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within the bore (18). The valve member (24) includes a valve shaft (20) with a recess (36). The valve system (10) also includes an
actuator (14) having an actuator shaft (28) with an end portion (38). An adapter (40) couples the valve shaft (20) and the actuator shaft
(28). The adapter (40) includes a body (42) having a shape corresponding to a shape of the recess (36) of the valve shaft (20) for fitting
the adapter (40) within the recess (36) and an aperture (46) extending into the body (42). The aperture (46) has a shape corresponding
to a shape of the end portion (38) of the actuator shaft (28) for press fitting the adapter (40) onto the actuator shaft (28). The adapter
(40) is fit within the recess (36) and press fit coupled to the actuator shaft (28).
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Description

ADAPTER FOR A VALVE SYSTEM

Technical Field

The present disclosure relates generally to valves in internal

combustion engines, and more particularly, to an adapter for such valves.

Background

Valves, such as butterfly valves, may be used in different systems
of an internal combustion engine. Such valves may include a valve plate
connected to a valve shaft. An actuator shaft of an actuator may be fitted into a
corresponding recess of the valve shaft to drive and control the position of the
valve plate. For example, the actuator may rotate the valve shaft such that the
valve plate rotates to open and close the valve. Many conventional actuator
shafts include two parallel flats connected by rounded ends in what is known as a
“double-d” configuration that engage with the corresponding recess of the valve
shaft. This interface between the actuator shaft and the corresponding recess of
the valve shaft may have a limited surface area. As a result, the interface may
create high contact pressure and the surfaces that transmit torque from the
actuator shaft to the valve shaft may wear. This may prevent the valve plate from
being rotated to a desired position, such that the valve plate does not adequately
open and/or close. For example, inadequate closure may negatively impact
performance of the internal combustion engine.

U.S. Patent Publication No. 2009/0114867 (“the ‘867
publication”) discloses a rotary valve actuation lever apparatus having
interchangeable shaft adaptor inserts. The ‘867 publication discloses an actuator
coupled to a rotary valve via a lever in order to operate a flow control member of
the rotary valve. The actuator lever apparatus includes a cylindrical opening with
a splined inner surface to receive a valve shaft. As such, the actuator lever-to-
valve shaft connection of the ‘867 publication is female-to-male. The ‘867

publication further discloses that the valve shaft may include a square or double-d
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shape. A shaft adapter connects the square valve shaft to the cylindrical splined
actuator lever apparatus. The shaft adapter includes a cylindrically-shaped
splined outer surface and an opening. The shaft adapter is inserted into the
opening of the actuator lever apparatus such that the splined outer surface of the
shaft adapter mates and/or engages with the splined inner surface of the actuator
lever apparatus. The opening of the shaft adapter is configured to receive the
valve shaft. For example, the opening of the shaft adapter may be square to
receive a square valve shaft. Thus, rotation of the lever rotates the valve shaft
and the flow control member of the rotary valve. However, the splined adapter of
the ‘867 publication may provide for a loose connection which may allow
movement between the actuator lever apparatus, splined adapter, and/or the valve
shaft. The movement may eventually cause wear to the actuator lever apparatus,
splined adapter, and/or the valve shatft.

The adapter of the present disclosure may solve one or more of the
problems set forth above and/or other problems in the art. The scope of the
current disclosure, however, is not defined by the attached claims, and not by the

ability to solve any specific problem.

Summary

In one aspect, a valve system for an internal combustion engine
may include a valve. The valve may include a housing with a bore through
which fluid may flow. The valve may also include a valve member positioned
within the bore for selectively restricting flow through the bore. The valve
member may include a valve shaft rotatably received in a shaft opening of the
housing. The valve shaft may include a recess. The valve system may further
include an actuator coupled to the housing of the valve. The actuator may
include an actuator shaft with an end portion. The valve system may also include
an adapter coupling the valve shaft and the actuator shaft. The adapter may
include a body having a shape corresponding to a shape of the recess of the valve
shaft for fitting the adapter within the recess. The adapter may further include an

aperture extending into the body. The aperture may have a shape corresponding
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to a shape of the end portion of the actuator shaft for press fitting the adapter onto
the actuator shaft. The adapter may be fit within the recess and press fit coupled
to the actuator shaft so that the actuator can selectively move the valve member
between an open position and a closed position.

