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Description

BALL FOR A VALVE ASSEMBLY

Technical Field

This disclosure is directed towards a ball for a valve assembly, a valve
assembly comprising such a ball, a machine comprising such a valve assembly

and a method of operating such a valve assembly.

Background

Machines, marine vessels and industrial systems, such as oil and gas
refineries, commonly comprise one or more fluid systems to transfer fluid
between locations. For example, machines, including backhoe loaders,
excavators, loaders and the like, commonly comprise one or more work tools,
such as buckets, backhoes, arms, grapples and the like, attached to the machine
by an arm arrangement, for example comprising a stick and a boom. The machine
may comprise a fluid system for controlling the arm arrangement and/or work

tool and thereby perform work.

It is typically necessary to regulate the flow of fluid in such fluid systems
and therefore they typically comprise one or more valve assemblies and other
such components. In some fluid systems it may be necessary to include at least
one on-off valve, such as a ball valve assembly, and at least one check valve in
series with one another. Typically, such fluid systems include a plurality of on-
off valves and check valves, thereby increasing the complexity and cost due to
the number of different components required. Furthermore, such complex
arrangements can lead to inefficiencies due to fluid pressure losses resulting at

the plurality of different components.

US20040206404A1 discloses a ball valve assembly includes a housing

with a ball valve rotatably received therein. An adjusting shaft extends through a



WO 2021/158467 PCT/US2021/016021

10

15

20

25

30

-2-
wall of the housing and is connected to the ball valve. A passage is defined
through the ball valve and a separation bar is connected to an inner periphery of
the passage so as to define a first partition and a second partition in the passage.
A seal member is located in the first partition of the passage and a control device
is connected to the seal member which movably seals the passage. The ball valve
is rotated an angle by rotating the adjusting shaft so that the direction of the flow
of the liquid via the ball valve can be changed. However, such a ball valve
assembly may only be capable of providing a relatively limited number of

actuation states.

Summary

The present disclosure therefore provides a ball for a valve assembly
comprising: a first bore for communicating fluid through the ball; a second bore
for communicating fluid through the ball; and a bore valve located in the first

bore for selectively enabling fluid communication through the first bore.

The present disclosure further provides a valve assembly comprising: a
valve housing; the aforementioned ball, wherein the ball is mounted in the valve
housing for rotation about an axis of rotation; and first and second valve ports in
fluid communication with the first or second bore based upon an angular position

of the ball about the axis of rotation.

The present disclosure further provides a machine comprising a fluid
system comprising the aforementioned valve assembly configured to selectively

control fluid flow through the fluid system.

The present disclosure further provides a method of operating the
aforementioned valve assembly comprising rotating the ball around the axis of
rotation such that the first or second bore is aligned with or not aligned with the

first and second valve ports.
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Brief Description of the Drawings

By way of example only, embodiments of the present disclosure are now
described with reference to, and as shown in, the accompanying drawings, in
which:

Figure 1 is an orthographic view of a valve assembly of the present

disclosure;

Figure 2 is a cross-sectional side view of the valve assembly of Figure 1;
Figure 3 is a cross-sectional top view of the valve assembly of Figure 1;
Figure 4 is an orthographic view of a ball of the valve assembly of Figure 1;

Figure 5 is a table illustrating different states of operation of the valve

assembly of Figure 1;

Figure 6 is a side view of a machine comprising the valve assembly of the

present disclosure; and

Figure 7 is a schematic of a fluid system of the machine of Figure 6

comprising the valve assembly of the present disclosure.

Detailed Description

The present disclosure is generally directed towards a ball for a valve
assembly having a bore valve located in a first bore and a further second bore and
a valve assembly comprising such a bore. The ball is rotatably mounted in a valve
assembly such that it can be rotated between different states in which fluid can be
prevented from passing through the ball, pass in both directions through the
second bore and/or be controlled by the bore valve when passing through the first
bore. The present disclosure further provides a fluid system comprising such a
valve assembly, a machine comprising the valve assembly and fluid system and a

method of operating the valve assembly.

Figures 1 to 3 illustrate a valve assembly 10, which may be a ball valve

assembly 10, in accordance with the presence disclosure. The valve assembly 10
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comprises a ball 11 in fluid communication with a first valve port 12 and a
second valve port 13. The valve assembly 10 may be a single line valve assembly
10 and therefore may not comprise any additional ports to the first and second
valve ports 12, 13. The valve assembly 10 comprises a valve housing 14, which
may comprise first and second valve housing parts 15, 16 connected together by

at least one fixture 17, such as a plurality of bolts as illustrated.

