wo 20207243183 A1 |0 00000 KO Y0 00RO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
03 December 2020 (03.12.2020)

(10) International Publication Number

WO 2020/243183 Al

WIPO I PCT

(51) International Patent Classification:

(72) Inventors: BERO, Kyle M.; 3135 S. 15th St, Milwaukee,

FI16K 5/04 (2006.01) F16K 5/06 (2006.01) Wisconsin 53215 (US). JENKS, Russell T.; 8223 North-
FI16K 5/12 (2006.01) western Ave., Racine, Wisconsin 53406 (US).
(21) International Application Number: (74) Agent: ZIEBERT, Joseph et al.; Foley & Lardner LLP,
PCT/US2020/034717 3000 K Street N.W., Suite 600, Washington, District of Co-
(22) International Filing Date: lumbia 20007-5109 (US).
27 May 2020 (27.05.2020)  (81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(30) Priority Data: HR, HU, ID. IL, IN, IR. IS, JO, JP, KE, KG, KH, KN, KP,
62/854,197 29 May 2019 (29.05.2019) US

KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(71) Applicant: JOHNSON CONTROLS TECHNOLOGY
COMPANY [US/US]; 2875 High Meadow Circle, Auburn
Hills, Michigan 48326-2773 (US).

(54) Title: HIGH RESOLUTION BALL VALVE WITH 270 DEGREE ROTATION

106

162

FIG. 1

(57) Abstract: A valve assembly is disclosed. The valve assembly may a valve body defined by an inlet port, an outlet port and flange.
A movable valve member comprises an inlet opening extending from a leading edge surface present at a narrow slot region to trailing
edge surface present at about a full bore region wherein the angle between the leading edge surface and trailing edge surface at the
center of valve member is about (270) degrees. The fluid flow from the inlet port of the valve body to one or more outlet openings is
controlled by the rotation of the valve member. Rotation of movable valve member enables linear controlling of the fluid flow wherein
the control of fluid flow is proportional to the degrees of rotation from (0) to about (270) degrees.

[Continued on next page]



WO 2020/243183 A |10} 00 0000000000 0O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/243183 PCT/US2020/034717

HIGH RESOLUTION BALL VALVE WITH 270 DEGREE ROTATION

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application No. 62/854,197 filed May 29, 2019, the entire disclosure of which is incorporated

by reference herein.
BACKGROUND

[0002] Valves regulate, direct, and/or control the flow of a fluid (e.g., gases, liquids, fluidized
solids, slurries, etc.) by opening, closing, or partially obstructing various passageways.
Valves are often categorized based on the mechanism used to control fluid flow (e.g., ball

valves, butterfly valves, choke valves, piston valves, plug valves, poppet valves, etc.).

[0003] Ball valves are a type of valve that typically include a spherical disc or valve member
carried within a valve body. The spherical valve member includes a passage that can be
selectively aligned with ports in the valve body by rotating the valve member relative to the

valve body.

[0004] Referring now to FIG. 1, a two-way ball valve 100 available in conventional fluid
control system is shown. The ball valve 100 includes a machined valve body 102 with an inlet
port 104 and an outlet port 106. One or both of the inlet port 104 and the outlet port 106 is
formed in a machined nut that is threadably coupled to the valve body 102. One or both of
the inlet port 104 and the outlet port 106 are formed in the valve body 102. Fluid flow through
the valve 100 may be controlled by utilizing a valve actuator (not shown) to rotate a valve
member contained within the valve body 102 by a total of 90 degrees. The stroke of the valve
member may have a different length (e.g., 270 degrees).

[0005] Valve 100 is further shown to include an actuator mounting flange 108 and a valve
stem 110 that extends out of the valve body 102. One end of the valve stem 110 may be
coupled to a valve actuator mounted against the mounting flange 108, while the opposite end
of the valve stem 110 is configured to fit within a recess of the ball member such that rotation
of the valve stem 110 by the valve actuator results in a corresponding rotation of the ball

member.
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[0006] Turning now to FIGS. 2-7, side views of the conventional two-way ball valve 100
with various flow limiting discs installed between the inlet port 104 and the ball member are
shown. Each of the flow limiting discs may include optimized flow openings configured to
enable equal percentage flow control of the valve 100. Referring specifically to FIG. 2, a
flow limiting disc 200 is shown with a flow opening 202. Flow opening 202 is optimized to
permit valve 100 to achieve a maximum flow coefficient (Cv) of 1.2 when installed in a valve
with a half inch valve body (e.g., a VG1000 series valve sold by Johnson Controls, Inc.). The
flow coefficient is a constant related to the geometry of the valve that is used to establish flow
capacity and is expressed in imperial units as the flow of water through a valve at 60 °F in
US gallons per minute (gpm) at a pressure drop of 1 pound per square inch (psi). Equal
percentage control of a valve causes equal changes in valve position to result in equal

percentage changes to the flow coefficient from the existing value.

[0007] Correct orientation of the flow control disc 200 relative to the valve body 102 is
important because the flow opening 202 is not symmetrical and is optimized to result in equal
percentage flow control. In other words, the constant height portion situated on the left side
of the flow opening 202 is configured to align with the bore of the valve member as the valve
member rotates from a fully closed position to a semi-opened position (e.g., between 0% open
and approximately 50% open). The roughly triangular or increasing height portion situated
on the right side of the flow opening 202 is configured to align with the bore of the valve
member once the valve member rotates from a semi-opened position to a fully opened
position (e.g., between approximately 50% open and 100% open). Further details of the
operation of the ball valve 100 are included below with reference to FIGS. 9-14.

[0008] The size of the flow opening in the flow limiting disc is directly correlated with the
maximum flow coefficient of the valve 100. For example, FIG. 3 depicts a flow limiting disc
300 with a flow opening 302 optimized to permit valve 100 to achieve a maximum Cv of 1.9,
FIG. 4 depicts a flow limiting disc 400 with a flow opening 402 optimized to achieve a
maximum Cv of 2.9, FIG. 5 depicts a flow limiting disc 500 with a flow opening 502
optimized to achieve a maximum Cv of 4.7, and FIG. 6 depicts a flow limiting disc 600 with
a flow opening 602 optimized to achieve a maximum Cv of 7.4. FIG. 7, by contrast, depicts
valve 100 without any flow limiting disc installed. When the valve member is rotated 90
degrees from the fully closed position to fully opened position as depicted in FIG. 7, the full
bore opening 700 of the valve member is exposed to the inlet port 104, and valve 100 may

achieve a maximum Cv of 11.7.
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[0009] Referring now to FIG. 8, plot 800 relates valve position on the x-axis 802 in units of
degrees rotation and the maximum flow coefficient on the y-axis 804 in imperial units (i.e.,
Cv) for various flow limiting discs as depicted in FIGS. 2-7. As shown, there is an inverse
relationship between maximum flow and predictable equal percentage (i.e., linear) flow
control. The flow limiting discs permitting maximum flow coefficients Cv of 1.2, 1.9, and
2.9 generally provide linear control (at least until the valve reaches an approximate rotation
of 60 degrees), but the maximum flow through the valve 100 is constrained, resulting in a
loss of total flow. By contrast, the flow limiting discs or the full bore configuration permitting
maximum flow coefficients Cv of 4.7, 7.4, and 11.7 generally provide non-linear or less
predictable control, but the maximum flow through the valve 100 is far higher than the flow

limiting discs with smaller openings.

