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HOUSING FOR A TRANSMISSION

[0001] The present invention relates generally to a transmission for a vehicle and, in

particular, to a housing for a continuously variable transmission for a vehicle.

[0002] Some vehicles such as utility vehicles, all-terrain vehicles, tractors, and others
include a continuously variable transmission (“CVT”). The CVT includes a drive clutch, a
driven clutch, and a belt configured to rotate between the drive and driven clutches. The
position of the drive and driven clutches may be moved between a plurality of positions when

the vehicle is operating.

[0003] Available space is often limited around the CVT which may make 1t difficult
to service various component of the CVT, for example the belt. Additionally, the intake duct
and the exhaust duct of the CVT must be positioned to receive appropriate air flow to cool
the components within a housing of the CVT. Therefore, it is necessary to appropriately
configure a CV'T for sufficient air flow within the housing and for ease of serviceability and

maintenance.

[0004] In one embodiment of the present disclosure, a continuously variable
transmission for a utility vehicle comprises a drive clutch, a driven clutch operably coupled to
the drive clutch, and a housing generally surrounding the drive and driven clutches. The
housing includes an inner cover, an outer cover removably coupled to the inner cover, an air
inlet positioned on one of the inner cover or the outer cover, and an air outlet positioned on

the one of the inner cover or the outer cover.

[0005] In another embodiment of the present disclosure, a continuously variable
transmission for a utility vehicle comprises a drive clutch, a driven clutch operably coupled to
the drive clutch, and a housing generally surrounding the drive and driven clutches. The
housing includes an inner cover and an outer cover removably coupled to the inner cover.
The housing is configured to direct air in a first direction at the inner cover and in a second

direction at the inner cover, and the second direction is different than the first direction.

[0006] In a further embodiment of the present disclosure, a continuously variable
transmission comprises a drive clutch having a moveable sheave and a stationary sheave, a
driven clutch operably coupled to the drive clutch and having a moveable sheave and a
stationary sheave, and a housing generally surrounding the drive and driven clutches. The

housing includes an inner cover, an outer cover removably coupled to the inner cover, an air
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inlet positioned on one of the inner cover or the outer cover, and an air outlet spaced apart
from the air inlet. The air outlet has a width and includes a substantially tangent surface
extending laterally to define the width of the air outlet and extending along a portion of the
moveable sheave and the stationary sheave of the driven clutch. The housing has a rear
surface configured to flow air along the tangent surface when the air is expelled from the

housing.

[0006a] In a further embodiment of the present disclosure, a continuously variable
transmission for a utility vehicle is provided. The CVT comprises: a drive clutch; a driven
clutch operably coupled to the drive clutch; and a housing generally surrounding the drive
and driven clutches, the housing including an inner cover, an outer cover removably coupled
to the inner cover, an air inlet positioned on one of the inner cover and the outer cover, and an
air outlet positioned on the one of the inner cover and the outer cover, wherein the inner
cover includes a planar surface extending from the air inlet to a forward extent of the air

outlet.

[0006b] In a further embodiment of the present disclosure, a continuously variable
transmission for a utility vehicle is provided. The CVT comprises: a drive clutch; a driven
clutch operably coupled to the drive clutch; and a housing generally surrounding the drive
and driven clutches, the housing including an inner cover and an outer cover removably
coupled to the inner cover, and the housing further including an air inlet and an air outlet, and
the housing being configured to direct air from the air inlet in a first direction at the inner
cover, in a second direction at the inner cover, and in a third direction at the inner cover, the

second direction being different than the first direction.

[0006¢] In a further embodiment of the present disclosure, a continuously variable
transmission for a utility vehicle is provided. The CVT comprises: a drive clutch having a
moveable sheave and a stationary sheave; a driven clutch operably coupled to the drive clutch
and having another moveable sheave and another stationary sheave; and a housing generally
surrounding the drive and driven clutches, the housing including an inner cover comprised of
a metallic material, an outer cover removably coupled to the inner cover, an air inlet
positioned on one of the inner cover and the outer cover, and an air outlet spaced apart from
the air inlet, the air outlet having a width, and the air outlet including a substantially tangent

surface extending laterally to define the width of the air outlet and extending along a portion
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of the moveable sheave and the stationary sheave of the driven clutch, and the housing having
a rear surface configured to flow air along the tangent surface when the air is expelled from

the housing.

