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(57) Abstract: A rotary bleed valve (10) for a gas turbine engine comprises a passage (11) connecting high pressure gases from a
compressor to an exhaust and a valve member (12). the valve member (12) may be rotated within the passage (11) so as to vary or if
necessary block the flow of compressor gases. The valve member (12) is shaped such that as the member (12) moves from a closed
to an open position gas flows around the member (12) induces a torque on the member (12).
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ROTARY BLEED VALVE ASSEMBLY

This invention relates to a rotary bleed valve assembly particularly

but not exclusively for use with a gas turbine engine.

The concept of bleeding or recirculating a controlled variable
proportion of compressor gases in a gas turbine engine is well-known.
Usually a bleed valve assembly is utilised in the compressor gas flow
which can allow bleeding of compressor gases to any desired degree.
Hitherto, bleed valve assemblies for this purpose have utilised a valve
member which moves rectilinearly across the gas glow to any necessary

extent.

Problems arise with use of valve mechanisms which move
rectilinearly in this way insofar as they can become easily seized or

jammed due to the presence of pollutants in the compressor gases.

Also conventional bleed valves are typically pneumatically actuéted
and have response times of 200-500 ms. During this response time
period, an excessive torsional load can be applied to the drive shafts of a
gas turbine. The drive shafts therefore must be stressed accordingly,
which increases the mass of the shafts and thereby the mass of the

engine.

It is an object of the present invention to provide rotary bleed valve
assembly which overcomes or at least minimises the above mentioned

problems. It is also an objective of the present invention to provide such

CONFIRMATION COPY
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an assembly in which the state thereof can be remotely monitored for

faults.

Thus and in accordance with a first aspect of the present invention
therefore there is provided a rotary bleed valve assembly for controlling
the flow of compressor gases in a gas turbine engine, the assembly
compriéing a passage connecting in use with high pressure gases from a
compressor and a valve member being adapted for rotary movement in
said passage to vary flow of dqmpressor gases there around, said member
being shaped such that, as the member moves from a closed position to
an open position flow of gas around the valve member induces a rotary
torque on said member which causes said member to be urged towards
said closed position when said member is in a preselected range of valve

positions and towards said open position otherwise.

With this arrangement, it is possible to provide a valve assembly
which is less prone to jamming due to the presence of pollution in the

gases.

Preferably the valve member is shaped such that said induced
rotary torque urges said valve member towards said closed position when
said valve position is between say 10% and say 60 % of fully open and

towards said open position otherwise.

Preferably the valve assembly includes a rotary actuator for moving

said valve member and preferably the axis by which said valve member is
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moved by said actuator extends substantially perpendicular to the

direction of gas flow in said passage.

Preferably said passage is defined by a housing which also defines
a second passage through which the compressor exhausts, the first
passage merging with the second passage downstream of said valve

member.

Preferably said valve member comprises a generally circular
cylindrical spool member rotatably received in a correspondingly cylindrical
seating disposed in said housing and inter’secting said first passage
substantially at right angles thereto, said spool member being shaped in
relation to its seating such that in a first angular position of the spool
member relative to the seating the valve is closed whilst in a secon‘d
angular position of spool member relative to the seating gas can flow from

the first passage through the valve member to the second passage.

Alternatively the valve member may be of any suitable shape, and
where the valve member is not cylindrical, the seating can be of any
appropriate configuration to allow the valve assembly to perform its

function.

Preferably said second passage comprises first and second
angularly disposed passage portions interconnected by an acoustic
silencer. Alternatively the second passage may comprise first and second

angularly disposed interconnected passage portions and in these
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circumstances an acoustic silencer may be provided externally of the valve

assembly.

Preferably the shaping of said spool member is such that when the
valve is opened there is a gas flow between the spool member and its
seating on both sides of the axis of the spool member and the shaping of
the spool member may be such that as the valve opens, the torque effect
acting on the spool member on both sides of its axis as a result of gas

flow over the spool member result in a torque on the spool member.

In accordance with a second aspect of the present invention there
is provided a gas turbine engine incorporating a rotary bleed valve

assembly according to the first aspect of the invention.

