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ORBITAL TENSIONER ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation-in-part of PCT application
PCT/CA2013/001085 and PCT/CA2013/001040, the disclosures of both of which

are incorporated herein by reference in their entirety.

FIELD

[0002] This disclosure relates to tensioners for endless drive members and
in particular to a tensioner that operates to tension an endless drive member
engaged by two separate motive devices such as an engine and a

motor/generator unit.

BACKGRQOUND

[0003] It is common for vehicle engines to drive a plurality of accessories
using an accessory drive system that includes a belt. In some vehicles, a motive
device is provided such as a motor/generator unit (MGU) that can be used for a
number of purposes, such as, for example, driving one or more accessories via
the belt when the engine is temporarily off while the vehicle is stopped for a short
period of time (e.g. at a stoplight). Another purpose is for use as part of a belt
alternator start (BAS) drive system wherein the MGU is used to start the engine
through the belt. Another purpose is to supply additional power to the engine
when needed (e.g. when the vehicle is under hard acceleration). In such
situations special tensioning devices are typically needed to ensure that the belt
is under the appropriate amount of tension regardless of whether it is being
driven by the MGU or by the engine. In many instances however such tensioning
devices are not optimal and result in relatively high belt tensions and hub loads
on the various pulleys in the system, thereby negatively impacting fuel economy

and component life.
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[0004] It would be desirable to provide a tensioning system that at least
partially addresses one or more of the problems described above and other

problems.
SUMMARY

[0005] In an aspect, a tensioner is provided for tensioning an endless drive
member that is engaged with a rotary drive member on a shaft of a motive device.
The tensioner includes a base that is mountable to the motive device, a ring that
is rotatably supported by the base in surrounding relationship with the shaft of the
maotive device and which is rotatable about a ring axis, a tensioner arm pivotally
mounted to the ring for pivotal movement about an arm pivot axis, and first and
second tensioner pulleys. The first tensioner pulley is rotatably mounted to the
tensioner arm. The tensioner arm is biased towards a first span of the endless
drive member on one side of the rotary drive member. The second tensioner
pulley is rotatably mounted at least indirectly to the ring and is biased towards a
second span of the endless drive member on another side of the rotary drive
member. The ring is rotatable in response to hub loads in the first and second
tensioner pulleys that result from engagement with the first and second spans of

the endless drive member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing and other aspects of the disclosure will be more
readily appreciated by reference to the accompanying drawings, wherein:

[0007] Figure 1 is a side view of an engine containing a tensioner in

accordance with an embodiment of the present disclosure;

[0008] Figures 2 and 3 are perspective views of the tensioner shown in
Figure 1;
[0009] Figures 4 and 5 are perspective exploded views of a variant of the

tensioner shown in Figure 2;
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[0010] Figure 6 is a sectional perspective view of a variant of the tensioner

shown in Figure 2;

[0011] Figure 7 is a perspective exploded view of the tensioner shown in
Figure 6;
[0012] Figure 8 is a sectional perspective view of a portion of the tensioner

shown in Figure 2;

[0013] Figure 9 is a perspective exploded view of a variant of the tensioner

shown in Figure 2, incorporating different damping structures;

[0014] Figure 10 is a sectional side view of the tensioner shown in Figure
9,

[0015] Figure 11 is another sectional side view of the tensioner shown in
Figure 9;

[0016] Figure 12 is a perspective view of another variant to the tensioner

shown in Figure 2

[0017] Figures 13-17 are perspective views of other variants of the

tensioner shown in Figure 2;

[0018] Figures 18-20 are schematic views of the tensioner shown in Figure

2 under different operating conditions;

[0019] Figures 21 and 22 are schematic views of different engine and
accessory layouts connected by an endless drive member and incorporating the

tensioner shown in Figure 2; and

[0020] Figures 23 and 24 are schematic views of the tensioner shown in

Figure 2 in different positions relative to a motive device to which it is mounted;

[0021] Figure 25 is an exploded view of a tensioner in accordance with

another embodiment of the disclosure;
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[0022] Figure 26 is a sectional elevation view of the tensioner shown in
Figure 25;
[0023] Figure 27 is an exploded sectional elevation view of a portion of the

tensioner shown in Figure 25;

[0024] Figure 28 is a non-exploded sectional elevation view of the portion

of the tensioner shown in Figure 27;

[0025] Figure 29 is an engine layout illustrating the forces on the tensioner

shown in Figure 25;

[0026] Figure 30 is a sectional elevation view similar to Figure 26, but

showing forces acting on bushings supporting a ring of the tensioner;

[0027] Figure 31 is another sectional elevation view that shows forces
acting on bushings supporting a tensioner arm from the tensioner shown in

Figure 25; and

[0028] Figure 32 is another sectional elevation view that shows forces
acting on another portion of the tensioner shown in Figure 25.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0001] Reference is made to Figure 1, which shows a crankshaft 910 from
an engine 913 from a vehicle (not shown). It will be noted that the engine 913 is
shown as a simple rectangle for illustrative purposes. It will be understood that
the engine 913 may have any suitable shape and may be any suitable type of
engine such as a spark-ignition engine or a diesel engine. The vehicle may be
any suitable vehicle, such as an automobile, a truck, a van, a minivan, a bus, an

SUV, a military vehicle, a boat or any other suitable vehicle.

