and second spans of the endless drive member remain spaced apart
from one another, and

wherein the first and second arm pivot structures are within an area
of the end-face of the auxiliary power device from which the auxiliary

power device drive shaft extends.

2. An endless drive arrangement as claimed in claim 1, wherein the first and
second pivot axes are at least 60 mm away from the auxiliary power device

pulley axis.

3. An endless drive arrangement as claimed in claim 1, wherein the first span is
at a lower tension than the second span when the auxiliary power device is
not supplying power to the engine via the endless drive member and wherein
the second span is at a lower tension than the first span when the auxiliary

power device is supplying power to the engine via the endless drive member.

4. An endless drive arrangement as claimed in claim 3, wherein the first
tensioner pulley axis is at a first arm pivot distance from a pivot axis of the
first arm pivot structure, and wherein the second tensioner pulley axis is at a
second arm pivot distance from a pivot axis of the second arm pivot structure,
wherein the first arm pivot distance is greater than the second arm pivot

distance.
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5. An endless drive arrangement as claimed in claim 3, wherein the first
tensioner pulley axis is spaced from the auxiliary power device pulley axis by

a first pulley-pulley distance, and the second tensioner pulley axis is spaced
from the auxiliary power device pulley axis by a second pulley-pulley distance,
wherein, substantially throughout movement along the first and second

paths during operation, a ratio of the second pulley-pulley distance to the first

pulley-pulley distance is between about 0.5 and about 0.85.

6. An endless drive arrangement as claimed in claim 1, wherein the arm biasing

member is a helical compression spring.

7. An endless drive arrangement as claimed in claim 1, wherein the first and

second spans are free of any idler pulleys.

8. An endless drive arrangement as claimed in claim 1, wherein the first arm and
the second arm are positionable during use to hold the first and second spans
in such a way that a radial line extending from the auxiliary power device

pulley axis passes through the first and second spans.

9. An endless drive arrangement, comprising:
a crankshaft pulley that is driveable by an engine;

an auxiliary power device, having an auxiliary power device pulley that is
rotatable about an auxiliary power device pulley axis, wherein the auxiliary power
device pulley is provided on an auxiliary power device drive shaft that extends
from an end-face of the auxiliary power device, wherein the end-face is part of a

frame for the auxiliary power device;
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an endless drive member that extends about the crankshaft pulley and the
auxiliary power device pulley; and
a tensioner that includes

a base that is mountable to a frame of the auxiliary power device
having an auxiliary power device pulley that is rotatable about an auxiliary
power device pulley axis;

a first arm having a first tensioner pulley positioned to engage a first
span of the endless drive member, wherein the first arm is pivotally
mounted to the base at a first arm pivot structure on a first side of the
auxiliary power device pulley to cause movement of the first tensioner
pulley along a first selected path over a selected range of tensions in the
first span ranging from a low tension of 100 N to a high tension that is
equal to a yield strength of the endless drive member;

a second arm having a second tensioner pulley positioned to
engage a second span of the endless drive member, wherein the second
arm is pivotally mounted to the base at a second arm pivot structure on a
second side of the auxiliary power device pulley arm to cause movement
of the second tensioner pulley along a second selected path over a
selected range of tensions in the second span ranging from a low tension
of 100 N to a high tension that is equal to the yield strength of the endless
drive member; and

an arm biasing member operatively connecting the first arm and the
second arm to one another,

wherein the first and second selected paths are positioned such
that, for any combination of tensions in the first and second spans within
the selected range of tensions the first tensioner pulley and the second
tensioner pulley remain sufficiently spaced apart from one another that the
first and second spans of the endless drive member remain spaced apart
from one another,

wherein the first tensioner pulley axis is spaced from the auxiliary

power device pulley axis by a first pulley-pulley distance, and the second
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tensioner pulley axis is spaced from the auxiliary power device pulley axis
by a second pulley-pulley distance,

wherein, substantially throughout movement along the first and
second paths during operation, a ratio of the second pulley-pulley distance

to the first pulley-pulley distance is between about 0.5 and about 0.85.

10. An endless drive arrangement as claimed in claim 9, wherein the first span is
at a lower tension than the second span when the auxiliary power device is
not supplying power to the engine via the endless drive member and wherein
the second span is at a lower tension than the first span when the auxiliary

power device is supplying power to the engine via the endless drive member.

11.An endless drive arrangement as claimed in claim 10, wherein the first
tensioner pulley axis is at a first arm pivot distance from a pivot axis of the
first arm pivot structure, and wherein the second tensioner pulley axis is at a
second arm pivot distance from a pivot axis of the second arm pivot structure,
wherein the first arm pivot distance is greater than the second arm pivot

distance.