In accordance with a third aspect of the present invention there is
provided a control assembly for a rotary bleed valve assembly for
controlling the flow of compressor gases in a gas turbine engine, the valve
assembly comprising a passage connecting in use with high pressure
gases from a compressor and a valve member being adapted for rotary
movement in said passage to vary flow of compressor gases there around,
wherein movement of said valve member is electrically actuated and said
control assembly comprises sensing means for detecting the position of
the valve member and control means to receive the detected position
information from said sensing means and to determine if there is any fault

in operation of the valve assembly.



WO 02/084090 PCT/GB02/01516

This arrangement allows the valve posit‘ion to be constantly
monitored and hence if the valve fails it allows the gas turbine engine of
which the valve is a component to be limited to a safe working region.
Additionally electric valve actuation opens the possibility of a faster acting

5 valve, in favourable circumstances <100ms response time. The
combination of these two factors would additionally allow for a weight

saving by reducing likely stress loads on the drive shafts of the turbine.

Preferably, if a fault in operation is detected, the control means is
operable to cause movement of said valve to .a safe position. Preferably

10 said safe position is fully open.

Preferably the electric actuation means is a switched reluctance

motor.

Preferably the actuation means is linked to the valve member via a
high reduction ratio gearbox. Most preferably the reduction ratio of the

15 gearbox is fixed.

A particularly suitable gearbox is the cyclo gearbox supplied by

Sumitomo.

Preferably the position of the valve member is monitored by
monitoring the rotation of the motor drive shaft and/or by detecting the

20 presence of compressor gas in the passage beyond the valve element.
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In a preferred embodiment a motor drive shaft position is used as
the primary mode of valve member position detection and compressor gas

detection is used as a secondary mode of detection.

Most preferably there are two motor position sensors and one
compressor gas detection sensor. In alternative embodiments either the
compressor gas detection sensor or one or both of the motor position

sensors may be omitted if desired.

Most preferably the control means monitors the outputs of the
valve member position detection sensors and where there is a discrepancy
between the sensor outputs the control means drives the valve members

accordingly and output a corresponding alarm code.

In accordance with a fourth aspect of the present invention there is
provided a gas turbine engine incorporating an electrically actuated rotary
bleed valve assembly and a monitoring and control assembly according to

the third aspect of the invention.

Preferably the valve member control means is linked to the main

engine controller, most preferably by a digital optical link.

The invention will now be described by way of example only and

with reference to the accompanying drawings:

Figure 1 shows a side view partly in section of one form of rotary

bleed valve assembly according to the present invention; and
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Figure 2a shows a schematic plan view of the valve member of the

assembly of Figure 1 in the open position.

Figure 2b shows a schematic plan view of the valve member of the

assembly of Figure 1 in the closed position.

Figure 3 shows a block diagram of the components of a monitoring
and control system for an electrically actuated embodiment of the

assembly of Figure 1.

Figure 4 shows how the nett torque on the valve member varies as
the valve member opens in a preferred embodiment of the present

invention.

Referring now to the drawings there is shown in Figure 1, a rotary
bleed valve assembly 10 mounted in a passage 11 (shown in figure 2a
and figure 2b) communicating with high pressure compressor gases from

a compressor of a turbine engine (not shown).

The valve assembly 10 comprises a valve member 12 mounted on a
rotatable actuator shaft 13 by way of rotatable bearings 14. A seal 16
seals an end of the shaft 13 externally of the passage 11 and the seal 16

is covered by a seal cover in the form of a plate 17.

The actuator shaft 13 is connected to a drive motor (not shown)
which may comprise a stepper or a torque motor of any suitable form and
the drive motor may be linked to the shaft by way of a high reduction

gearbox (not shown). The use of a high reduction gearbox between the
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actuator shaft 13 and the drive motor is to ensure that the valve member
12 can be driven at a relatively low speed of operation with a relatively
high torque. Furthermore, it may be necessary to thermally insulate the
valve assembly from the aforementioned motor and this can be achieved

in any suitable manner.

One suitable form of motor for the valve assembly is a switched
reluctance motor which allows fast valve response times (<10dms)
combined with good reliability due to the “single piece rotor” construction.
In addition the lack of permanent magnets within a switched reluctance

motor allows for high temperature operation.

A particularly suitable gearbox for the valve assembly is the CYCLO
(registered trade mark) drive gearbox available from Sumitomo Heavy

Industries, Ltd.

