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(57) Abstract: A variator and methods for making the variator are disclosed. The variator includes a plurality of spheres and a plur-
ality of fluid conduits. The plurality of spheres are arranged circumferentially about a central axis and configured to be positioned
between an input disc and an output disc. The plurality of fluid conduits each include (i) an inlet positioned radially outward of the

o plurality of spheres and (ii) an outlet positioned radially inward of the inlet and fluidly coupled to the inlet to deliver fluid received

W

by the inlet to at least one of the plurality of spheres.
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TECHNGOLOGIES FOR VARIATOR COOLING

CROSS REFERENCE TORELATED US. PATENT APPLICATION
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Utility Patent
Application Senial No. 14/678,346, filed April 3, 2015, the disclosure of which is incorporated

herein by reference.

FIELD OF THE INVENTION
{00021 The present disciosure relates generally to continuously variable transmissions,

and more particularly, to continuously vanable transmissions that include a planetary-type

variator,
BACKGROUND
{8003} Continuousfy variable transmissions (CVTs) utilize a varnable-ratio unit or

“yariator” to provide a continuous variation of transmission speed ratios rather than a series of
pradetermined speed ratios as provided in typical transmissions. A planetary-type variator is
one such variator that includes an input ring, an output ring, and at least one sphere arranged
between the input and output rings. The at least one sphere is configured 1o tilt between the
mput and output rings to transmit torgue from the input ring to the ouiput ring so that
continuously-variable torque ouiput is produced using the planetarv-type variator.

18004] One method for cooling the sphere{s) of a planetary~type variator, sometimes
referred to as splash lubrnication or splash feed lubnication, includes splashing the sphere(s) with
fluid (e.g., oil} in response to the action of one or more moving parts of the variator. Another
method for cooling the sphere(s) of a planetary-tvpe vanator includes delivering fluid to the
sphere(s) directly through one or more rotating components of the variator, such as, for
example, a shaft that defines a centerline of the variator. As a result of limitations associated
with these methods, alternative approaches for cooling the sphere(s) of a planetary-tvpe variator

remain an area of mierest.

SUMMARY

[8005] According to one aspect of the present disclosure, a varator for an automatic
transmission includes a plurality of spheres and a plurality of fluid conduits. The plurality of
spheves are arranged circumferentially aboul a central axis and configured to be positioned
between an input disc and an output disc. Fach of the plurality of flud conduits includes an

mlet positioned radially outward of the plurality of spheres and an outlet positioned radially
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inward of the inlet that is flmidly coupled to the inlet to deliver fhud received by the inlet to at
teast one of the plurality of spheres.

[8006] In some embodiments, the variator may include a case that has a flange that s
positioned radially owtward from the plurality of spheres, and the plurality of fluid conduits may
extend radially inward from the case. The case may be configured 10 engage a housing of the

transmission.  Additionally

v

in some embodimvents, the vanator may include a plurality of
retaining pins positioned radially inward of the case, and each of the plurality of retaining pins
may be engaged with one of the plurality of fluid conduits and the case fo secure each of the
plurality of fluid conduits to the case in a predetermined orientation.  Each of the plurality of
fluid conduits may include a first section having a first diameter and a second section extending
radially inward from the first section and having a second diameter less than the first diameter,
and the first section of each of the plurality of fluid conduits may be engaged with one of the
plurality of retaining pins. Furthermore, in some embodiments, the case may include a groove
that exiends substantially around the central axis and is positioned radially outward from the
plurality of spheres, and the plurality of retaining pins may be positioned radially outward from
the groove.

9007} In some embodiments, the outlet of each of the plurality of fluid conduits may
include a plurality of output poris, and at least one of the plurality of ocutput ports mav be
configured to deliver flud radially inward 1o at least one of the plurality of spheres. Fach of the
fluid conduits may be formed to include a passageway that extends radially inward from the
et to fluidly couple the inlet to each of the plurality of ocutput ports.

[OH008] According to another aspect of the present disclosure, an assembly includes a
case, a plurality of spheres, and a plurality of fluid conduits. The case includes a flange having
an outer surface, a plurality of holes that extend radially inward through the outer surface, and a
groove that extends substantially around a central axis and is configured to receive fluid. The
plurality of spheres are arranged circumferentially about the central axis and positioned radially
inward of the groove. The plurality of fluid conduits are positioned in the plurality of holes,
and each of the plurality of fluid conduits includes an inlet fluidly coupled to the groove to
recetve fluid therefrom and an outlet positioned radally inward of the indet that 1s fludly
coupled to the inlet to deliver fluid received by the inlet to at least one of the plurality of
spheres.

[8009] In some embodiments, the case may be configured to engage a housing of a
transmission.  Additionally, in some embodiments. the assembly may include a plurality of

retaining pins positioned radially inward of the case, and each of the plurality of retaining pins

-2



WO 2016/161070 PCT/US2016/025184

may be engaged with one of the plurality of fhud condwits and the case to secure each of the
plurality of fluid conduits to the case in a predetermined orientation. Each of the plurality of
fluid conduits may include a first section having a first diameter and a second section extending
radially inward from the first section and having a second diameter less than the first diameter,
and the first section of each of the plurality of fluid conduits may be engaged with one of the
plurality of retaining pins. FEach of the plurality of holes may be a counterbored hole that
extends radially inward from one of a plurality of shoulders of the case, and the first section of
gach of the plurality of fluid conduits may be engaged with one of the plurality of shoulders of
the case.

(98010} In some embodiments, the outlet of each of the plurality of fluid conduits may
include a plurality of output poris, and at least one of the plurality of ocutput ports mav be
configured (o deliver fluid radially inward to at least one of the plurality of spheres. The
plurality of output ports may include thres output poris configured to deliver fluid to at least
one of the plurality of spheres. Additionally, in some embodiments, each of the plurality of
output ports mayv have a diameier within the range of 1.0 millimeter to 1.5 millimeters.

{8011} In some embodiments, the inlet of each of the plurality of fluid conduits may
have a diameter within the range of 3.0 nullimeters to 3.5 millimeters.

