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- first valve seat to restrict fluid flow between the first inlet port and the first outlet port

"Fluid flow control assembly"
Cross-Reference to Related Applications

The present application claims priority from Australian Patent Application No.
2011901141 the content of which is incorporated herein by reference.

The present disclosure relates to a fluid flow control assembly and more
particularly to a fluid flow control assembly for providing double block and bleed of
fluid pressure. The assembly has been developed primarily for use in chemical,
petroleum, agricultural as well as mining applications, in particular where high pressure
fluid hazards are present. However, the assembly may also find application in the
control of corrosive or potentially hazardous fluids

Known double block and bleed valve assemblies use interlocked methods where
a first action is performed before at least one additional action, and/or with the double-
block involving one action and the bleed involving a second action.

In known valve assemblies, when fluid is dissipated and the line subsequently
closed off, a small leak from the block valve can disadvantageously re-energise the line
to potentially harmful pressures. Such leakage can also be dangerous when the fluid
concerned is corrosive or otherwise harmful.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is not to be taken as an admission that
any or all of these matters form part of the prior art base or were common general
knowledge in the field relevant to the present invention as it existed before the priority
date of each claim of this application.

Throughout this specification the word "comprise”, or variations such as
"comprises” or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

In a first aspect, the present disclosure provides a fluid flow control assembly
comprising: ‘ ‘

a fluid conduit;

a first valve in fluid flow communication with an upstream end of the fluid
conduit, the first valve comprising:

a first valve chamber having a first inlet port and a first outlet port;

a first valve seat associated with the first valve chamber;

a first valve member associated with the first valve chamber and having a
closed configuration in which the first valve member selectively sealingly engages the

and an open configuration in which the first valve member selectively sealingly
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disengages the first valve seat to facilitate fluid flow between the first inlet port and the
first outlet port;
a second valve in fluid flow communication with a downstream end of the fluid

conduit, the second valve comprising:

a second valve chamber having a second inlet port and a second outlet
port;

a second valve seat associated with the second valve chamber;

a second valve member associated with the second valve chamber and
having a closed configuration in which the second valve member selectively sealingly

- engages the second valve seat to restrict fluid flow between the second inlet port and

the second outlet port and an open configuration in which the second valve member
selectively sealingly disengages the second valve seat to facilitate fluid flow between
the second inlet port and the second outlet port;

a third valve in fluid flow communication with a portion of the fluid conduit
intermediate the first valve and the second valve, the third valve comprising:

a third valve chamber having a third inlet port and a third outlet port;

a third valve seat associated with the third valve chamber;

a third valve member associated with the third valve chamber and having a
closed configuration in which the third valve member selectively sealingly engages the
third valve seat to restrict fluid flow between the third inlet port and the third outlet port
and an open configuration in which the third valve member selectively sealingly
disengages the third valve seat to facilitate fluid flow between the third inlet port and
the third outlet port; \

an actuator associated with the first valve member for moving the first valve
member into and out of sealing engagement with said first valve seat, the actuator also
being associated with the second valve member for moving the second valve member
into and out of sealing engagement with said second valve seat, and the actuator also
being associated with the third valve member for moving the third valve member into
and out of sealing engagement with said third valve seat, wherein the actuator is
adapted to provide at least the following configurations of the first valve, the second
valve and the third valve:

the first valve member and the second valve member being in their open
configurations whilst the third valve member is in its closed configuration; and

the first valve member and the second valve member being in their closed
configurations whilst the third valve member is in its open configuration.

The actuator may also be adapted to provide the following configuration of the
first valve, the second valve and the third valve: the first valve member and the second
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valve member being in their closed configurations whilst the third valve member is in
its closed configuration, ‘

The actuator may comprise a drive train having a primary drive element and a
plurality of secondary drive elements driven by actuation of the primary drive element,
The plurality of secondary drive elements may comprise drive elements associated with
each of the first, second and third valve members. Timing and sequencing of opening
and closing of the first, sécond and third valves may be achieved by varying the ratios
of the drive elements in the drive train and/or by disengaging one or more of the
secondary drive elements in the drive train from the primary drive element (eg. by
removing teeth from the primary and/or secondary drive elements) at particular
intervals. The drive train may comprise gears, a chain drive, camming mechanisms,
mechanical linkages, or any combination of such drive train elements or similar.