12. An endless drive arrangement as claimed in claim 9, wherein the arm biasing

member is a helical compression spring.

13. An endless drive arrangement as claimed in claim 9, wherein the first arm and
the second arm are positionable during use to hold the first and second spans
in such a way that a radial line extending from the auxiliary power device

pulley axis passes through the first and second spans.
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14. An endless drive arrangement as claimed in claim 9, wherein the first arm and
the second arm are positionable in use such that the first and second
tensioner pulleys remain sufficiently spaced apart from one another that the
first and second spans of the endless drive member remain spaced apart

from one another.

15.An endless drive arrangement as claimed in claim 9, wherein the first and

second spans are free of any idler pulleys.

16. An endless drive arrangement, comprising:
a crankshaft pulley that is driveable by an engine;

an auxiliary power device, having an auxiliary power device pulley that is
rotatable about an auxiliary power device pulley axis, wherein the auxiliary power
device pulley is provided on an auxiliary power device drive shaft that extends
from an end-face of the auxiliary power device, wherein the end-face is part of a

frame for the auxiliary power device;

an endless drive member that extends about the crankshaft pulley and the
auxiliary power device pulley; and

a tensioner that includes

a base that is mountable to a frame of an auxiliary power device having an
auxiliary power device pulley that is rotatable about an auxiliary power device
pulley axis;

a first arm having a first tensioner pulley, wherein the first arm is pivotally
mounted to the base at a first arm pivot structure;

a second arm having a second tensioner pulley, wherein the second arm

is pivotally mounted to the base at a second arm pivot structure; and
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an arm biasing member operably connected to the first arm and the
second arm;

wherein the first and second tensioner pulleys are positioned to engage
first and second spans respectively of the endless drive member on first and
second sides of the auxiliary power device pulley, and

wherein the first and second selected paths are positioned such that, for
any combination of tensions in the first and second spans within the selected
range of tensions the first tensioner pulley and the second tensioner pulley
remain sufficiently spaced apart from one another that the first and second
spans of the endless drive member remain spaced apart from one another,

wherein the first arm and the second arm are positionable during use to
hold the first and second spans in such a way that a radial line extending from
the auxiliary power device pulley axis passes through the first and second

spans.

17.An endless drive arrangement as claimed in claim 16, wherein the first and
second pivot axes are at least 60 mm away from the auxiliary power device

pulley axis.

18.An endless drive arrangement as claimed in claim 16, wherein the first span
is at a lower tension than the second span when the auxiliary power device is
not supplying power to the engine via the endless drive member and wherein
the second span is at a lower tension than the first span when the auxiliary

power device is supplying power to the engine via the endless drive member.

19.An endless drive arrangement as claimed in claim 16, wherein the first
tensioner pulley axis is at a first arm pivot distance from a pivot axis of the
first arm pivot structure, and wherein the second tensioner pulley axis is at a

second arm pivot distance from a pivot axis of the second arm pivot structure,
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wherein the first arm pivot distance is greater than the second arm pivot

distance.

20.An endless drive arrangement as claimed in claim 16, wherein the first
tensioner pulley axis is spaced from the auxiliary power device pulley axis by

a first pulley-pulley distance, and the second tensioner pulley axis is spaced
from the auxiliary power device pulley axis by a second pulley-pulley distance,
wherein, substantially throughout movement along the first and second

paths during operation, a ratio of the second pulley-pulley distance to the first

pulley-pulley distance is between about 0.5 and about 0.85

21.An endless drive arrangement as claimed in claim 16, wherein the arm

biasing member is a helical compression spring.

22.An endless drive arrangement, comprising:
a crankshaft pulley that is driveable by an engine;

an auxiliary power device, having an auxiliary power device pulley that is
rotatable about an auxiliary power device pulley axis, wherein the auxiliary power
device pulley is provided on an auxiliary power device drive shaft that extends
from an end-face of the auxiliary power device, wherein the end-face is part of a

frame for the auxiliary power device;

an endless drive member that extends about the crankshaft pulley and the
auxiliary power device pulley; and

a tensioner that includes
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a base that is mountable to a frame of an auxiliary power device having an
auxiliary power device pulley that is rotatable about an auxiliary power device
pulley axis;

a first arm having a first tensioner pulley, wherein the first arm is pivotally
mounted to the base at a first arm pivot structure;

a second arm having a second tensioner pulley, wherein the second arm
is pivotally mounted to the base at a second arm pivot structure; and

an arm biasing member operably connected to the first arm and the
second arm;

wherein the first and second tensioner pulleys are positioned to engage
first and second spans respectively of the endless drive member on first and
second sides of the auxiliary power device pulley,