[8012] According to vet another aspect of the present disclosure, a transmission
mcludes g vanator and a first hydraulic circuit. The vanator includes a plurality of spheres
arranged circumferentially about a central axis between an mput disc and an output disc, and a
variator hydraulic circuit fluidly coupled to a fluid source and configured to deliver fhud
supplied by the fhuid source to the plurality of spheres at a variator pressure. The vanator
hydraulic circuit has a plurality of fluid conduits each configured to conduct fluid from an inlet
of each of the plurality of fluid conduits that is positioned radially owtward of the plurality of
spheres to an outlet of each of the plurality of fluid conduits that is posttioned radially inward of
the inlet to deliver flund to at least one of the plurality of spheres. The first hvdraulic circuit is
fluidly coupled to the fluid source and configured to deliver fluid supplied by the fluid source to
first torgque transmitling mechanisms of the transmission separate from the plurality of spheres
at a first pressure different from the variator pressure.

9013} In some embodiments, the infet of each of the plurality of fluid conduiis may
have a diameter within the range of 3.0 millimeters to 3.5 millirneters. The outlet of each of the
plurality of fluid conduits may include a plurality of output poris, and each of the plurality of

output ports may have a diameter within the range of 1.0 millimeter to 1.5 millimeters.
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[0014] According to another aspect of the present disclosure stili, a method of making a
variator includes forming a plurality of holes in a surface of a case that includes a flange,
arranging a plurality of spheres in the case that are configured to be positioned between an input
disc and an output disc circumferentially about a central axis so that the plurality of spheres are
positioned radially inward of the flange, and positioning a plurality of fluid conduits in the
plurality of holes.

[0015] In some embodiments, positioning the plurality of fluid conduits in the plurality
of holes may inchide advancing the phurality of fluid conduits in the plurality of holes so that an
inlet of each of the plurality of flund conduits configured to receive flwd is positioned radially
outward of the plurality of spheres and an outlet of each of the plurality of fluid conduits
configured to deliver fluid received by the inlet to at least one of the plurality of spheres is
positioned radially wnward of the inlet.

[0016] In some embodiments, the method may further include engaging each of the
plurality of fluid conduits and the case with a retaining pin positioned radially inward of the
case to secure each of the plurality of fhud conduits to the case in a predetermined orieniation.
Engaging each of the plurality of flnd condutits and the case with the retaining pin may include
engaging a tirst section of each of the plurality of fluid conduits having a first diameter greater
than a second diameter of a second section of each of the plurality of fluid conduits with the
retaimng pin.  Forming the plurality of holes in the case may include forming a plurality of
counterbored holes in the case that each extends radially inward from one of a plurality of
shoulders of the case, and posttioning the plurality of fhud condwiis in the plurality of holes
may mnclude engaging the first section of each of the plurality of fluid conduits with one of the
plurality of shoulders of the case. Additionally, in some embodiments, the method may include
forming a groove in the case that extends substantially around the central axis and is positioned
radially imward of each of the retaining pins. Furthermore, in some embodiments, the method
may include forming a groove in the case that extends substantially around the central axis, and
positioning the plurality of fluid conduits in the plurality of holes may include advancing the
plurality of fluid conduits 1n the plurality of holes so that the inlet of each of the plurality of
fluid conduits 1s fluidly coupled to the groove. Further still, in some embodiments, positioning
the plurality of fluid conduits in the plurality of holes may include advancing the plurality of
fluid conduits in the plurality of holes so that at least one output port of the outlet of each of the
plurality of fluid conduits is configured to deliver fluid radially mward to at least one of the

plurality of spheres.
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{00171 According to yet another aspect of the present disclosure still, a method of
making a variator includes forming a plurality of holes i a case and a groove that extends
substantially around a central axis and is configured to receive fluid in the case, arranging a
plurality of spheres in the case that are configured to be positioned between an input disc and an
output dise circumferentially about the central axis, forming each of a plurality of flud
condutts, and positioning the plurality of fluid conduits in the plurality of holes so that each of
the plurality of fluid conduits extends radially imward from the case and each of the flwd
conduits is fluidly coupled to the groove 1o receive fluid therefrom.

{0018} In some embodiments, forming each of the plurality of flmd condwits may
include forming a passageway in a tube, forming an inlet in the tube that extends through the
tube 1o open into the passageway, and forming an outlet including a plurality of output ports in
the tube that each extend through the tube to open into the passageway. Forming the inlet in the
tube of each of the plurality of fluid conduits may include forming an opening having a
diameter within the range of 3.0 mullimeters to 3.5 mullimeters in the tube of each of the
plurality of fluid condutis. Additionally, n some embodiments, forming the outlet including the
plurality of output ports in the tube of each of the plurality of fluid conduits may include
forming six output ports each having a diameter within the range of 1.0 millimeter to 1.5
millimeters i the fube of each of the plurality of flmd conduits. Furthermore, in some
erobodiments, posttioning the plurality of fluid conduits i the plurality of holes may include
advancing the plurality of fluid conduits in the plurality of holes so that the inlet of each of the
plurality of fluid conduiis is positioned radially outward of the plurality of spheres and fluidly
coupled 1o the groove to receive fluid therefrom and the outlet of each of the plurality of flwd
conduits is positioned between two of the plurality of spheres to deliver fluid received by the
inlet 1o the two of the plurality of spheres.

[8019] In some embodiments, the method may include engaging each of the plurality of
fluid conduits and the case with a retaiming pin positioned radially jnward of the case to secure
gach of the plurality of fluid conduits 1o the case in a predetermined orientation. Engaging each
of the plurality of fluid condunts and the case with the retaining pin may include engaging a first
section of each of the plurality of fluid conduits having a first diameter greater than a second
diameter of a second section of each of the plurality of fluid conduits with the retaining pin.
Forming the plurality of holes in the case may include forming a phurality of counterbored holes
i the case that each extends radially mward from one of a plurality of shoulders of the case,

and positioning the plurality of fluid conduits in the plurality of holes may include engaging the
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first section of each of the plurality of fluid conduits with one of the plurality of shoulders of
the case.

{0020} In some embodiments, arranging the plurality of spheres in the case
circumferentially about the central axis may include arranging the plurality of spheres in the
case circamferentially about the central axis so that the plurahity of spheres are posttioned
radially inward of the groove.

[0021] Finally, according to vet another aspect of the present disclosure, a method of
providing flmd to a variator for an automatic transmission includes supplying fluid from a fhad
source at a first pressure to first torque transmutting mechanisms of the transmussion via a first
hvdraulic circuit of the transmission, and supplying thud from the fluid source at a vanator
pressure different from the first pressure {0 a plurality of spheres of the variator arranged
circumferentially about a central axis belween an input disc and an output disc of the varator
via a hvdraulic circuit of the vanator so that fluid is conducted from inlets of a plurality of fluid
conduits of the vanator hydraulic circuit that are positioned radially outward of the plurality of
spheres to outleis of the plurality of Buid conduits that are positioned radially mward of the
inlets.