[0010] Turning now to FIGS. 9-14, the operation of the two-way ball valve 100 over a 90
degree rotational stroke is depicted. Although FIGS. 9-14 depict the two-way ball valve 100
with the flow disc 200 installed between the inlet port 104 and valve member 1000, any flow
limiting disc having any other maximum flow coefficient may be utilized (e.g., flow limiting
discs 300, 400, 500, or 600, described above with reference to FIGS. 3-6). The valve 100
may be operated without the use of a flow limiting disc. Referring specifically to FIGS. 9
and 10, a side view and a top cross-sectional view of the valve 100 in the closed position are
respectively shown. In the closed position, any flow path for fluid through the flow disc
opening 202 is blocked by valve member 1000, and a flow passage 1002 provided in the valve
member 1000 is oriented perpendicularly to the flow direction 1004 extending from the inlet

port 104 to the outlet port 106.

[0011] Referring now to FIGS. 11 and 12, a side view and a top cross-sectional view of the
valve 100 in a partially (i.e., 50%) open position are respectively shown. Because the stroke
of the valve member 1000 is 90 degrees between the fully closed position and the fully open
position, when the valve 100 is in the 50% open position, the valve member 1000 has been
rotated by the valve actuator 45 degrees from the fully closed position depicted in FIGS. 9
and 10. (Note: the valve is effectively closed between 0 and 20 degrees rotation.) The 45
degree rotation position permits a portion 1100 of the flow passage 1002 to align with the
flow opening 202 of the flow limiting disc 200, such that some amount of flow 1200 is
permitted to enter the valve 100 through the inlet port 104, travel through the valve member
1000 and depart through the outlet port 106.
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[0012] Finally, referring to FIGS. 13 and 14, a side view and a top cross-sectional view of
the valve 100 in the fully (i.e., 100%) open position are respectively shown. In the fully open
position, the valve member 1000 has been rotated by the valve actuator 90 degrees from the
fully closed position depicted in FIGS. 9 and 10. No portion of the flow opening 202 in the
flow limiting disc 200 is blocked by the valve member 1000, and the flow passage 1002 is
aligned with the inlet port 104 and the outlet port 106 such that a flow of fluid 1400 is

permitted to travel through the valve 100 and achieve a maximum flow coefficient Cv of 1.2.

[0013] Referring to the description of the FIG. 1 to FIG. 14, it is evident that a linear control
of fluid flow is only possible upto 60 degrees for flow limiting discs permitting maximum
flow coefficients Cv of 1.2, 1.9, and 2.9. Moreover, the fluid flow for the flow limiting discs
permitting maximum flow coefficients Cv of 4.7, 7.4, and 11.7 at full bore configuration is
uncontrollable and further results in a non-linear control from closed position to full opened

position.

[0014] Therefore, there is an utmost requirement of a valve which provides a maximum flow
coefficient which is controllable linearly at the same time instance with respect to the rotation

of the valve.
SUMMARY

[0015] According to one embodiment, a valve assembly is disclosed. The valve assembly
may comprise a valve body which may be defined by an inlet port and an outlet port. The
valve assembly may further comprise a movable valve member which may disposed in the
enclosure and may comprise an inlet opening which may extend from a leading edge surface
present at a narrow slot region to a trailing edge surface present at about a full bore region.
The valve assembly may further comprise a central bore present within the movable valve
member which may be configured to receive fluid from the inlet opening wherein the central
bore extends below the movable valve member to form a base portion comprising one or more
outlet openings. The fluid flow from the inlet port to the outlet port of the valve is controlled

by the rotation of the valve member.

[0016] According to another embodiment, a valve stem is coupled to the movable valve

member.
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[0017] According to another embodiment, the valve body may further comprises a flange

configured to engage with an actuator.

[0018] According to yet another embodiment, the valve stem portion may be configured to

receive the rotation force from the actuator.

[0019] According to yet another embodiment, the angle between the leading edge surface
present at the narrow slot region and the trailing edge surface present at about a full bore

region at the center of the movable valve member is greater than 90 degrees.

[0020] According to yet another embodiment, the size of the inlet opening may increase from
the leading edge surface present at the narrow slot region and may end at the trailing edge

surface present at about a full bore region.

[0021] According to yet another embodiment, the inlet port and the outlet port may have a
same center line and may be situated about 180 degrees apart having the movable valve

member in between.

[0022] According to yet another embodiment, the rotation of the movable valve member
portion from the leading edge to the trailing edge may enable linear controlling of the fluid
flow from the valve assembly wherein the control of fluid flow may be proportional to the

degrees of rotation from 0 to about 270 degrees.

[0023] According to yet another embodiment, a valve assembly is disclosed. The valve
assembly may comprise a valve body defining an enclosure having an inlet port and an outlet
port. The valve assembly may further comprise a movable valve member which may comprise
an inlet opening extending about 270 degrees around a circumference of the movable valve
member from a leading edge surface present at a narrow slot region to a trailing edge surface
present at about a full bore region. The movable valve member may further comprise one or
more outlet openings. The fluid flow from the inlet port of the valve body to the one or more

outlet openings is controlled by a rotation of the movable valve member.

[0024] According to yet another embodiment, a valve stem may be coupled to the movable

valve member.

[0025] According to yet another embodiment, the valve body may further comprises a flange

configured to engage with an actuator.
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[0026] According to yet another embodiment, the valve stem may be configured to receive

the rotation force from the actuator.

[0027] According to yet another embodiment, wherein the one or more outlet opening are

located at the base of the movable valve member.

[0028] According to yet another embodiment, the size of the inlet opening may increase from
the leading edge surface present at the narrow slot region and ends at the trailing edge surface

present at about a full bore region.