In another aspect, an adapter for a valve system of an internal
combustion engine may include a body having a generally hexagonal shape
corresponding to a generally hexagonal recess of a valve shaft of the valve
system for fitting the adapter within the recess. The adapter may also include an
aperture extending into the body, the aperture having a generally double-d shape
corresponding to a generally double-d shape of an end portion of an actuator shaft
for press fitting the adapter onto the actuator shaft prior to fitting the adapter
within the recess.

In yet another aspect, a valve system for an internal combustion
engine may include a valve. The valve may include a housing with a bore
through which fluid may flow. The valve may also include a valve member
positioned within the bore for selectively restricting flow through the bore. The
valve member may include a valve shaft rotatably mounted in a shaft opening of
the housing. The valve shaft may include a recess having a generally hexagonal
shape. The valve system may further include an actuator mounted on the housing
of the valve, the actuator including an actuator shaft with an end portion having a
generally double-d shape. The valve system may also include an adapter
coupling the valve shaft and the actuator shaft. The adapter may include a body
having a generally hexagonal shape corresponding to the generally hexagonal
shape of the recess of the valve shaft for fitting the adapter within the recess. The
adapter may also include an aperture extending into the body, the aperture having
a generally double-d shape corresponding to the generally double-d shape of the
end portion of the actuator shaft for press fitting the adapter onto the actuator.
The adapter may be fit within the recess and press fit coupled to the actuator shaft
so that the actuator can selectively move the valve member between an open

position and a closed position.



WO 2020/163070 PCT/US2020/014334

10

15

20

25

30

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate various exemplary embodiments
and together with the description, serve to explain the principles of the disclosed
embodiments.

FIG. 1 illustrates a front cutaway view of an exemplary valve
system, according to aspects of the disclosure.

FIG. 2 illustrates an enlarged cutaway view of an exemplary
adapter mounted in the valve system of FIG. 1.

FIGs. 3A-3D illustrate various views of the exemplary adapter
isolated from the valve system of FIGs. 1 and 2. Specifically, FIG. 3A illustrates
a perspective view, FIG. 3B illustrates a side view, FIG. 3C illustrates a top view,
and FIG. 3D illustrates a bottom view of the exemplary adapter.

FIG. 4 illustrates a perspective view of another embodiment of the

adapter isolated from the valve system of FIG. 1.

Detailed Description

Both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the

2%

features, as claimed. As used herein, the terms “comprises,” “comprising,”

“having,” “including,” or other variations thereof, are intended to cover a non-
exclusive inclusion such that a process, method, article, or apparatus that
comprises a list of elements does not include only those elements, but may
include other elements not expressly listed or inherent to such a process, method

2

article, or apparatus. Moreover, relative terms, such as, for example, “about,”

2%

“substantially,” “generally,” and “approximately” are used to indicate a possible
variation of +10% in a stated value.

FIG. 1 illustrates a front cutaway view of a valve system 10,
according to aspects of the disclosure. Valve system 10 may include a valve 12
and an actuator 14. A control system (not shown) may be used to control the

operation of valve 12. In one embodiment, valve 12 may be configured as a



WO 2020/163070 PCT/US2020/014334

10

15

20

25

30

5

butterfly valve and may be positioned within an exhaust manifold of an internal
combustion engine. For example, valve system 10 may be an exhaust restriction
valve (ERV) system of an exhaust gas recirculation (EGR) system for controlling
the amount of exhaust gas that is diverted to the EGR system. While the
exemplary embodiment of the present disclosure is made with reference to a
valve system 10 for an EGR system, it is understood that the teachings of this
disclosure may be employed in other types of valves or valve systems, such as a
valve system for a turbocharger, or any other valve system for regulating the flow
of fluid.