{0022} In some embodiments, supplving fluid from the fluid source at the variator
pressure to the plurality of spheres may inchude delivering fluid to the inlets of the plurality of
fmd conduits through a case of the variator configured to engage a housing of the transmission,
Delivering fluid to the indets of the plurality of fluid conduits through the case of the variator
may include circulating fluid to the inlets of the plurality of fluid conduits substantially around

the central axis via a groove formed in the case.

BRIEF DESCRIPTION OF THE DRAWINGS

{8023} The concepts described herein are illustrated by wav of example and not by way
of limitation in the accompanying figures. For simphicity and clarity of illustration, elements
tHustrated in the figures are not necessanly drawn to scale. Where considered appropriate,

reference labels have been repeated among the figures to indicate corresponding or analogous

elements.

{0024} FI1G. 1 1s a simplified block diagram of a transmussion including a planetary-type
varator,

[8025] FIG. 2 15 a perspective vigw of the vanator of FIG. 1]

[8026] FiG. 3 1s a front sectional view of the varator of FIG. 2 about a line 3-3;

-~
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{00271 Fi(3 4 is a detail view of one flmd conduit and two spheres of the vaniator of
FIG. 3:
[0028] FI1G. S 1s a sectional view of the fluid condwit of FIG. 4 engaged with a case of

the variator;

18029] FIG. 615 a detail view of an outlet of the fluid condunt of FIG. 4

{0030} FIG. 7 1s a simaplified block diagram of a method of making the vanator of FIG.
L

{0031} Fi(3. 8 is a front sectional view of the case of the vanator of FIG. 1;

[8032] FIG. 9 1s a plan view of the case of FIG. §;

9033} FiG. 10 is a perspective view of the fluid conduit of FiG. 4;

{0034} FIG. 11 15 a perspective view of the fhuid conduit of FIG. 4 aligned with one hole

of the case; and
[0035] Fi(3. 12 is a perspective view simuilar to FIG. 11 with the flmid conduit positioned

i the case.

DETAILED DESCRIPTION OF THE DRAWINGS

[6036] While the concepts of the present disclosure are susceptible {o various
modifications and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and will be described herein in detail. It should be understood,
however, that there 15 no itnlent to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives consistent with the present disclosure and the appended claims.

<

{00371 References in the specification to “one embodiment,” “an embodiment,” “an
tustrative embodiment,” etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may or may not necessarily include
that particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when 3 particular feature, structure, or
characteristic is described in connection with an embodiment, 1t is submaitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in
conmection with other embodiments whether or not explicitly described.

[6038] In the drawings, some structural or method features may be shown in specific
arrangements and/or orderings. However, it should be appreciated that such specific
arrangements and/or orderings may not be required. Rather, m some embodiments, such

features may be arranged n a different manner and/or order than shown n the lustrative
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figures. Additionally, the inclusion of a structural or method feature in a particular figure is not
meant to imply that such feature 15 required n all embodiments and, in some embodiments, may
not be included or may be combined with other features.

9039] Refernng now to FIG 1, an illustrative transmission 10 is shown. The
ranstission 10 may be included i a motor vehicle and coupled between a dnve unit and a
vehicle load to ensure the controlled application of rotational power generated by the drnive unit
to the vehicle load. Specifically, the transmission 10 may be operable in a number of operating
modes 1o transmit rotational power generated by the drive unit to the vehicle load to propel the
vehicle load 1n a forward direction and/or a reverse direction.

[0040] The transmission 10 1s illustratively embodied as an automatic, continuously
variable transmission (CVT) that includes a fluid source 12, a variator 14 coupled to the fluid
souwrce 12, a hydraulic circuit 16 coupled to the Huid source 12, and a number of torque
transmitting mechanisms 18 coupled to the hydraulic circuit 16 as shown in FIG. 1. The flud
source 12 is illustratively a sump or fhud reservoir configured to store fluid (le., oil} for
subsequent delivery to the variator 14 and the hyvdraulic civeuit 16, The vanator 14 1s operable
to enable the transmission 10 to provide a varnable range of speed ratios (1.e., ratios defined by
the rotational speeds of the input to the transmission 10 to the rotational speeds of the output of
the transmission 10) in one or more operating modes. The hydraulic circuit 16 is configured to
deliver fluid supphied by the flud source 12 to the torque transmitting mecharnisios 18, The
torque transmitting mechanisms 18 may include gearsets as well as clutches that may be
selectively engaged during operation of the transmussion 10 to transmit rotational power
between components of the transmussion 10 (e.g., between a transmission input shaft, one or
more gearsets, and a transmission output shaft}.

[8041] The variator 14 is illustratively embodied as a planetary-type variator that
imcludes a mumber of planets or spheres 22 as shown in FIG. 1. Because the vanator 14 15 a
iraction drive device, the spheres 22 transroit torque between the input and output shafis of the
transmission 10 during operation of the vanator 14 via traction flhind. The spheres 22 must be
cooled and lubricated {0 resist wear as the spheres 22 transmut torgue between the input and
output shafts of the transrmssion 10, A vanator hydraulic circuit 30 1s configured to deliver
fluid from the fluid source 12 to the spheres 22 1o cool and lubricate the spheres 22 during
operation of the variator 14. Specifically, as described in greater detail below, the variator
hydraulic circuit 30 1s configured to deliver flud from the flud source 12 to a number of fluid

conduits 32 of the variator 14 that are configured fo supply fluid to the spheres 22.
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{00421 Fimd supplied by the fhud source 12 is illustratively delivered separately to the
spheres 22 and the torque {ransmitting mechanisms 18 as shown in FIG. 1. Specifically, flud
from the fluid source 12 1s delivered to the spheres 22 via the conduits 32 of the vanator
hydraulic circuit 30 at a vartator pressure 100, and fluid from the fluid source 12 is delivered to
the torque transmitting mechanisms 18 via the hyvdraolic civcuit 16 at a pressure 102, The
variator pressure 100 and the pressure 102 are illustratively different from one another. It
should be appreciated, however, that in other embodiments, the variator pressure 100 and the
pressure 102 may be similar or substantially equivalent to one another,

[0043] Refernng now to FIG. 2, the spheres 22 are circumferentially arranged about a
central axis 24 and positioned between an input disc 26 and an output disc (not shown) of the
variator 14. The spheres 22 of the variator 14 illustratively include eight spheres, as best seen
im FIG. 3. It should be appreciated, however, that in other ernbodimnents, the spheres 22 of the
vartator 14 may include more or less than eight spheres.