[0007] The above mentioned and other features of this invention, and the manner of
attaining them, will become more apparent and the invention itself will be better understood
by reference to the following description of embodiments of the invention taken in

conjunction with the accompanying drawings, where:

[0008] Fig. 1 is a front left perspective view of a utility vehicle of the present
disclosure;

[0009] Fig. 2 is a front left perspective view of a powertrain assembly of the vehicle
of Fig. 1;

[0010] Fig. 3 is a front left perspective view of a continuously variable transmission

(“CVT") of the powertrain assembly of Fig. 2;

[0011] Fig. 4 is a rear right perspective view of the CVT of Fig. 3;

[0012] Fig. 5 is an exploded view of the CVT of Fig. 3;

[0013] Fig. 6 is a cross-sectional view of the CVT of Fig. 4, taken along line 6-6 of
Fig. 4;

[0014] Fig. 7 is a front right perspective view of a fastener removably coupling

together an inner cover and an outer cover of a housing of the CVT of Fig. 3;

[0015] Fig. 8 is a cross-sectional view of the fastener of Fig. 7, taken along line 8-8 of
Fig. 7;
[0016] Fig. 9 is front left perspective view of the inner cover of the housing of the

CVT of Fig. 3;

[0017] Fig. 10 is a left side view of the inner cover of Fig. 9, illustrating first and

second positions of a belt positioned with the housing;
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[0018] Fig. 11 is an exploded view of the outer cover of the housing of the CVT of
Fig. 3;

[0019] Fig. 12 is an exploded view of the housing of the CVT of Fig. 3; and

[0020] Fig. 13 is atop view of the CVT of Fig. 3.

[0021] Corresponding reference characters indicate corresponding parts throughout

the several views. Unless stated otherwise the drawings are proportional.

[0022] The embodiments disclosed below are not intended to be exhaustive or to limit
the invention to the precise forms disclosed in the following detailed description. Rather, the
embodiments are chosen and described so that others skilled in the art may utilize their
teachings. While the present disclosure is primarily directed to a utility vehicle, it should be
understood that the features disclosed herein may have application to other types of vehicles

such as other all-terrain vehicles, motorcycles, snowmobiles, and golf carts.

[0023] Referring to Fig. 1, an illustrative embodiment of a utility vehicle 2 is shown.
Vehicle 2 is configured for off-road operation. Vehicle 2 includes a plurality of ground-
engaging members 4, illustratively front wheels 6 and rear wheels 8. In one embodiment, one
or more of ground-engaging members 4 may be replaced with tracks, such as the Prospector
II Tracks available from Polaris Industries, Inc., located at 2100 Highway 55 in Medina, MN
55340 or non-pneumatic tires, such as those shown in U.S. Patent Nos. 8,176,957 and

8,104,524, the complete disclosures of which are expressly incorporated herein by reference.

[0024] Vehicle 2 further includes a lower frame assembly (not explicitly shown)
supported by ground-engaging members 4, which extends along a longitudinal axis L of
vehicle 2. Additionally, in one embodiment, vehicle 2 may include an upper frame assembly
10 extending vertically above the lower frame assembly, however, alternative embodiments
of vehicle 2 may not include upper frame assembly 10. The lower frame assembly supports a

rear cargo area 12 and a vehicle body 14, which includes a plurality of body panels.

[0025] Vehicle 2 also includes an open-air operator area 20 which, illustratively,
includes seating 22 for one or more passengers. As such, operator area 20 is exposed to
ambient air and is not fully enclosed. Alternatively, vehicle 2 may include a cab assembly
(not shown), such as a roof, front windshield, rear windshield, and doors, to enclose operator
area 20. Upper frame assembly 10 may be positioned generally around operator area 20 such

that seating 22 1s at least partially surrounded by upper frame assembly 10. Illustratively,
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seating 22 includes an operator seat and a passenger seat, however, seating 22 may also
include rear seats for additional passengers or may include only a single seat for carrying the

operator. Seating 22 may include a seat back 24 and a seat bottom 26.

[0026] Operator area 20 further includes a plurality of operator controls 28, such as a
steering wheel 16, by which an operator may provide input for operating vehicle 2. Various
operator controls, including the steering assembly, may be further described in International
Patent Application No. PCT/US13/64516, filed on October 11, 2013, the complete disclosure

of which is expressly incorporated by reference herein.

[0027] Referring still to Fig. 1, vehicle 2 includes a rear suspension assembly 18 and
a front suspension assembly 19, both supported by the lower frame assembly. Additional
details of rear and front suspension assemblies 18, 19 may be disclosed in U.S. Patent
Application Publication Nos. 2016/0176283, 2016/0176284, and 2016/0176287, the complete

disclosures of which are expressly incorporated by reference herein.

[0028] Referring to Figs. 1-4, vehicle 2 further includes a powertrain assembly 30
which is supported by the lower {rame assembly and includes at least an engine 32, a
geartrain (not explicitly shown), and a continuously variable transmission (“CVT”) 34. As
shown in Figs. 1-4, engine 32 is positioned at least partially rearward of seating 22 and CVT
34 1is positioned laterally outward from or to the side of engine 32 in a direction generally
perpendicular to longitudinal axis L (Fig. 1) and extends generally parallel to longitudinal
axis L of vehicle 2. More particularly, CVT 34 is positioned along the left side of vehicle 2
and is positioned at least partially rearward of seating 22. While not explicitly shown, the
geartrain may be positioned rearward of engine 32 and laterally inward from a portion of
CVT 34. In alternative embodiments, CVT 34 may extend in a generally perpendicular
direction relative to longitudinal axis L. or may be configured in any orientation relative to
longitudinal axis L, engine 32, and the geartrain. In further alternative embodiments,
portions of powertrain assembly 30, for example engine 32, may be positioned at least

partially forward of seating 22.

