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(57) Abregée/Abstract:

A butterfly valve (100) and a valve system using the butterfly valve are disclosed. The butterfly valve includes a valve body (102) and
a valve disk (112) disposed in the body such that the valve disk may be rotated between at least a first position and a second
position using a linear actuator. The actuator may be a linear solenoid coupled to the valve disk spaced a distance from the axis of
rotation of the valve disk.
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(57) Abstract: A buttertly valve (100) and a valve system using the but-
terfly valve are disclosed. The butterfly valve includes a valve body
(102) and a valve disk (112) disposed m the body such that the valve
disk may be rotated between at least a first position and a second posi-
tion using a linear actuator. The actuator may be a linear solenoid
coupled to the valve disk spaced a distance from the axis of rotation of
the valve disk.
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SOLENOID ACTUATED BUTTERFLY VALVE

FIELD OF INVENTION
[0001] Embodiments of the present invention generally relate to buttertly

valves and valve systems using a buttertly valve.

BACKGROUND
[0002] Butterfly valves may be used 1n valve systems in which high flow

with minimal pressure drop across the valve 1s desired. Butterfly valves
generally include a round valve disk positioned 1n the center of a bore in which
flow 1s to be controlled. The disk 1s affixed to a shaft such that rotation of the
shaft causes rotation of the disk between at least a first position in which flow 1n
the bore 1s blocked and a second position in which the bore 1s open to flow. The
disk typically rotates about one quarter turn (90°) between the first and second
positions and 1s often rotated incrementally between the two positions to throttle
flow. An actuator outside the bore 1s couple to the shaft, often via a linkage or
gearing, to rotate the shaft and the valve disk.

[0003] The actuator for typical automatically operated butterfly valves
includes a motor coupled to the shaft directly or via gearing to impart rotation to
the shaft. The actuator 1s sized to 1impart a full quarter turn to the valve disk,
making the overall size of the valve and actuator larger than necessary when less
than a quarter turn 1s desired. Therefore, a need exists for a compact, solenoid
operated buttertly valve having a valve disk operative over less than one quarter

turn.

SUMMARY

[0004] In a preferred embodiment, a buttertly valve includes a valve body
having a plurality of apertures and a passage between them. A valve disk 1s
disposed 1n the passage and supported for rotation about an axis of rotation. An

actuator, linked to the valve disk at a point offset from the axis of rotation,
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rotates the disk about the axis of rotation in response to linear displacement of
the actuator.

[0005] In other embodiments, a valve system comprises a manifold body
with a central bore and a plurality of conduits disposed about the manifold body.
The plurality of conduits corresponds 1n number with a plurality of apertures in
the valve body, and 1s located 1n alignment with the conduits. The butterfly valve
also 1ncludes a valve disk and a linear actuator. The plurality of conduits
corresponds 1n number and location with the apertures of the valve body, such
that the apertures align with the conduits.

[0006] Other and further embodiments of the present invention are

described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present invention, briefly summarized above
and discussed 1n greater detail below, can be understood by reference to the
1llustrative embodiments of the invention depicted 1n the appended drawings.

[0008] Figure 1 depicts a sectional side view of a butterfly valve according

to an embodiment of the present invention in a first position.

[0009] Figure 2 depicts the butterfly valve according to Figure 1 1n a second
position.
[0010] Figure 3 depicts a front view of the valve disk 1n accordance with

embodiments of the present invention.

[0011] Figure 4 depicts a side sectional view of a valve disk according to
Figure 3 taken along line 4-4.

[0012] Figure 5 depicts a side sectional view of a valve assembly 1n
accordance with an embodiment of the present invention.

[0013] Figure 6 depicts a side sectional view of a valve assembly 1n
accordance with an embodiment of the present invention.

[0014] To facilitate understanding, 1dentical reference elements have been
used where possible to designate 1dentical elements that are common to the

figures.
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DETAILED DESCRIPTION

[0015] An 1nventive butterfly valve and a valve assembly employing the
inventive butterfly valve are provided herein. The inventive buttertly valve
advantageously provides a high flow rate and low pressure drop across the
buttertly valve. For purposes of this disclosure, a high flow rate and low pressure
drop can be characterized by a valve having a flow coefficient (Cv) of greater than
1.0 and less than 50.0. Preferred embodiments of the disclosed butterfly valve
have a Cv of 3.1.