[0044] The variator 14 further includes a stator or case 40 that extends around the
spheres 22 as shown in FIG. 2. The fluid conduits 32 are illustratively secured to the case 40
such that the conduits 32 extend radially inward from the case 40 toward the axis 24. In this
way, as described in more detail below, the conduits 32 extend radially inward from the case 40
toward the axis 24 to deliver flmd to the spheres 22 arranged about the axis 24, As used herein,
the term “radially” refers to the radial direction that is orthogonal to the axial direction along
which the axis 24 extends. Thus, when one component is referred to as being positioned
radially outward of ancther component, the one component is positioned farther away from the
axis 24 than the another component in the radial direction. Conversely, when one component is
referred to as being positioned radially inward of another component, the one component is
positioned closer to the axis 24 than the another component in the radial direction.

[8045] The case 40 15 iHustratively a metallic component configured to engage a
housing of the transmussion 10. Specifically, the case 40 includes a flange 42 that defines the
outer ctrcumference of the case 40 and surrounds a central cavity 72 defined in the case 40.
The flange 42 i1s configured to engage the housing of the transmission 10 and ncludes one or
more apertures 104 that are sized 1o receive fasteners (not shown) used to couple the case 40 1o
the housing of the transmission 10. Because the case 40 is secured to the stationary housing of
the transmission 10, the case 40 is a stationary component of the variator 14, The {lange 42
mcludes a planar, circumferential face 108 that is arranged to confront the housing of the

transmission 10 to seal an annular groove 48 formed in the face 108 when the flange 42 is
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engaged with the housing of the transnussion. The groove 48 extends substantially around the
axis 24 as shown in FIG. 2.

[0046] Refernng now to FIG. 3, the spheres 22 are arranged circumferentially about the
axis 24 in the central cavity 72. A fluid conduit 32 extends through the case 40 into the central
cavity 72 between each pair of the spheres 22, Specifically, the conduit 32 extends through an
outer circurnferential surface 106 of the flange 42 and an inner circurnferential surface 190 nto
the central cavity 72 between each pair of the spheres 22. In total, the fluid conduits 32
tlustratively inclhude eight flnd conduits that are substantially identical to one another. As
described in greater detail below, each fluid conduit 32 15 configured to deliver fluid to each
pair of adjacent spheres 22. 1t should be appreciated, however, that in other embodiments, more
or less than eight fhud condwits may be provided to ensure sufficient fluid s delivered to the
spheres 22 to cool and lubricate the spheres 22 dwring operation of the variator 14, For
example, the vanator 14 may include only four flind conduits that are each configured to
deliver fhind to two spheres that are arranged circumferentially adjacent one another about the
axis 24.

{0047} The variator 14 further includes a nuwmber of retairung pins 46 that secure the
fluid conduits 32 to the case 40. The retaining pins 46 illustratively include eight retaining pins
that are substantially identical {0 one another. Each of the eight retaining pins 46 is used io
secure one of the eight fluid conduits 32 to the case 40 in a predeternuned orientation, as
described in greater detal below. It should be appreciated, however, that in other
embodiments, more or less than eight retaining pins may be used depending on the number of
fluid condunts inchuded in the vanator 14.

{9048} The groove 48 formed in the face 108 is positioned radially owtward from the
spheres 22 and radially inward from the retaining pins 46, The groove 48 is sized to conduct
fluid supplied thereto by the variator hyvdraclic circuat 30, Specifically, the groove 48 is fhudly
coupled to the vanator hvdraulic circuit 30 at an inlet 110 so that fluid from the fluid source 12
1s supplied to the groove 48 via the circuif 30 at the infet 110. From the inlet 110, the groove 48
circulates fhind about the axis 24 to the fluid conduits 32 and thereafter to an outlet 112, Flwid
circulated to the outlet 112 may be recirculated back to the inlet 110 by the hydraulic circuit 30.
1t should be appreciated that fluid may be supplied to the groove 48 via the hyvdraulic circuit 30
at the outlet 112 rather than the imlet 110, In that case, the groove 48 may circulate fluid from
the outlet 112 about the axis 24 fo the fluid conduits 32 and thereafter to the mlet 110, It should
also be appreciated that fluid may be supplied to the groove 48 via the hydraulic circuit 30 at

both the locations 110, 112. In that case, the supply of flid to the groove 48 at both the
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focations 110, 112 may mitigate a pressure drop that results as fluid is circulated about the axis
24 via the groove 48. In any case, as described in greater detail below, the fhuid conduits 32 are
configured to receive fluid from the fluid source 12 via the groove 48 prior to delivering flud fo
the spheres 22.
[8049] The conduits 32 include inlets 34 and outlets 36 as shown in FIG. 3. The inlets
34 are positioned m the groove 48 radially outward of the spheres 22, and the outlets 36 are
positioned radially inward of the inlets 34, Fluid enters the conduiis 32 through the inleis 34
and advances radially inward to the outlets 36. Fluid exits the conduits 32 through the outlets
36 and 1s directed toward the spheres 22
(9050] Refernng now to FIG. 10, one conduit 114 of the fluid conduits 32 is shown in
greater detail. It should be appreciated that in the illustrative embodiment, the other fluid
conduits 32 are each identical to the conduit 114, The conduit 114 includes an ouler body or
tube 170 having a section 134 and a section 138, The sections 134, 138 are interconnected to
one another, and the section 134 has a diameter 136 that is illustratively greater than a diameter
140 of the section 138, The section 134 includes a cap 120, and the section 138 includes a tip
122, The cap 120 and the tip 122 define opposite ends 124, 126 of the conduit 114,
respectively.
{8051] As described above, each conduit 32 includes an inlet 34 (identified by numeral
128 i FIG. 10} and an outlet 36 {identified by numeral 130 in FIG. 10). In addition to the inlet
128 and the outlet 130, the conduit 114 includes a notch 142. The inlet 128 and the notch 142
are formed in the section 134 of the tube 170, and the outlet 130 is formed in the section 138 of
the tube 170, The inlet 128 and the notch 142 are postitoned closer to the cap 120 than the tip
22, and the owtlet 130 is positioned closer to the fip 122 than the cap 120.
{8052] Referring now to FIG. 4, the conduit 114 1s shown instalied in the case 40 so that
the condwit 114 13 positioned between g pair of spheres 116, 118, It should be appreciated that
each of the other flutd conduits 32 15 mstalled in the case 40 so that each of the other flud
conduits 32 1s positioned between two of the spheres 22 in substantially identical fashion to the
Hustrative installation of the fhad conduit 114,
[8053] Refernng now to FIG. 3, the condwt 114 is shown secured to the case 40 by a
retaining pin 132 of the retaining pins 46. Specifically, the retaining pin 132 is engaged with
the conduit 114 and the case 40 to secure the conduit 114 to the case 40 m a predetermined
orientation. The conduit 114 and the case 40 are configured to receive the retaining pin 132 so
that the conduit 114 and the case 40 are coupled to one anocther via the retaining pin 132,