[0029] As shown in Figs. 2-4, CVT 34 is coupled to both engine 32 and the geartrain
with fasteners 36 which are received within mounting bosses (not shown) on a crankcase 33
of engine 32 and the housing of the geartrain. More particularly, and as shown in Fig. 4,

fasteners 36a are received within the mounting bosses on engine 32 and, illustratively,
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fasteners 36a do not include a shoulder or protrusion. As such, fasteners 36a extend
continuously from CVT 34 to engine 32 such that engine 32 is mounted in close proximity to
CVT 34 and, in some embodiments, may be in direct contact or abutment with CVT 34 to
allow for a compact configuration of powertrain assembly 30 on vehicle 2. Additionally, the
mounting bosses on engine 32 have a tight or small tolerance with fasteners 36a such that no
alignment tool or guide is needed to properly align CVT 34 with engine 32 because fasteners

36a do not move within the mounting bosses.

[0030] Conversely, fasteners 36b couple CVT 34 to the geartrain and do include a
shoulder 38. Shoulder 38 is configured to provide any necessary distance between CVT 34
and the geartrain when fasteners 36b are received within the mounting bosses (not shown) on
the geartrain. However, to position CVT 34 and the geartrain in close proximity, at least a
portion of shoulder 38 may be received within the mounting bosses on the geartrain.
Additionally, the mounting bosses on the geartrain have a tight or small tolerance with
fasteners 36b and shoulders 38 such that no alignment tool or guide is needed to properly
align CVT 34 with the geartrain because fasteners 36b do not move within the mounting

bosses.

[0031] CVT 34 is further aligned and mounted on the geartrain and engine 32 using
alignment openings 154 shown in Fig. 10. Alignment openings are configured to receive
fasteners for further coupling and aligning CVT 34 on engine 32 and/or the geartrain. As
shown in Fig. 10, an axis A extending through the centers of openings 154 is at a small angle
to an axis R extending through the rotation axes R, R, of the drive and driven clutches,
identified further herein. As such, this close horizontal alignment between axis A extending
through openings 154 and axis R extending through rotational axes R, R, of the drive and
driven clutches improves the structural mounting of inner cover 42 to engine 32 and/or the
geartrain because the load supported at openings 154 is generally on the same plane or

adjacent the plane of rotational axes Ry, Ro.

[0032] With respect to Figs. 2-8, CVT 34 includes a housing 40 having an inner
portion or cover 42 and an outer portion or cover 44 removably coupled together. In one
embodiment, inner cover 42 is comprised of a metallic material, such as aluminum. By
comprising inner cover 42 of a metallic material, rather than a plastic material with less
rigidity and strength, inner cover 42 may be a structural component of CVT 34 configured to

receive aload or otherwise structurally support CVT 34 on engine 32 and the housing of the
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geartrain. Additionally, outer cover 44 may be comprised of a polymeric material, such as an
injection-moldable plastic. Alternatively, outer cover 44 also may be comprised of a metallic
material and may be a structural component configured to receive a load or otherwise
structurally support components of CVT 34 on engine 32, the geartrain, and/or any
component of vehicle 2. As shown best in Fig. 6, outer cover 44 generally follows the shape
and contour of the drive and driven clutches which may increase air shear and improve heat
transfer because the outer surface of outer cover 44 is closely positioned to the sheaves of the

drive and driven clutches.

|0033] As shown best in Figs. 7 and 8, inner and outer covers 42, 44 are coupled
together using removable fasteners 60. Fasteners 60 are non-threaded or threadless fasteners
configured to extend through a tab 62 on inner cover 42 and a tab 64 on outer cover 44. A
head 66 of fastener 60 abuts tab 64 on outer cover 44 and a shaft 68 of fastener 60 extends
through both tabs 62, 64. Shaft 68 includes a protrusion 70 extending substantially
perpendicularly from the longitudinal direction of shaft 68. Protrusion 70 is configured to be
received within recesses 72 of tabs 62, 64 when assembling inner and outer covers 42, 44
together. However, in order to securely seal inner and outer covers 42, 44 together, fastener
60 1s rotated within recesses 72 until protrusion 70 abuts a shoulder 74 on tab 62 of inner
cover 42. Shoulder 74 prevents protrusion 70 from moving and, as such, securely maintains
the coupling between inner and outer covers 42, 44. In one embodiment, fastener 60 is
rotated approximately 180° to abut protrusion 70 with shoulder 74. In further embodiments,
fastener 60 is rotated approximately 90-359° to abut protrusion 70 with shoulder 74. In this
way, fastener 60 allows for removable coupling between inner and outer covers 42, 44 such
that mere rotate of fastener 60 either couples together or releases inner cover 42 and outer

cover 44.