[0029] According to yet another embodiment, the movable valve member may comprise a
through bore to enable the fluid flow to pass from the flow inlet opening to the one or more

outlet openings.

[0030] According to yet another embodiment, the inlet port and the outlet port may be

orthogonal to each other.

[0031] According to yet another embodiment, a rotation of the movable valve member from
the leading edge to the trailing edge may enable linear controlling of the fluid flow from the
valve assembly wherein the control of fluid flow may be proportional to the degrees of

rotation from O to about 270 degrees.

[0032] According to yet another embodiment, a method of controlling a fluid flow through a
valve assembly is disclosed. The method may comprise providing a valve body defining an
enclosure having an inlet port and outlet port. The method may comprise providing a movable
valve member disposed in the enclosure wherein the movable valve member comprising an
inlet opening extending about 270 degrees around a circumference of the movable valve
member from a leading edge surface present at a narrow slot region to a trailing edge surface
present at about a full bore region. The method may cause the movable valve member to

rotate to control fluid flow from the inlet port to the outlet port.

[0033] According to yet another embodiment, the inlet port and the outlet port either have a

same center line and are situated about 180 degrees apart or are orthogonal to each other.
BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a two-way ball valve 100 available in conventional fluid control system.
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[0035] FIG. 2 is a side elevation view drawing of the two-way ball valve of FIG. 1 with a

flow limiting disc having a maximum flow coefficient of 1.2.

[0036] FIG. 3 is a side elevation view drawing of the two-way ball valve of FIG. 1 with a

flow limiting disc having a maximum flow coefficient of 1.9.

[0037] FIG. 4 is a side elevation view drawing of the two-way ball valve of FIG. 1 with a

flow limiting disc having a maximum flow coefficient of 2.9.

[0038] FIG. 5 is a side elevation view drawing of the two-way ball valve of FIG. 1 with a

flow limiting disc having a maximum flow coefficient of 4.7.

[0039] FIG. 6 is a side elevation view drawing of the two-way ball valve of FIG. 1 with a

flow limiting disc having a maximum flow coefficient of 7.4.

[0040] FIG. 7 is a side elevation view drawing of the two-way ball valve of FIG. 1 with a

maximum flow coefficient of 11.7.
[0041] FIG. 8 is a plot relating valve position and flow for the two-way ball valve of FIG. 1.

[0042] FIG. 9 is a side elevation view drawing of the two-way ball valve of FIG. 2 in the

closed position.

[0043] FIG. 10 is a top cross-sectional view drawing of the two-way ball valve of FIG. 9 in

the closed position.

[0044] FIG. 11 is a side elevation view drawing of the two-way ball valve of FIG. 2 in the

50% open position.

[0045] FIG. 12 is a top cross-sectional view drawing of the two-way ball valve of FIG. 11 in
the 50% open position.

[0046] FIG. 13 is a side elevation view drawing of the two-way ball valve of FIG. 2 in the

fully open position.

[0047] FIG. 14 is a top cross-sectional view drawing of the two-way ball valve of FIG. 13 in
the fully open position.
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[0048] FIG. 15 is a perspective view drawing of a two-way ball valve with a high resolution

270 degree rotation valve member, according to some embodiments.

[0049] FIG. 16 is a front cross-sectional view drawing of the two-way ball valve of FIG. 15,

according to some embodiments.

[0050] FIG. 17 is a side elevation view drawing of the valve member of FIG. 16 in a 90

degree rotation position, according to some embodiments.

[0051] FIG. 18 is a side elevation view drawing of the valve member of FIG. 16 in a 180

degree rotation position, according to some embodiments.

[0052] FIG. 19 is a side elevation view drawing of the valve member of FIG. 16 in a 270

degree rotation position, according to some embodiments.

[0053] FIG. 20 is a top cross-sectional view drawing of the valve member of FIG. 16,

according to some embodiments.

[0054] FIG. 21 is a perspective view drawing of a perpendicular port ball valve with a high

resolution 270 degree rotation valve member, according to some embodiments.

[0055] FIG. 22 is a side elevation view drawing of the valve member of FIG. 21 in a 90

degree rotation position, according to some embodiments.

[0056] FIG. 23 is a side elevation view drawing of the valve member of FIG. 21 in a 180

degree rotation position, according to some embodiments.

[0057] FIG. 24 is a side elevation view drawing of the valve member of FIG. 21 in a 270

degree rotation position, according to some embodiments.

[0058] FIG. 25 is a side elevation view drawing of the perpendicular port two-way ball valve

of FIG. 21 in the closed position, according to some embodiments.

[0059] FIG. 26 is a top cross-sectional view drawing of the perpendicular port two-way ball

valve of FIG. 25 in the closed position, according to some embodiments.

[0060] FIG. 27 is a side elevation view drawing of the perpendicular port two-way ball valve

of FIG. 21 in the low flow position, according to some embodiments.
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[0061] FIG. 28 is a top cross-sectional view drawing of the perpendicular port two-way ball

valve of FIG. 27 in the low flow position, according to some embodiments.

[0062] FIG. 29 is a side elevation view drawing of the perpendicular port two-way ball valve

of FIG. 21 in the medium flow position, according to some embodiments.

[0063] FIG. 30 is a top cross-sectional view drawing of the perpendicular port two-way ball

valve of FIG. 29 in the medium flow position, according to some embodiments.

[0064] FIG. 31 is a side elevation view drawing of the perpendicular port two-way ball valve

of FIG. 21 in the high flow position, according to some embodiments.

[0065] FIG. 32 is a top cross-sectional view drawing of the perpendicular port two-way ball

valve of FIG. 31 in the high flow position, according to some embodiments.

[0066] FIG. 33 is a side elevation view drawing of the perpendicular port two-way ball valve

of FIG. 21 in the full flow position, according to some embodiments.

[0067] FIG. 34 is a top cross-sectional view drawing of the perpendicular port two-way ball

valve of FIG. 33 in the full flow position, according to some embodiments.

[0068] FIG. 35 is a front elevation view drawing of the perpendicular port two-way ball valve

of FIG. 21 in an installed configuration, according to some embodiments.

[0069] FIG.36 is a front elevation view drawing of the two-way ball valve of FIG. 1,

according to some embodiments.