Valve 12 may include a valve housing 16 or body with a bore 18
through which a fluid, such as gas, may flow. Bore 18 may include a generally
cylindrical shape. However, bore 18 may be any shape or size as necessary for
allowing fluid to flow therethrough. A stem or valve shaft 20 may be rotatably
mounted within a corresponding opening 22 of the valve housing 16. A valve
member, such as valve plate 24, may be mounted on the valve shaft 20. Valve
plate 24 may be generally circular shaped and may be dimensioned to fit within
bore 18. The assembly of the valve shaft 20 and the valve plate 24 may be
configured so as to be moveable or rotatable within bore 18 between a first open
position (shown in FIG. 1) and a second closed position (depicted by phantom
lines at 26) for selectively restricting fluid flow through bore 18. At the first
open position, valve plate 24 may be aligned generally parallel to the direction of
flow of fluid through the bore 18 so that the flow through the bore 18 is
substantially unrestricted. At the second closed position, the valve plate 24 may
be positioned generally perpendicular to the direction of flow of fluid through the
bore 18 so that the flow is substantially blocked or restricted. It is understood
that the valve member may be any suitable valve member and may be any
suitable size or shape as necessary for selectively restricting fluid flow through
bore 18.

Actuator 14 may be mounted on a top side of the valve housing
16. In one embodiment, actuator 14 may be a rotary hydraulic actuator (RHA).

However, actuator 14 may be any type of actuator including electrical, gear or
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lever driven, pneumatic, or the like. Actuator 14 may include an actuator shaft 28
extending through the opening 22 of valve housing 16. Actuator shaft 28 may be
coupled to a top end of valve shaft 20. As such, actuator 14 may control rotation
of valve shaft 20 and thus position of valve plate 24 within bore 18. For
example, actuator 14, through actuator shaft 28, may selectively rotate valve shaft
20 such that valve plate 24 moves between the first open position and the second
closed position for selectively restricting fluid flow through bore 18. Valve
system 10 may further include an adapter 40 for coupling actuator shaft 28 to
valve shaft 20, as further detailed below.

FIG. 2 illustrates an enlarged cutaway view of the exemplary
adapter 40 mounted in valve system 10. As shown in FIG. 2, valve system 10
may include a bushing 30 mounted in the opening 22 of valve housing 16.
Bushing 30 may be press fit or threaded into opening 22. Bushing 30 may
include a first opening 32 for receiving the top end of valve shaft 20 for rotating
within bushing 30. Bushing 30 may further include a second opening 34 for
receiving a portion of actuator 14 for mounting the actuator 14 to valve housing
16. In the exemplary embodiment, bushing 30 may include a generally
cylindrical shape and the first and second openings 32, 34 may also include a
generally cylindrical shape. However, bushing 30 and first and second openings
32, 34 may be any size or shape as necessary so as to receive a corresponding
actuator 14 and a corresponding valve shaft 20 of any size or shape.

As further shown in FIG. 2, valve shaft 20 may include a recess 36
for receiving an end portion 38 of actuator shaft 28. In the exemplary
embodiment, recess 36 may include a generally hexagonal shape. Further, end
portion 38 of actuator shaft 28 may include a generally double-d shape for being
inserted into a corresponding aperture 46 of adapter 40, as further detailed below.
As used herein, a “double-d” shape may include a perimeter formed from
diametrically opposed arc segments of a circle, the circle being truncated on
opposite sides thereof by a pair of chords equidistant from and parallel to a

diameter which perpendicularly bisects the arc segments.
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Adapter 40 may include a body 42 having a shape corresponding
to the shape of recess 36 of valve shaft 20. As such, adapter 40 may be
configured to be inserted or fit into recess 36 of valve shaft 20. Adapter 40 may
further include a flange 44 located at a top end of body 42. Flange 44 may
extend over a top end of valve shaft 20 when adapter 40 is inserted into recess 36.
Additionally, adapter 40 may include a central aperture 46 extending through the
body 42 of adapter 40. Aperture 46 may include a shape corresponding to the
shape of end portion 38 of actuator shaft 28. Aperture 46 may further include a
size that is slightly smaller than a size of end portion 38 of actuator shaft 28, such
that adapter 40 may be press fit onto end portion 38 of actuator shaft 28 prior to
being inserted into recess 36 of valve shaft 20. As used herein, “press fit” may
include a fastening between two parts which is achieved by friction after the parts
are pushed together such that the parts do not move relative to each other. For
example, end portion 38 of actuator 28 may be press fit into aperture 46 of
adapter 40, such that end portion 38 does not move relative to adapter 40. Thus,
adapter 40 may assist in coupling actuator shaft 28 to valve shaft 20 and may
provide additional contact surfaces between actuator shaft 28 and valve shaft 20.