[0034] Additionally, and as shown in Figs. 5-8, to ensure that inner cover 42 is sealed
against outer cover 44, a gasket or other sealing member 76 is positioned intermediate inner
and outer covers 42, 44. Gasket 76 1s configured to generally abut the full circumference of
both inner and outer covers 42, 44 to ensure that all contact points between covers 42, 44 are
sealed from fluids and dust, debris, or other particulate matter. When fastener 60 is rotated to
abut protrusion 70 with shoulder 74, outer cover 44 is pulled towards inner cover 42 and/or
inner cover 42 is pulled toward outer cover 44 and gasket 76 is compressed therebetween. In

this way, fasteners 60 provide both the coupling necessary to removably attach outer cover 44
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to inner cover 42 and also to seal outer cover 44 to inner cover 42 through compression of

gasket 76.

[0035] CVT housing 40 also includes an air intake or inlet port 46 for receiving air to
cool CVT 34 and an air outlet or exhaust port 48 to exhaust warm or hot air from CVT 34.
Ilustratively, CVT housing 40 includes a single inlet port 46 and a single outlet port 48 and
both inlet port 46 and outlet port 48 are positioned in inner cover 42 of housing 40, as
disclosed further herein. In this way, outer cover 44 does not include either inlet port 46 or

outlet port 48.

[0036] Referring still to Figs. 2-6, inlet port 46 is sealingly coupled with a seal or
gasket to an intake duct 50 to provide cooling air to CVT 34. Additionally, outlet port 48 is
sealingly coupled with a seal or gasket to an exhaust duct 52 to expel hot air from CVT 34.
Illustratively, because both inlet and outlet ports 46, 48 are positioned on inner cover 42, both
intake and exhaust ducts 50, 52 extend upwardly from inner cover 42 to facilitate air flow to
and from CVT 34. In this way, if CVT 34 requires any maintenance or servicing of internal
components, only outer cover 44 needs to be removed in order to access the internal
components of CVT 34. As such, in the illustrative embodiment of CVT 34, there is no need
to remove either intake or exhaust ducts 50, 52 when servicing or replacing the internal

components of CVT 34.

[0037] Additionally, and as shown in Figs. 2-5, 9, and 10, housing 40 includes an
upper surface 152 which includes both inlet port 46 and outlet port 48. Illustratively, upper
surface 152 of housing 40, and in particular the portion of upper surface 152 extending
between intake and outlet ports 46, 48, is a planar surface that extends in generally horizontal
configuration therebetween. By including housing 40 with a planar upper surface 152,
improved sealing occurs between intake duct 50 and inlet port 46 and exhaust duct 52 and
outlet port 48. More particularly, because there is no protrusion, bump-out, or other raised
portion of upper surface 152, the fasteners (e.g., screws) which couple ducts 50, 52 to ports
46, 48, respectively, are able to extend into a planar surface without any protrusions that may

make it difficult to compress the seals between ducts 50, 52 and ports 46, 48, respectively.

[0038] Referring again to Figs. 5 and 6, CVT 34 includes a primary or drive clutch or
pulley 80, a secondary or driven clutch or pulley 82, and a belt 84 extending therebetween.

Drive clutch 80 is rotatably coupled to a crankshaft (not shown) of engine 32. Driven clutch



82 is rotatably coupled to an input shaft (not shown) of the geartrain and is rotatably coupled
to drive clutch 80 through belt 84. Belt 84 may be comprised of a polymeric material, for
example rubber, and may also include reinforcing members, such as metal cords or other
reinforcing material. In one embodiment, belt 84 may be comprised of a metallic material,
for example, belt 84 may be a chain. In cross-section, belt 84 may generally define a “V”™
shape. Belt 84 is configured to contact drive clutch 80 and, in one embodiment, expand in

diameter in order to contact driven clutch 82.

[0039] As shown in Figs. 5 and 6, drive clutch 80 includes a moveable sheave 86
positioned adjacent outer cover 44 of CVT 34 and a stationary sheave 88 positioned adjacent
inner cover 42 of CVT 34. During operation of CVT 34, stationary sheave 88 maintains a
fixed position and does not move relative to moveable sheave 86. Conversely, moveable
sheave 86 of drive clutch 80 is configured for lateral movement relative to stationary sheave
88 in order to engage belt 84 and effect various drive ratios. The lateral movement of
moveable sheave 86 occurs generally in a direction perpendicular to longitudinal axis L (Fig.
2). Additional details of drive clutch 80 may be disclosed in U.S. Patent Application
Publication Nos. 2016/0176283 (Attorney Docket No. PLR-15-26601.01P), 2016/0176284
(Attorney Docket No. PLR-15-26601.02P), and 2016/0176287 (Attorney Docket No. PLR-
15-26601.03P).