The ball 11 and first and second valve ports 12, 13 may be located in the
valve housing 14. The ball 11 may be rotatably mounted in the valve housing 14
and may be operable to change its angular position about an axis of rotation 18 in
the valve housing 14. The ball 11 may be constrained to rotate around only the
axis of rotation 18. The ball 11 may be actuatable between at least one closed

state 2, 4, 6, 8 and at least one open state 1, 3, 5, 7 about the axis of rotation 18.

The valve housing 14 may comprise a ball chamber 20 in which the ball
11 may be mounted. A seal volume 27 may be formed in the space between the

ball 11 and the ball chamber 20.

The first valve port 12 may comprise a first port passageway 21 extending
through the valve housing 14 from the ball chamber 20 to the outside of the valve
housing 14 via a first outer port aperture 23. The second valve port 13 may
comprise a second port passageway 22 extending through the valve housing 14
from the ball chamber 20 to the outside of the valve housing 14 via a second

outer port aperture 24.

The first and second valve ports 12, 13, first and second port passageways
21, 22 and/or first and second outer port apertures 23, 24 may be substantially
aligned with one another and may be located on opposing sides of the ball 11.
The centrelines of the first and second port passageways 21, 22 may be
substantially coincident. The ball chamber 20 may have a greater diameter than

the first and/or second port passageways 21, 22 as best illustrated in Figure 2.
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The valve assembly 10 may comprise a valve actuation arrangement 30
for controlling the angular position of the ball 11 about the axis of rotation 18,
such as between the closed and open states 1, 2, 3, 4, 5, 6, 7, 8. The valve
actuation arrangement 30 may comprise a valve actuator 31 and a valve stem 32
engaged with and/or mounted to the ball 11. The valve actuator 31 may
selectively control the angular position of the valve stem 32 to control the angular

position of the ball 11.

The valve stem 32 may extend through the valve housing 14 and may be
mounted to the ball 11 such that the valve stem 32 and ball 11 are constrained to
rotate together about the axis of rotation 18. The valve stem 32 may be mounted
in a valve stem passageway 33 through the valve housing 14. The valve stem 32
and valve stem passageway 33 may extend substantially orthogonally to the first
and second port passageways 21, 22 (i.e. their centrelines extend in orthogonal
directions to one another). The valve stem 32 may be sealed within the valve
stem passageway 33 by at least one valve stem seal 34, which may be an O-ring

as illustrated in Figure 2.

As in the illustrated embodiment, the valve actuator 31 may comprise a
handle for an operator to manually control the valve assembly 10, particularly by
rotating the handle such that the valve stem 32 rotates to change angular position
of the ball 11. However, the valve actuator 31 may instead be controlled by a
control system and may be electromechanical. For example, the valve actuator 31
may comprise a solenoid, motor or the like. Furthermore, the valve actuator 31
may directly control the ball 11 by being mounted thereto and the valve actuation

arrangement 30 may not comprise the valve stem 32.

As illustrated in further detail in Figures 2 to 4, the ball 11 comprises a
first bore 40 for communicating fluid through the ball 11 and a second bore 41
for communicating fluid through the ball 11. The first and second valve ports 12,
13 are in fluid communication with the first or second bore 40, 41 based upon an

angular position of the ball 11 about the axis of rotation 18.



WO 2021/158467 PCT/US2021/016021

10

15

20

25

30

The ball 11 may comprise a ball body 42 comprising a ball outer surface
43. The first and second bores 40, 41 may extend entirely though the ball body
42. Thus the first bore may extend between first bore first and second openings
44, 45 at the ball outer surface 43. The second bore may extend between second
bore first and second openings 46, 47 at the ball outer surface 43. The first and
second bore first and second openings 44, 45, 46, 47 may be alignable with the
first and second valve ports 12, 13 based upon the angular position of the ball 11

about the axis of rotation 18.

The ball 11, particularly the ball outer surface 43 thereof, may comprise
first, second, third and fourth blocking surface regions 35, 36, 37, 38 between the
adjacent first and second bore first and second openings 44, 45, 46, 47. The first,
second, third and fourth blocking surface regions 35, 36, 37, 38 may be alignable
with the first and second valve ports 12, 13 based upon the angular position of the

ball 11 about the axis of rotation 18.