thereby preventing the conduit 114 from moving relative to the case 40 and securing the conduit
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114 to the case 40 in the predeternuned orientation. Specifically, when the notch 142 formed in
the conduit 114 15 aligned with a notch 186 formed in the case 40 (as best seen in FIG. 12}, the
retaning pin 132 is recetved in the notches 142, 186 to couple the conduit 114 to the case 40.
9054] The section 134 of the fluid condwit 114 is illustratively engaged with the
retaiming pin 132 as shown in FIG. 5. As described in greater detail below, the retaining pin
132 1s received i the notch 142 of the fluid conduit 114 when the fluid conduit 114 1s installed
i the predetermined orientation in the case 40, Additionally, the section 134 is directly
engaged with the case 40 when the fluid conduit 114 is instalied in the case 40, as described in
greater detail below.

[B055] When the fliud conduit 114 is instalied in the case 40 as shown in FI(G 4, the
section 138 extends radially inward from the section 134 relative to the axis 24 toward the
spheres 116, 118, The cap 120 is positioned adjacent the Hange 42, and the tip 122 1s
positioned in the central cavity 72. The cap 120 is ilustratively arranged radially outward from
the spheres 116, 118, and the tip 122 is llustratively arranged radially inward of the cap 120
The mlet 128 i3 aligned with the groove 48, and the outlet 130 is positioned between the
gpheres 116, 118,

(9056] The nlet 128 is aligned with and fluidly coupled to the groove 48 to receive
fluid therefrom during operation of the variator 14 as indicated above. Fluid flow from the fhud
source 12 to the inlet 128 may be adjusied to control the pressure at which fluid is conducted
from the inlet 128 to the outlet 130, and thereafier to the spheres 116, 118 For instance, a
single or multistage restriction orifice may be positioned at the infet 128 1o adjust flud flow
from the groove 48 to the inlet 128, and thus from the inlet 128 to the outlet 130, It should be
appreciated, however, that in other embodiments, other suitable mechanisms may be emploved
1o adjust the fluid flow from the source 12 io the inlet 128 and thereafier {o the spheres 116, 118
via the outlet 130,

[8057] Refernng now to FIGS. 5-6, the inlet 128 15 fluidly coupled 1o the outlet 130 via
a passageway 144, As such, fluid received by the conduit 114 at the inlet 128 is conducted to
the outlet 130 via the passageway 144, The inlet 128 opens into the passageway 144, and a
number of outlet ports 146 of the outlet 130 also open into the passageway 144. The notch 142,
however, does not open into the passageway 144, The passageway 144 includes a section 144°
formed in the section 134 of the tube 170 and a section 1447 formed in the section 138 of the
tube 170. The sections 144°, 1447 are interconnected, and the section 144” has a diameter 172

that 1s illustratively greater than a diameter 174 of the section 1447,
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[D058] The inlet 128 illustratively includes an opening 128" formed in the section 134 of
the tube 170 as shown in FIG. 5. The opening 128 has a diameter 176 that 15 within the range
of 3.0 millimeters to 3.5 oullimeters. It should be appreciated, however, that in other
embodiments, the opening 128" may have a diameter 176 that is within another range suitable
for use of the conduit 114 in the variator 14 as described above.

[8059] The outlet 130 dlustratively includes a number of output ports 146 as shown
FIG. 6. Each output port 146 has a diameter 178 that is within the range of 1.0 millimeterto 1.3
millimeters. It should be appreciated, however, that in other embodiments, the ouiput ports 146
may have a diameter 178 that is within another range suitable for use of the conduit 114 in the
variator 14 as described above. The output ports 146 are positioned relative to one another fo
direct flmd conducted to the outlet 130 by the inlet 128 via the passageway 144 along a number
of different fhud paths. To that end, as described in greater detail below, the output ports 146
extend along a number of different axes to define the different fluid paths.

{00601 Referring now to FIG. 6, the output ports 146 of the outlet 130 are each
configured to deliver fluad conducted radially inward from the inlet 128 (o the outlet 130 to one
of the spheres 116, 118, The output ports 146 tllustratively include six output ports. It should
be appreciated, however, that in other embodiments, the output ports 146 may include more or
less than six output ports depending on the desired distribution of fluid to the spheres 22.

[8061] The output ports 146 of the outlet 130 are illustratively arranged 1o ensure the
fluid conduit 114 provides sufficient fluid to the spheres 116, 118 to cool and lubricate the
spheres 116, 118 during operation of the variator 14, that is when the flmd condwit 114 13
secured to the case 40 in the predetermined ortentation as shown in FIG. 5. In that way, the
predetermined orientation of the fluid conduit 114 relative to the case 40 is that which ensures
the arrangement of the ports 146 provides sufficient fluid to the spheres 116, 118 to cool and
tubricate the spheres 116, 118 during operation of the variator 14

[8062] The outlet ports 146 of the outlet 130 are fluidly coupled and positioned adjacent
to the spheres 116, 118 as shown in FIG. 6. In the illustrative arrangament, the output ports 146
are positioned in two groups of three opposite one another on an outer surface 64 of the flmd
conduit 114 to deliver fluid to the spheres 116, 118, Specifically, output ports 148, 150, 152 are
configured to deliver fluid to the sphere 116, and output ports 154, 156, 158 are positioned
opposite the ports 148, 150, 152 on the surface 64 and configured to deliver fluid to the sphere
118. 1t should be appreciated, however, that in other embodiments, different arrangersents of

the output ports 146 may be emploved. For instance, the output ports 146 may be arranged on
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the outer surface 64 along a line {not shown) extending substantially parallel to a longitudinal
axis 160 defined by the fhud conduit 114,