[0040] Referring still to Figs. 5 and 6, the rotation of belt 84 caused by drive clutch
80 drives driven clutch 82. Driven clutch 82 includes a stationary sheave 90 positioned
adjacent outer cover 44 and a moveable sheave 92 positioned adjacent inner cover 42.
Stationary sheave 90 is coupled to a shaft of the geartrain and maintains a fixed position
relative to moveable sheave 92. Moveable sheave 92 may be configured for lateral
translational movement between a closed position when adjacent stationary sheave 90 and an
open position in which moveable sheave 92 slides or otherwise moves laterally apart from
stationary sheave 90. The movement of moveable sheave 92 engages belt 84 in various
configurations in order to effect various driving ratios for vehicle 2. Additional details of
driven clutch 82 may be disclosed in U.S. Patent Application Publication Nos. 2016/0176283,
2016/0176284, and 2016/0176287.
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[0041] During operation of CVT 34, drive clutch 80 engages belt 84 and when belt 84
engages driven clutch 82, driven clutch 82 rotates, which causes the shaft of the geartrain to
rotate. More particularly, drive clutch 80 rotates with the crankshaft of engine 32 and the
rotation thereof drives rotation of driven clutch 82 through rotation of belt 84. Depending on
the operating conditions of vehicle 2, moveable sheaves 86, 92 of drive clutch 80 and driven
clutch 82, respectively, may be moved relative to stationary sheaves 88, 90 to adjust driving
ratios for vehicle 2. During movement of moveable sheaves 86, 92, belt 84 is configured to
move between a starting position, as shown in Fig. 10 as 84g, and a high-ratio position, as
shown in Fig. 10 as 84yr. Movement of moveable sheaves 86, 92 may be electronically,

mechanically, or fluidly controlled.

[0042] With respect to Figs. 9 and 10, as CVT 34 is operating, heat is generated and
the temperature within housing 40 increases. As such, it is necessary to cool CVT 34 during
operation thereof. In general, CVT 34 is cooled by providing ambient air within housing 40.
More particularly, inner cover 42 receives ambient air through intake duct 50 and inlet port
46. Inner cover 42 includes a first channel 100 which directs air in a first direction toward
drive clutch 80, a second channel 102 which directs air in a second direction toward driven
clutch 82, and a third channel 104 which directs air in a third direction toward outer cover 44.
Illustratively, first channel 100 is defined by a first wall 106 projecting into housing 40 such
that air flow from inlet port 46 flows behind or inwardly of first wall 106 and sheaves 86, 88
of drive clutch 80 in order to flow into first channel 100 and towards a rotational axis R; of

drive clutch 80.

[0043] Referring still to Figs. 9 and 10, second channel 102 is defined by a second
wall 108 projecting into housing 40 such that air from inlet port 46 flows behind or inwardly
of second wall 108 and sheaves 90, 92 of driven clutch 82 in order to flow into second
channel 102 towards a rotational axis R, of driven clutch 82. In this way, the single air inlet
at inlet port 46 simultaneous flows cooling air towards both drive and driven clutches 80, 82.
Additionally, because first and second channels 100, 102 are defined on inner cover 42 and
sheaves 88, 92 are positioned entirely within inner cover 42, the air flowing through first and
second channels 100, 102 is initially directed toward sheaves 88, 92 on drive clutch 80 and

driven clutch 82, respectively.

[0044] Also referring to Figs. 9 and 10, third channel 104 is defined by a third wall

110 projecting downwardly into inner cover 42 such that air from inlet port 46 {lows
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rearwardly along the surface of third wall 110 and into outer cover 44. By flowing air from
air inlet 46 toward outer cover 44, sheaves 86, 90 also receive cooling air. More particularly,
because sheaves 86, 90 are adjacent outer cover 44, the air flowing through third channel 104
and into outer cover 44 facilitates cooling of sheaves 86, 90 of drive clutch 80 and driven
clutch 82, respectively. In this way, the single air inlet at inlet port 46 simultaneously flows

cooling air towards all four sheaves 86, 88, 90, 92.

[0045] Once air flows into outer cover 44 from third channel 104, the air at outer
cover 44 flows in two directions. More particularly, as shown in Fig. 11, outer cover 44
includes a first channel 112 which directs air in the first direction towards drive clutch 80 and
a second channel 114 which directs air in the second direction towards driven clutch 82. First
channel 112 of outer cover 44 is partially defined by an upper surface of a protrusion 116 of
outer cover 44 which extends into housing 40. Protrusion 116 is positioned intermediate
sheaves 86, 90 such that first channel 112 of outer cover 44 directs air toward sheave 86 of
drive clutch 80 and second channel 114 of outer cover 44 directs air toward sheave 90 of

driven clutch 82.

[0046] Referring still to Fig. 11, outer cover 44 further includes a third channel 118
which allows air directed toward drive clutch 80 to flow from drive clutch 80 to driven clutch
82. Third channel 118 of outer cover 44 is partially defined by a lower surface of protrusion

116 and, illustratively, is positioned below or underneath protrusion 116.