It can be seen that the bearings 14 which mount the actuator shaft
13 relative to the passage 11 are not in the gas flow within the passage
11. This assists in prevention of fouling or seizure of the bearings and
thus failure of the valve assembly 10. Thus, in the embodiment shown, it
can be seen that the bearing 14 on the end of the shaft is contained

within a recess 18 in the valve member 12.

The valve member is shown in plan in Figure 2 and it can be seen
that the member 12 is mounted in a valve seating 21 (shown in figure 2a

and figure 2b) defined by the passage walls 22, 23. Sealing members 24
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are provided connected to the valve seating 21 against which ends of the
valve member 12 abut when the valve is in the closed position to provide
an effective seal against the flow of exhaust gases along the passage and

through the valve member 12.

The valve member 12 is shaped to define a front upper surface 26,
an underneath belly surface 27 and a tail part 28 of the member is
generally L-shaped. "I.'he particular shaping A.of the valve member 12 is
such as to achieve the particular tofque relationships which are to be

described hereinafter.

It is known that with conventional valve element layouts there is a
pressure distribution tending to close the valve due to the local pressure
drop around the metering edge. The novel feature of this valve concept is
to have two metering edges (upper and lower surface) and to control the
pressure distribution around both edges to produce a required nett torque
on the valve member.

In use, the rotary actuator is used to move the valve member 12
between closed and open position and any point in between. Thus, with
the valve assembly 10 mounted in the passage as shown in Figures 1 and
2, with the valve member in an open position, gas will flow around both
sides of the valve member 12 and will therefore flow along the upper
surface 26 and the underneath belly surface 27 of the member 12.
Driving the actuator shaft, i.e. as shown in Figure 1 item 13, controlé the

position of the valve member 12.



10

15

20

WO 02/084090 PCT/GB02/01516

10

For small angle valve openings, gas is unable to flow along the
underneath belly surface 27 of the member 12 as a nominal seal is made
by the action of the tail 28 onto the adjacenf sealing bar 24. Under this
condition, the flow of gas is metered over the upper surface 26 of the
valve member 12 by a flow area defined between the sealing bar 24 and
the upper surface 26. The point on the upper surface 26 that defines the
minimum area for the flow will gradually move closer to the centre line of
the valve member 12 as the valve opens further. A consequence of this is
that a high-pressure zone will be set-up on the upper surface 26. This
high-pressure zone will lead to a torque acting on the upper surface 26 of
the valve member 12 tending to open the valve member 12.

As the valve opens further, the torque acting on the upper surface
26 of the valve member 12 tending to open the valve member 12 is
counteracted to some degree by a torque to close the valve due to the
local pressure distribution around the area of the tail 28 of the valve
member 12.

As the valve opens further still, the torque acting on the upper surface 26
of the valve member 12 tending to open the valve rﬁember 12 dominates
the nett torque on the valve such that the valve will tend to open under
the aerodynamic torque alone. This means that if the drive for the
actuator should fail, the valve member 12 will move into an open position.
This is a fail-safe condition since if the valve is closed it is possible for the

gas turbine compressor to stall.
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For large valve openings, there will be a position where the distance
(y) between the underneath belly surface 27 and the seating 21 is small in
comparison with the distance (x) between the tail 28 of the valve member
12 and the sealing bar 24 (shown in figure 2a). When the valve member
12 reaches this position, the flow over the underneath belly surface 27 of
the member 12 causes the pressure distribution to become ‘smeared’. The
pressure distribution on the underneath belly surface 27 of the member 12
can now be approximated to a smooth pressure drop along the underneath
belly surface 27 of the member 12. This pressure distribution, on the
underneath belly surface 27 of the member 12, will tend to produce a
torque to close the valve but this contribution to the nett torque on the
valve member ﬁ2 is,small compared to that produced by the flow over the
uppér surface 26 of the valve member 12.

It will be appreciated that for a fast ac;ting and precisely position
controlled valve, the large torque required to open the valve member 12
further when already at relatively large openings may be problematic. It
will therefore be appreciated that as the valve member 12 is moved
towards the open position, under the action of the rotary actuator, the
increasing torque generated on the underneath belly surface 27 of tﬁe
member 12 which attempts to move the valve member 12 back towards
the closed position will tend to damp movement of the valve member 12

as it approaches a fully open position..
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As has been described above there is a change in direction of the
nett torque on the valve member 12 dependent on' the valve opening. To
reiterate this point, as the valve member moves from the closed to the
open position, there is initially a flow torque urging the member into an
open position, subsequently, when the valve member 12 is say 10% open
there is a flow torque urgiﬁg the member 12 into a closed position which
then changes as the member continues to open, to say 60% open, into a
torque urging the member 12 into an open position. This is illustrated in
Figure 4.