The first blocking surface region 35 may extend between the first bore
first opening 44 and the second bore first opening 46. The second blocking
surface region 36 may extend between the second bore first opening 46 and the
first bore second opening 45. The third blocking surface region 37 may extend
between the first bore second opening 45 and the second bore second opening 47.
The fourth blocking surface region 38 may extend between the second bore

second opening 47 and the first bore first opening 44.

The second bore 41 may extend through the first bore 40 such that the
first and second bores 40, 41 are in fluid communication with one another. The
first and second bores 40, 41 may have substantially similar diameters (e.g. the
diameter of the first bore 40 may be in the range of about 75% to about 125% of
the diameter of the second bore 41) and may have substantially the same

diameter.
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The first and second bores 40, 41, and particularly their centrelines, may
extend in at least one plane orthogonal to the axis of rotation 18. The first and
second bores 40, 41 may extend substantially orthogonal to one another and the
centrelines of the first and second bores 40, 41 may intersect one another. The
first and second bores 40, 41 may extend substantially centrally through the ball

body 42 such that their centrelines intersect the axis of rotation 18.

The ball 11 may comprise a stem mount 50 for engaging and/or mounting
with the valve actuation arrangement 30, such as the valve stem 32. The stem
mount 50 may comprise a recess in the ball outer surface 43 as illustrated. The
valve stem 32 may engage in the recess such that as the valve stem 32 and ball 11

are constrained to rotate together around the axis of rotation 18.

The ball body 42 and ball outer surface 43 may be shaped such that the
ball 11 is rotatable within the valve housing 14 and therefore may be substantially
spherically shaped. In particular, the ball outer surface 43 may extend
substantially spherically. The ball body 42 may not have a completely spherical
shape due to the first and second bore first and second openings 44, 45, 46, 47
and stem mount 50 being located at the ball outer surface 43 and forming

indentations in the sphere.

The valve assembly 10 may comprise a seal arrangement 60 comprising a
fluid vent 61, the seal volume 27 and at least one ball seal 25, 26. The seal
arrangement 60 may prevent fluid passing between the first and second valve
ports 12, 13 when the ball 11 is in at least one closed state 2, 4, 6, 8. Although not
illustrated in the drawings, the seal arrangement 60 may further comprise a seal,

such as an O-ring seal, between the first and second valve housing parts 15, 16.

The at least one ball seal 25, 26 may substantially seal the ball chamber
20 and/or seal volume 27 from the first and second valve ports 12, 13. In
particular, the valve assembly 10 may comprise first and second ball seals 25, 26,

which may be located in the ball chamber 20 between the ball 11 and valve
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housing 14 and may be adjacent to the first and second port passageways 21, 22
respectively. The at least one ball seal 25, 26 may substantially seal fluid from
communicating from the seal volume 27 to the first or second valve ports 12, 13
between the ball 11 and the ball chamber 20. The at least one ball seal 25, 26 may

comprise a radial seal as illustrated.

The ball 11 may comprise the fluid vent 61 extending from the first and/or
second bore 40, 41 to outside of the ball 11, particularly of the ball body 42. The
fluid vent 61 may be for fluid communication between the first and/or second
bore 40, 41 and the seal volume 27. As illustrated, the fluid vent 61 may
comprise a passageway extending through the ball body 42 from the first and/or
second bore 40, 41 to the stem mount 50, such as the bottom of the recess. The
fluid vent 61 may have a smaller diameter of than the first and/or second bore 40,
41 and may, for example, have a diameter that is less than about 50% or about

25% or about 10 % of the diameter of the first and/or second bore 40, 41.

The seal arrangement 60 may provide a seal when the ball 11 is in the at
least one closed state 2, 4, 6, 8 or in at least one unidirectional open state 3, 7
(discussed further below) and there is a differential pressure acting in the closed
direction. In particular, when the ball 11 is in at least one closed state 2, 4, 6, 8
differential pressure may direct the ball 11 onto the first or second ball seal 25, 26
to form a seal and prevent fluid flow into the respective first or second valve port
12, 13. The fluid pressure upstream of this formed seal may be at equal pressure
and the fluid vent 61 may maintain the equal pressure in the seal volume 27 by

enabling fluid flow therethrough.