wherein the first span is at a lower tension than the second span when the
auxiliary power device is not supplying power to the engine via the endless
drive member and wherein the second span is at a lower tension than the first
span when the auxiliary power device is supplying power to the engine via the
endless drive member, and

wherein the first and second selected paths are positioned such that, for
any combination of tensions in the first and second spans within the selected
range of tensions the first tensioner pulley and the second tensioner pulley
remain sufficiently spaced apart from one another that the first and second
spans of the endless drive member remain spaced apart from one another,

wherein the first tensioner pulley axis is at a first arm pivot distance from a
pivot axis of the first arm pivot structure, and wherein the second tensioner
pulley axis is at a second arm pivot distance from a pivot axis of the second
arm pivot structure, wherein the first arm pivot distance is greater than the

second arm pivot distance.
23.An endless drive arrangement as claimed in claim 22, wherein, substantially

throughout movement along the first and second paths during operation, the

first and second tensioner pulley axes have a first pulley-pulley distance and
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a second pulley-pulley distance from the auxiliary power device pulley axis
respectively, wherein a ratio of the first and second pulley-pulley distances
from the auxiliary power device pulley axis is between about 0.5 and about
0.85.

24.An endless drive arrangement as claimed in claim 22, wherein the first and
second pivot axes are at least 60 mm away from the auxiliary power device

pulley axis.

25.A tensioner for maintaining tension in an endless drive member that is
drivable by an engine and that engages an auxiliary power device pulley that
is mounted to an auxiliary power device drive shaft extending from a frame of
an auxiliary power device, the tensioner comprising:

a base that is mountable to the frame of the auxiliary power device;

a first arm having a first tensioner pulley positioned to engage a first span
of the endless drive member, wherein the first arm is pivotally mounted to the
base at a first arm pivot structure on a first side of the auxiliary power device
pulley to cause movement of the first tensioner pulley along a first selected
path over a selected range of tensions in the first span ranging from a low
tension of 100N to a high tension that is equal to a yield strength of the
endless drive member:;

a second arm having a second tensioner pulley positioned to engage a
second span of the endless drive member, wherein the second arm is
pivotally mounted to the base at a second arm pivot structure on a second
side of the auxiliary power device pulley arm to cause movement of the
second tensioner pulley along a second selected path over a selected range
of tensions in the second span ranging from a low tension of 100N to a high
tension that is equal to the yield strength of the endless drive member; and

an arm biasing member operatively connecting the first arm and the

second arm to one another,

29



WO 2016/123723 PCT/CA2016/050113

wherein the first and second selected paths are positioned such that, for
any combination of tensions in the first and second spans within the selected
range of tensions the first tensioner pulley and the second tensioner pulley
remain sufficiently spaced apart from one another that the first and second
spans of the endless drive member remain spaced apart from one another,
and

wherein the first and second arm pivot structures are within an area of the
end-face of the auxiliary power device from which the auxiliary power device

drive shaft extends.

26.A tensioner for maintaining tension in an endless drive member that is
drivable by an engine and that engages an auxiliary power device pulley that
is mounted to an auxiliary power device drive shaft extending from a frame of
an auxiliary power device, the tensioner comprising:

a base that is mountable to the frame of the auxiliary power device;

a first arm having a first tensioner pulley positioned to engage a first span
of the endless drive member, wherein the first arm is pivotally mounted to the
base at a first arm pivot structure on a first side of the auxiliary power device
pulley to cause movement of the first tensioner pulley along a first selected
path over a selected range of tensions in the first span ranging from a low
tension of 100 N to a high tension that is equal to a yield strength of the
endless drive member:;

a second arm having a second tensioner pulley positioned to engage a
second span of the endless drive member, wherein the second arm is
pivotally mounted to the base at a second arm pivot structure on a second
side of the auxiliary power device pulley arm to cause movement of the
second tensioner pulley along a second selected path over a selected range
of tensions in the second span ranging from a low tension of 100 N to a high

tension that is equal to the yield strength of the endless drive member; and
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an arm biasing member operatively connecting the first arm and the
second arm to one another,

wherein the first and second selected paths are positioned such that, for
any combination of tensions in the first and second spans within the selected
range of tensions the first tensioner pulley and the second tensioner pulley
remain sufficiently spaced apart from one another that the first and second
spans of the endless drive member remain spaced apart from one another,

wherein the first tensioner pulley axis is spaced from an auxiliary power
device pulley axis of the auxiliary power device pulley by a first pulley-pulley
distance, and the second tensioner pulley axis is spaced from the auxiliary
power device pulley axis by a second pulley-pulley distance,

wherein, substantially throughout movement along the first and second
paths during operation, a ratio of the second pulley-pulley distance to the first

pulley-pulley distance is between about 0.5 and about 0.85.

