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(57)  Alow torque rotary valve (10) for a vehicle cool-
ing system is provided. The rotary valve includes a ta-
pered valve body (14) that can be lifted during rotation
and thereafter seated after being rotated the desired
amount. An axial surface of the tapered valve body is in
sliding contact with an axial surface of a valve housing
orarotatable disk (16). As the tapered valve body rotates,

one or more ramped projections (60) cause the tapered
valve body to displace axially within the valve housing.
The sealing members (22, 24) are uncompressed during
rotation of the tapered valve body, and a lower torque
demand is required, thereby allowing for a smaller and
less costly motor actuator.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to rotary valves,
and in particular, multi-port rotary valves for controlling
coolant flow in battery electric vehicles and for other ap-
plications.

BACKGROUND OF THE INVENTION

[0002] Batteryelectricvehiclesrely on complex cooling
circuits to ensure the vehicle batteries, power electronics,
and the electric motor are operating within an optimal
temperature range. These cooling circuits typically in-
clude several multi-port rotary valves to help meet the
cooling demands of these and other vehicle systems. For
example, existing battery electric vehicles include one or
more five-port or eight-port rotary valves that direct the
flow of coolant to a corresponding number of different
routing paths of the vehicle cooling system.

[0003] Multi-port rotary valves generally include a
valve body that is rotated within a flow passage about an
axis that is normal to a flow stream. The valve body can
include a number of possible geometries, including ta-
pered and cylindrical plugs, with each such plug defining
one or more flow passages therethrough. The valve body
can be rotated in the clockwise and/or counter-clockwise
directionsin response to a motor actuator to thereby open
or close the rotary valve.

[0004] The sealing ability (leakage rate) of a rotary
valve having a tapered valve body is proportional to the
torque demand on the motor actuator. To achieve a high
sealing ability, high power motor actuators are ordinarily
required. In vehicle cooling systems, however, it can be
desirable to have a smaller motor actuator, which would
decrease the cost associated with the coolant system
while also minimizing size and potentially extending serv-
ice life. Accordingly, there remains a continued need for
amulti-portrotary valve that is compatible with low torque
motor actuators while maintaining a strong seal of the
tapered valve body.

SUMMARY OF THE INVENTION

[0005] The presentinvention is defined by the subject-
matter of the independent claims.

[0006] A low torque rotary valve for a vehicle cooling
system is provided. The rotary valve includes a tapered
valve body that can be lifted during rotation and thereafter
seated after being rotated the desired amount. An axial
surface of the tapered valve body is in sliding contact
with an axial surface of a valve housing or a rotatable
disk. As the tapered valve body rotates, one or more
ramped projections cause the tapered valve body to dis-
place axially within the valve housing. Sealing members
are uncompressed during rotation of the tapered valve
body, and a lower torque demand is required, thereby
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allowing for a smaller and less costly motor actuator.
[0007] In one embodiment, the rotary valve includes a
rotatable disk having a ramped projection for engaging
the tapered valve body. An overrunning clutch is joined
to or integral with a lower portion of the tapered valve
body to permit rotation of the tapered valve body in only
a single direction. When rotating in the first direction, the
rotatable disk pushes tangentially on the upper surface
of the rotary valve and rotates the valve body in the first
direction. Once the tapered valve body is rotated in the
first direction by the desired amount, the rotatable disk
rotates in the opposite direction. The tapered valve body
is prevented from rotating in this opposite direction by
the overrunning clutch and is instead driven axially within
a valve housing by operation of the ramped projection to
compress the sealing members against the interior of the
valve housing.

[0008] In another embodiment, the rotatable disk and
the overrunning clutch are omitted, and the rotary valve
instead includes inter-engaging camming surfaces on an
axial surface of the tapered valve body and an axial sur-
face of the valve housing. The tapered valve body of this
embodiment is bi-directional and is driven by an input
shaft extending through the valve housing. Rotation of
the tapered valve body within the valve housing causes
the camming surfaces to slide over each other and axially
displace the tapered valve body against a spring element,
such that sealing members between the tapered valve
body and the valve housing are at least partially uncom-
pressed during rotation of the tapered valve body within
the valve housing.