The first valve may be a ball valve. The second valve may be a ball valve. The
third valve may be a ball valve. '

* An embodiment of the presently disclosed valve will now be described, by way

of example only, with reference to the accompanying drawings, in which:

Fig. 1 is a schematic first side perspective view of an embodiment of an
assembly according to the present disclosure;

Fig. 2 is a schematic first side view of the assembly of Fig. 1, shown in an open
configuration, with the first and second valves open and the third valve closed;

Fig. 3 is a schematic opposite side view of the assembly of Fig. 1, shown in the
open configuration of Fig. 2; ,

Fig. 4 is a schematic opposite side perspective view of the assembly of Fig. 1,
shown in the open configuration of Fig. 2;

. Fig. 5 is a schematic cross sectional view of the assembly of Fig. 1, taken along

line 5-5 of Fig. 2;

Fig. 6 is a schematic first side perspective view of the assembly of Fig. 1, shown
in a double blocked configuration, with the first, second and third valves all closed;

Fig. 7 is a schematic first side view of the assembly of Fig. 1, shown in a double
blocked configuration of Fig. 6;

Fig. 8 is a schematic opposite side view of the assembly of Fig. 1, shown in a
double blocked configuration of Fig. 6; \

Fig. 9 is a schematic opposite side perspective view of the assembly of Fig. 1,
shown in a double blocked configuration of Fig. 6; A ‘

Fig. 10 is a schematic cross sectional view of the assembly of Fig. 1, taken along
line 10-10 of Fig. 7;
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Fig. 11 is a schematic first side perspective view of the assembly of Fig. 1,
shown in a double blocked and bleed configuration, with the first and second valves

- closed and the third valve open;

Fig. 12 is a schematic first side view of the assembly of Fig. 1, shown in a
double blocked and bleed configuration of Fig. 11;

Fig. 13 is a schematic opposite side view of the assembly of Fig. 1, shown in a
double blocked and bleed configuration of Fig. 11;

Fig. 14 is a schematic opposite side perspective view of the assembly of Fig. 1,
shown in a double blocked and bleed configuration of Fig. 11;

Fig. 15 is a schematic cross sectional view of the assembly of Fig. 1, taken along
line 15-15 of Fig. 12;

Fig. 16 is a schematic first side perspective view of another embodiment of an
assembly according to the present disclosure;

~ Fig. 17 is a schematic second side perspective view of the assembly of Fig. 16;

Fig. 18 is a schematic first side view of the assembly of Fig. 16, shown in an
open configuration, with the first and second valves open and the third valve closed,;

Fig. 19 is a schematic opposite side view of the assembly of Fig. 16, shown in
the open configuration of Fig. 18;

Fig. 20 is a schematic cross sectional view of the assembly of Fig. 16, taken
along line 20-20 of Fig. 18; and

Fig. 21 is a schematic first side view of the assembly of Fig. 16, shown in a
double blocked and bleed configuration, with the first and second valves closed and the
third valve open;

Fig. 22 is a schematic opposite side view of the assembly of Fig. 16, shown in
the double blocked and bleed configuration of Fig. 21; and

Fig. 23 is a schematic cross sectional view of the assembly of Fig. 16, taken
along line 23-23 of Fig. 21. '

\

Referring to the drawings, and initially to Figs. 1 to 15, there is shown a fluid
flow control assembly 10. The assembly comprises a fluid conduit 20, and first 30,
second 40 and third 50 valves in fluid flow communication with the fluid conduit 20.