[0002] The crankshaft 910 has a crankshaft pulley 912 thereon. The
crankshaft pulley 912 drives one or more vehicle accessories via a belt 914. The

term ‘belt’ is used herein for convenience, however for the purpose of the claims
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and for the scope of this disclosure it will be understood that the belt 914 may
alternatively be any other type of suitable endless drive member. It will further
be noted that, in cases where the endless drive member is a belt, it may be any
suitable type of belt, such as a flat belt, a V belt, a poly-V belt, a timing belt, or
any other suitable type of belt. The term ‘pulley’ is similarly used for convenience
and any other suitable rotary drive member may be used instead, such as a

sprocket.

[0003] The accessories may include, for example, the MGU 916, an air
conditioning compressor 918, a water pump 920, a power steering pump 921
and/or any other suitable accessories. The system further includes a plurality of
idlers 925 that are positioned to provide a selected amount of belt wrap about the

pulleys of some of the accessories.

[0004] Each of the driven accessories has a shaft, and a pulley that may
be connectable and disconnectable from the shaft via a clutch. For example, the
MGU shaft, clutch and pulley are shown at 950, 952 and 954 respectively. In
another example, the air conditioning compressor shaft, clutch and pulley are
shown at 956, 958 and 960 respectively. Clutching each of the accessories
permits each to be disconnected when not needed while the belt 914 itself is still
being driven by the crankshaft 910.

[0005] In some vehicles, such as some hybrid vehicles, the engine 913
may be stopped temporarily in some situations (such as when the vehicle is
stopped at a stoplight) and may then be started again when it is time for the
vehicle to move. In such situations, the MGU 916 can be operated as a
generator when the engine 913 is running so as to generate electricity for storage
in a vehicle battery (not shown). In some embodiments, the MGU 916 operated
as an electric motor to drive the crankshaft 912 via the belt 914, enabling the
engine 913 to be started via the belt 914 (i.e. a belt-alternator start (BAS) drive

system).

[0006] The MGU 916 may instead be some other type of motive device

such as an electric, hydraulic or pneumatic motor, which may be used to drive
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accessories or to start the engine 913. The MGU or other motive device 916
may be referred to generally as a supplemental motive device, as it is a
supplemental means for driving the belt 914, whereas the engine 913 is a
primary motive device for driving the belt 914, Furthermore, in some
embodiments, the engine 913 may instead be some other type of motive device,
such as an electric motor. Instead of, or in addition to, being used to start the
engine 913 and/or to drive accessories while the engine 913 is off, the
supplemental motive device may be used to provide a power boost to the engine

913 via the belt 914 (e.g. to provide a burst of acceleration for the vehicle).

[0007] Providing tension in the belt 914 is beneficial in that it reduces the
amount of slip that can occur between the belt 914 and the driven accessory
pulleys, between the belt 914 and the MGU 916, and between the belt 914 and
the crankshaft 910. In Figure 1, the direction of rotation of the crankshaft 910 is
shown at DIR1. When the engine 913 is driving the belt 314 and the MGU 916
acts as a generator, it will be understood that a relatively higher tension will exist
on the trailing belt span, shown at @¢14a, and a relatively lower tension will exist
on the leading belt span, shown at 914b, where the terms ‘trailing’ and ‘leading’
are relative to the crankshaft pulley 912 in this context. In general, the belt
tension will decrease progressively through each belt span along the belt routing
between the span 914a and the span 914b. By contrast, when the MGU 916 is
driving the belt 914 and the engine 913 is off, the trailing belt span, shown at
914c (trailing relative to the MGU 916) has the highest belt tension, and the
leading belt span 914d (leading relative to the MGU 916) has the lowest belt
tension. Thus it can be seen that the belt tension in the spans 914c and 914d
can vary significantly during operation of the vehicle in the two different modes
(i.e. in a first mode where the engine 913 is the sole driver of the belt 914 as
compared to a second mode where the MGU 916 is the sole driver of the belt
914). Tensioners have been proposed for some vehicles in which the tensioner
has two arms that are fixedly connected to one another to form a V, wherein
each arm has a pulley, and wherein the V is pivotally mounted to a base that is

fixedly mounted to a region of the engine inside the contained area of the belt.
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The pulleys engage two different spans of the belt, (e.g. a span on either side of
an accessory such as an MGU). As a result of their configuration, such a
tensioner is capable of maintaining tension in both spans so that the belt tension
is kept in the span needing it the most, regardless of whether the MGU is being
driven as a generator or is being operated as a motor.