[0016] Figures 1 and 2 depict sectional views along a center line of a
buttertly valve 100 1n accordance with an embodiment of the present invention.
The opposite half of the valve 100, 1.e., the portion not shown in the sectional
view, 1s a mirror 1image of the 1llustrated section. The half 1llustrated in Figures
1 and 2 and the opposite half (not shown) may be formed separately and joined
together, for example by fasteners (not shown) disposed at least partially in
through-holes 101 (3 shown).

[0017] The buttertly valve 100 comprises a valve body, body 102, having
a first aperture 104 and a second aperture 106 1n selective fluid
communication with each other via a first flow channel 108 and a passage 110.
The first aperture 104 1s formed on a first portion of the body 102 and has a
first axis X1. The second aperture 106 1s formed on a second portion of the
body 102 and has a second axis X2. Axis X2 1s shown parallel to the first axis
X1: however, the first axis X1 and the second axis X2 do not need to be
parallel and/or coplanar.

[0018] A valve disk 112 disposed within the passage 110 and supported
for rotation about an axis 114 selectively provides fluid communication
between the first aperture 104 and the second aperture 106. Support for
rotation may be provided by a separate shaft or by protrusions integrally
formed with the valve disk 112 as discussed below. The valve disk 112 1s
selectively rotated to a first position as i1llustrated in Figure 1 wherein first

aperture 104 1s at least partially open to fluid communication with second

_3.-
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aperture 106. The valve disk 112 1s selectively rotated to a second position as
1llustrated 1n Figure 2, wherein the first aperture 104 1s blocked from fluid
communication with the second aperture 106 by the valve disk 112.

[0019] The body 102 may be provided with an optional third aperture 116
1n fluid communication with the first aperture 104 via a second flow channel 118
and the passage 110. The third aperture 1s formed on a third portion of the body
102 and has a third axis X3 that may lie in plane and parallel with axes X1 and
X2 or may lie 1n any plane and be oriented at any angle to axes X1 and X2.
[0020] The valve disk 112 may be selectively positioned as 1n Figure 1 to
block the first aperture 104 from fluid communication with the second aperture
106. In Figure 2, the condition 1s reversed, and first aperture 104 1s 1n fluid
communication with third aperture 116 and 1s blocked from fluid communication
with second aperture 106 by the valve disk 112.

[0021] The first, second and third apertures, 104, 106 and 116, respectively,
may be formed such that the axis of the apertures X1, X2, and X3, respectively,
are parallel as 1llustrated 1n Figure 2. Alternately, the apertures may be formed
such that one or more of the axis of the apertures are not parallel. For example,
the axis X2 of the second aperture 106 forms a first angle other than 180° with
the axis X1 of the first aperture 104. In other embodiments, the axes X1, X2, and
X3 of the first, second and third apertures 104, 106, 116, respectively, may each
lie 1n a separate plane, wherein the axes form an angle with each other. For
example, first aperture 104 axis X1 and second aperture 106 axis X2 may lie 1n
the plane of the sheet as drawn and are parallel as 1llustrated in Figure 2. Third
aperture 116 axis X3 may be perpendicular to both X1 and X2, 1.e., lies 1n a plane
perpendicular to the plane of the sheet (see Fig. 4).

[0022] The valve disk 112 may be positioned 1n a third position (not shown)
1in which the valve disk 112 1s oriented such that both the second aperture 106
and the third aperture 116 are 1n fluid communication with the first aperture 104
through the passage 110. The valve disk 112 may be positioned 1n any

intermediate position between the first position of Figure 1 and the second
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position of Figure 2 to provide simultaneous fluid communication between first
aperture 104, second aperture 106, and third aperture 116.

[0023] The valve disk 112 may rotate about the axis of rotation 114 from a
horizontal position, generally parallel to X1, in a counterclockwise direction to
about +90° or 1n a clockwise direction to about -90° for a range of rotation of
about 180° or to any intermediate rotation therebetween. For example, as

1llustrated in Figures 1 and 2, the valve disk 112 rotates about 30°, which 1s

about +£15° from the horizontal position. In other embodiments, the positive

(counterclockwise) and negative (clockwise) rotations need not be equal.