The first valve 30 in fluid flow communication with an upstream end of the fluid
conduit 20 and comprises a first valve chamber 31 having a first inlet port 32 and a first
outlet port 33. A first valve seat 34 is associated with the first valve chamber. A first
valve member 35 is associated with the first valve chamber 31 and has a closed
configuration in which the first valve member 35 selectively sealingly engages the first
valve seat 34 to restrict fluid flow between the first inlet port 32 and the first outlet port



WO 2012/129600 PCT/AU2012/000317

10

15

20

25

30

35

33 and an open configuration in which the first valve member 35 selectively sealingly
disengages the first valve seat 34 to facilitate fluid flow between the first inlet port 32
and the first outlet port 33.

The second valve 40 is in fluid flow communication with a downstream end of
the fluid conduit 20 and comprises a second valve chamber 41 having a second inlet
port 42 and a second outlet port 43. A second valve seat 44 is associated with the
second valve chamber 41. A second valve member 45 is associated with the second
valve chamber 41 and has a closed configuration in which the second valve member 45
selectively sealingly engages the second valve seat 44 to restrict fluid flow between the
second inlet port 42 and the second outlet port 43 and an open configuration in which
the second valve member 45 selectively sealingly disengages the second valve seat 44
to facilitate fluid flow between the second inlet port 42 and the second outlet port 43.

The third valve 50 is in fluid flow communication with a portion of the fluid
conduit 20 intermediate the first valve 30 and the second valve 40 and comprises a third
valve chamber 51 havihg a third inlet port 52 and a third outlet port 53. A third valve
seat 54 is associated with the third valve chamber 51. A third valve member 55 is
associated with the third valve chamber 51 and has a closed configuration in which the
third valve member 55 selectively sealingly engages the third valve seat 54 to restrict
fluid flow between the third inlet port 52 and the third outlet port 53 and an open
configuration in which the third valve member 55 selectively sealingly disengages the
third valve seat 54 to facilitate fluid flow between the third inlet port 52 and the third
outlet port 53.

An actuator comprising a drive train, which in the illustrated embodiment takes
the form of gear train, is associated with the first 35, second 45 and third 55 valve
members for moving these valve members into and out of sealing engagement with
their respective valve seats 34, 44, 54. The gear train comprises a primary drive gear 60
and secondary gears 70, 72 and 74 each associated with a respective one of the first 35,
second 45 and third 55 valve members and driven, directly or indirectly, by rotation of
the primary drive gear 60. An intermediate gear 76 is provided between the primary
gear 60 and the secondary gear 74 associated with the third valve 50.

Timing and sequencing of opening and closing of the first 30, second 40 and
third 50 valves is achieved by varying the ratios of the gears in the gear train and/or by
disengaging one or more of the secondary gears 70, 72, 74 from the primary drive gear
(eg. by removing teeth from the primary and/or secondary gears) at particular intervals,

The gear train is adapted to provide the following configurations of the first 30,
second 40 and third 50 valves:



WO 2012/129600 PCT/AU2012/000317

10

15

20

25

30

35

the first valve member 35 and the second valve member 45 being in their

open configurations whilst the third valve member 55 is in its closed configuration;
the first valve member 35 and the second valve member 45 being in their
closed configurations whilst the third valve member 55 is in its closed configuration;

and |

. the first valve member 35 and the second valve member 45 being in their .

closed configurations whilst the third valve member 55 is in its open configuration.
These configurations are achieved by virtue of the assembly 10 being configured
as follows. In the configuration shown in Figs. 1-5, valve 30 and valve 40 are open,
with their respective valve members 35 and 45 being sealingly disengaged from the
respective valve seats 34 and 44, and with valve 50 being closed, with its valve member
55 being in sealing engagement with its valve seat 54, However, rotation of the primary
gear 60 by 270 degrees clockwise into the configuration shown in Figs. 6-10 causes
secondary gear 70 and secondary gear 72 to rotate by 90 degrees (due to the meshing
engagement of primary gear 60 and secondary gear 72 and meshing engagement of
secondary gear 72 and secondary gear 70), respectively in a clockwise and an
anticlockwise direction, which in turn actuates valve members 35 and 45 to move into
sealing engagement with their respective valve seats 34 and 44 and thereby to close
valves 30 and 40. During this movement of the primary gear 60, intermediate gear 76
rotates through 270 degrees due to being mounted on the-same shaft as the primary gear
60. However, the intermediate gear transfers no rotation to secondary gear 74 during
this rotation, as the intermediate gear 76 has no teeth from 0 degrees to 270 degrees.
Accordingly, the valve member 55 remains sealingly engaged with its valve seat 54 and
maintains valve 50 closed. At the end of this 270 degree rotation of the primary gear
60, the mesh between the primary gear 60 and the secondary gear 72 is disengaged (as
the primary gear only has teeth from O degrees to 270 degrees), and as a result the