[0008] Such a tensioner, however, can be bulky and there is not always

sufficient room in the aforementioned region to locate it.

[0009] In accordance with an embodiment of the present invention, an
orbital tensioner 10 is provided for tensioning the endless drive member 614,
which is engaged with the rotary drive member 954 on the shaft 950 of the
motive device 916. With reference to Figures 2 and 3, the tensioner 10 includes
a base 12, a ring 14, a tensioner arm 16, a first tensioner pulley 18 and a second

tensioner pulley 20.

[0010] The base 12 may be made from aluminum or some other suitably
strong material and is fixedly mountable to the MGU 916. In the example shown
in Figure 2 the base 12 includes a plurality of fastener apertures 22, which
receive fasteners 24 (Figure 1) for mounting the base 12 to a housing of the
MGU 916.

[0011] The ring 14 may also be made from aluminum or ancther suitable
material and is rotatably supported by the base 12 in surrounding relationship
with the shaft 950 of the motive device 916 and is rotatable about a ring axis
shown at Ag in Figures 1 and 2. As shown in Figure 1, the ring axis Ag may be

coaxial with the axis of rotation of the MGU shaft 950, which is shown at As.

[0012] Figures 4 and 5 show exploded views of the tensioner 10. It will be
noted that the base 12 shown in Figures 4 and 5 is a minor variant of the base
shown in Figures 2 and 3, with a principal difference being a different distribution
of mounting apertures 22. Referring to Figures 4 and 5 a first ring bushing 26 and
a second ring bushing 28 are provided. The ring bushings 26 and 28 can be

configured to apply any desired amount of friction to the ring 14 to provide any
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desired amount of damping to the movement of the ring 14 on the base 12.
When used intentionally to apply a selected amount of damping to the movement
of the ring 14, the ring bushings 26 and 28 may be referred to as first and second
ring damping members 26 and 28. Suitable material of construction for the
bushings 26 and 28 may be, for example, polyamide 4.6 or 6.6 or some other

suitable polymeric material.

[0013] In the embodiment shown, a clamping member 30 is provided and
is connected to the ring 14 such that the clamping member 30 cooperates with
the ring 14 to clamp the base 12 and the first and second ring damping members
while still permitting sliding movement of the ring 14 relative to the base 12.
With this arrangement, the first ring bushing 26 is positioned between the
clamping member 30 and a first face 32 (Figure 5) of the base 12, and the
second ring bushing 28 is positioned between the ring 14 and the a second face
34 (Figure 4) of the base 12. During movement of the ring 14 when the tensioner
10 is in use, the sliding occurs by the clamping member 30 on the first bushing
26 and/or by the first bushing 26 on the base 12, and sliding also occurs by the
ring 14 on the second bushing 28 and/or by the second bushing 28 on the base
12. As a result of the aforementioned sliding movement, the first and second ring
bushings 26 and 28 apply a frictional force (i.e. a damping force) to the ring 14.

[0014] In the embodiment shown, the first ring bushing 26 is a complete
circle, covering the entire circumference of the ring 14 and base 12. However,
the second ring bushing 28 covers less than the entire circumference of the ring
14 and base 12 (and in the embodiments shown, less than 180 degrees of arc).
The second ring bushing 28 is positioned in a first region of the tensioner 10 that
is outside of a second region that lies under the belt 914 (Figure 1). In the first
region there is less of a height constraint on the tensioner components, whereas
in the second region there can be significant height constraint. The part of the
circumference of the ring 14 and base 12 where the second ring bushing 28 is
not routed is in the second region of the tensioner 10, so as help keep the height

of the tensioner 10 sufficiently low to avoid interference with the belt 914.
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[0015] Optionally, the clamping member 30 may be threadably connected
to the ring 14 (e.g. via engagement of threaded fasteners 36 with threaded
apertures 38 in the ring 14) so as to permit adjustment of a gap between the
clamping member 30 and the ring 14, and therefore adjustment of the clamping
force therebetween. This permits adjustment of a damping force exerted on the
ring 14 via the first and second ring damping members 26 and 28.

[0016] It will be noted that the first and second ring bushings 26 and 28
have radially extending portions, shown at 40 respectively, which are the portions
of the bushings 26 and 28 that act on the first and second faces 32 and 34 of the
base 12. Additionally however, the bushings 26 and 28 further include axially
extending portions 41 (Figure 5) that act between the radially outer face 42 of the
ring 14 and the radially inner ring-receiving wall 44 of the base 22.

[0017] A sectional side view of the tensioner 10 is shown in Figure 6,
however, in this view it can be seen that the first and second ring bushings 26
and 28 are replaced by a single bushing 46 that includes a first portion 48 (see
also Figure 7) that is similar to the first bushing 26 (Figure 4) and acts between
the clamping member 30 and the base 12, and a second portion 50 that is similar
to the second bushing 28 and acts between the ring 14 and the base 12.