(D063} The output ports 146 each extend along separate axes away trom the passageway
144 through the outer surface 64 of the fluid conduit 114 as shown i FI(G. 6. Specifically, the
output ports 148, 150, 152 extend along respective longitudinal axes 1487, 1507, 1527 away
from the passageway 144 through the surface 64, and the output ports 154, 156, 158 extend
along respective longitudinal axes 1547, 1567, 138" away from the passageway 144 through the
surface 64. The respective longitudinal axes 1487, 15307, 1527, 1547, 156°, 158 of the output
ports 148, 150, 152, 154, 156, 158 define the paths along which flud 1s delivered from the
output ports 146 to the spheres 116, 118 during operation of the variator 14.

{8064] in the illustrative arrangement of the oulput ports 146 of the outlet 130, at least
one of the output ports 146 is configured to deliver Thad radially inward to at least one of the
spheres 116, 118 Specifically, the output port 152 is configured to deliver fluid radially inward
along the path defined by the longitudinal axis 1527 to the sphere 116, and the output port 158 s
configured to deliver Huid radially inmward along the path defined by the longitudinal axis 158
to the sphere 118, 1t should be appreciated, however, that the arrangement of the axes 148",
1507, 1527, 1547, 1567, 158" depends on the amount of fluid required by the spheres 116, 118
during operation of the variator 14. In some operating conditions, for instance, one or more of
the output ports 148, 150, 154, 156 may be formed through the outer surface 64 to deliver fluid
radially inward to the spheres 116, 118, like the oufput ports 152, 158. In other operating
conditions, however, only one of the output ports 148, 150, 152, 154, 156, 15¢ may be formed
through the outer surface 64 to dehiver fluid radially mward {0 the spheves 116, 118,

{0065} Inn operation, fluid may be supplied from the fluid source 12 at the pressure 102
io the torque transmitting mechanisms 18 via the hvdraulic circwit 160 Fluid may also be
supplied from the fhad source 12 at the variator pressure 100 {o the spheres 22 via the varnator
hydraulic circuit 30, To do so, fluid may be conducted from the inlets 34 of the fluid conduits
32 o the outlets 36 of the fluid conduits 32. Furthermore, to supply fluid from the source 12 at
the varator pressure 100 fo the spheres 22, flid may be delivered to the miets 34 through the
case 40. To deliver fluid to the nlets 34 through the case 40, flund may be circulated to the
mlets 34 around the central axis 24 via the groove 48,

18066] Refernng now to FIG. 7, a method 80 for making the vanator 14 is shown. As
described in greater detail below, the method 80 includes formung a number of holes 68 and the
groove 48 in the case 40. The method 80 additionally includes arranging the spheres 22 in the

case 40, forming the fluid conduits 32, and positioning the fluid conduits 32 in the holes 68 of
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the case 40. The method 80 also includes engaging the fluid conduits 32 and the case 40 with
the retaining pins 46 to secure the conduits 32 fo the case 40. It should be appreciated that the
method 80 may be performed i a number of sequences other than the illustrative sequence of
FiG. 7. For example, the method 80 may be performed by arranging the spheres 22 in the case
40 after engaging the fluid conduits 32 and the case 40 with the retaining pins 46 to secure the
condutts 32 to the case 40.

[08067] Referring now to FIGS. 8-9, the method 80 beging with block 82 in which the
number of holes 68 and the groove 48 are formed in the case 40. The holes 68 may be cast into
the metallic case 40. Alternatively, the holes 68 may be machined into the case 40 after the
case 40 has been produced. In any case, the holes 68 are formed in the case 40 such that the
holes 68 extend radially inward through substantially D-shaped projections 70 of the flange 42
extending outwardly from the surface 106 and open into the central cavity 72, It should be
appreciated, however, that in other embodiments, the projections 70 may take the shape of other
suitable geometric forms. The groove 48 s formed n the circumferential face 108 of the case
40 so that the groove 48 extends substantially around the central axis 24 as indicated above.
Like the holes 68, the groove 48 may be cast into the case 40, or machined into the case 40 after
the case 40 has been produced.

{80658] Each of the holes 68 is illustratively counterbored and defined by a sidewall 192
of the case 40. As such, each hole 68 extends radially inward through the projection 70, past a
shoulder 74 included in the sidewall 192, and into the central cavity 72 as shown i FIG. 8.
When the fluid conduits 32 are positioned in the holes 68, as described in greater detail below
with reference to FIG. 11, the first section 134 of each of the fluid conduits 32 is engaged with
one of the shoulders 74 of the case 40.

{8069] Fach of the holes 68 illustratively includes a pair of groove openings 194 at
which the groove 48 opens into and is thereby fluidly coupled o each of the holes 68. The
groove openings 194 are formed in each sidewall 192 of the case 40, and the groove openings
194 are positioned radially outward of the shoulders 74 of the case 40 as shown in FIG. 8.
{0070 Each of the holes 68 illustratively includes a notch 76 that 15 positioned radially
outward of the groove opemings 194 and sized 1o receive one of the retaining pins 46 as shown
m FIG. &  As such, once the fluid conduits 32 are positioned in the holes 68 in the
predetermined onentations, the retaining pins 46 are received in the notches of the holes 68 and
the fluid conduits 32 (e.g., noich 76 of one hole 68 and notch 142 of the fluid conduit 114)

when the retaining pins 46 are engaged with the fluid conduits 32 and the case 40. In that way,
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the fluid conduits 32 are secured 1o the case 40 in the predeierminad orientations, as described
m greater detail below with reference to FIG. 12,

{0071} Referring back to FIG. 7, the method 80 proceeds to block 84 in which the
spheres 22 are arranged circumferentially about the ceniral axis 24 in the cemtral cavity 72.
Specifically, the spheres 22 are arranged circumferentially about the central axis 24 in the
central cavity 72 so that the spheres 22 are positioned radially inward of the case 40 and the
groove 48 formed in the case 40.