[0009] In these and other embodiments, the tapered
valve body includes at least one flow passage extending
transverse to a rotational axis of the tapered valve body.
The tapered valve body can include a single flow passage
in some embodiments, while in other embodiments the
tapered valve body includes two or more flow passages.
The flow passage or passages can be straight, "L"
shaped, "T" shaped, or "X" shaped for connecting two,
three, or four ports in the valve housing. The sealing
members can include a sealing element, for example an
o-ring, surrounding the entrance/exit of each flow pas-
sage. In addition, the spring element can include a helical
compression spring positioned between an axial surface
of the tapered valve body and a portion of the valve hous-
ing.

[0010] The rotary valve of these and other embodi-
ments decouples the proportional relationship between
the sealing ability of the rotary valve and the associated
torque demand. The rotary valve provides low resistance
torotation from state to state, simplifies actuator demand,
and maintains a strong seal to prevent coolant leakage.
The rotary valve can achieve a longer service life when
compared to existing, high-torque rotary valves, and the
rotary valve can be readily adapted for a wide variety of
multi-port configurations for cooling circuits and other
systems.

[0011] These and other features and advantages of
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the present invention will become apparent from the fol-
lowing description of the invention, when viewed in ac-
cordance with the accompanying drawings and the ap-
pended claims. It will be appreciated that any of the pre-
ferred and/or optional features of the invention may be
incorporated alone, or in appropriate combination, within
embodiments of the invention, while still falling within the
scope of claim 1, even if such combinations are not ex-
plicitly claimed in the appended claims. Features of the
subclaims relating to the valve of claim 1 may also be
part of the valve of claim 8, and features of the subclaims
relating to the valve of claim 8 may also be part of the
valve of claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figure 1 is a cross-sectional view of a rotary valve
in accordance with a first embodiment of the inven-
tion.

Figure 2 is a cross-sectional view of the rotary valve
of Figure 1 in which the sealing members are un-
compressed.

Figure 3 is an exploded view of a rotary valve in ac-
cordance with a second embodiment of the inven-
tion.

Figure 4 is a perspective view of a tapered valve
body and a partially exploded view of a valve hous-
ing.

Figure 5 illustrates the rotary valve of Figure 3 in
which the tapered valve body is in a first rotational
position.

Figure 6 illustrates the rotary valve of Figure 3 in
which the tapered valve body is in a second rotational
position.

Figure 7 is a cut-away view of a rotary valve in ac-
cordance with a third embodiment of the invention.
Figure 8 illustrates the rotary valve of Figure 9 in
which the tapered valve body is a second rotational
position.

DETAILED DESCRIPTION OF THE PRESENT EM-
BODIMENTS

[0013] Referring to Figures 1-2, a multi-port rotary
valve in accordance with a first embodiment is illustrated
and generally designated 10. The rotary valve 10 in-
cludes a valve housing 12 containing a tapered valve
body 14, a rotatable disk 16, and a rotatable clutch 18.
As discussed below, the tapered valve body 16 is lifted
by action of a spring 20 during rotation of the rotatable
disk 16 in a first direction and thereafter seated after the
rotatable disk 16 is counter-rotated. The rotatable clutch
18 prevents the valve body 14 from rotating in the oppo-
site direction. Because the tapered valve body 14 is lifted
during rotation, the sealing members 22, 24 are uncom-
pressed, and a lower torque demand is required, thereby
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allowing for a smaller and less costly motor actuator.
Each such feature of the rotary valve 10 is discussed
below.

[0014] The valve housing 12 generally includes an up-
per housing 26 and a lower housing 28 that collectively
define an enclosure for the tapered valve body 14, the
rotatable disk 16, the rotatable clutch 18, and the spring
20. The lower housing 28 includes a tapered sidewall 30
extending upwardly and outwardly from a lower end-wall
32. The tapered sidewall 30 includes at least one inlet
port 34 and at least one outlet port 36. The inlet port 34
and the outlet port 36 each define a flow passage that is
generally orthogonal to the rotational axis 38 of the ta-
pered valve body 14. While two ports are shown in the
Figures 1-2, in other embodiments a greater number of
inlet ports and/or outlet ports can be used in other em-
bodiments. In still other embodiments, the ports are bi-
directional, such that any given port can function as both
an inlet port and an outlet port, dependent on the orien-
tation of the tapered valve body 14 within the valve hous-
ing 12.