[0018] Referring to Figure 2, the tensioner arm 16 is made from aluminum
or another suitable material and is pivotally mounted to the ring 14 for pivotal
movement about an arm pivot axis Ax . The tensioner arm 16 has the first
tensioner pulley 18 rotatably mounted thereon, for rotation about a first pulley
axis Apq, which is spaced from the arm pivot axis Ax. Referring to Figure 1, the
tensioner arm 16 is biased in a free arm direction towards a first span 914d of the
endless drive member 914 on one side of the rotary drive member 954. The
tensioner arm 16 may be biased in the free arm direction by a tensioner arm
biasing member 52 (Figures 4, 5 and 8). For example, the tensioner arm biasing
member 52 may be any suitable kind of biasing member, such as for example, a

torsion spring having a first end 54 (Figure 4) that engages a first drive wall 56
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(Figure 5) on the arm 16, and a second end 58 (Figure 4) that engages a second

drive wall in a spring housing portion 62 on the ring 14.

[0019] The tensioner arm 16 is part of a tensioner arm assembly that
further includes a shaft member 74 which mounts (e.g. via threaded
engagement) to the ring 14, a pivot bushing 76 that pivotally supports the
tensioner arm 16 on the shaft member 74, and an optional damping structure 76
that includes a polymeric (e.g. unfilled (non-reinforced) nylon) tensioner arm
damping member 78 and a metallic (e.g. steel) sleeve 80 that holds the damping
member 78 and protects the damping member 78 against damage from
engagement with the torsion spring 52. The damping member 78 provides
damping for the movement of the tensioner arm 16. The components of the
tensioner arm assembly may be similar to the analogous components described
in PCT publication no. W0O2013/059929, the contents of which are incorporated
herein in their entirety. The tensioner arm assembly may alternatively be as
described in patent publications EP0450620B1, DE20319886U1, and
DE04010928C2, the contents of all of which are incorporated herein by reference

in their entirety.

[0020] Referring to Figure 2, the second tensioner pulley 20 is rotatably
mounted at least indirectly to the ring 14 for rotation about a second pulley axis
Apz. In the embodiment shown in Figure 2, the pulley 20 is mounted directly to

the ring 14, via a fixed projection 64 on the ring 14.

[0021] The second tensioner pulley 20 is biased towards a second span
914c of the endless drive member 914 on another side of the rotary drive
member 954. This biasing occurs by virtue of the forces transferred to the ring
14 by the tensioner arm biasing member 52. More specifically, during operation
of the tensioner 10, when the first pulley 18 is engaged with the belt span 914d,
the belt span 914d applies a hub load to the first pulley 18. This hub load acts on
the arm 16 through the pulley 18. The force on the arm 16 is transferred through
the biasing member 52, and into the ring 14 itself, urging the ring 14 to pivot

about axis Ag in the opposite rotational direction to the direction of pivoting of the

10
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arm 16. This force transfer into of the ring 14 urges the second tensioner pulley
20 in a second free arm direction, into the second belt span 914c. Thus the ring
14 is rotatable about the ring axis Ar in response to hub loads in the first and
second tensioner pulleys 18 and 20 that result from engagement with the first

and second spans 914d and 914¢ of the endless drive member 914.

[0022] Each of the pulleys 18 and 20 may have the same construction.
For example, each pulley 18, 20 may include a pulley body 66, a bearing 68, and
a pulley mounting fastener 72 used to m‘ount (e.g. by threaded engagement) the
puiley 18, 20 to the tensioner arm 16 or to the projection 64. Optional first and
second dust shields 70 are provided to protect the bearing 68 from dust during
operation of the tensioner 10. The dust shields 70 may be separate components
that sandwich the bearing 68 to inhibit the migration of dust and debris into the
bearing 68. As can be seen one of the dust shields 70 for the pulley 18 is

provided as an integral portion of the tensioner arm 16.

[0023] The bearing 68 may be a ball bearing, as shown, or it may be any
other suitable type of bearing. The bearing 68 could also be a bushing in some

embodiments.

[0024] Reference is made to Figures 9, 10 and 11, which show the
tensioner 10 with some modified features. As can be seen in Figure 9, the
second ring bushing is shown at 128 and extends about the entire circumference
of the ring 14 and the base 12. This provides improved stability of the ring 14 in

terms of resistance to yaw.