“primary gear 60 is disengaged from both the secondary gear 72 and the secondary gear

70. Rotation of the primary gear 60 by a further 60 degrees clockwise, into the
configuration shown in Figs 11-15, rotates the intermediate gear 76 by 60 degrees due
to the primary gear 60 and the intermediate gear 76 being mounted on the same shaft.
This rotation of the intermediate gear 76 rotates the secondary gear 74 by 90 degrees
due to the intermediate gear 76 having teeth from 270 degrees to 330 degrees and due
to the ratio between the secondary gear 74 and the intermediate gear 76 being 1:2. This
rotation of the secondary gear 74 moves the valve member 55 out of sealing
engagement with its valve seat 54 to open valve 50 and dissipate fluid pressure from
the portion of the fluid conduit 20 between the first 30 and second 40 valves to
atmosphere. However, valves 30 and 40 remain closed due to secondary gears 70 and
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72 being disengaged from the primary gear 60 during this further rotation by 60
degrees of the primary gear 60. Accordingly, in the configuration shown in Figs. 11-15,
double block and bleed is achieved.

A second embodiment of the valve assembly 10' is shown in Figs. 16 to 23, and
has many features in common with the first embodiment described above, where
corresponding reference numerals indicate corresponding features with corresponding
functionality. In the second embodiment, however, timing of opening/closing of the
valves 30, 40, 50 is achieved by the gear ratios of the gears 60, 70, 72, 74, 76 in the
drive train and without the need to remove any gear teeth, Fig. 20 is a horizontal cross
sectional view through the assembly 10' in a configuration where the first 30 and
second 40 valves are open and the third valve 50 is closed. Fig. 23 is a horizontal cross
sectional view through the assembly 10' in a configuration where the first 30 and
second 40 valves are closed and the third valve 50 is open (i.e. a double blocked and
bleed configuration). ‘

The first 30, second 40 and third 50 valves are ball valves in the illustrated
embodiments. However, other valve types may also be used.

It will be appreciated that the illustrated assemblies 10 and 10' achieve an
integrated approach to double block and bleed, which is not provided by the prior art.
The assemblies 10 and 10' achieve the three actions of double-blocking and bleeding
with the rotation of the primary gear 60 to achieve safe isolation of the fluid conduit 20.
The assemblies 10 and 10" are configured to remove the ability to dissipate fluid and
then close off the fluid conduit 20, which in prior art double-block and bleed valves
allows a small leak from the block valve to re-energise the line to potentially harmful
pressures. A benefit of the presently disclosed assembly 10 is that the fluid conduit 20
is isolated by closing of valves 30 and 40 before it is dissipated via valve 50, which
reduces the amount of vented fluid. The straight through configuration of the fluid
conduit 20 also reduces pressure drop. The presently disclosed assemblies 10 and 10’
can be adapted to chemical, petroleum, agricultural as well as mining applications, in
particular where high pressure hazards occur or in applications involving control of
potentially hazardous fluids.

It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the embodiments of the assembly 10 and 10’
disclosed herein without departing from the broad general scope of the present
disclosure. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive. Examples of possible modifications include, but are not
limited to:
¢ bleeding on one or both sides of the valves 30 and 40 in addition;
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¢ reduced weight of gears (current design is for- 180Nm; however in some
applications approx 120Nm or less may be sufficient);

e incorporation of a chain drive, camming mechanisms, mechanical linkages, or any
combination of such drive train elements or similar instead of or in addition to a
gear train; and/or

e varying the number of and configuration of gears in the gear chain.