[0070] FIG. 37 is a plot relating valve position and flow for the two-way ball valve of FIG. 1
and the perpendicular port two-way ball valve with a high resolution 270 degree rotation

valve member of FIG. 21, according to some embodiments.
DETAILED DESCRIPTION

[0071] Referring generally to the FIGURES, systems for regulating fluid flow, including
embodiments of ball valves with high resolution 270 degree rotation valve members are
shown. The function of a ball valve is to modulate flow through a pipe by rotating a ball-
shaped valve member within the valve between a fully closed position and a fully opened

position. As the ball-shaped valve member rotates from the fully closed position to the fully
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opened position, the surface area of a bore extending through the valve member is
increasingly exposed to an inlet port of the valve, and a greater amount of flow is permitted
to pass through the valve. The embodiments of the present disclosure utilize a valve member
with an optimized flow inlet and a valve actuator with a 270 degree rotational stroke to
provide a valve assembly with highly predictable and controllable flow and a high maximum

flow rate.

[0072] Referring now to FIG. 1, a two-way ball valve 100 is shown, according to some
embodiments. The ball valve 100 includes a machined valve body 102 with an inlet port 104
and an outlet port 106. In some embodiments, one or both of the inlet port 104 and the outlet
port 106 is formed in a machined nut that is threadably coupled to the valve body 102. In
other embodiments, one or both of the inlet port 104 and the outlet port 106 are formed in the
valve body 102. Fluid flow through the valve 100 may be controlled by utilizing a valve
actuator (not shown) to rotate a valve member contained within the valve body 102 by a total
of 90 degrees. In other embodiments, the stroke of the valve member may have a different

length (e.g., 270 degrees).

[0073] Ball valve 100 may be classified as such due to the spherical shape of the valve
member. The valve member may include a circular central bore forming a flow passage.
Although valve 100 is depicted as a two-way valve (i.e., a valve containing one inlet and one
exit), the solutions described in the present disclosure may also be implemented in other types
of valves having more than one inlet port and more than one outlet port (e.g., three-way

valves, six-way valves).

[0074] Embodiments of the present patent specification describes a valve assembly with the
implementation of a two way ball-valve 100, but the embodiments are not restricted by the
two-way ball valve 100 and thus any movable valve member defined by one or more ways
may be implemented to enable a fluid flow within the movable valve assembly and in between

the plurality of ways (two-way, three-way, six-way).

[0075] Valve 100 is further shown to include an actuator mounting flange 108 and a valve
stem 110 that extends out of the valve body 102. In some embodiments, one end of the valve
stem 110 may be coupled to a valve actuator mounted against the mounting flange 108, while

the opposite end of the valve stem 110 is configured to fit within a recess of the ball member

10



WO 2020/243183 PCT/US2020/034717

such that rotation of the valve stem 110 by the valve actuator results in a corresponding

rotation of the ball member.

[0076] In an exemplary embodiment, the valve stem which enables the transfer of rotational
motion or rotational force from the actuator to the movable valve member may be excluded.
In such embodiment, when the valve stem is excluded, the rotational motion or force may be

enabled by a magnetic flux.

[0077] Turning now to FIGS. 2-7, side views of the two-way ball valve 100 with various flow
limiting discs between the inlet port 104 and the ball member are shown, according to some
embodiments. Each of the flow limiting discs may include optimized flow openings
configured to enable equal percentage flow control of the valve 100. Referring specifically
to FIG. 2, a flow limiting disc 200 is shown with a flow opening 202. Flow opening 202 is
optimized to permit valve 100 to achieve a maximum flow coefficient (Cv) of 1.2 when
installed in a valve with a half inch valve body (e.g., a VG1000 series valve sold by Johnson
Controls, Inc.). The flow coefficient is a constant related to the geometry of the valve that is
used to establish flow capacity and is expressed in imperial units as the flow of water through
avalve at 60 °F in US gallons per minute (gpm) at a pressure drop of 1 pound per square inch
(pst)). Equal percentage control of a valve causes equal changes in valve position to result in

equal percentage changes to the flow coefficient from the existing value.

[0078] Correct orientation of the flow control disc 200 relative to the valve body 102 is
important because the flow opening 202 is not symmetrical and is optimized to result in equal
percentage flow control. In other words, the constant height portion situated on the left side
of the flow opening 202 is configured to align with the bore of the valve member as the valve
member rotates from a fully closed position to a semi-opened position (e.g., between 0% open
and approximately 50% open). The roughly triangular or increasing height portion situated
on the right side of the flow opening 202 is configured to align with the bore of the valve
member once the valve member rotates from a semi-opened position to a fully opened
position (e.g., between approximately 50% open and 100% open). Further details of the
operation of the ball valve 100 are included below with reference to FIGS. 9-14.

[0079] The size of the flow opening in the flow limiting disc is directly correlated with the
maximum flow coefficient of the valve 100. For example, FIG. 3 depicts a flow limiting disc

300 with a flow opening 302 optimized to permit valve 100 to achieve a maximum Cv of 1.9,

11
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FIG. 4 depicts a flow limiting disc 400 with a flow opening 402 optimized to achieve a
maximum Cv of 2.9, FIG. 5 depicts a flow limiting disc 500 with a flow opening 502
optimized to achieve a maximum Cv of 4.7, and FIG. 6 depicts a flow limiting disc 600 with
a flow opening 602 optimized to achieve a maximum Cv of 7.4. FIG. 7, by contrast, depicts
valve 100 without any flow limiting disc installed. When the valve member is rotated 90
degrees from the fully closed position to fully opened position as depicted in FIG. 7, the full
bore opening 700 of the valve member is exposed to the inlet port 104, and valve 100 may

achieve a maximum Cv of 11.7.

[0080] Referring now to FIG. 8, plot 800 relates valve position on the x-axis 802 in units of
degrees rotation and the maximum flow coefficient on the y-axis 804 in imperial units (i.e.,
Cv) for various flow limiting discs as depicted in FIGS. 2-7. As shown, there is an inverse
relationship between maximum flow and predictable equal percentage (i.e., linear) flow
control. The flow limiting discs permitting maximum flow coefficients Cv of 1.2, 1.9, and
2.9 generally provide linear control (at least until the valve reaches an approximate rotation
of 60 degrees), but the maximum flow through the valve 100 is constrained, resulting in a
loss of total flow. By contrast, the flow limiting discs or the full bore configuration permitting
maximum flow coefficients Cv of 4.7, 7.4, and 11.7 generally provide non-linear or less
predictable control, but the maximum flow through the valve 100 is far higher than the flow

limiting discs with smaller openings.