[0025] As can be seen in Figures 9 and 11, a different damping structure
is used to provide damping for the tensioner arm 16. The damping structure is
shown at 82 and includes a damping member 84, a support member 86 and a
damping member biasing member 88. The damping member 84 may be made
from any suitable material such as a suitable polymeric material, such as
polyamide 4.6 or polyamide 6.6. The damping member 84 slidingly engages a
damping surface 90 on the tensioner arm 16 (Figure 11). A support member 86

supports the damping member 84, and the biasing member 88 acts between a

11
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support surface 92 on the ring 14 and the support member 86. The biasing
member 88 may be any suitable type of biasing member, such as, for example, a
steel Belleville spring washer. The support member 86 may be made from a
suitable material such as steel, so as to prevent damage (e.g. gouging) to the
damping member 84 by the biasing member 88 due to the relative softness of the
damping member 84 as compared to the biasing member 88.

[0026] The damping structure 82 may be similar to the damping structure
disclosed in US patent application publication US2008/0280713, the contents of
which are incorporated herein in their entirety. Providing a damping structure
similar to the damping structure 82 is advantageous in embodiments where it is
desirable to providing damping to the movement of the tensioner arm 16 that is

independent of the hub load incurred by the first pulley 18.

[0027] Another difference between the embodiments shown in Figures 2-8
and the embodiment shown in Figure 9 is that the clamping member 30 in Figure
9 is not threaded, but instead includes clip portions that clip onto receiving
members on the ring 14. In the embodiment shown in Figure 9, the flange
portion of the clamping member 30 (which is shown at 89) may be relatively thin
in cross-section so as to render it resilient, and may be shaped to apply a spring
force on the damping member 26. This arrangement can be configured so that a
consistent force is applied to the damping member 26 by the clamping member

30 reducing the need for assembly worker expertise.

[0028] It will be further noted that the damping members 26 and 28 also
provide damping that is substantially independent of the hub load incurred by the
pulleys 18 and 20. Additionally, it will be noted that the use of two damping
members 26 and 28 both of which are at relatively large diameters (i.e. large
moment arms) from the ring axis Ag, reduces the average amount of force that
each damping member 26 and 28 must apply to achieve a selected damping

load.

[0029] The damping members 26 and 28 may have surface properties that

provide symmetric damping in the sense that the damping force exerted by the

12
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damping members 26 and 28 may the same irrespective of the direction of
movement of the ring 14. Alternatively, however, the damping members 26 and
28 may be provided with surface properties (e.g. a fish-scale effect) that provides
lower damping in one direction and higher damping in the opposite direction.
Other means for achieving asymmetrical damping are alternatively possible, such
as the use of a ramp structure whereby the ring 14 rides up the ramp structure
urging it into progressively stronger engagement with a damping member (so as
to increase the damping force) during rotation in a first direction and wherein the
ring 14 rides down the ramp structure urging it into weaker engagement with the
damping member thereby reducing the damping force during movement in the

second direction.

[0030] In other embodiments, the members 28 and 28 may be configured
to provide as little damping as possible thereby increasing the responsiveness of

the tensioner 10.

[0031] Reference is made to Figures 4, 5 and 12, which show an
installation pin 92 that facilitates installation of the belt 914 (Figure 1) on the
pulleys 18, 20 and 954 when the tensioner 10 is already installed on the motive
device 916. The installation pin 92 can be passed through an optional tensioner
arm pin aperture 94 into an optional ring pin aperture 96, to lock the tensioner
arm 16 in a position that is away from a free arm stop position and that is towards
a load stop position. The free arm stop position represents one end of a range of
movement of the arm 16, and is the pasition that the tensioner arm 16 would end
up in if there were no belt present to resist the arm's movement. The load stop
position represents the other end of the range of movement of the arm 16 and is
the position the arm 16 would end up in if the belt tension were sufficiently high to

completely overcome the biasing force of the biasing member 52.

[0032] Once the belt 914 (Figure 1) has been installed throughout the
accessory drive system on the engine 913, the installation pin 92 (Figure 12) may
be removed from the apertures 94 and 96 permitting the biasing member 52 to

drive the arm 16 and pulley 18 into the belt 914. The pin 92 is shown in the

13
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installed position in Figure 2. The installation pin 92 is a pin in the examples
shown herein, however it will be understood that the installation pin 92 may
instead be any suitable type of arm locking member that locks the tensioner arm
16 in a selected angular position to permit the belt 914 to be installed on the
pulleys 18, 20 and 954.

[0033] Reference is made to Figure 13, which shows the tensioner 10 with
another variation in features. In this embodiment, the tensioner 10 includes a
third tensioner pulley shown at 21. The third pulley 21 permits the tensioner 10
have a selected amount of belt wrap about the MGU pulley 954 (Figure 1) while
providing a selected orientation to the belt span 914¢. As a result, the belt span

914c¢ can be routed to avoid interference hazards near the engine 913.