27.A tensioner for maintaining tension in an endless drive member that is
drivable by an engine and that engages an auxiliary power device pulley that
is mounted to an auxiliary power device drive shaft extending from a frame of
an auxiliary power device, the tensioner comprising:

a base that is mountable to the frame of an auxiliary power,;

a first arm having a first tensioner pulley, wherein the first arm is pivotally
mounted to the base at a first arm pivot structure;

a second arm having a second tensioner pulley, wherein the second arm
is pivotally mounted to the base at a second arm pivot structure; and

an arm biasing member operably connected to the first arm and the
second arm;

wherein the first and second tensioner pulleys are positioned to engage
first and second spans respectively of the endless drive member on first and

second sides of the auxiliary power device pulley, and
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wherein the first arm and the second arm are positionable during use to
hold the first and second spans in such a way that a radial line extending from
the auxiliary power device pulley axis passes through the first and second

spans.

28.A tensioner for maintaining tension in an endless drive member that is
drivable by an engine and that engages an auxiliary power device pulley that
is mounted to an auxiliary power device drive shaft extending from a frame of
an auxiliary power device, the tensioner comprising:

a base that is mountable to the frame of an auxiliary power device;

a first arm having a first tensioner pulley, wherein the first arm is pivotally
mounted to the base at a first arm pivot structure;

a second arm having a second tensioner pulley, wherein the second arm
is pivotally mounted to the base at a second arm pivot structure; and

an arm biasing member operably connected to the first arm and the
second arm;

wherein the first and second tensioner pulleys are positioned to engage
first and second spans respectively of the endless drive member on first and
second sides of the auxiliary power device pulley,

wherein the first span is at a lower tension than the second span when the
auxiliary power device is not supplying power to the engine via the endless
drive member and wherein the second span is at a lower tension than the first
span when the auxiliary power device is supplying power to the engine via the
endless drive member, and

wherein the first and second selected paths are positioned such that, for
any combination of tensions in the first and second spans within the selected
range of tensions the first tensioner pulley and the second tensioner pulley
remain sufficiently spaced apart from one another that the first and second
spans of the endless drive member remain spaced apart from one another,

wherein the first tensioner pulley axis is at a first arm pivot distance from a

pivot axis of the first arm pivot structure, and wherein the second tensioner
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pulley axis is at a second arm pivot distance from a pivot axis of the second
arm pivot structure, wherein the first arm pivot distance is greater than the

second arm pivot distance.

29. A tensioner for maintaining tension in an endless drive member, comprising:

a base, wherein the base is generally C-shaped and is configured to
mount to a housing of an accessory that is drivable by the endless drive
member;

a first tensioner arm that has a first tensioner pulley rotatably mounted
thereto, wherein the first tensioner pulley is configured for engagement with a
first span of the endless drive member, wherein the first tensioner arm is
pivotally mounted to the base and is biased for movement in a first free arm
direction; and

a second tensioner arm that has a second tensioner pulley rotatably
mounted thereto, wherein the second tensioner pulley is configured for
engagement with a second span of the endless drive member, wherein the
second tensioner arm is pivotally mounted to the base for movement along a
second path and is biased for movement in a second free arm direction,

wherein the base has a mounting face that faces the housing of the
accessory and an away face that is opposite the mounting face, wherein at
least one of the first and second tensioner arms extends outside of the base
and wherein the pulley for said at least one of the first and second tensioner
arms has an accessory-facing face and an arm-facing face that faces said at
least one of the first and second tensioner arms, wherein the accessory-

facing face is axially closer to the accessory than the away face of the base.

30. A tensioner as claimed in claim 29, wherein the accessory-facing face of the
pulley is spaced axially farther from the away face of the base than is the

mounting face of the base from the away face of the base.
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31. A method of operating a tensioner, comprising:

a) driving an endless drive member via an engine and operating an auxiliary

power device in a regen mode via the endless drive member;

b) during step a), engaging a first span of the endless drive member on a first
side of the auxiliary power device with a first tensioner arm of a tensioner and
engaging a second span of the endless drive member on a second side of the
auxiliary power device with a second tensioner arm of the tensioner, wherein the

first and second tensioner arms are connected to a biasing structure;

C) switching from the regen mode to a mode in which the endless drive

member is driven at least partially using the auxiliary power device; and

d) during said switching in step c¢), moving the first and second tensioner
arms, based on changes in tension in the first and second spans of the endless
drive member, wherein the second tensioner arm is moved through a greater

angular sweep than the first tensioner arm.
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