[0081] Turning now to FIGS. 9-14, the operation of the two-way ball valve 100 over a 90
degree rotational stroke is depicted, according to some embodiments. Although FIGS. 9-14
depict the two-way ball valve 100 with the flow disc 200 installed between the inlet port 104
and valve member 1000, any flow limiting disc having any other maximum flow coefficient
may be utilized (e.g., flow limiting discs 300, 400, 500, or 600, described above with
reference to FIGS. 3-6). In other embodiments, the valve 100 may be operated without the
use of a flow limiting disc. Referring specifically to FIGS. 9 and 10, a side view and a top
cross-sectional view of the valve 100 in the closed position are respectively shown. In the
closed position, any flow path for fluid through the flow disc opening 202 is blocked by valve
member 1000, and a flow passage 1002 provided in the valve member 1000 is oriented
perpendicularly to the flow direction 1004 extending from the inlet port 104 to the outlet port
106.

12
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[0082] Referring now to FIGS. 11 and 12, a side view and a top cross-sectional view of the
valve 100 in a partially (i.e., 50%) open position are respectively shown. Because the stroke
of the valve member 1000 is 90 degrees between the fully closed position and the fully open
position, when the valve 100 is in the 50% open position, the valve member 1000 has been
rotated by the valve actuator 45 degrees from the fully closed position depicted in FIGS. 9
and 10. (Note: the valve is effectively closed between 0 and 20 degrees rotation.) The 45
degree rotation position permits a portion 1100 of the flow passage 1002 to align with the
flow opening 202 of the flow limiting disc 200, such that some amount of flow 1200 is
permitted to enter the valve 100 through the inlet port 104, travel through the valve member
1000 and depart through the outlet port 106.

[0083] Finally, referring to FIGS. 13 and 14, a side view and a top cross-sectional view of
the valve 100 in the fully (i.e., 100%) open position are respectively shown. In the fully open
position, the valve member 1000 has been rotated by the valve actuator 90 degrees from the
fully closed position depicted in FIGS. 9 and 10. No portion of the flow opening 202 in the
flow limiting disc 200 is blocked by the valve member 1000, and the flow passage 1002 is
aligned with the inlet port 104 and the outlet port 106 such that a flow of fluid 1400 is

permitted to travel through the valve 100 and achieve a maximum flow coefficient Cv of 1.2.

[0084] Turning now to FIGS. 15 and 16, a perspective view and a side cross-sectional view
of a two-way valve assembly 101 with a high resolution 270 degree rotation valve member
1500 are respectively shown, according to some embodiments. Valve assembly 101 is shown
to include a valve body 103 with an inlet port 105, an outlet port 107, and an actuator
mounting flange 109. One end of a valve stem 111 may protrude from the actuator mounting
flange 109 in order to couple to a valve actuator. Unlike the embodiment of the valve 100
depicted above with reference to FIGS. 1-14, the valve assembly 101 with the high resolution
valve member 1500 is configured to couple to a valve actuator having a minimum rotational
stroke of 270 degrees, as opposed to 90 degrees. The high resolution valve member 1500 is
shown to include a valve stem portion 1502 and a ball member portion 1504. The ball member
portion 1504 may also be referred as a movable valve member 1504. The valve stem portion
1502 is configured to couple to the valve actuator. In some embodiments, the valve stem
portion 1502 and the ball member portion 1504 are fabricated as a single integrated
component as depicted in FIG. 16. In other embodiments, the valve stem portion 1502 and

the ball member portion 1504 are fabricated as separate components.
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[0085] The ball member portion 1504 is shown to include a flow inlet opening 1506
surrounding a central bore 1508. As described in further detail below, the flow inlet opening
1506 may extend at least 270 degrees about the ball member portion 1504 to permit
predictable flow control over the 270 degree stroke of the valve actuator. The valve member
1500 is further shown to include a base portion 1510 extending below the ball member portion
1504. The base portion 1510 is shown to include multiple flow outlet openings 1512
distributed about the base portion 1510. In some embodiments, the base portion 1510
includes four flow outlet openings 1512, and each flow outlet opening 1512 has an oblong
shape. In other embodiments, the base portion 1510 may include any desired number of flow

outlet openings 1512, with any desired geometry.

[0086] In operation, fluid enters the valve assembly 101 through the inlet port 105. If the
valve member 1500 is oriented such that a portion of the flow inlet opening 1506 is aligned
with the inlet port 105 (note: FIG. 16 depicts the valve 100 in a closed position), fluid enters
the ball member portion 1504 through the flow inlet opening 1506 and flows downwards
through the central bore 1508 to the base portion 1510. After exiting through the flow outlet
openings 1512, the fluid flows around the exterior of the ball member portion 1504 before
exiting the valve assembly 101 through the outlet port 107.

[0087] Referring now to FIGS. 17-19, views of the valve member 1500 in various rotational
positions are depicted. FIG. 17 depicts the valve member 1500 in a 90 degree rotational
position relative to the flow inlet of the valve (e.g., inlet port 105), FIG. 18 depicts the valve
member 1500 in a 180 degree rotational position relative to the flow inlet of the valve, and
FIG. 19 depicts the valve member 1500 in a 270 degree rotational position relative to the flow
inlet of the valve. Referring specifically to FIG. 17, the flow inlet opening 1506 is shown to
commence with a leading edge surface 1600 before extending around the ball member portion
1504 for a narrow slot region 1601. As shown in FIG. 18, the size of the flow inlet opening
1506 may increase gradually before terminating in a full bore region 1801 with a trailing edge
surface 1800 as depicted in FIG. 19. The flow inlet opening 1506 in full bore 1801 region
may have a size and shape (i.e., circular) to match the flow inlet 105 and permit maximum
flow through the valve 101 when the valve member 1500 is in the 270 degree rotational
position. Turning now to FIG. 20, a top cross-sectional view of the ball member portion 1504
is depicted, according to some embodiments. As shown, the total length 1900 of the flow

inlet stretching from the leading edge surface 1600 to the trailing edge surface 1800 extends
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in excess of 180 degrees around the ball member portion 1504 and surrounding the central

bore 1508.

[0088] FIG. 21 depicts another embodiment of a two-way valve 2000 configured to couple
to a valve actuator having a 270 degree rotational stroke. Similar to valves 100 and 101 as
described with respect to FIGS. 1 and 15 above, valve 2000 is shown to include a valve body
2002 with an inlet port 2004, an outlet port 2006, and an actuator mounting flange 2008. One
end of the valve stem 2010 may protrude from the actuator mounting flange 2008 in order to
couple to a valve actuator having a stroke of at least 270 degrees. The opposite end of the
valve stem 2010 may be coupled to or integrated with a valve member (e.g., valve member
2100, described in further detail below with reference to FIGS. 22-24). In contrast to valve
101, the inlet port 2004 and the outlet port 2006 of the valve 2000 are situated 90 degrees
apart or perpendicular to each other, as opposed to 180 degrees apart from each other (i.e., in-

line).