[0034] Reference is made to Figure 14, which shows the tensioner 10 with
a second tensioner arm assembly. In other words, the tensioner arm 16 is a first
tensioner arm, and the tensioner biasing member 52 is a first tensioner biasing
member, and the tensioner 10 includes a second tensioner arm 16 that may be
similar but a mirror image of the first tensioner arm 16, and which is biased in a
free arm direction into the belt span 914c¢ by a second tensioner biasing member
52’. The introduction of the second biasing member 52° introduces a different
set of forces into the ring 14 during changes in belt tension and therefore
changes in the hub loads on the pulleys 18 and 20 than exists with the

arrangement shown in Figures 2 and 3.

[0035] Reference is made to Figure 15, which shows the tensioner 10 that
uses an arcuate, helical compression spring 152 instead of a torsion spring as
the tensioner biasing member. The compression spring 152 has a first end 154
that engages a first drive surface 156 on the tensioner arm 16, and a second end

158 that engages a second drive surface 159 on the ring 14.

[0036] The tensioner 10 as shown in Figure 16 includes two helical
compression springs, shown respectively at 152 and 152’, which act on first and
second tensioner arms 16 and 16’ respectively. In the embodiment shown in

Figure 16, each compression spring 152, 152’ acts between a respective
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tensioner arm 16 and a drive surface on the ring 14. By contrast, an embodiment
shown in Figure 17 includes a single spring that acts between the first and

second tensioner arms 16 and 16" and does not act directly on the ring 14.

[0037] Figures 18-20 are schematic views of the tensioner 10 with a singie
tensioner arm 16, illustrating different situations. Figure 18 illustrates a situation
where the engine 913 (Figure 1) is operating at a substantially constant load, (e.g.
at idle with no MGU load). The belt tension in spans 914c and 914d may be
substantially the same. Figure 19 iilustrates a situation where the MGU pulley
954 is driven by the MGU 16 (figure 1), either to operate accessories when the
engine 913 is off, or to start the engine 913, or to provide a boost of power to a
running engine 913. As can be seen, the ring 14 has rotated clockwise as a
result of the increased tension in belt span 914d and the reduced belt tension in
span 914c¢. Figure 20 illustrates a situation where the engine 913 (Figure 1) is
under high load, thereby increasing the belt tension in span 914¢ and reducing
the belt tension in span 914d, while the MGU 916 is either not operating or is
operating as a generator. As can be seen the ring 14 has rotated
counterclockwise as a result of the reduced tension in span 914d and the

increased tension in span 914c.

[0038] Figure 21 shows an alternative engine layout that includes an
accessory puiley 970 (in this instance for a water pump) and two idlers 925 that
ensure that there is a selected amount of belt wrap around the crankshaft pulley
912 and around the accessory pulley 970 even when the MGU pulley 954 is
being driven by the MGU 916 (Figure 1). This reduces the likelihood of slip at the
crankshaft pulley 912 when the crankshaft pulley 912 represents a high load (e.g.
during a BAS starting event).

[0039] Figure 22 shows another alternative engine layout that includes
only the MGU pulley 254, the crankshaft pulley 912, the tensioner 10 and an idler
925.

[0040] Figures 23 and 24 illustrate an engine layout similar to that shown

in Figures 18-20, but where the ring axis Ag is not co-axial with the axis As of the
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MGU shaft. Figure 23 illustrates a situation where the ring axis AR is ‘inboard’ of
the shaft axis AS, while in Figure 24 the ring axis AR is outboard of the shaft axis
AS. The terms ‘inboard’ and ‘outboard’ are used here to indicate position relative
to the region of the engine 913 that is contained within the belt 914 (shown at 98).
While Figures 23 and 24 illustrate embodiments in which the ring axis AR is not
coaxial with the shaft axis AS, it can be seen that the ring 14 still surrounds the
shaft 950.

[0041] It will be understood that, in the embodiments shown herein, the
tensioner arm 16 pivots about an arm pivot axis A, that is offset from the shaft
axis As of the MGU 916. This has several advantages. Firstly, under certain
conditions, such as low frequency events such as a BAS starting event, the offset
pivot axis of the tensioner arm 916 and the use of a ring 14 that can have a
relatively high inertia and that moves along a relatively large diameter path can
control the movement of the tensioner 10 so as to reduce the likelihood of slip.
Embodiments that incorporate two tensioner arms 16 and 16’ are advantageous
in that they can more effectively filter out events (i.e. belt tension fluctuations that
are higher frequency), while providing an additional degree of freedom of

movement which is the ring 14.

[0042] It has been found during testing of a tensioner in accordance with
the present disclosure that the average belt tension and the average hub loads
are |lower than with some other types of tensioner. This results in many
advantages including: reduced fuel consumption during engine operation,
reduced belt wear (and therefore increased belt life), and reduced loads (and
therefore reduced wear) on the pulleys and bearings of the driven components
such as for the air conditioning compressor, the water pump and the MGU itself.
In particular, the reduced hub loads apply to embodiments with a single tensioner
arm 16, where the ring 14 simply moves to a position to accommodate the belt
tension acting on the first pulley 18 and the belt tension acting on the second
pulley 20.
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[0043] Another advantage of the embodiments described herein is that the
tensioner 10 can be mounted to the MGU 916 to form a subassembly that can be
installed in a vehicle relatively easily as compared to having an assembly line
worker install the MGU, and then separately install a tensioner system. This can

reduce the overall cost to manufacture the vehicle by some amount.