[0015] The upper housing 26 includes a cylindrical
sidewall 40 extending downward from an upper end-wall
42. The upper and lower housing 26, 28 include respec-
tive flanges 44, 46 that are joined to each other according
to any suitable method to provide a liquid-tight seal about
the periphery of the valve housing 12. For example, the
upper flange 44 can be ultrasonically welded to the lower
flange 46, while in other embodiments the upper flange
44 is secured to the lower flange 46 via a plurality of
fasteners that extend into aligned openings in the respec-
tive flanges 44, 46. Because the housing 12 is tapered,
the upper end-wall 42 includes an outer diameter that is
greater than the outer diameter of the lower end-wall 32.
In addition, the upper end-wall 42 includes a central ap-
erture 48 for a stem 50 extending upwardly from the ro-
tatable disk 16.

[0016] The rotatable disk 16 includes a head 52 fixedly
joined to the aforementioned stem 50. The stem 50 is
adapted to transfer torque from a motor actuator to the
head 52 of the rotatable disk 16. The rotatable disk 16
includes an axis of rotation that is concentric with the
rotational axis 38 of the tapered valve body 14. The head
52 is disk-shaped and includes a lower surface 54 having
atleast one ramped projection 56. The ramped projection
56 makes sliding contact with a corresponding ramped
projection 60 on the tapered valve body 14 while rotating
to impart axial motion to the tapered valve body 14. Each
ramped projection includes a uniform pitch, such that the
ramped projection gradually increases from a minimum
height to a maximum height. The pitch is approximately
15 degrees in the illustrated embodiment but can be
greater than or less than 15 degrees in other embodi-
ments. For n-number of ramped projections, each pro-
jection spans approximately 360/n degrees in the circum-
ferential direction. For example, if the rotatable disk 16
includes two ramped projections, each ramped projec-
tion spans approximately 180 degrees in the circumfer-
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ential direction. If the rotatable disk 16 includes three
ramped projections, each ramped projection spans ap-
proximately 120 degrees in the circumferential direction.
If the rotatable disk 16 includes four ramped projections,
each ramped projection spans approximately 90 de-
grees. Still greater number of ramped projections can be
used in other embodiments. In other embodiments the
ramped projections are asymmetrically disposed about
the exterior of the rotatable disk 16, such that at least two
of the ramped projection sweep through a different an-
gular range, e.g., one projection spanning 270 degrees
and the other projection spanning 90 degrees.

[0017] Asalsoshownin Figures 1-2, the tapered valve
body 14 includes a sloped outer surface 64. The sloped
outer surface 64 is V-shaped and increases in diameter
in the vertical direction when viewed from the side (i.e.,
the diameter of the sloped outer surface 64 increases
along the height of the tapered valve body 14). The ta-
pered valve body 14 includes at least one flow-passage
66 therethrough, the flow passage 66 being transverse
to the rotational axis 38 of the tapered valve body 14.
While a single flow-passage 66 is shown in Figures 1-2,
in other embodiments the tapered valve body 14 includes
two, three, or more flow passages.

[0018] As noted above, the tapered valve body 14 in-
cludes an upper surface having at least one ramped pro-
jection 60. The ramped projection(s) 60 of the tapered
valve body 14 make sliding contact with ramped projec-
tion(s) 56 of the rotatable disk 16. Each ramped projection
60 of the tapered valve body 14 includes a uniform pitch,
such that the ramped projection gradually increases from
a minimum height to a maximum height. The pitch is ap-
proximately 15 degrees in the illustrated embodiment but
can be greater than or less than 15 degrees in other em-
bodiments. As with the rotatable disk 16, the tapered
valve body 14 can include n-number of ramped projec-
tions that span 360/n degrees in the circumferential di-
rection. Further optionally, the ramped projections of the
tapered valve body 14 can be asymmetrically disposed,
such that at least two of the ramped projection sweep
through a different angular range, e.g., one projection
spanning 270 degrees and the other projection spanning
90 degrees.