FIGs. 3A-3D illustrate various views of the exemplary adapter 40
isolated from valve system 10. Specifically, FIG. 3A illustrates a perspective
view, FIG. 3B illustrates a side view, FIG. 3C illustrates a top view, and FIG. 3D
illustrates a bottom view of the exemplary adapter 40. As shown in FIGs. 3A-
3D, body 42 of adapter 40 may include a generally hexagonal shape. Body 42
may include a height, 4, and width, w, corresponding to a height and width of
recess 36 of valve shaft 20. For example, the height, /4, of body 42 may be
between 5 millimeters and 50 millimeters and the width, w, of body 42 may be
between 5 millimeters and 50 millimeters. Flange 44 may include a generally
circular shape. Flange 44 may include a thickness, 7, such that flange 44 extends
over a top surface of valve shaft 20 when adapter 40 is inserted into recess 36.
Flange 44 may further include a diameter, d, greater than a diameter of recess 36
such that flange 44 extends substantially over the top surface of valve shaft 20.
As such, the thickness, 7, of flange 44 may be between 2 millimeters and 10
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millimeters and the diameter, d, of flange 44 may be between 10 millimeters and
80 millimeters. Further, adapter 40 may be made from iron, steel, metal alloys,
or the like.

As further shown in FIGs. 3A-3D, aperture 46 of adapter 40 may
extend through an entirety of body 42 from a top surface 48 of flange 44 through
a bottom surface 50 of body 42. However, aperture 46 may alternatively extend
through only a portion of body 42 for receiving end portion 38 of actuator shaft
28. Aperture 46 may include a generally double-d shape corresponding to the
generally double-d shape of the end portion 38 of actuator shaft 28. In the
exemplary embodiment, aperture 46 may include a height corresponding to the
total height, 4, and thickness, 7, of body 42 and flange 44. As such, the height of
aperture 46 may be between 7 millimeters and 60 millimeters.

FIG. 4 illustrates a perspective view of an adapter 52 according to
another embodiment, isolated from the valve system 10. As shown in FIG. 4,
adapter 52 may include a body 54 having a lower portion 56 and an upper portion
58. Lower portion 56 may include a generally hexagonal shape, similar to body
42 of adapter 40. Lower portion 56 may include a height and width
corresponding to a height and width of recess 36 of valve shaft 20. However, the
height and width of lower portion 56 of adapter 52 may be different than the
height, /4, and width, w, of body 42 of adapter 40. For example, the height of
lower portion 56 may be between 5 millimeters and 50 millimeters and the width
of lower portion 56 may be between 5 millimeters and 50 millimeters.

Upper portion 58 of body 54 may include a generally cylindrical
shape and may include a larger diameter than lower portion 56 such that upper
portion 58 is wider than lower portion 56. Similar to flange 44 of adapter 40,
upper portion 56 may include a thickness and a diameter such that upper portion
56 extends over a top surface of valve shaft 20 when adapter 52 is inserted into
recess 36 of valve shaft 20. However, the thickness and diameter of upper
portion 58 of adapter 52 may be different than the thickness, 7, and diameter, d, of
flange 44 of adapter 40. For example, the thickness of upper portion 58 may be

between 5 millimeters and 50 millimeters and the diameter of upper portion 58
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may be between 5 millimeters and 50 millimeters. Further, adapter 52 may be
made from iron, steel, metal alloys, or the like.

As further shown in FIG. 4, adapter 52 may further include an
aperture 60 extending through the body 54. Aperture 60 may extend from a top
surface 62 of upper portion 58 through a bottom surface 64 of lower portion 56.
However, aperture 60 may alternatively extend through only upper portion 58
such that only upper portion 58 receives the corresponding end portion 38 of
actuator shaft 28. Aperture 60 of adapter 52 may include a generally double-d
shape corresponding to the generally double-d shape of the end portion 38 of
actuator shaft 28, similar to adapter 40. Aperture 60 may include a height
corresponding to the total height of lower portion 56 and upper portion 58. As
such, the height of aperture 60 may be between 10 millimeters and 100
millimeters. It is understood that upper and lower portions 58, 56 of body 54 and
aperture 60 may be any size or shape as necessary, such as circular, square-
shaped, rectangular, hexagonal, or the like. Lower portion 56 of body 54 and
aperture 60 may each further include splines corresponding to splines of recess

36 of valve shaft 20 and splines of actuator shaft 28, respectively.