[0047] As shown in Fig. 11, outer cover 44 also includes a baffle or plate 120 which
1s coupled to protrusion 116 and is positioned intermediate sheaves 86, 90. In one
embodiment, baffle 120 is comprised of an injection-moldable plastic. An upper lip 156 of
baffle 120 defines a sealing surface for baffle 120 such that air entering second channel 114
flows only through second channel 114 and does not leak into other portions of housing 40.
Additionally, baffle 120 may impinge or restrict air flow through second channel 114 relative
to air flow through first channel 112. Because baffle 120 defines a choke point for air flow
through second channel 114, more air entering outer cover 44 from third channel 104 on
inner cover 42 may flow through first channel 112 than second channel 114 to provide more
air flow to drive clutch 80. As disclosed herein, it may be easier to cool driven clutch 82
because driven clutch 82 rotates at a higher speed than drive clutch 80. Therefore, by initially
directing more air toward drive clutch 80 through first channel 112 than driven clutch 82

through second channel 114 at outer cover, cooling of drive clutch 80 may be improved. Yet,
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because of the combination of second and third channels 114, 118, driven clutch 82 still

receives sufficient air flow and is efficiently cooled.

[0048] To couple baffle 120 to outer housing 44, openings 122 of baffle 120 receive
coupling tabs 124 on protrusion 116 and on a wall 126 of outer cover 44. In one
embodiment, coupling tabs 124 define welding tabs such that baffle 120 is welded or
otherwise fixedly coupled to protrusion 116 and wall 126. In a further embodiment, baffle
120 is removably coupled to protrusion 116 and wall 126 with removable fasteners, such as
bolts or screws. Illustratively, baffle 120 extends over third channel 118 of outer cover 44
such that baffle 120 and a lower portion of protrusion 116 cooperate to define third channel

118.

[0049] In operation, and referring to Fig. 12, as CVT 34 operates to rotate drive
clutch 80, driven clutch 82, and belt 84, heat is generated within housing 40. In order to cool
drive clutch 80, driven clutch 82, and belt 84, ambient air flows into housing 40 through
intake duct 50 and through air inlet 46, as shown by arrow 130. Air flowing into intake duct
50 may be filtered upstream of or at intake duct 50. Air flowing as indicated by arrow 130
then flows into inner cover 42 and divides into three separate air flow channels, each
extending in a different direction. More particularly, a portion of the air flowing into inner
cover 42 flows into first channel 100, as shown by arrow 132, a portion of the air flowing into
inner cover 42 flows into second channel 102, as shown by arrow 134, and a portion of the air
flowing into inner cover 42 flows into third channel 104, as shown by arrow 136, in order to
provide ambient air to drive clutch 80, driven clutch 82, and outer cover 44, respectively. In
this way, the single inlet port 46 provides air to all four sheaves 86, 88, 90, 92 of drive and
driven clutches 80, 82.

[0050] Referring still to Fig. 12, the air in first and second channels 100, 102 of inner
cover 42 flows toward the center of and then around drive clutch 80 and driven clutch 82,
respectively, and ultimately flows toward a rear wall 128 of inner cover 42. When the air
contacts rear wall 128 of inner cover 42, the air flows out of housing 40 through outlet duct
48 and through exhaust duct 52 in the direction of arrow 138, as disclosed further herein. By
initially directing a portion of air through first and second channels 100, 102, sheaves 88, 92
which are positioned entirely within inner cover 42 receive cooling ambient air before or
simultaneously with sheaves 86, 90 which are adjacent outer cover 44. Directing air to

sheaves 88, 92 adjacent inner cover 42 facilitates better cooling of CVT 34 because it may be
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difficult to provide air to the sheaves adjacent inner cover 42. Additionally, stationary sheave
88 of drive clutch 80 and moveable sheave 92 of driven clutch 82 may not be as efficient in
moving air within housing 40 as moveable sheave 86 of drive clutch 80 and stationary sheave
90 of driven clutch. Therefore, by directing air initially to sheaves 88, 92, the overall cooling
of CVT 34 is improved because sheaves 88, 92 may be the hardest to cool but receive the
initial in-flow of air. As such, the configuration of CVT 34, including the position of inlet
port 46 on inner cover 42, allows sheaves 88, 92, which are adjacent inner cover 42, to
receive ambient air before or simultaneously with sheaves 86, 90. This improved cooling for
CVT 34 may allow for increased belt life of belt 84 and overall improved durability of CVT
34,

[0051] Conversely, if inlet port 46 is positioned on outer cover 44, the majority of the
air flowing into housing 40 may be concentrated toward rotational axis R, of driven clutch 82
such that drive clutch 80 may receive an insufficient amount of cooling air. As such, by
positioning inlet port 46 on inner cover 42, the air is initially directed to stationary sheave 88
of drive clutch 80 and moveable sheave 92 of driven clutch 82 to efficiently distribute air

throughout housing 40 and toward sheaves 86, 90 positioned adjacent outer cover 44.