[0019] As also shown in Figures 1-2, the rotary valve
10 includes a rotatable clutch 18 and a spring element
20. The spring element 20 is adapted to bias the valve
body 14 upwardly against the rotatable disk 16. The ro-
tatable disk 16 is constrained in the vertical direction but
has rotational freedom when driven by a rotary actuator.
The spring element 20 is a helical compression spring in
the illustrated embodiment but can include other spring
elements in other embodiments. The rotatable clutch 18
is coupled to the lower extent of the tapered valve body
14 and is adapted to permit rotation of the tapered valve
body 14 in only a single direction (e.g., clockwise or coun-
ter-clockwise). The present invention is not limited to a
particular rotatable clutch (also referred to as an over-
running clutch). Examples include a ratchet clutch, a
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sprag clutch, a compliant clutch, and a roller clutch. Still
other rotatable clutches can be used in other embodi-
ments.

[0020] In operation, the tapered valve body 14 is lifted
and rotated during rotation of the rotatable disk 16 in a
first direction and thereafter seated after the rotatable
disk 16 is counter-rotated. As shown in Figure 1 for ex-
ample, the sealing members 22, 24 are initially com-
pressed between the tapered valve body 14 and the ta-
pered sidewall 30. Rotation of the rotatable disk 16 in the
counter-clockwise direction causes the tapered valve
body 14 to travel vertically by action of the compression
spring 20. Figure 2 depicts the seals 22, 24 in the un-
compressed state. The valve body 14 rotates in unison
with the rotatable disk 16 in the counter-clockwise direc-
tion, as the rotatable disk 16 remains frictionally engaged
with the tapered valve body 14. After the tapered valve
body 14 is rotated by the desired amount, the rotatable
disk 16 reverses direction. The ramped projection 56 of
the rotatable disk 16 drives the valve body 14 downward,
against the spring 20, thereby compressing the seals 22,
24 surrounding each port 34, 36, while the rotatable
clutch 18 prevents the rotation of the tapered valve body
14 in the reverse direction.

[0021] Referring now to Figures 3-6, a multi-port rotary
valve in accordance with a second embodiment is illus-
trated and generally designated 70. The rotary valve 70
of Figures 3-6 is structurally and functionally similar to
the rotary valve 10 of Figures 1-2, except that ramped
projections of the rotatable disk are integrally formed with
the upper housing. The rotatable clutch is also omitted,
as this embodiment allows for bi-directional rotation of
the valve body.

[0022] More specifically, the rotary valve 70 of Figures
3-6 includes a valve housing 72, a tapered valve body
74, an input shaft 76, and a spring element 78. The valve
housing 72 includes an upper housing 80 and a lower
housing 82 that cooperate to define an enclosure for the
tapered valve body 74. The upper housing 80 includes
a tapered sidewall 84 extending downwardly and out-
wardly from an upper end-wall 86. The tapered sidewall
84 includes four ports 88 that each define a flow passage
that is generally orthogonal to the rotational axis 90 of
the tapered valve body 74. While four ports 88 are shown
in the Figures 3-6, in other embodiments the valve hous-
ing 72 can include a different number of ports. The lower
housing 82 includes a cover having a spring seat 92 for
the spring element 78. The upper end-wall 86 includes
a central aperture 94 for the input shaft 76, shown in
Figure 3. The upper and lower housings 80, 82 are joined
to each other according to any suitable method. Because
the upper housing 80 is tapered, the upper end-wall 86
includes an outer diameter that is less than the outer
diameter of the lower housing 82.

[0023] Aninverted view of interior of the upper housing
80 is shown in Figure 4. The upper housing 80 includes
a repeating series of ramped projections 96-optionally
configured as an undulating camming surface-that ex-
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tend around the circumference of the upper-end wall 86.
The tapered valve body 74 and the input shaft 76 are
also shown in Figure 4. The tapered valve body 74 in-
cludes a sloped outer surface 98. The valve body 74 is
frustoconical and narrows in the vertical direction (i.e.,
the diameter of the sloped outer surface 98 decreases
along the height of the valve body 74). The tapered valve
body 74 includes at least one flow-passage 100 there-
through, the at least one flow passage 100 being trans-
verse to the rotational axis 90 of the tapered valve body
74. While the tapered valve body 74 includes a "X"
shaped channel for connecting four ports 88, the tapered
valve body 74 can alternatively include a single "L"
shaped channel for connecting two ports, a single "T"
shaped channel for connecting three ports, or two "L"
shaped channels for connecting four ports, each being
transverse to (and optionally intersecting) the rotational
axis 90 of the tapered valve body 74. Other configurations
are possible in other embodiments.