The ball 11 comprises a bore valve 70 located in the first bore 40 for
selectively allowing fluid to be communicated through the first bore 40. Although
the present disclosure refers to the bore valve 70 being located in the first bore
40, it will be appreciated that the nomenclature of “first and second” bores 40, 41

may be interchanged such that the bore valve 70 may be considered to be located
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in the “second” bore 41. Furthermore, further bore valve(s) 70 may be located in

the first and/or second bores 40, 41.

The bore valve 70 may be a one-way valve and/or may be a check valve.
The bore valve 70 may be biased to a closed configuration as shown in Figure 2.
The bore valve 70 may be selectively openable based upon a pressure differential
across the bore valve 70 reaching a bore valve opening threshold. The type and
arrangement of the bore valve 70 may be selected to have a suitable bore valve
opening threshold for the fluid system in which the valve assembly 10 may be
located. The bore valve 70 may be a poppet valve as illustrated, but may also be a

reed valve, ball valve, butterfly valve or the like.

The bore valve 70 may be located substantially entirely in the ball body
42 and may not extend out of the first bore 40. The bore valve 70 may not extend,
or may extend only partially as illustrated, across the second bore 41, particularly
when the bore valve 70 is open. The bore valve 70 may be offset from the axis of
rotation 18 and/or offset along the first bore 40. In particular, the bore valve 70
may comprise a selectively openable bore valve opening 71 and the bore valve
opening 71 may be offset from the axis of rotation 18 and/or offset along the first

bore 40.

The bore valve 70 may comprise a bore valve housing 72 mounted in the
first bore 40. The bore valve housing 72 may comprise at least one bore valve
passageway 73 therethrough for fluid communication therethrough. The first bore
40 may comprise a first bore step 74, which may result from a step change in
diameter along the first bore 40, and the bore valve housing 72 may be mounted

and abut against the first bore step 74.

The bore valve 70 may comprise at least one retainer ring 75 and the bore
valve housing 72 may be mounted between the at least one retainer ring 75 and
first bore step 74 such that the bore valve housing 72 is constrained axially along

the first bore 40. The first bore step 74 may be further from the axis of rotation 18
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than the at least one retainer ring 75 as illustrated. Alternatively, the first bore
step 74 may be closer to the axis of rotation 18 than the at least one retainer ring

75 (i.e. their locations in Figure 2 are swapped).

Further alternatively, the bore valve housing 72 may be fully integrated
with and form part of the ball body 42 such that the first bore step 74 and at least
one retainer ring 75 are not required. Alternatively the bore valve 70 and/or bore
valve housing 72 may be press fitted, brazed, welded, friction welded, soldered,
threaded or otherwise mounted into the first bore 40 and the at least one retainer

ring 75 may therefore not be required.

The bore valve 70 may comprise, as illustrated in Figures 2 and 3, a bore
valve seat 76 to which a bore valve head 77 may be selectively mounted. The
bore valve head 77 may be selectively moveable away from the bore valve seat
76 to form the bore valve opening 71 as in Figure 3. The bore valve head 77 may
be attached to a bore valve stem 78 mounted to a bore valve stem mount 79 in the

bore valve housing 72.

As illustrated, the bore valve 70 may comprise at least one spring 68
mounted to the bore valve stem 78 for biasing the bore valve head 77 towards the

closed configuration in which no bore valve opening 71 is formed as in Figure 2.

The bore valve 70 may be configured such that it does not substantially
impede or prevent flow through the second bore 41. In particular, the bore valve
70 may be configured such that the bore valve head 77 does not extend at all or
only partially extends across the second bore 41 when in the open configuration
as shown in Figure 3. Thus the bore valve head 77 does not extend all the way
across the second bore 41 and does not substantially interrupt the flow of fluid

through the second bore 41.
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In operation the ball 11 is rotated by the valve actuation arrangement 30
around the axis of rotation 18 such that the first or second bore 40, 41 is aligned
with or not aligned with the first and second valve ports 12, 13. The valve
assembly 10 may be operable in or configurable into a plurality of different states

1,2,3,4,5, 6,7, 8 based upon the angular position of the ball 11.