[0044] A suitable sealing member may be provided between any suitable
members such as between the ring 14 and the base 12. The sealing member
may be for example a skirt shield and/or one or more O-rings, a labyrinth seal or
any other suitable type of seal to prevent the ingress of debris that could damage
and/or jam the tensioner 10. Additionally, a suitable coating can be provided on
the rotatable ring to inhibit heat buildup therein from friction and/or to promote

heat dissipation.

[0045] Reference is made to Figures 25 and 26, which show an
embodiment of the tensioner 10 that is similar to that which is shown in Figures
9-11, but with some additional modified features. The tensioner 10 in Figures 25-
26 is configured to generally resist tilting forces that would otherwise cause
uneven wear and eventual wobbling and failure of the tensioner 10. As can be
seen in Figure 25, the second ring bushing 128 is provided, which extends about
the entire circumference of the ring 14 and the base 12 so as to provide
improved stability of the ring 14 in terms of resistance to yaw, as noted above in

relation to Figures 9-11.

[00486] Additionally, as shown in Figure 27, the flange 89 of the clamping
member 30 has a selected upward cant in a rest position and is resilient. When
the clamping member 30 is mounted to clamp the first and second ring bushings
26 and 128 (Figure 28) the flange 89 is positioned to apply a selected force F4
on the bushings 26 and 128. |

[0047] Referring to Figure 29, an engine layout is shown that includes the
MGU pulley 954, the crankshaft pulley 912, the tensioner 10 and an idler 925.
The forces acting in the plane shown in Figure 29 include force F1 that acts on

the tensioner arm pulley 18, force F2 that acts on the ring pulley 20, and the
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reaction force F3 that provides a net zero resultant force in the plane shown. The
forces F1 and F2 are the result of the belt 914 acting on the pulleys 18 and 20.
The force F3 is, however, out of plane relative to the bushing 26, and as a result,
the force F3 generates a moment on the bushing 26, which is determined by the
formula M1=F3*L1, where M1 is the moment generated by the force F3, and L1
is the distance between the vector axis of the force F3 and the vertical midpoint
between the bushings 26 and 128. The force F4 generated by the flange 89 of
the clamping member 30 generates a moment that opposes the moment M1. In
order to ensure that there is no tilting of the bushing 26 in particular, the moment
generated by the force F4 is to be greater than the moment M1. The moment
generated by the force F4 is determined by the formula M2=F4*r1, where M2 is
the moment generated by the force F4, and r1 is the radius at which the force F4
acts on the bushing 26. Thus by selecting suitable properties for the clamping
member 30, the spring force F4 applied by the flange 89 may be selected to be
sufficient to ensure that no tilting occurs in the bushing 26, so as to improve its

operating life.

[0048] Instead of forming the flange 89 to apply a spring force on the
bushing 26, it is alternatively possible to provide a separate spring member, such
as a wave ring (not shown) that can apply an axially directed force on the

bushing 26 to resist a tilting force.

[0049] Reference is made to Figure 31. As can be seen in Figure 31, the
damping member biasing member 88 may be configured to apply a force F5 on
the bushing 84, wherein the force F5 is selected to ensure that there is no tilting
force on the bushing 84 during operation of the tensioner 10. The force F2 acts
on the bushing 84 to apply a moment determined by the formula M3=F2*L2,
wherein the force moment M3 is the moment generated by the force F2, and the
distance L2 is the distance from the vector axis of the force F2 to the vertical
midpoint between the two bushings 76 and 84. To ensure that there is no net
tilting force on the bushing 84, the moment generated by the force F5 is selected
to be greater than the moment M3. The moment generated by the force F5 is

determined by the formula M4=F5*r2, wherein the moment M4 is the moment
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generated by the force F5 and the distance r2 is the radius at which the force F5

acts on the bushing 84.

[0050] Reference is made to Figure 32, which shows an alternative
tensioner arm 16 that can be used instead of the arm 16 shown in Figures 25-31.
The arm 16 shown in Figure 32 is an arm-over-pulley configuration, in which the
pulley 18 extends inwards towards the face of the alternator or MGU. The arm
16 shown in Figures 25-31 is an arm-under-pulley configuration, in which the
pulley 18 extends outwards from the arm 16 (i.e. away from the alternator or
MGU). Aside from a difference in the particular distances for L2 and r2 in Figure
32 relative to Figure 31, the selecting of force F5 to prevent a tilting force on the

bushing 84 is substantially the same.