It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the above-described embodiments, without
departing from the broad general scope of the present disclosure, The present
embodiments are, therefore, to be considered in all respects as illustrative and not
restrictive.
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CLAIMS:
1, A fluid flow control assembly comprising:

a fluid conduit; '

a first valve in fluid flow communication with an upstream end of the fluid
conduit, the first valve comprising:

a first valve chamber having a first inlet port and a first outlet port;

a first valve seat associated with the first valve chamber;

a first valve member associated with the first valve chamber and having a
closed configuration in which the first valve member selectively sealingly engages the
first valve seat to restrict fluid flow between the first inlet port and the first outlet port
and an open configuration in which the first valve member selectively sealingly
disengages the first valve seat to facilitate fluid flow between the first inlet port and the
first outlet port;

a second valve in fluid flow communication with a downstream end of the fluid
conduit, the second valve comprising:

a second valve chamber having a second inlet port and a second outlet
port;

a second valve seat associated with the second valve chamber;

a second valve member associated with the second valve chamber and
having a closed configuration in which the second valve member selectively sealingly
engages the second valve seat to restrict fluid flow between the second inlet port and
the second outlet port and an open configuration in which the second valve member
selectively sealingly disengages the second valve seat to facilitate fluid flow between
the second inlet port and the second outlet port; I

a third valve in fluid flow communication with a portion of the fluid conduit
intermediate the first valve and the second valve, the third valve comprising:

a third valve chamber having a third inlet port and a third outlet port;

a third valve seat associated with the third valve chamber;

a third valve member associated with the third valve chamber and having a
closed configuration in which the third valve member selectively sealingly engages the
third valve seat to restrict fluid flow between the third inlet port and the third outlet port
and an open configuration in which the third valve member selectively sealingly
disengages the third valve seat to facilitate fluid flow between the third inlet port and
the third outlet port;

an actuator associated with the first valve member for moving the first valve
member into and out of sealing engagement with said first valve seat, the actuator also
being associated with the second valve member for moving the second valve member
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into and out of sealing engagement with said second valve seat, and the ‘actuator also
being associated with the third valve member for moving the third valve member into
and out of sealing engagement with said third valve seat, wherein the actuator is
adapted to provide at least the following configurations of the first valve, the second
valve and the third valve:

the first valve member and the second valve'member being in their open
configurations whilst the third valve member is in its closed configuration; and

the first valve member and the second valve member being in their closed
configurations whilst the third valve member is in its open configuration.
2. A fluid flow control assembly according to claim 1, wherein the actuator
comprises a drive train having a primary drive element and a plurality of secondary
drive elements driven by actuation of the primary drive element.
3. A fluid flow control assembly according to claim 2, wherein the plurality of
secondary drive elements comprises drive elements associated with each of the first,
second and third valve members. -
4, A fluid flow control assembly according to claim 3, wherein timing and
sequencing of opening and closing of the first, second and third valves is achieved by
varying the ratios of the drive elements in the drive train.
S. A fluid flow control assembly according to claim 3 or claim 4, wherein timing
and sequencing of opening and closing of the first, second and third valves is achieved
by disengaging one or more of the secondary drive elements in the drive train from the
primary drive element at particular intervals.
6. A fluid flow control assembly according to any one of claims 2 to 5, wherein the
drive train comprises one or more of the following drive train elements: gears, a chain
drive, camming mechanisms, and mechanical lirikages.
7. A fluid flow control assembly according to any one of the preceding claims,
wherein the first valve comprises a ball valve.
8. A fluid flow control assembly according to any one of the preceding claims,
wherein the second valve comprises a ball valve.
9. A fluid flow control assembly according to any one of the preceding claims,
wherein the third valve comprises a ball valve.

10, A fluid flow control assembly according to any one of the preceding claims,

wherein the actuator is adapted to provide the following configuration of the first valve,
the second valve and the third valve: the first valve member and the second valve
member being in their closed configurations whilst the third valve member is in its
closed configuration.
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