[0024] The uppersurface 102 of the valve body 74 also
includes a plurality of discontinuous projections 104 that
are spaced apart from each other. The projections 104
extend vertically from the upper surface 102 of the valve
body 74 and engage the ramped projections 96 in the
housing 72. For n-number of projections, each projection
is spaced apart from the adjacent projections by approx-
imately 360/n degrees. For example, if the valve body 74
includes four projections as shown in Figure 4, each pro-
jection is spaced apart from the adjacent projection by
approximately 90 degrees. In still other embodiments,
the projections are asymmetrically disposed about the
upper surface 102 of the valve body 74, such that the
spacing between adjacent projections varies. While four
projections are shown in Figure 4, greater or fewer
number of projections can be included in other embodi-
ments. In an alternative embodiment, the housing 72 can
include the discontinuous projections 104 while the valve
body 74 includes the ramped projections 96. In still an
alternative embodiment, each of the housing 72 and the
valve body 74 includes ramped projections substantially
as discussed in connection with Figures 1-2 above.
[0025] As noted above, the rotary valve 70 also in-
cludes an input shaft 76. The input shaft 76 extends
through the central opening 94 in the upper valve housing
80. The input shaft 76 is rotatable in the clockwise and
counter-clockwise directions, and the valve body 74 ro-
tates in unison with the input shaft 76. The valve body
74 includes a socket opening 106 (visible in Figure 3)
that receives the head 108 of the input shaft 76. The
socket opening 106 and the head 108 include a matching
geometry such that that rotation of the input shaft 76
causes a corresponding rotation of the valve body 74.
The tapered valve body 74 is free to oscillate axially rel-
ative to the input shaft 76 while remaining engaged with
the input shaft 76.

[0026] Rotation of the tapered valve body 74 relative
to the valve housing 80 causes the projections 104 on
the upper surface 102 of the tapered valve body 74 to
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engage the undulating camming surface 96 on the un-
derside of the upper-end wall 86. The camming surface
96 causes the tapered valve body 74 to displace axially,
thereby decompressing the sealing members 110 (e.g.,
o-rings) surrounding the channel openings 100 in the ta-
pered valve body 74.

[0027] In a first position as shown in Figure 5, the ta-
pered valve body 74 is lifted by action of the spring ele-
ment 78, and the sealing members 110 are compressed
between the tapered valve body 74 and the valve housing
72. A compressible shaft seal 112 extends around the
stem 114 of the input shaft 76 to prevent the escape of
fluid from the rotary valve 70. Rotation of the input shaft
76 in the clockwise or counter-clockwise direction causes
the tapered valve body 74 to travel axially downward
against the spring element 78. Figure 6 depicts the seal-
ing members 110 in the uncompressed state, caused by
the downward travel of the valve body 74. After the valve
body 74 is rotated by the desired amount, such that the
channel openings 100 are aligned with the input/output
ports 88, the input shaft 76 stops rotating. The spring
element 78 drives the valve body 74 upward, thereby
compressing the sealing members 110 around the chan-
nel openings 100.

[0028] Referring now to Figures 7-8, a multi-port rotary
valve in accordance with a third embodiment is illustrated
and generally designated 120. The rotary valve 120 of
Figures 7-8 is structurally and functionally similar to the
rotary valve 70 of Figures 3-6, except that the undulating
camming surface is integrally formed with the valve body,
rather than the valve housing. The spring element biases
the tapered valve body downwardly, and the rotatable
clutch is omitted (similar to Figures 3-6) to also allow for
bi-directional rotation of the valve body.