[0089] Turning now to FIGS. 22-24, views of the valve member 2100 in various rotational
positions are depicted. FIG. 22 depicts the valve member 2100 in a 90 degree rotational
position relative to a fully closed orientation, FIG. 23 depicts the valve member 2100 in a 180
degree rotational position relative to a fully closed orientation, and FIG. 24 depicts the valve
member 2100 in a 270 degree rotational position relative to a fully closed orientation.
Referring specifically to FIG. 22, the flow inlet opening 2102 is shown to commence with a
leading edge surface 2106 before extending around the valve member 2100 for a narrow slot
region 2107. Slot 2104 may be situated at the top of the valve member 2100 in order to
receive a valve stem (e.g., valve stem 2010). As shown in FIG. 23, the size of the flow inlet
opening 2102 may increase gradually before terminating in a full bore region 2301 with a
trailing edge surface 2300 as depicted in FIG. 24. The flow inlet opening 2102 in the full
bore region 2301 may have a size and shape (i.e., circular) to match the flow inlet 2004 and
permit maximum flow through the valve 2000 when the valve member 2100 is in the 270
degree rotational position. The valve member 2100 has a similar configuration of flow inlet
opening 2102 as that of valve 101 having a flow inlet opening 1506 and in contrast is equipped
with a hollow portion and has one or more flow outlets directly at the bottom which may have
an flow axis in-line with the valve stem or is has an axis which is perpendicular to the axis of
inlet port 2004. In some embodiments, the valve member 2100 is envisages the one or more

flow outlet portions as one single hollow hole or outlet. In some embodiments, the valve
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outlet may be in fabricated in the form of one or more holes having the capability of passing

the fluid flow in an efficiently.

[0090] Referring now to FIGS. 25-34, the operation of the two-way ball valve 2000 over a
270 degree rotational stroke is depicted, according to some embodiments. FIGS. 25 and 26
respectively depict a side view and a top cross-sectional view of the valve 2000 in the closed
(i.e., 0% open) position, in which a flow of fluid 2500 entering the inlet port 2004 is blocked
from flowing through the valve member 2100 and exiting through the outlet port 2006. FIGS.
27 and 28 respectively depict a side view and a top cross-sectional view of the valve 2000 in
a low flow position. In order to achieve the low flow position, the valve member 2100 is
shown to be rotated 45 degrees relative to the inlet port 2004 from the closed position. The
45 degree rotation of the valve member 2100 exposes the leading edge surface 2106 to the
inlet port 2004, thus permitting a minimal amount of flow 2700 to pass through the inlet port
2004 and enter the valve member 2100 before flowing downwards and exiting through the

outlet port 2006.

[0091] FIGS. 29 and 30 respectively depict a side view and a top cross-sectional view of the
valve 2000 in a medium flow position. In order to achieve the medium flow position, the
valve member 2100 is shown to be rotated 135 degrees relative to the inlet port 2004 from
the closed position, or 90 degrees from the low flow position depicted in FIGS. 27 and 28.
By rotating the valve member 2100 to the medium flow position, a medium amount of flow
2900 is permitted to pass through the inlet port 2004 and to enter the valve member 2100
before flowing downwards and exiting through the outlet port 2006. Similarly, FIGS. 31 and
32 respect a side view and a top cross-sectional view of the valve 2000 in a high flow position.
In order to achieve the high flow position, the valve member 2100 is shown to be rotated 225
degrees relative to the inlet port 2004 from the closed position, or 90 degrees from the medium
flow position depicted in FIGS. 29 and 30, thus permitting a high amount of flow 3100 to
pass through the inlet port 2004 and to enter the valve member 2100 before flowing
downwards and exiting through the outlet port 2006.

[0092] FIGS. 33 and 34 respectively depict a side view and a top cross-sectional view of the
valve 2000 in a full flow position. In order to achieve the full flow position, the valve member
2100 is shown to be rotated 270 degrees relative to the inlet port 2004 from the closed
position, or 90 degrees from the high flow position depicted in FIGS. 31 and 32 such that the
trailing edge surface 2300 is aligned with the bore of the inlet port 2004, thus permitting a

16



WO 2020/243183 PCT/US2020/034717

full amount of flow 3300 to pass through the inlet port 2004 and to enter the valve member
2100 before exiting through the outlet port 2006.

[0093] Referring now to FIG. 35, a front elevation view of the valve 2000 in an installed
configuration is depicted, according to some embodiments. Because the inlet port and the
outlet port of the valve 2000 are oriented 90 degrees relative to each other, 45 degree elbow
components 3402 and 3404 may be coupled upstream and downstream of the valve 2000 to
achieve a 180 degree piping solution. As shown, including the elbow components 3402 and
3404, the installation length 3406 of the valve 2000 is approximately equivalent to the overall
length 3500 of the 90 degree rotation two-way valve 100 as depicted in FIG. 36.

[0094] Turning now to FIG. 37, plot 3600 is depicted relating valve position on the x-axis
3602 in units of degrees rotation and the maximum flow coefficient on the y-axis 3604 in
imperial units (i.e., Cv). Plot 3600 is shown to include both data for the 270 degree rotation
valve and the 90 degree rotation valve (also included in plot 800 and described above with
reference to FIG. 8). As shown, the 270 degree rotation ball valve is able to achieve a
maximum flow coefficient Cv of approximately 11.7, similar to the full port configuration of
the 90 degree rotation valve. However, the flow through the 270 degree rotation ball valve is
far more linear than that of the 90 degree rotation ball valve, meaning that changes in valve
member position for the 270 degree rotation ball valve result in more predictable changes in
flow, and the valve can be controlled to a greater number of flow values in total. In other

words, the 270 degree rotation valve has higher resolution than the 90 degree rotation valve.

[0095] It is to be understood that the embodiments disclosed in the present specification is
described with the inlet opening extending from a leading edge surface present at the narrow
slot region to a trailing edge surface present at a full bore region. However, it is not necessary
that every time the leading edge surface present at the narrow slot region ends with the trailing
edge at the full bore region. Therefore, there may be embodiments where the leading edge
surface present at the narrow slot region ends with the trailing edge any other region of the

inlet opening.

[0096] The construction and arrangement of the systems and methods as shown in the various
exemplary embodiments are illustrative only. Although only a few embodiments have been
described in detail in this disclosure, many modifications are possible (e.g., variations in sizes,

dimensions, structures, shapes and proportions of the various elements, values of parameters,
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mounting arrangements, use of materials, colors, orientations, etc.). For example, the position
of elements can be reversed or otherwise varied and the nature or number of discrete elements
or positions can be altered or varied. Accordingly, all such modifications are intended to be
included within the scope of the present disclosure. The order or sequence of any process or
method steps can be varied or re-sequenced according to alternative embodiments. Other
substitutions, modifications, changes, and omissions can be made in the design, operating
conditions and arrangement of the exemplary embodiments without departing from the scope

of the present disclosure.