[0024] The valve disk 112 1s inked to a linear actuator, actuator 120, for
example a solenoid 122. The solenoid 122 has an armature 124 supported for
linear displacement perpendicular to the axis of rotation 114 of the valve disk
112. The armature 124 may be directly linked to the valve disk 112 or may be
linked via a linkage 126 comprising one or more segments (one shown 1n Figures
1 and 2). A first end 128 of the linkage 126 1s coupled to the valve disk 112 such
that the first end 128 1s supported for at least rotational displacement with
respect to the valve disk 112. The linkage 126 1s coupled to the valve disk at a
location offset from the axis of rotation 114 such that the valve disk 112 rotates
about the axis of rotation 114 1n response to a linear displacement of the actuator
120. The linkage 126 between the actuator 120 and the valve disk 112 may be a
separable link or an inseparable (permanent) link.

[0025] As 1llustrated 1n Figures 3 and 4, the valve disk 112 comprises a
centrally located portion 202 that 1s generally planar. The axis of rotation 114
passes through the entire valve disk 112. The disk portion 202 comprises first
concave portions 204 formed on a first side 206 adjacent the support ends 208.
Second, oppositely directed concave portions 210 are similarly formed on a second
side 212. As 1llustrated, first concave portions 204 and second concave portions
210 are similarly configured; however, they may be differently configured.
Bearing surfaces 214 are concentrically formed about the axis of rotation 114
adjacent the support ends 208 to support the valve disk 112 1n rotation within

the body 102 where suitable receptacles (not shown) for the bearing surfaces 214

5.
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are formed. In an alternate embodiment, bearing surfaces 214 are not formed as
part of the valve disk 112. Instead, a passage 1s formed through the valve disk
concentric with the axis of rotation 114 to accept a suitable sized axel or pin that
provides the function of the bearing surface 214 to support the valve disk 112 1n
rotation.

[0026] In the embodiment 1llustrated, spherical surfaces 216 are formed
adjacent each bearing surface 214. The spherical surfaces 216 may cooperate
with portions of the passage 110, or portions of the first and second flow channels
108, 118, or portions of both the central bore and the first and second flow
channels, to provide sealing surfaces to facilitate selectively blocking the first
aperture 104 from fluid communication with one of the second and third
apertures 100, 1160.

[0027] A connection point 218 1s provided on the first side 206 of the valve
disk 112 to facilitate connection with the actuator 120. The connection point may
be provided 1n a boss 220 which may be integrally formed with the valve disk 112
as 1llustrated in Figures 3 and 4. Alternately, the connection point may be
separately formed and disposed on the valve disk 112 with, for example,
fasteners or adhesive.

[0028] The connection point 218 1s offset from the axis of rotation 114 when
the valve disk 1s mounted 1n the body 102 such that linear motion of an actuator
linked to the valve disk 112 causes a torque about the axis of rotation 114
sufficient to rotate the valve disk 112 about the axis of rotation 114. Asillustrate
on Figure 4, the connection point 218 1s offset from the axis of rotation 114 1n
both the horizontal (1.e., parallel to the planar disk portion 202) and vertical (1.e.,
perpendicular to the planar disk portion 202) directions as drawn. However, the
connection pomt need only be offset from the axis of rotation 114 1n the
horizontal direction (as drawn) in order to cause a torque about the axis of
rotation 114.

[0029] The geometry of the valve disk 112 and body 102 are selected so as

to minimize the torque required to redirect a fluid flow within the valve 100.
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[0030] Returning to Figure 1, the valve disk 112 1s 1llustrated in a first
position which may correspond to a default condition. The default condition may
correspond with a first energy condition of the actuator 120, for example a de-
energized condition of the solenoid 122. In the de-energized position of Figure 1,
a resilient member, for example spring 130, urges the linkage 126 1n the upward
direction to position the valve disk in the 1llustrated orientation of Figure 1. In
Figure 2, the valve disk 112 1s 1llustrated in the second position which may
correspond to a second energy condition of the actuator 120, for example an
energized condition of the solenoid 122.

[0031] In the energized condition of Figure 2, the solenoid overcomes the
upward (as drawn) urging of the resilient member 130 and displaces the inkage
126 downward, imparting a clockwise moment about the axis of rotation 114, to
position the valve disk 112 1in the orientation illustrated in Figure 2. A third
position may be provided as discussed above in which the valve disk 112 1s
incrementally rotated between the first position and the second position. The
third position may correspond to a third energy condition of the solenoid or may
correspond to one of the first or second energy conditions described above with
the use of an extension limiter, for example a physical stop.