Exemplary states 1, 2, 3, 4, 5, 6, 7, 8 are illustrated in Figure 5. The first
column illustrates the state number, namely states 1 to 8. The second column
illustrates, for each state 1, 2, 3, 4, 5, 6, 7, 8, fluid flow from the first valve port
12, illustrated as “A”, to the second valve port 13, illustrated as “B”, is on or off.
The third column illustrates, for each state 1, 2, 3, 4, 5, 6, 7, 8, whether fluid flow
from the second valve port 13 to the first valve port 12 is on or off. The fourth
column illustrates, for each state 1, 2, 3, 4, 5, 6, 7, 8, the angular position in
degrees relative to the angular position in state 1. The fifth column graphically
illustrates the angular position of the ball 11 for each state 1, 2, 3,4, 5,6, 7, 8 and

the first bore 40 is illustrated as comprising a check valve.

The valve assembly 10 may be operable in at least one open state 1, 3, 5,
7 in which the first or second bore 40, 41 is aligned with the first and second
valve port 12, 13 such that fluid can flow therethrough and through the valve
assembly 10.

In at least one bidirectional open state 1, 5, such as the first and second
bidirectional open states 1, 5, the second bore 41 may be aligned with the first
and second valve port 12, 13 such that fluid is able to flow through the ball 11 in
both directions. However, the angular position of the ball 11 and second bore 41
between the first and second bidirectional open states 1, 5 differs by 180 degrees.
Thus the second bore first and second openings 46, 47 are adjacent the first and
second valve ports 12, 13 respectively in the first bidirectional open state 1 and

vice-versa in the second bidirectional open state 5.
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In at least one controlled open state 3, 7, such as first and second
controlled open states 3, 7, the first bore 40 may be aligned with the first and
second valve port 12, 13 and the fluid flow through the first bore 40 may be
controlled by the bore valve 70. The angular position of the ball 11 and first bore
40 between the first and second controlled open states 3, 7 differs by 180 degrees.
Thus the first bore first and second openings 44, 45 are adjacent the first and
second valve ports 12, 13 respectively in the first controlled open state 3 and
vice-versa in the second controlled open state 7.

If the bore valve 70 comprises a one-way valve as illustrated in Figure 5,
when the first bore 40 is aligned with the first and second valve port 12, 13 fluid
is able to flow through the ball 11 in only one direction. Thus the first and second
controlled open states 3, 7 may be first and second unidirectional open states 3, 7.
However, the direction of flow may be reversible along the first bore 40 by
adjusting the angular position of the ball 11 by 180 degrees such that the one-way
valve is configured to allow flow in the reverse direction. In the first and second
unidirectional open states 3, 7 fluid flow may be enabled once the bore valve 70

opens in response to the bore valve opening threshold pressure being reached.

The valve assembly 10 may be operable in at least one closed state 2, 4, 6,
8 in which the first or second bore 40, 41 are not aligned with the first and second
valve port 12, 13 (instead they may be aligned with the ball chamber 20) such
that fluid is blocked from flowing through the ball 11 and through the valve
assembly 10. The ball 11 may comprise blocking surface regions 35, 36, 37, 38
for blocking flow through the ball 11 when aligned with the first and second
valve port 12, 13. In particular, pairs of opposing first, second, third and fourth
blocking surface regions 35, 36, 37, 38 are aligned with the first and second valve
port 12, 13 such that fluid is blocked from flowing through the ball 11 and
through the valve assembly 10. In particular, the valve assembly 10 may be
operable in four closed states 2, 4, 6 and 8, in which opposing pairs of the first,
second, third and fourth blocking surface regions 35, 36, 37, 38 may be aligned
with the first and second valve port 12, 13.
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In order for the valve assembly 10 to be operable in the plurality of states
1,2,3,4,5,6,7, 8 its dimensions may be selected accordingly. In particular, the
size of the blocking surface regions 35, 36, 37, 38 may be sufficiently large to
ensure that fluid flow is blocked when they are aligned with the first and second
valve ports 12, 13. The valve assembly 10 may be configured such that the
blocking surface regions 35, 36, 37, 38 are able to form a spherical interface
across the first and second ball seals 25, 26 and the first and second valve ports
12, 13 to prevent fluid flow. Thus the diameter of the first and second valve ports
12, 13 may be selected such that the blocking surface regions 35, 36, 37, 38 form
a spherical interface across the first and second ball seals 25, 26 to block the
fluid flow.