[0097] The present disclosure contemplates methods, systems and program products on any
machine-readable media for accomplishing various operations. The embodiments of the
present disclosure can be implemented using existing computer processors, or by a special
purpose computer processor for an appropriate system, incorporated for this or another
purpose, or by a hardwired system. Embodiments within the scope of the present disclosure
include program products comprising machine-readable media for carrying or having
machine-executable instructions or data structures stored thereon. Such machine-readable
media can be any available media that can be accessed by a general purpose or special purpose
computer or other machine with a processor. By way of example, such machine-readable
media can comprise RAM, ROM, EPROM, EEPROM, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other medium which
can be used to carry or store desired program code in the form of machine-executable
instructions or data structures and which can be accessed by a general purpose or special
purpose computer or other machine with a processor. Combinations of the above are also
included within the scope of machine-readable media. Machine-executable instructions
include, for example, instructions and data which cause a general purpose computer, special
purpose computer, or special purpose processing machines to perform a certain function or

group of functions.

[0098] Although the figures show a specific order of method steps, the order of the steps may
differ from what is depicted. Also two or more steps can be performed concurrently or with
partial concurrence. Such variation will depend on the software and hardware systems chosen
and on designer choice. All such variations are within the scope of the disclosure. Likewise,
software implementations could be accomplished with standard programming techniques
with rule based logic and other logic to accomplish the various connection steps, processing

steps, comparison steps and decision steps.
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WHAT IS CLAIMED IS:

1. A valve assembly comprising:

a valve body defining an enclosure having an inlet port and an outlet port;

a movable valve member disposed in the enclosure and comprising an inlet opening
extending from a leading edge surface present at a narrow slot region to a trailing edge surface
present at about a full bore region; and

a central bore present within the movable valve member configured to receive fluid
from the inlet opening wherein the central bore extends below the movable valve member to
form a base portion comprising one or more outlet openings;

wherein the fluid flow from the inlet port to the outlet port of the valve body is

controlled by a rotation of the movable valve member.

2. The valve assembly of claim 1, wherein a valve stem is coupled to the movable valve
member.
3. The valve assembly of claim 2, wherein the valve body further comprises a flange

configured to engage with an actuator.

4. The valve assembly of claim 3, wherein the valve stem portion is configured to

receive a rotation force from the actuator.

5. The valve assembly of claim 1, wherein the angle between the leading edge surface
present at the narrow slot region and the trailing edge surface present at about a full bore

region at the center of the movable valve member is about 270 degrees.

6. The valve assembly of claim 1, wherein the size of the inlet opening increases from
the leading edge surface present at the narrow slot region and ends at the trailing edge

surface present at about a full bore region.

7. The valve assembly of claim 1, wherein the inlet port and the outlet port have a same
center line and are situated about 180 degrees apart having the movable valve member in

between.
19
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8. The valve assembly of claim 4, wherein the angle between the leading edge surface
present at the narrow slot region and the trailing edge surface present at about a full bore

region at the center of the movable valve member is greater than 90 degrees.

9. A valve assembly comprising:
a valve body defining an enclosure having an inlet port and an outlet port;
a movable valve member comprising:
an inlet opening extending about 270 degrees around a circumference of the
movable valve member from a leading edge surface present at a narrow slot region
to a trailing edge surface present at about a full bore region; and
one or more outlet openings;
wherein the fluid flow from the inlet port to the outlet port of the valve body is

controlled by a rotation of the movable valve member.

10.  The valve assembly of claim 9, wherein a valve stem is coupled to the movable

valve member.

11. The valve assembly of claim 10, wherein the valve body further comprises a flange

configured to engage with an actuator.

12.  The valve assembly of claim 11, wherein the valve stem is configured to receive the

rotation force from the actuator.

13. The valve assembly of claim 9, wherein the one or more outlet opening are located

at the base of the movable valve member.

14.  The valve assembly of claim 9, wherein the size of the inlet opening increases from
the leading edge surface present at the narrow slot region and ends at the trailing edge

surface present at about the full bore region.

15.  The valve assembly of claim 9, wherein the movable valve member comprises a
through bore to enable the fluid flow to pass from the inlet opening to the one or more outlet

openings.
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16. The valve assembly of claim 9, wherein the inlet port and the outlet port are

orthogonal to each other.

17. The valve assembly of claim 9, wherein a rotation of the movable valve member

from the leading edge to the trailing edge increases the fluid flow from the valve assembly.

18. A method of controlling a fluid flow through a valve assembly, the method
comprising:
providing a valve body defining an enclosure having an inlet port and outlet
port
providing a movable valve member disposed in the enclosure wherein the
movable valve member comprising an inlet opening extending about 270 degrees
around a circumference of the movable valve member from a leading edge surface
present at a narrow slot region to a trailing edge surface present at about a full bore
region;
causing the movable valve member to rotate to control fluid flow from the

inlet port to the outlet port.

19. The method of claim 18, wherein the inlet port and the outlet port either have a same

center line and are situated about 180 degrees apart or are orthogonal to each other.

20. The method of claim 18, further comprising engaging the valve body to an actuator.

21



PCT/US2020/034717

WO 2020/243183

1/19

e}
(=]
-
oo
<
M
— B s
B
s
o I
ot
M
s

j M
S— | m(g
- S =

110

IG{}\

X

¥

A
\K/E



PCT/US2020/034717

WO 2020/243183

2/19




PCT/US2020/034717

WO 2020/243183

3/19

8 'Ol

vi|

{saa4Ba(y) uonisod anjep

06 08 oL 09 o8 i 0t 0z a1
aaaaaa o«u«u«*tbﬂiék%€§
T LA * e - ‘tﬂv‘l\w\ : ‘Ih\‘v “w t‘!l'
- H«v%%‘ . ~
.- .\lﬁ\nv w\\\ \\
.Y\.Vm\‘ . v\ﬁ \
» g 7 \
e / /
- »\ \
;
\.\ /
/7
HOG [0 AD LT me—— ASIG AD Tl wm s
S AT LY o e HEHI A G 7 e