[0072] Referring now to FIG. 10, the method 80 proceeds to block 86 in which the fluid
conduits 32 are formed. For the sake of simphcity, block 86 is described below only with
reference to fluid conduit 114 shown in FIGS. 4-6 and described herein. Initiallv, forming the
fluid condwit 114 includes providing the cylindrical tube 170 with the sections 134, 138. To do
so, the tube 170 may be stamped, forged, rolled, or drilled from a subsirate. In one example,
the tube 170 may be formed from a metallic substrate such as aluminum or steel so that the tube
17¢ has a metallic, unitary {i.e., monolithic) construction. In another example, the tube 170
may be formed in multiple pieces {rom a metallic substrate such as aluminum or steel. 1t should
be appreciated, however, that 10 other embodiments, the tube 170 may be formed from a non-
metallic substrate such as a polymeric substrate, for instance.

{8073} To form the fhud condwmt 114 in block 86, the passageway 144, the inlet 128,
and the notch 142 are formed m the tube 170, The flwd conduit 114 may be formed by
machining the passageway 144, the inlet 128, and the notch 142 into the tube 170, For
example, the features 144, 128, 142 may be laser-machined {(e.g., drilled, milled, formed, etc.)
mio the tube 170 to form the fluid conduit 114,

9074] Additionally, to form the fluid conduit in block 86, the outlet 130 including the
plurality of output ports 146 is formed n the tube 170. The output ports 146 are formed in an
arrangement that ensures the conduit 114 provides sufficient fluid to the spheres 116, 118
during operation of the variator 14, that is when the conduit 114 is secured in the predetermined
orientation 1o the case 40. The output ports 146 are iHustratively formed in two groups of three,
as described above with reference to FIG. 6, but it should be appreciated that the output ports
may be formed in other suttable arrangements. The outlet 130 is formed by forming the output
ports 148, 150, 152, 154, 156, 15% along their respective axes 1487, 1507, 1527, 134", 156°, 15%°
io define the paths along which fluid is delivered to the spheres 116, 118, as described above
with reference to FIG. 6. In this way, at least one of the ports 148, 150, 152, 1534, 156, 158 18

formed to deliver fluid radially mward to at least one of the spheres 116, 118, as described
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above with reference to FIG. 6. As described above with respect to the features 144, 128, 142,
the fluid conduit 114 may be formed by laser-machining the output ports 146 of the outlet 130,
{0075] Referring now to FIG. 11, the method 80 proceeds to block 88 in which the fluid
conduits 32 are positioned in the holes 68 of the case 40. For the sake of simplicity, block 88 is
described below only with reference to fluid conduit 114 and a hole 180 (i.e., of the holes 68) of
the case 40, Imtially, the fluid condwit 114 is aligned with the hole 180 that extends radially
mward through a projection 182 (i.e., of the projections 70) in preparation for positioning the
fluid conduit 114 1n the hole 180.

[8076] After the fluid conduit 114 15 aligned with the hole 180, the fluid conduit 114 is
advanced mito the hole 180 until the section 134 15 engaged with a shoulder 184 (ie., of the
shoulders 74) to position the conduit 114 in the hole 180, as shown in FIG. 11, When the
section 134 13 engaged with the shoulder 184, the inlet 128 is positioned radially outward of the
spheres 22, and the outlet 130 is positioned radially inward of the inlet 128 as shown in FIG. 3.
{00771 Preferably, the fluid conduit 114 is advanced into the hole 180 with the ouiput
ports 146 oriented relative to the spheres 116, 118 1n the same fashion that the ports 146 are
orntented relative to the spheres 116, 118 when the conduit 114 is positioned 1n the hole 180 in
the predetermined onientation, as shown in FIG. 11, When the section 134 is engaged with the
shoulder 184, and once the flund conduit 114 has been placed in the predetermined orientation
in the hole 180, the inlet 128 15 fluidly coupled to the groove 48, Furthermore, when the section
134 1s engaged with the shoulder 184, and once the fluid condwit 114 has been placed in the
predetermined orientation in the hole 180, at least one of the output ports 146 i1s positioned
between the spheres 116, 118 to deliver fhind radially inward to at least one of the spheres 116,
118, as shown in FIGS. 5-6. Finally, when the section 134 is engaged with the shoulder 184,
and once the fluid conduit 114 has been placed in the predetermined orientation in the hole 180,
a notch 186 (i.e, of the notches 76) is aligned with the notch 142 of the fluid condwt 114 in
preparation for receiving the retaining pin 132

{00781 If the fluid conduit 114 is not in the predetermined onentation when the section
134 15 engaged with the shoulder 184 1n the hole 180, the fluid conduit 114 may be rotated
relative to the case 40 to the predeternuned orentation. Specifically, the fluid conduit 114 may
be rotated about an axis 188 relative to the case 40 to the predetermined orientation before
being engaged with the retaining pin 132 to secure the fhad conduit 114 to the case 40 in the
predetermined orientation. When the fluid conduit 114 1s positioned in the hole 180, the axis
188, the longitudinal axis 160 of the conduit 114, and a longitudinal axis 196 of the hole 180

are aligned with one another, and each of the axes 188, 160, 196 is arranged orthogonal to the
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central axis 24. After the fluid condwit 114 is instalied in the hole 180 in the predetermined
ontentation, the other flud conduits 32 may be installed in the other holes 68 in the
predetermined orientations in preparation for securing the flund condutts 32 to the case 40 1n the
predetermined orientations.

{0079] Refernng now to FIG. 12, the method 80 proceeds to block 90 1o which the flhud
condutts 32 and the case 40 are engaged with the retaiming pins 46 to secure each of the fluid
conduits 32 to the case 40 in the predetermined orientation. For the sake of simplicity, block 90
is described below only in reference to the fluid conduit 114, the hole 180, and the retaining pin
132, Tmtally, the orientation of the fluid conduwit 114 i the hole 180 is assessed to determine
whether the fluid conduit 114 1s in the predetermined orientation. If it is determined that the
fluid conduit 114 is not in the predetermined orientation in the hole 180, the fluid conduit 114
may be rotated relative to the case 40 to the predetermined orientation, as indicated above.
[0080] Once the fluid conduit 114 is determined to be in the predeatermined orientation
in the hole 180, the retaining pin 132 1s advanced into the notches 142, 186 that are aligned with
one another as indicated above. The retaining pin 132 is advanced into the noiches 142, 186
until the retaining pin 132 1s engaged with each of the section 134 of the fhuid condutt 114 and
the case 40 {o secure the fluid conduit 114 to the case 40 in the predetermined orientation, as
shown in FIG. 12 When the retaining pin 132 is engaged with the fluid conduit 114 and the
case 40 and the fluid condutt 114 is secured to the case 40 in the predetermined orientation, the
retaining pin 132 is positioned radially inward of the case 40.