The present disclosure further provides a fluid system comprising the
valve assembly 10 configured to control fluid flow through the fluid system. The
fluid system may comprise at least one inlet conduit in fluid communication with
the first valve port 12 and at least one outlet conduit in fluid communication with

the second valve port 13.

The valve assembly 10 illustrated in Figures 1 to 4 may be particularly
applicable fluid systems for marine vessels and industrial systems, such as oil and
gas refineries. However, the features and methods of operation disclosed herein
may also be suitable for fluid systems in a machine, such as an excavator, truck
(e.g. a dump truck), backhoe loader, another type of loader such as a wheel loader

or track loader, dozer, shovel, material handler or telehandler.

Figure 6 illustrates a machine 80 comprising a fluid system 81 comprising
the valve assembly 10 of the present disclosure and configured to selectively
control fluid flow through the fluid system. The machine 80 may comprise a
main body 82 and a work tool 83 attached to the main body 82. The work tool 83
may be controlled by at least one actuator 84. The work tool 83 may comprise an

arm arrangement 85 mounted to the main body 82 and an implement 86 attached
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to the arm arrangement 85 as illustrated. The arm arrangement 85, may be
controlled by the at least one actuator 84 to move the implement 86 and perform

work. In the illustrated embodiment the machine 80 comprises an excavator.

The machine 80 may comprise a gas spring arrangement 90 and, as
further illustrated in Figure 7, the fluid system 81 may comprise the gas spring
arrangement 90. The gas spring arrangement 90 may comprise first and second
gas chambers 91, 92 formed by a piston 93 retractably and moveably mounted
inside a cylinder 94. The gas spring arrangement 90 may be configured to store
and release energy to assist in the operation of the work tool 83 in addition to the
at least one actuator 84 controlling the work tool 83. Alternatively, the gas spring
arrangement 90 may be integrated with the at least one actuator 84. The machine

80 may comprise a plurality of gas spring arrangements 90.

The fluid system 81 may comprise at least one conduit 95, at least one
valve assembly 10 and at least one fluid reservoir 96. The first and second gas
chambers 91, 92 may be connected together by at least one conduit 95 and fluid
communication therebetween may be controlled by at least one valve assembly
10. The at least one fluid reservoir 96 may be connected to the first and second
gas chambers 91, 92 and that the fluid communication therebetween may also be
controlled by at least one valve assembly 10. The fluid system 81 may be a

pneumatic fluid system 81 such that the fluid is a gas.

The at least one valve assembly 10 may be substantially similar to that
disclosed in Figures 1 to 5 except that the valve actuator 31 may not be a handle
and may instead be controlled by a control system and/or by a servo actuator
commanded by a control system (not illustrated). The fluid system 81 may
therefore be controlled to selectively store and release energy by controlling the
flow of fluid between the first gas chamber 91, second gas chamber 92 and at

least one fluid reservoir 96.
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Industrial Applicability

The valve assembly 10 of the present disclosure enables a plurality of
flow logic states 1, 2, 3, 4, 5, 6, 7, 8 (as illustrated in Figure 5) to be implemented
in a single valve assembly 10 rather than in a fluid system comprising separate
on-off valves and one-way valves. In particular, the valve assembly 10 enable
fluid flow between the first and second valve ports 12, 13 to be blocked, allowed

in both directions or allowed in only one or the other direction.

Furthermore, the valve assembly 10 provides a plurality of states 1, 2, 3,
4,5, 6,7, 8 achieving substantially the same result. For example, the valve
assembly 10 is operable in four closed states 2, 4, 6, 8 and two bidirectional open
states 1, 5. As a result, redundancy is improved. In addition, the response time of
the valve assembly 10 when switching between states 1, 2, 3, 4, 5, 6, 7, 8 may be
improved because, when there are multiple states 1, 2, 3, 4, 5, 6, 7, 8 that can
achieve the required control, the valve assembly 10 can be operated to the

appropriate state 1, 2, 3, 4, 5, 6, 7, 8 requiring the smallest angle of rotation.

By virtue of the bore valve 70 being offset from the axis of rotation 18 it
may not substantially block fluid flowing along the second bore 41 when the
valve assembly 10 is in the first or second bidirectional open state 1, 5. The use
of a poppet valve, in which the bore valve head 77 only extends partially across
the second bore 41 when opened, is particularly suitable in achieving such an

effect.