[0029] More specifically, the rotary valve 120 of Fig-
ures 7-8 includes a valve housing 122, a tapered valve
body 124, an input shaft 126, and a spring element 128.
The valve housing 122 includes an upper housing 130
and a lower housing 132 that cooperate to define an en-
closure for the tapered valve body 124. The upper hous-
ing 130 includes a tapered sidewall 134 extending down-
wardly and inwardly from an upper end-wall 136. The
tapered sidewall 134 includes four ports 138 that each
define a flow passage that is generally orthogonal to the
rotational axis 140 of the tapered valve body 124. While
four ports 138 are shown in the Figures 7-8, in other em-
bodiments the valve housing 122 can include a different
number of ports.

[0030] The upper housing 130 also includes an up-
wardly extending cylindrical sleeve 142. The cylindrical
sleeve 142 includes an annular lip 144 that provides a
seat for the spring element 128, which extends around
a stem 148 protruding upwardly from the valve body 124.
The lower housing 132 includes a plurality of discontin-
uous projections 146 that are spaced apart from each
other about the circumferences of the lower housing 132.
For n-number of projections, each projection is spaced
apart from the adjacent projections by approximately
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360/n degrees. For example, if the lower housing 132
includes four projections as shown in Figures 7-8, each
projection is spaced apart from the adjacent projection
by approximately 90 degrees. In still other embodiments,
the projections are asymmetrically disposed about the
lower housing 132, such that the spacing between adja-
cent projections varies.

[0031] Thetapered valve body 124 is frustoconical and
widens in the vertical direction (i.e., the outer diameter
of the tapered valve body 124 increases along its height).
As noted above, the tapered valve body 124 includes a
camming surface 150 comprising a repeating series of
undulations that extend around the circumference of the
downward facing surface 152 of the tapered valve body
124. The tapered valve body 124 also includes at least
one flow-passage 154 therethrough, the atleast one flow
passage 154 being transverse to the rotational axis 140
of the tapered valve body 124. While the tapered valve
body 124 includes a "X" shaped channel in the illustrated
embodiment, the tapered valve body 124 can alterna-
tively include a single "L" shaped channel, a single "T"
shaped channel, or two "L" shaped channels. Other con-
figurations are possible in other embodiments.

[0032] In afirstposition as shown in Figure 7, the valve
body 124 is biased downward by action of the spring
element 124, and the sealing members 156 are initially
compressed between the tapered valve body 124 and
the housing valve housing 122. Rotation of the input shaft
126 in the clockwise or counter-clockwise direction caus-
es the tapered valve body 124 to travel axially upward
against the spring element 128 by action of the camming
surface 150 against the projections 146. Figure 8 depicts
the sealing members 156 in the uncompressed state.
Atfter the tapered valve body 124 is rotated by the desired
amount, such that the channel openings 154 are aligned
with the input/output ports 138, the input shaft 126 stops
rotating. The spring element 128 drives the valve body
124 downward, thereby compressing the sealing mem-
bers 156.

[0033] The above description is that of current embod-
iment of the invention. This disclosure is presented for
illustrative purposes and should not be interpreted as an
exhaustive description of all embodiments of the inven-
tion or to limit the scope of the claims to the specific el-
ements illustrated or described in connection with these
embodiments. Any reference to elements in the singular,
for example, using the articles "a," "an," "the," or "said,"
is not to be construed as limiting the element to the sin-
gular.

Claims
1. A multi-port rotary valve comprising:
a tapered valve body defining at least one flow

passage between firstand second openings, the
flow passage extending transverse to a rotation-
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al axis of the tapered valve body;

a valve housing including at least one inlet port
and at least one outlet port, the tapered valve
body being biased in an axial direction by a
spring element;

first and second sealing members adjacent the
first and second openings in the tapered valve
body for sealing the tapered valve body against
the valve housing;

wherein an axial surface of the tapered valve
body includes a first projection and wherein an
axial surface ofthe valve housingincludes a sec-
ond projection, the axial surface of the tapered
valve body being opposite of the axial surface
of the valve housing;

wherein rotation of the tapered valve body within
the valve housing causes the first projection to
slide over the second projection and axially dis-
place the tapered valve body against the spring
element, such that the first and second sealing
members are at least partially uncompressed
during rotation of the tapered valve body within
the valve housing.