Industrial Applicability

The disclosed aspects of adapters 40, 52 may be used in any valve
system 10 having an actuator shaft 28 inserted into a recess 36 of a valve shaft
20. Referring to FIGs. 1 and 2, the present disclosure relates to adapters 40, 52
having a generally hexagonal body 42 or lower portion 56 for fitting the adapters
40, 52 into a corresponding generally hexagonal recess 36 of valve shaft 20. The
adapters 40, 52 may further include an aperture 46, 60 with a generally double-d
shape for receiving a corresponding double-d shaped actuator shaft 28. As such,
the adapters 40, 52 may be press fit onto the actuator shaft 28 prior to being
inserted into the recess 36 of valve shaft 20. The press fit between the actuator
shaft 28 and adapters 40, 52 may prevent actuator shaft 28 from rotating or
otherwise moving within apertures 46, 60 of adapters 40, 52. Further, the

hexagonal shape of adapters 40, 52 may provide an interface between the actuator
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shaft 28 and the valve shaft 20 with a large surface area, and thus a large contact
area. Thus, the adapters 40, 52 may be used to prevent wear between the actuator
shaft 28 and recess 36 of valve shaft 20. Further, the adapters 40, 52 may help
facilitate rotation of valve plate 24 for adequately opening and closing valve 12.
It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed system without
departing from the scope of the disclosure. For example, while adapter 40, 52 is
described above as having flange 44 or upper portion 58, it is understood that the
flange 44 or upper portion 58 could be omitted so that the adapter 40, 52 includes
only a body 42, 54. Other embodiments of the disclosure will be apparent to
those skilled in the art from consideration of the specification and practice of the
invention disclosed herein. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention being

indicated by the following claims.
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Claims

1. A valve system (10) for an internal combustion engine,
comprising:

a valve (12) including:

a housing (16) with a bore (18) through which fluid may flow;

a valve member (24) positioned within the bore (18) for
selectively restricting flow through the bore (18), the valve member (24)
including a valve shaft (20) rotatably received in a shaft opening (22) of the
housing (16), wherein the valve shaft (20) includes a recess (36);

an actuator (14) coupled to the housing (16) of the valve (12), the
actuator (14) including an actuator shaft (28) with an end portion (38); and

an adapter (40) coupling the valve shaft (20) and the actuator shaft
(28), the adapter (40) including:

a body (42) having a shape corresponding to a shape of the recess
(36) of the valve shaft (20) for fitting the adapter (40) within the recess (36); and

an aperture (46) extending into the body (42), the aperture (46)
having a shape corresponding to a shape of the end portion (38) of the actuator
shaft (28) for press fitting the adapter (40) onto the actuator shaft (28),

wherein the adapter (40) is fit within the recess (36) and press fit
coupled to the actuator shaft (28) so that the actuator (14) can selectively move

the valve member (24) between an open position and a closed position.

2. The valve system of claim 1, wherein the recess (36) of the

valve shaft (20) includes a generally hexagonal shape.

3. The valve system of claim 2, wherein the end portion (38)

of the actuator shaft (28) includes a generally double-d shape.
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4. The valve system of claim 3, wherein the body (42) of the
adapter (40) includes a generally hexagonal shape corresponding to the generally

hexagonal shape of the recess (36) of the valve shaft (20).

5. The valve system of claim 4, wherein the aperture (46) of
the adapter (40) includes a generally double-d shape corresponding to the
generally double-d shape of the actuator shaft (28).

6. The valve system of any of the preceding claims, wherein

the adapter (40) includes a flange (44) located a top end of the body (42).

7. The valve system of claim 6, wherein the flange (44)

includes a generally circular shape.

8. The valve system of any of the preceding claims, wherein

the adapter (40) is made from one of iron, steel, or a metal alloy.

9. The valve system of any of the preceding claims, wherein a
height of the adapter (40) is between 5 millimeters and 100 millimeters, and

wherein a width of the adapter (40) is between 5 millimeters and 80 millimeters.

10.  The valve system of claim 9, wherein a height of the

aperture (46) corresponds to the height of the adapter (40).
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