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AN ACTUATOR ARRANGEMENT AND A METHOD OF OPERATING AN
ACTUATOR

The present invention relates to actuators and more
particularly to actuators wutilised within gas turbine
engines.

Actuators are used in a wide number of implementations
within machinery in order to adjust and vary valve settings
and other devices.

There are numerous actuation systems in a gas turbine
engine. These actuation systems are used to improve the
performance of the gas turbine engine over its entire
operational envelope whilst maintaining safe operation.
Listed Dbelow are some of the actuation mechanisms that
exist on a typical gas turbine application

1 Variable stator wvane actuator

2 Turbine case cooling valve

3. Fuel metering valve

4 Bleed wvalves

5 Anti icing valves

Many of these current actuation mechanisms rely on
hydraulic or pneumatic pressures for the actuation drive.
The current industrial trend is to replace many of these
technologicaliy older solutions (i.e. pneumatic/hydraulic
driven actuators) with electrically driven actuation
systems. As the reliability and performance of electrical
motors have improved to allow operation in harsh
environments and as the technology evolves and makes these
devices more compact, more electrical actuation systems
will make their way onto aero gas turbine applications and
other machines.

These actuators generally through a displacement will
shift in position and alter the valve setting as required.

Within an engine it will be understood that typically a
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fail safe position or means of handling must be achieved.
Typically, the actuator will wutilise a translational
electrical actuation displacement wusing a DC motor
receiving appropriate control signals from a central or
supervisory controller. This supervisory controller will
adjust the various actuators within a machine such as a gas
turbine engine to provide the desired operational
performance with appropriate efficiency. Unfortunately
with prior electrical actuators loss of command
communication but not power from the central supervisory
controller will result 1n the actuator slewing to its
lowest speed setting at a pre defined slew rate. In an
example fuel supply valve this approach will result in a
reduction in the fuel flow into the engine or machine at a
predetermined rate until the ergine is at an idle speed.
Clearly such an approach is not ideal particularly if
interruption in communication is only temporary.

Fig. 1 is a graphic illustration of actuator position
1 against desired demand position 2 determined by a
supervisory controller. The deviations between actual
actuator position 1 and demand position 2 are as a result
of communication failures illustrated by line 3 over the
demonstrated time period.

In accordance with certain aspects of the present
invention there is ©provided an actuator arrangement
comprising an actuator and a controller, the actuator
dependent in terms of actuator position upon a position
control signal, the controller having an actuator response
profile against actuator position for each determinable
status of a machine, the controller having a response
sensor to marginally activate the actuator into terms of
displacement of position to determine an actuator response
value shift on the actuator response profile indicative of

machine status.
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Generally, the machine is a gas turbine engine.

Possibly, the controller comprises a sustained control
signal to sustain actuator position.

Possibly, the controller has an interruption sensor to
determine interruption of the position control signals.

Possibly, the controller activates the response sensor
when the interruption sensor determines interruption of the
control signal.

Possibly, the actuator has a power supply independent
of the control signal.

Further in accordance with certain aspects of the
present invention there is provided a method of actuator
control where actuator position is dependent on a position
control signal, the method comprising:-

a) defining an actuator response profilé
against actuator position for a determinable
status of a machine incorporating the
actuator; and

'b) marginally activating the actuator in terms
of displacement position to determine the
actuator response value on the actuator
response profile indicative of machine
status.

Typically, the method provides a sustained control
signal to sustain actuator position dependent upon machine
status.

Possibly, the method includes determining interruption
in the position control signal.

Typically, performing the marginal. actuation of the
actuator only occurs when there 1is interruption of the
position control signal.

Generally, determination of the actuation response
value is by matching with the actuator response profile for

the marginal actuation of the actuator.
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Typically, the marginal actuation of the actuator
involves determining the torque resistance to the marginal
shift in position of the actuator.

Typically, the actuator is displaced by.an electrical
motor. Normally, that electric motor is a direct current
electric motor.