On closing the valve, the L-shaped portion 28, of the valve member
12 closes against the sealing bar 24 before the seal is made on surface
26. It has previously been discussed that, for small valve openings, a
high-pressure zone will act on the upper surface 26 of the valve member
12 tending to open the valve member 12. Under the closing action, this
nett flow torque to open the valve will result in a deceleration of the valve
member 12 and thus this two-stage sealing mechanism allows for a
reduced impact velocity of the valve member 12 on seals 24 to reducé

wear and increases useful working lifetime.

Additionally, to further enhance the sealing torque applied from the
motor, an aerodynamic torque may be generated by arranging for the
areas of valve member 12 exposed to gas flow on each side of shaft 13

to be unequal in size.
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It can be seen from Figure 2 that a thermocouple, or other thermal
switch 30 is provided beyond the valve member 12 in the exhaust gas
flow and this thermocouple 30 measures the temperature of gases
passing beyond the valve member 12. Thus, if the valve member 12 isin
the closed position, the thermocouple 30 will detect a low temperature,
whereas if the valve member is in an open position and exhaust gases are
passing beyond the valve member 12, the thermocouple 30 will detect a
warmer temperature. Thus the temperature sensed by the thermocouple
30 can be indicative of the state of the valve member 12, i.e. whether it
is in an open or closed position and therefore this information can be used

to monitor the correct functioning of the valve member 12.

In an alternative embodiment of the valve assembly 10 the
thermocouple 30 can be incorporated in a microprocessor based control
assembly 36 as shown in Figure 3 to monitor the position of valve

member 12.

The control assembly 36 incorporates a microprocessor 34 two
sensors 31a and 31b which monitor the rotation of the drive shaft of the

actuation motor 32 in addition to the thermocouple 30.

The motor 32 drives the valve member 12 between the open and
closed positions. As gearbox 33 has a fixed ratio the position of the valve
member 12 can be readily inferred from the position of the motor shaft,
assuming the shaft has not sheared. As is described further below, such

a failure can be detected using the aforementioned sensors.
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The provision of two motor shaft position sensors 31a, 31b allows
a dual lane (redundant) system to be adopted for motor position sensing.
Where there is a discrepancy between the two signals the microprocessor
34 may use the sighal from thermocouple 30 to provide a furthér

indication of the valve member 12 position.

The microprocessor may decide on the basis of the signals from
sensors 30, 31a and 31b that there is a fault. In such a case the
microprocessor 34 will output in any convenient manner a fault code, and
in certain circumstances drive the valve member 12 to the fully open (fail

safe) position.

To allow valve position to be calibrated the valve member 12 will
be cycled to say 25% open and then closed slowly to allow

microprocessor 34 to verify the fully closed position.

The microprocessor based control assembly 36 can be provided as
part of the valve assembly 10 and the output for the position sensing
device 31a and/or the thermocouple can be linked to an overall control
system 35 for a whole gas turbine by a databus 37. Any other sensors
utilised to monitor operation of the valve aésembly, and any warning
devices or other systems, can also be connected to the overall control
system 35 by the databus 37. The databus 37 link is preferably digital

and optical.
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It is of course to be understood that the invention is not intended to
be restricted to the details of the above embodiment which are described

by way of example only.

Whilst the bleed valve is described as being used for bleed of
5 compressor air, it will be appreciated that it can be utilised to control

bleed of air in any compatible system e.g. aircraft cabin air systems.
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CLAIMS

1. A rotary bleed valve assembly for controlling the flow of
compressor gases in a gas turbine engine comprises a passage connecting
in use with high pressure gases from a compressor and a valve member
being adapted for rotary movement in said passage to vary flow df
compressor gases there around, said member being shaped such that, as
the member moves from a closed position to an open position flow of gas
around the member induces a rotary torque on said member which causes
said member to be urged towards said closed position when said valve
member is in a preselected range of valve positions and towards said open

position otherwise.