SO AD BT == - HSHF AT T T erenvens

sas1Q pazuajoeiey) Jo moyy :,Z/T ‘Aem-z ‘000TOA

0’0

o¢

o'y

(nD) moyy

0'g

oot

ot




PCT/US2020/034717

WO 2020/243183

4/19

0T 'S

00t

6 'Old

- 001




WO 2020/243183 PCT/US2020/034717

106
1200

FIG. 12

108

110

FIG. 11

100 ~




WO 2020/243183 PCT/US2020/034717

6/19

o
L}
i
<t
v
O
Ll
8
L] \“mm
<
i
syl
\
o
é Lo
g
Li.
/V
G
o
i

104



WO 2020/243183 PCT/US2020/034717

719

o
[}
ot

FIG. 15




WO 2020/243183 PCT/US2020/034717

8/19

\. 107

1508

1500
1512

FIG. 16

1504

101
yd

105



PCT/US2020/034717

WO 2020/243183

9/19

6l 'Old
ZIST 0151
DX
Nﬁmﬂvx PPt fAJmHmH

#,

1200

2051 Q08T

8T 'Ol

Z18T 0IST

) N

[AA)

90ST \

Z0sT 00ST

2081

LT 'Ol

00s1

P0ST



000000000000000000000000000000

10/19

FIG. 20




PCT/US2020/034717

WO 2020/243183

11/19

~010¢

200¢

J

000¢



WO 2020/243183 PCT/US2020/034717

2100

2102

2106

2107

2102
<+

FIG. 23

2100 2104

2300
2102

2301




WO 2020/243183 PCT/US2020/034717

13/19

N
N
¥
e

FIG. 26

FIG. 25




WO 2020/243183 PCT/US2020/034717

14/19

8§ :
> % =
/72272222222 8

st g




WO 2020/243183 PCT/US2020/034717

15/19

oo
>
)
3/
=)
%J‘




WO 2020/243183 PCT/US2020/034717

o~
N
©
[ 5 -
M
Ww
&
Q -
] |
S
™~ s vl
, !




WO 2020/243183 PCT/US2020/034717

\* 3300

2106 ~
FIG. 34

FIG. 33




WO 2020/243183

3400

PCT/US2020/034717

3406

A

100

v

3500

FIG. 36



PCT/US2020/034717

2008 € 9Old

ssnitlag) sopeieg Suos,
NE GELWST WML WD 07T UULOGDR BSDLIEET Be 9V ST MSTLERT GIT OID MO 96 08 M W G o m W oo o

%
4

“F
i S

19/19

o
Ee |

oy

S
il
Yoy} i

WO 2020/243183

wm%w%gr? LOGUNEA] L Tl GG YL e GEGEI (G ¢ e GQIG T WRIAIET - - WGHOLT

SIS PRUSIBINED o MO L2/ Ao o0nToA B oLTa i/



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/034717

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16K5/04 F16K5/12
ADD.

F16K5/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

23 August 1983 (1983-08-23)
par.0001 of translation;

figures 1-3

STEPHENSON HENRY HOOK)
17 Jdanuary 1951 (1951-01-17)

figures 1-4

HOMBURG GMBH [DE])
28 February 2019 (2019-02-28)

figures 1-3

X JP S58 142080 A (KAJITA YOSHIO)

paragraph [0001] - paragraph [0001];

X GB 649 020 A (ROBERT LIONEL ARTHUR HOOK;

page 1, Tine 31 - page 3, line 112;

X DE 10 2017 215194 Al (MAGNA POWERTRAIN BAD

paragraph [0018] - paragraph [0026];

1-20

1-20

1-6,8

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 August 2020

Date of mailing of the international search report

09/09/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Miiller, Bernhard

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/034717

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0 864 788 Al (SEIKISUI CHEMICAL CO LTD
[JP]; ICHINOSE CO LTD [JP])

16 September 1998 (1998-09-16)

column 4, line 46 - column 8, line 51;
figures 1-15

US 20037102036 Al (SOSA HECTOR CUELLAR
[MX]) 5 June 2003 (2003-06-05)
paragraph [0037] - paragraph [0044];
figures 1-15

US 2017/114908 Al (HUANG CHUNG-CHIN [TW]
ET AL) 27 April 2017 (2017-04-27)
paragraph [0024] - paragraph [0036];
figures 1-12

JP 2016 188693 A (AISIN SEIKI)

4 November 2016 (2016-11-04)

abstract; figures 1-20

DE 197 03 042 Al (DENSO CORP [JP])

30 October 1997 (1997-10-30)

column 6, line 37 - column 14, line 22;
figures 1-26D

US 2016/356493 Al (XIE QIBIAO [CN])

8 December 2016 (2016-12-08)

paragraph [0023] - paragraph [0025];
figures 1-7

BE 430 324 A (EDGAR BETTELHEIM)

23 October 1938 (1938-10-23)

page 3, line 26 - page 6, line 4; figures
1-5

US 4 212 321 A (HULSEY ELDON E [US])

15 July 1980 (1980-07-15)

column 3, line 35 - column 7, line 2;
figures 1-19

US 4 651 775 A (OKADA MASAO [JP])

24 March 1987 (1987-03-24)

column 2, line 62 - column 4, line 41;
figures 1-4

1-20

1-20

1-20

1-20

1-20

1-20

1-20

1-20

1-20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/034717
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP $58142080 A 23-08-1983  NONE

GB 649020 A 17-01-1951  NONE

DE 102017215194 Al 28-02-2019 DE 102017215194 Al 28-02-2019
WO 2019043101 Al 07-03-2019

EP 0864788 Al 16-09-1998 AT 277313 T 15-10-2004
EP 0864788 Al 16-09-1998
JP 3012204 B2 21-02-2000
JP H10103534 A 21-04-1998
KR 19990071780 A 27-09-1999
MY 121970 A 31-03-2006
US 6021812 A 08-02-2000
WO 9814727 Al 09-04-1998

US 2003102036 Al 05-06-2003  NONE

US 2017114908 Al 27-04-2017 TW 201715178 A 01-05-2017
US 2017114908 Al 27-04-2017

JP 2016188693 A 04-11-2016  JP 6503835 B2 24-04-2019
JP 2016188693 A 04-11-2016

DE 19703042 Al 30-10-1997 DE 19703042 Al 30-10-1997
JP 3552438 B2 11-08-2004
JP HO9274521 A 21-10-1997
US 5983937 A 16-11-1999

US 2016356493 Al 08-12-2016  CN 204805597 U 25-11-2015
W M526657 U 01-08-2016
US 2016356493 Al 08-12-2016

BE 430324 A 23-10-1938  NONE

US 4212321 A 15-07-1980  NONE

US 4651775 A 24-03-1987  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report