[0052] Additionally, while the incoming air flowing into housing 40 is filtered, some
dirt and debris may still be present in the air flowing through intake port 46. However, the
configuration of CV'T 34 allows for any dirt or debris within the ambient air flowing into
housing 40 to be directed away from moveable sheave 86 of drive clutch 80 which contains
bearings and other surfaces important to the movement of moveable sheave 86. Instead, as
disclosed herein, air is initially directed toward stationary sheave 88 of drive clutch 80 such
that any dirt or debris within the air flows instead toward stationary sheave 88 rather than
moveable sheave 86. In this way, the configuration of CVT 34 may extend the life of drive
clutch 80 and improve clutch wear because moveable sheave 86 of drive clutch 80 does not

receive dirt and debris from the ambient air flowing into housing 40.

[0053] As shown in Fig. 12, the air flowing through third channel 104 of inner cover
42 and in the direction of arrow 136, flows into outer cover 44. Once the air from third
channel 104 flows into outer cover 44, a portion of the air flows into first channel 112 of
outer cover 44, as shown by arrow 140, and a portion of the air flows into second channel 114
(Fig. 11), as shown by arrow 142. The air flowing through second channel 114 of outer cover

44 as indicated by arrow 142, flows towards and around stationary sheave 90 of driven
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clutch 82 and then flows across the top of driven clutch 82 toward moveable sheave 92 of
driven clutch 82. After flowing toward moveable sheave 92, the air at driven clutch 82 flows

toward rear wall 128 of inner cover 42, as disclosed further herein.

[0054] The air flowing through first channel 112 of outer cover 44, as indicated by
arrow 142, flows around moveable sheave 86 of drive clutch 80, as shown by arrow 144,
continues to flow around the front end of drive clutch 80 and flows toward the bottom of
outer cover 44, as shown by arrow 146. After the air in first channel 112 flows around
sheave 86 of drive clutch 80, the air flows through third channel 118 of outer cover 44 in the
direction of arrow 148 and is directed toward driven clutch 82. Again, the air flowing around
driven clutch 82 flows toward rear wall 128 of inner cover 42 and is directed out of housing
40 through outlet port 48 and exhaust duct 52. In general, it may be easier to cool driven
clutch 82 than drive clutch 80 because driven clutch 82 rotates at a higher speed than drive
clutch 80. Therefore, by directing air towards drive clutch 80 with first channel 112, drive

clutch 80 has greater exposure to ambient air for cooling drive clutch 80.

|0055] With respect to Fig. 13, once the air within housing 40 flows around drive and
driven clutches 80, 82, the air flows toward rear wall 128 of inner cover 42 to be expelled
from housing 40. At rear wall 128, the air flows upwardly toward outlet port 48. Rear wall
128 extends along a substantially tangent plane including line T (Fig. 10) such that the air
flowing along rear wall 128 flows in a straight, linear, and continuous flow path toward outlet
port 48. In this way, and as shown in Fig. 12, rear wall 128 does not include any protrusions,
shoulders, steps, or other interruptions that prevent the air from flowing in a continuous
manner toward outlet port 48 or otherwise interrupt the continuous linear flow of air along

rear wall 128.

[0056] Once the air reaches outlet port 48, the square shape of outlet port 48 allows
for a maximum amount of air to flow along the tangent plat at tangent line T (Fig. 10). More
particularly, the square shape of outlet port 48 defines a tangent surface 150 which defines a
plurality of tangent points thereon which are directly aligned with rear wall 128. In other
words, rear wall 128 extends to and defines linear tangent surface 150 of outlet port 48. As
such, all of the air flowing through outlet port 48 along tangent surface 150 has a tangential
point of contact with outlet port 48. Conversely, if outlet port 48 had a circular or non-square
shape, the outlet port would only define one tangent point which directly aligns with rear wall

128 such that only the air directly at the single tangent point would have tangential contact
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with the outlet port. By configuring outlet port 48 in the shape of a square or other shape
configured to include a linear tangent surface 150 and increasing the number of tangent
points at outlet port 48 (i.c., all points of contact along tangent surface 150), more air is able
to flow in a linear flow path along rear wall 128 without any impingement at outlet port 48.
In this way, more hot air is expelled from housing 40 to further facilitate cooling of drive
clutch 80, driven clutch 82, and belt 84. In other words, because tangent surface 150 is linear
with multiple tangent points at rear wall 128 that facilitate air flow, outlet port 48 does not
restrict the air expelled from outlet port 48. And because exhaust duct 52 is sealed against
outlet port 48, outlet port 48 is still sealed even with the square shape. In one embodiment,
the tangent plane including line T and rear wall 128 may be angled less than 10° from tangent
surface 150 such that air flow along rear wall 128 is substantially tangent to tangent surface
150. In a further embodiment, the tangent plane including line T and rear wall 128 may be
angled 1-5° from tangent surface 150. Yet, in another embodiment, the tangent plane
including line T and rear wall 128 may be angled 1-3° from tangent surface 150.
Additionally, the tangent plane including line T and rear wall 128 may be angled up to 1°

[rom tangent surface 150.