2. A valve assembly according to claim 1 wherein the valve member is
shaped such that said induced rotary torque urges said valve member
towards said closed position when said valve position is between 10%

and 60% of fully open and towards said open position otherwise.

3. A valve assembly according to Claim 2 additionally comprising a

rotary actuator for moving said valve member.

4. A valve assembly according to Claim 3 wherein the axis by which
said valve member is moved by said actuator extends substantially

perpendicular to the direction of gas flow is said passage.

5. A valve assembly according to Claim 4 wherein the said passage is

defined by a housing which also defines a second passage through which
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the compressor exhausts, the first passage merging with the second

passage downstream of said valve member.

6. A valve assembly according to Claim 5 wherein the said valve
member comprises a generally circular cylindrical spool member rotatably
received in a correspondingly cylindrical seating disposed in said housing
and intersecting said first passage substantially at right angles thereto,
said spool member being shaped in relation to its sealing such that in a
first angular position of the spool member relative to the seating the valve
is closed whilst in a second angular position of the spool member relative
to the seating gas can flow from the first passage through the valve

member to the second passage.

7. A valve assembly according to Claim 6 wherein said second
passage comprises first and second angularly disposed passage portions

interconnected by an acoustic silencer.

8. A valve assembly according to Claim 6 wherein said second
passage comprises first and second angularly disposed interconnected
passage portions and an acoustic silencer is provided externally of the

valve assembly.

9. A valve assembly according to Claim 7 or Claim 8 wherein the
shaping of said spool member is such that when the valve is opened there
is a gas flow between the spool member and its seating on both sides of

the axis of the spool member and the shaping of the spool member is
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such that as the valve opens, the torque effect acting on the spool
member on both sides of its axis as a result of gas flow over the spool

member results in a torque on the spool member.

10. A gas turbine engine incorporating a rotatably bleed valve assembly

according to any of the preceding claims.

11. A control assembly for a rotary bleed vélve assembly for controlling
the flow of compressor gases in a gas turbine engine wherein thfe valve
assembly comprises a passage connecting in use with high pressure gases
from a compressor and a valve member being adapted for rotary
movement in said passage to vary flow of compressor gases there around,
wherein movement of said valve member is electrically actuated and said
control assembly comprises sensing means for detecting the position of
the valve member and control means to receive the detected position
information from said sensing means and to determine if there is any fault

in operation of the valve assembly.

12. A control assembly for a valve assembly according to Claim 11
wherein if a fault in operation is detected, the control means is operable to

cause movement of said valve to a safe position.

13. A control assembly for a valve assembly according to Claim 12

wherein said ‘safe position is fully open.

14. A control assembly for a valve assembly according to Claim 13

wherein the electric actuation means is a switched reluctance motor.
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15. A control assembly for a valve assembly according to Claim 14
wherein the actuation means is linked to the valve member via a high

reduction ratio gearbox.

16. A control assembly for a valve assembly according to Claim 15

wherein the reduction ratio of the said gearbox is fixed.

17. A control assembly for a valve assembly according to Claim 16
wherein the position of the valve member is monitored by detecting the

presence of compressor gas in the passage beyond the valve element.

18. A control assembly for a valve assembly according to Claim 16
wherein the position of the valve member is monitored by monitoring the

rotation of the motor drive shaft.

19. A control assembly for a valve assembly according to Claim 16
wherein the position of the valve member is monitored by monitoring the
rotation of the motor drive shaft and by detecting the presence of

compressor gas in the passage beyond the valve element.

20. A control assembly for a valve assembly according to Claim 19
wherein there are two motor position sensors and one exhaust gas

detection sensor.

21. A control assembly for a valve assembly according to Claim 20
wherein motor drive shaft position is the primary mode of valve member

position detection and compressor gas detection is secondary.
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22. A control assembly for a valve assembly according to any of Claims
11 to 21 wherein the control means monitors the outputs of the valve
member position detection sensors and when there is a discrepancy
between the sensor outputs and control means drives the valve members

accordingly and outputs a corresponding alarm code.

23. A gas turbine engine incorporating a rotary bleed valve assembly

and a control assembly according to any of Claims 11 to 22.

24. - A gas turbine engine according to Claim 23 wherein the valve

member control means is linked to the main engine controller.
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