[0032] The body 102 and valve disk 112 may be formed from any material
suitable for the environment i which 1t 1s used, including, as non-limiting
examples, filled or unfilled polyamide. The linkage 126 may be formed from any
environment suitable material with sufficient rigidity, including, as a non-
limiting example, steel alloys such as 302 stainless steel.

[0033] Figure 5 1s 1llustrative of a valve assembly 300 comprising the
buttertly valve 100 disposed within a central bore 304 formed 1n a manifold body
302. A plurality of conduits corresponding to the number of apertures in the
buttertly valve 100 are disposed about the manifold body 302 and are in fluid
communication with the central bore 304. The conduits are positioned such that
they align with the apertures 1n the butterfly valve 100. As 1llustrated, first
conduit 306 aligns with first aperture 104, second conduit 308 aligns with second

aperture 106, and third conduit 310 aligns with third aperture 116 such that

7.
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each conduit and the corresponding aperture are in fluid communication.
Accordingly, when the butterfly valve 100 1s 1n the first, or de-energized, position
of Figures 1 and 5, first conduit 306 1s 1n fluid communication with second
conduit 308 through the passage 110 and second flow channel 108, and fluid
communication 1s blocked between first conduit 306 and third condut 310.
S1milarly, when the butterfly valve 100 1s 1n the second, or energize, position of
Figure 2, first conduit 306 1s 1n fluid communication with third conduit 310
through the passage 110 and third aperture 116, and fluid communication 1s
blocked between first conduit 306 and second conduit 308. In the third position
discussed above, first conduit 306 1s 1n fluid communication with second conduit
308 and third conduit 310.

[0034] Conduit 306 may be a single flow 1input with the valve disk 112
diverting the flow to one of the second conduit 308 or the third conduit 310 or
modulating the flow between both of the second conduit 308 and the third condut
310 as an outlet. Alternately, second and third conduits 308, 310 may be flow
inputs with the valve disk 112 diverting one of the flows to the first conduit 306
as an output, or the valve disk may provide an outlet flow to the first conduit 306
including flows from both the second and third conduits 308, 310.

[0035] Figure 6 1s 1llustrative of a valve assembly 400 comprising the
butterfly valve 100 disposed within a central bore 404 1n the manifold 402.
S1milar to valve assembly 300 above, first conduit 406 aligns with first aperture
104, second conduit 408 aligns with second aperture 106, and third conduit 410
aligns with third aperture 116 such that each conduit and the corresponding
aperture are 1n fluid communication.

[0036] As 1llustrated 1in Figure 6, when the solenoid 1s 1n a de-energized,
first conduit 406 1s 1n fluid communication with second conduit 408 through the
passage 110 and second flow channel 108, and fluid communication 1s blocked
between first conduit 406 and third conduit 410. Similar to the above, the fluid
communication 1s modified when the solenoid 1s 1n the energized position.
[0037] In the embodiment of Figure 6, the axes of conduit 406 and first

aperture 104 are collinear and are coplanar with collinear axes of conduit 408

_8-
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and second aperture 106. The axes for conduit 410 and second aperture 106 1n
Figure 6 are collinear and form an obtuse angle with the plane of conduit 406 and
conduit 408. For example, the axes of conduits 406 and 408 lie 1n the page as
drawn and the axis of conduit 410 1s perpendicular to the page. Other angular

orientations are anticipated as well.



CLAIMS

What 1s claimed 1s:

1. A butterfly valve comprising:

a valve body having:

a first aperture, a second aperture, and a third aperture;

a first flow channel extending between the first aperture and the second
aperture and a second flow channel spaced from the first flow channel and
extending between the first aperture and the third aperture;

a passage, having a portion disposed between the first flow channel and the
second flow channel;

a valve disk disposed within the passage and supported for rotation about an
axis of rotation, the valve disk comprising:

a first end proximal to the first aperture and a second end distal to the
first aperture and opposite the first end;
a first portion extending from the axis of rotation in a first direction to

the first end and a second portion extending from the axis of rotation in a

second direction opposite the first direction to the second end, the second

portion configured to rotate about the axis of rotation within the passage
between the first flow channel and the second tlow channel; and

an actuator linked to the valve disk at a connection point offset from the axis
of rotation so that the valve disk rotates about the axis of rotation in response to a
linear displacement of the actuator,

wherein the first portion and the second portion of the valve disk are
configured to selectively rotate to (1) a first position at least partially opening the
first aperture to fluid communication with the second aperture and closing the first
aperture to fluid communication with the third aperture and (11) a second position
closing the first aperture to fluid communication with the second aperture and at
least partially opening the first aperture to fluid communication with the third

aperture, and

wherein the actuator extends through the first or second channel in both the

first and second positions.

-10-
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2. The buttertly valve of claim 1, wherein the linear actuator comprises a
solenoid having an armature supported for linear displacement perpendicular to the
axis of rotation to rotate the valve disk between the first position and the second

position, wherein the armature 1s linked to the valve disk.

3. The butterfly valve of claim 2, wherein the armature 1s linked to the

valve disk via a linkage.

4. The butterfly valve of claim 2, wherein the first position of the
armature corresponds to a first energy condition of the solenoid and the second

position of the armature corresponds with a second energy condition of the solenoid.

D. The butterfly valve of claim 2, wherein the valve disk rotates through

30° of rotation from the first position to the second position.

6. The buttertly valve of claim 2, wherein the armature is linked to the
valve disk through a valve pin having a first end operatively engaged with the

armature and a second end pinned to the valve disk for rotation.

7. The buttertly valve of claim 1, wherein the valve disk i1s further
configured to selectively rotate to a third position between the first position and the

second position partially opening the first aperture to fluid communication with the
second aperture and partially opening the first aperture to fluid communication

with the third aperture.
8. The buttertly valve of claim 7, wherein the linear actuator comprises a
solenoid having an armature supported for linear displacement perpendicular to the

ax1s of rotation to rotate the valve disk between the first position and the second

position, the armature is linked to the valve disk via a linkage,

-11-
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the valve disk is caused to be in the first position by a first energy condition
of the solenoid, wherein a resilient member urges the linkage in an upward
direction,

the valve disk 1s caused to be in the second position by a second energy
condition of the solenoid, wherein the solenoid overcomes an upward urging of a
resilient member and displaces the linkage downward, causing the valve disk to
rotate about the axis of rotation, and

the third position of the valve disk corresponds to a third energy condition of

the solenoid different from the first and second energy conditions.

9, The butterfly valve of claim 8, wherein the valve disk is caused to be 1n
the third position by one of the first energy condition or the second energy condition

of the solenoid.

10. The butterfly valve of claim 1, wherein the first aperture is formed on a
first portion of the valve body and has a first axis and the second aperture i1s formed
on an opposite second portion of the valve body and has a second axis, wherein the

first axis and the second axis are parallel to each other.

11. The buttertly valve of claim 10, wherein the third aperture is formed
on a third portion of the valve body opposite the first aperture and having a third

axis parallel to the first axis and the second axis.

12. The butterfly valve of claim 1, wherein the valve disk comprises:

a centrally located planar disk portion through which the axis of rotation

passes, the disk portion having a first concave surface on a first side and an
oppositely directed second concave surface on a second side; and diametrically

opposed cylindrical bearing surfaces concentric with the axis of rotation configured

to support the valve disk in rotation.

13. The butterfly valve of claim 12, wherein a boss disposed on the first

side includes the connection point.
_19-
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14.  The butterfly valve of claim 12, wherein the connection point is offset

from the axis of rotation in a direction parallel to the disk portion.

15.  The butterfly valve of claim 12 further comprising a spherical surface

adjacent each bearing surface.

16. A valve system, comprising:

a manifold body with a central bore and a plurality of conduits disposed about
the manifold body in fluid communication with the central bore; and

the butterfly valve of claim 1 disposed within the central bore,

wherein the plurality of conduits corresponds in number and location with

the apertures of the valve body, such that the apertures align with the conduits.

17. The valve system of claim 16, wherein:
the plurality of conduits of the manifold body includes a third conduit
disposed about the manifold body; wherein the third aperture aligns with the third

conduit when the butterfly valve is disposed in the central bore.

-13-
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