[0057] Mlustratively, as shown in Fig. 13, outlet port 48 extends substantially across
the entire width of upper surface 152 of housing 40 such that both sheaves 90, 92 of driven
clutch 82 are exposed and visible through outlet port 48 when exhaust duct 52 is removed.
More particularly, outlet port 48, including tangent surface 150, extends along and above
portions of both sheaves 90, 92 of driven clutch 82. In this way, outlet port 48 has a
maximum width which also maximizes the width of tangent surface 150 such that a

maximum amount of hot air is expelled from housing 40.

[0058] Additional details of vehicle 2 and/or the powertrain assembly may be
disclosed in U.S. Patent Application Publication Nos. 2018/0178858, 2018/0180141,
2018/0178677,2018/0179991, and 2018/0180161.

[0059] While this invention has been described as having an exemplary design, the
present invention may be further modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the invention

using its general principles. Further, this application is intended to cover such departures
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from the present disclosure as come within known or customary practice in the art to which

this invention pertains.
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What is claimed is:

1. A continuously variable transmission (“CVT”) for a utility vehicle, the CVT
comprising: a drive clutch; a driven clutch operably coupled to the drive clutch; and a
housing generally surrounding the drive and driven clutches, the housing including an inner
cover, an outer cover removably coupled to the inner cover, an air inlet positioned on one of
the inner cover and the outer cover, and an air outlet positioned on the one of the inner cover
and the outer cover, wherein the inner cover includes a planar surface extending from the air

inlet to a forward extent of the air outlet.

2. The CVT of claim 1, wherein the air inlet and the air outlet are positioned on

the inner cover.

3. The CVT of claim 1 or 2, wherein the inner cover includes a first channel
configured to flow air from the air inlet within the inner cover and a second channel

configured to flow air from the air inlet within the outer cover.

4. The CVT of claim 3, wherein the outer cover includes a third channel

configured to direct air to the driven clutch.

5. The CVT of claim 3 or 4, wherein the outer cover includes a fourth channel
configured to receive air from the second channel of the inner cover, and the fourth channel is

configured to direct air to the drive clutch.

6. The CVT of any one of claims 1 to 5, wherein the outer cover includes a baffle

positioned intermediate a portion of the drive clutch and a portion of the driven clutch.

7. The CVT of claim 1 or 2, wherein the inner cover includes a first channel to
direct air to the drive clutch and the outer cover includes a second channel to direct air to the

drive clutch.

8. A continuously variable transmission (“CVT") for a utility vehicle, the CVT
comprising: a drive clutch; a driven clutch operably coupled to the drive clutch; and a
housing generally surrounding the drive and driven clutches, the housing including an inner
cover and an outer cover removably coupled to the inner cover, and the housing further

including an air inlet and an air outlet, and the housing being configured to direct air from the
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air inlet in a first direction at the inner cover, in a second direction at the inner cover, and in a

third direction at the inner cover, the second direction being different than the first direction.

9. The CVT of claim 8, wherein the first direction is towards the drive clutch, the
second direction is towards the driven clutch, and the third direction is towards the outer

COvVCer.

10. The CVT of claim 8 or 9, wherein the third direction is towards the outer
cover, and air at the drive clutch and within the outer cover is directed toward the driven

clutch.

11. The CVT of claim 10, wherein the outer cover includes a channel and the air

directed towards the driven clutch from the drive clutch flows through the channel.

12. The CVT of claim 11, wherein the outer cover includes a baffle extending

over a portion of the channel of the outer cover.

13. The CVT of any one of claims 8 to 12, wherein the third direction is

substantially perpendicular to the first and second directions.

14. A continuously variable transmission (“CVT”) for a utility vehicle, the CVT
comprising: a drive clutch having a moveable sheave and a stationary sheave; a driven clutch
operably coupled to the drive clutch and having another moveable sheave and another
stationary sheave; and a housing generally surrounding the drive and driven clutches, the
housing including an inner cover comprised of a metallic material, an outer cover removably
coupled to the inner cover, an air inlet positioned on one of the inner cover and the outer
cover, and an air outlet spaced apart from the air inlet, the air outlet having a width, and the
air outlet including a substantially tangent surface extending laterally to define the width of
the air outlet and extending along a portion of the moveable sheave and the stationary sheave
of the driven clutch, and the housing having a rear surface configured to flow air along the

tangent surface when the air is expelled from the housing.

15. The CVT of claim 14, wherein the air inlet and the air outlet are positioned on

the inner cover.

16. The CVT of claim 14 or 15, wherein the air outlet has a generally square

shape.
17 -
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17. The CVT of any one of claims 14 to 16, wherein the air expelled from the
housing is directed rearwardly from the driven clutch to the rear surface of the housing and is

directed upwardly toward the tangent surface of the air outlet.

18. The CVT of any one of claims 14 to 17, wherein a portion of the rear surface

of the housing extends linecarly and continuously to the tangent surface.

19. The CVT of any one of claims 14 to 18, wherein the inner cover directs air in
a first direction towards the drive clutch, in a second direction towards the driven clutch, and

in a third direction towards the outer cover.
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