0081} Referring to FIGS. 1-12, the vanator 14 may be referred to herein as an

assemnbly 14 that mcludes the components described above. In other words, the assembly 14
may include the case 40, the spheres 22, and the fluid conduits 32 described above as being
mcluded in the vartator 14.

18082} While the disclosure has been illustrated and described 1 detail in the drawings
and foregoing description, such an illustration and description 15 to be considered as merely
tlustrative and not restrictive in character, # being undersicod that only iHustrative
embodiments have been shown and described and that all changes and modifications that come

within the spirit of the disclosure are desired to be protected.
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WHAT 5 CLAIMED IS

1. A variator for an automatic transmission, the variator comprising:

a plurality of spheres arranged circumferentially about a central axis and
configurad to be positioned between an input disc and an output disc, and

a plurality of flmd conduits, each of the plurality of fluid conduits including (i)
an inlet positioned radially outward of the plurality of spheres and (11} an outlet positioned
radially inward of the nlet, the outlet being fluidly coupled to the miet to deliver fluid received

by the inlet to at 1zast one of the plurality of spheres.

2. The variator of claim 1, comprising a case that includes a tlange that is
positioned radially outward from the plurality of spheres, wherein the plurality of fhud conduiis

extend radially inward from the case.

3. The vanator of claim 2, wherein the case is configured io engage a

housing of the transmission.

4. The variator of claim 2, further comprising a plurality of retaining pios
positioned radially inward of the case, wherein each of the plurality of retaining pins is engaged
with one of the plurality of fluid conduits and the case to secure each of the plurality of flud

conduits to the case in a predetermined orientation.

3. The variator of claim 4, wherein (i) each of the phurality of {hind conduits
mcludes a first section having a first diameter and a second section extending radially inward
from the first section and having a second diameter less than the first diameter, and (it} the first
section of each of the plurality of fluid conduits is engaged with one of the plurality of retaining

pins.

6. The varator of claim 4, wherein (i) the case includes a groove that
extends substantially around the central axis and is positioned radially cutward from the
plurality of spheres, and (1) the plurality of retaiming pins are posttioned radially outward from
the groove.

7. The varntator of claim 1, wherein (1) the outlet of each of the plurality of

fluid conduits comprises a plurality of oufput ports, and (it} at least one of the plurality of
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output ports is configured to deliver fluid radially inward fo at least one of the plurality of

spheres.

8. The variator of claim 7, wherein each of the fluid conduits is formed to
imclude a passageway that extends radially mmward from the mnlet to fhndly couple the nlet to

each of the plurality of output ports.

9. An assembly comprising:

a case including (1) a flange having an outer swrface, (11) a plurality of holes that
extend radially inward through the outer surface, and (111) a groove that extends substantially
around a ceniral axis and is configured to recetve fluid,

a plurality of spheres arranged circumferentially about the central axis and
positioned radially inward of the groove, and

a plurality of fluid conduits positioned in the plurality of holes, each of the
plurality of fluid conduits inclhuding (1) an mlet fwdly coupled to the groove to receive flud
therefrom and (i) an outlet positioned radially mward of the inlet, the outlet being fludly
coupled to the inlet to deliver fluid received by the inlet to at least one of the plurality of

spheres.

10. The assembly of claim 9, wherein the case 15 configured 10 engage a

housing of a transmission.

11 The assembly of claim 9, comprising a plurality of retaining pins
positioned radially inward of the case, wherein each of the plurality of retaining pins is engaged
with one of the plurality of fhud conduits and the case to secure each of the plurality of fluid

condutts to the case in a predeternuned otientation.

12. The assembly of claim 11, wherein (i) each of the plurality of fluid
conduits includes a first section having a first diameter and a second section extending radially
mward from the first section and having a second diameter less than the first diameter, and (it}
the first section of each of the plurality of fluid conduits is engaged with one of the plurality of

retaining pins.
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13. The assembly of claim 12, wherein {1} each of the plurality of holesis a
counterbored hole that extends radially mward {tom one of a plurality of shoulders of the case,
and (i1) the first section of each of the plurality of fluid conduiis is engaged with one of the

plurality of shoulders of the case.

14. The assembly of claim 9, wherein (1} the outlet of each of the plurality of
fluid conduwits comprises a plurality of output ports, and (it} at least one of the plurality of
output ports is configured to deliver fluid radially inward {o at least one of the plurality of

gpheres.

15. The assembly of claim 14, wherein the plurality of output poris
comprises three ouiput ports configured to deliver fluid to at least one of the plurality of

spheres.

16. The assemnbly of claim 14, wherein each of the plurality of output poris

has a diameter within the range of 1.0 mullimeter to 1.5 millimeters.

17. The assembly of claim 9, wherein the inlef of each of the plurality of

fluid conduits has a diameter within the range of 3.0 millimeters to 3.5 millimeters.

18. A transmission comprising;

a varialor mcluding (1) a pluralitv of spheres arranged circumferentially about a
central axis between an inpwt disc and an output disc. and (11} a variator hydraulic circuit fluidly
coupled 1o a fluid source and configured to deliver fhud supplied by the fluid source to the
plurality of spheres at a variator pressure, the vanator hvdraolic circuit having a plurality of
fumd conduits each configured to conduct fluid from an inlet of each of the plurality of fluid
conduits that is positioned radiaily outward of the plurality of spheres to an outlet of each of the
plurality of fluid conduits that 1s positioned rachally inward of the inlet to deliver fluid to at least
one of the plurality of spheres, and

a first hydraulic circuit flmdly coupled to the fluid source and configured to
deliver fluid supplied by the fluid source to first torque transmilting mechanisms of the
iransmission separate from the plurality of spheres at a first pressure different from the variator

pressure.
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19, The transnussion of claim 18, wherein the inlet of each of the plurality of

fluid conduiis has a diameter within the range of 3.0 mallimeters 1o 3.5 mullimeters.
20. The transmussion of claim 19, wherein (i) the outlet of each of the

plurality of fluid conduits comprises a plurality of output ports, and {11} each of the plurality of

output ports has a diameter within the range of 1.0 nullimeter to 1.5 nullimeters.
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