The rotary valve according to claim 1, wherein at
least one of the first and second projections include
a ramped surface and/or an undulating surface.

The rotary valve according to at least one of the pre-
ceding claims, wherein the first projection comprises
one of a plurality of projections that are spaced cir-
cumferentially about the axial surface of the tapered
valve body, in particular, wherein the second projec-
tion comprises an undulating surface that is circum-
ferentially disposed about the axial surface of the
valve housing.

The rotary valve according to at least one of the pre-
ceding claims, further including an input shaft ex-
tending through an opening in the valve housing and
being rotatively coupled to the tapered valve body,
in particular, wherein the input shaft includes a head
that is received within a socket in the tapered valve
body, the tapered valve body being axially moveable
relative to the input shaft during rotation of the ta-
pered valve body within the valve housing.

The rotary valve according to at least one of the pre-
ceding claims, wherein the tapered valve body in-
cludes a frustoconical sidewall, the first and second
openings being defined in the frustoconical sidewall.

The rotary valve according to at least one of the pre-
ceding claims, wherein the first and second sealing
members are o-rings that are aligned with the first
and second openings, respectively.

The rotary valve according to at least one of the pre-
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ceding claims, wherein the flow passage includes an
L-shaped flow passage, and X-shaped flow pas-
sage, or a T-shaped flow passage extending through
the tapered valve body.

A multi-port rotary valve comprising:

a tapered valve body defining at least one flow
passage between firstand second openings, the
flow passage extending transverse to a rotation-
al axis of the tapered valve body;

a rotatable clutch coupled to a lower extent of
the tapered valve body, the rotatable clutch per-
mitting rotation of the tapered valve body in only
a first direction;

a valve housing including at least one inlet port
and at least one outlet port, the tapered valve
body being biased upwardly within the valve
housing by a spring element;

a rotatable disk that is adjacent to the tapered
valve body within the valve housing and having
an axis of rotation that is concentric with the ro-
tational axis of the tapered valve body;

first and second sealing members adjacent the
first and second openings in the tapered valve
body for sealing the tapered valve body against
the valve housing;

wherein an axial surface of the rotatable disk
includes a first projection and wherein an axial
surface of the tapered valve body includes a sec-
ond projection, the axial surface of the rotatable
disk being opposite of the axial surface of the
tapered valve body;

wherein rotation of the rotatable disk in the first
direction imparts a rotation of the tapered valve
body in the first direction, and rotation of the ro-
tatable disk in a second direction, opposite of
the first direction, drives the tapered valve body
against the spring element and compresses the
first and second sealing members between the
tapered valve body and the valve housing.

The rotary valve according to claim 8, wherein each
of the first and second projections include a ramped
camming surface.

The rotary valve according to at least one of the pre-
ceding claims 8 or 91, wherein the rotatable disk in-
cludes a stem extending through a central opening
in the valve housing.

The rotary valve according to at least one of the pre-
ceding claims 8 to 10, wherein the tapered valve
body includes a frustoconical sidewall, the first and
second openings being defined in the frustoconical
sidewall.

The rotary valve according to at least one of the pre-
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13.

14.

15.

ceding claims 8 to 11, wherein the first and second
sealing members are o-rings that are aligned with
the first and second openings, respectively.

The rotary valve according to at least one of the pre-
ceding claims 8 to 12, wherein the spring element
includes a helical compression spring disposed be-
tween the rotatable clutch and a portion of the valve
housing, and/or wherein the rotatable clutch includes
a ratchet clutch, a complaint clutch, a sprag clutch,
or a roller clutch.

The rotary valve according to at least one of the pre-
ceding claims 8 to 13, wherein the valve housing
includes an upper housing joined to a lower housing,
in particular, wherein the lower housing includes a
tapered sidewall, the at least one inlet port and at
least one outlet port being defined in the tapered
sidewall.

The rotary valve according to at least one of the pre-
ceding claims 8 to 14, wherein the flow passage in-
cludes an L-shaped flow passage, and X-shaped
flow passage, or a T-shaped flow passage extending
through the tapered valve body.
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