[0051] Based on the above description in relation to Figures 25-32, it can
be seen that a force (i.e. force F4) generated by a spring member (e.g. the flange
89, or a wave ring) on a bushing (e.g. bushing 26) that supports the ring 14 on
the base 12 can be selected to resist a tilting force (i.e. force F3) that results from
the belt force on the pulleys 18 and 20 during operation of the tensioner.
Additionally, it can be seen that a force (i.e. force F5) generated by another
spring member (e.g. a Belleville washer 88) on a bushing (e.g. bushing 84) that
supports the tensioner arm 16 can be selected to resist a tilting force (i.e. force
F2) that results from the belt force on the tensioner arm pulley 18. The force F4
is selected depending at least in part on the force F3, the distance L1 and the
radius r1, and the force F5 is selected depending at least in part on the force F2,
the distance L2 and the radius r2.

[0052] Those skilled in the art will understand that a variety of other
modifications may be effected to the embodiments described herein without
departing from the scope of the appended claims.
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CLAIMS

1. A tensioner for tensioning an endless drive member that is engaged with a
rotary drive member on a shaft of a motive device, the tensioner comprising:

a base that is mountable to the motive device;

a ring that is rotatably supported by the base in surrounding relationship
with the shatft of the motive device and which is rotatable about a ring axis;

a tensioner arm pivotally mounted to the ring for pivotal movement about
an arm pivot axis;

a first tensioner pulley rotatably mounted to the tensioner arm, wherein the
tensioner arm is biased towards a first span of the endless drive member on one
side of the rotary drive member; and

a second tensioner pulley that is rotatably mounted at least indirectly to
the ring, wherein the second tensioner pulley is biased towards a second span of
the endless drive member on another side of the rotary drive member,

wherein the ring is rotatable in response to hub loads in the first and
second tensioner pulleys that result from engagement with the first and second

spans of the endless drive member.

2. A tensioner as claimed in claim 1, wherein the second tensioner pulley is
an idler that is mounted to the ring for rotation about a second pulley pivot axis
that is fixed relative to the ring.

3. A tensioner as claimed in claim 1, wherein the tensioner arm is biased in

the free arm direction by a first biasing member which is a torsion spring.
4. A tensioner as claimed in claim 1, wherein the tensioner arm is biased

towards the first span by a first biasing member which is a first helical

compression spring action between the tensioner arm and the ring.

20



WO 2015/196268 PCT/CA2014/000520

5. A tensioner as claimed in claim 1, wherein the tensioner arm is a first
tensioner arm and the second tensioner pulley is mounted on a second tensioner
arm that is biased towards the second span of the endless drive member.

0. A tensioner as claimed in claim 5, wherein the second tensioner arm is
biased towards the second span by a second biasing member which is a second

helical compression spring action between the second tensioner arm and the ring.

7. A tensioner as claimed in claim 1, further comprising a tensioner arm

damping member positioned for damping movement of the tensioner arm.

8. A tensioner as claimed in claim 1, wherein a ring damping member is

engaged with the ring to damping movement of the ring.

9. A tensioner as claimed in claim 8, wherein the ring damping member is
configured to dampen movement of the ring more strongly in a first rotational

direction of the ring than in a second rotational direction of the ring.

10. A tensioner as claimed in claim 8, wherein the ring damping member is a
first ring damping member that is positioned between the ring and the base and
engages a first face of the base, and wherein a second ring damping member is

connected to the ring and engages a second face of the base.

11.  Atensioner as claimed in claim 10, further comprising a clamping member
that is connected to the ring such that the clamping member cooperates with the
ring to clamp the base and the first and second ring damping members while still

permitting sliding movement of the ring relative to the base.

12. A tensioner as claimed in claim 11, wherein the clamping member is

threadably connected to the ring so as to permit adjustment of a gap between a
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clamping member face and a ring race so as to permit adjustment of a damping

force exerted on the ring via the first and second ring damping members.

13. A tensioner as claimed in claim 1, further comprising an arm locking
member configured to lock the tensioner arm in a selected angular position
relative to the ring, such that the tensioner arm permits installation of the endless
drive member around the first and second tensioner pulleys and the rotary drive

member.

14. A tensioner as claimed in ¢laim 1, wherein the ring axis is coaxial with an

axis of the shaft of the motive device.

156. A tensioner as claimed in claim 1, wherein the ring axis is offset from an

axis of the shaft of the motive device.

16. A tensioner as claimed in claim 1, wherein a force generated by a spring
member on a bushing that supports the ring on the base is selected to resist a
tilting force that results from the belt force on the pulleys during operation of the

tensioner.
17. A tensioner as claimed in claim 16, wherein a force generated by another

spring member on a bushing that supports the tensioner arm is selected to resist

a tilting force that results from the belt force on the tensioner arm pulley.
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