Embodiments of certain aspects of the present
invention will now be described by way of example only and
with reference to the accompanying drawings in which:-

Fig. 2 is a graphic illustration of actuator
displacement torgque against actuator position for a number
of machine status conditions;

Fig. 3 is a schematic illustration of a controller in
accordance with the arrangement and method of the present
invention;

Fig. 4 is a schematic illustration of a gas turbine as
an example machine incorporating an actuator with local
controller and a supervisory controller; and,

Fig. 5 is a schematic Dblock diagram illustrating
operation of an actuator arrangement.

At the heart of most electrical actuation systems,
there is a DC motor as DC motors have better handling
characteristics at low speeds. As such they are generally
used when varying actuation speeds are required but an AC
motor could be used. It i1s a characteristic of a DC motor
that the speed of the motor is proportional to its voltage
and the torque extorted by the motor is proportional to
electrical current.

By utilising this relationship between voltage and
torque, at any instance in time the local controller on
actuation will have two pieces of information:

1. The extension position of the actuator

spindle/arm.

2. The torque it has to overcome.
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By using this information a local controller for the
actuator will be able to provide an appropriate contrel
signal during a failure situation. This will offer the
advantage that the actuator can continue functioning and
more importantly a machine can continue to operate or a gas
turbine engine can also be used for producing thrust.

This local control of the actuator is based on a
determined actuator response profile for a pre-determined
parameter such as torque so that for every operating point
of the actuators extension/retraction path there is a
specific torque force it will have to overcome for a given
engine condition. Using this information a 3-D
relationship between machine/engine condition vs. actuator
position vs. actuator torque <can be constructed. An
example of this relationship is provided below in Fig. 2.

As can be seen in Fig. 2 actuator response profiles
10, 11, 12 relate to three different machine or engine
conditions with the ©positions 10a, 11la, 12a being
illustrative of the torque required to sustain actuator
position at a particular actuator position. As indicated
above generally actuators are adjusted in terms of their
setting through electric motors and therefore in terms of
generating actuator response profiles it is convenient to
use torque, but in other situa?ions alternative
measurements may be used. The wvalue of the torque, or
other measurement, as can be seen varies dependent upon
actuator position and machine or engine status. Aspects of
the present invention wutilise +this predictability with
regard to response in order to allow local control of the
actuator when there is an interruption in central control
signals. In such circumstances the present method and
arrangement provides for sustaining control signals based
upon actuator position immediately prior to interruption in

the central control signals from a supervisory controller.
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Thus, as indicated above continued performance of the
actuator may be provided rather than slewing to an idle
condition until  communications from the supervisory
controller can be restored.

It will also be appreciated that this local control is
based upon actuator position just prior to interruption in
normal communications with the supervisory controller. In
such circumstances the present method and arrangement
provides for sustaining control signals but if there should
be adjustment signals from the supervisory controller these
will not be incorporated. Therefore it may be necessary to
provide an indication as to loss of communication to the
actuator or possibly a time out feature with respect to
loéal control of the actuator.

The present method and arrangement can be readily
applied to existing control regimes for actuators. In
particular installation will depend upon the operating
equipment used.

It will be understood that with a current local
control mechanism the principal change is that during a
supervisory controller communication interruption the fail-
safe position for the controller will now provide for the
sustaining control signals in accordance with the actuator
response profile as described above, rather than provide a
universal fall-back value. This sustaining control signal
is more appropriate to conditions just prior to
communication failure.

Fig. 3 describes a logic regime in order to generate
an inferred position 31 for an actuator in accordance with
aspects of the present invention. This logic will normally
just pass 35 the demand position 36 from the supervisory
controller. However, if the communication bus fails for
whatever reason then the last good wvalue 37 from the

supervisory controller issued and through a positional
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perturbation or marginal activation 38 for actuator it is
possible to provide a sustaining control signal. This
perturbation or marginal activation along with the motor
current 32 feedback is then used in a look up table 33 to
generate the actuators inferred position demand.

A minor loop 34 may be provided to adjust the inferred
position due to the marginal actuation and tolerance stock-
up.

Fig. 4 provides a schematic illustration of a typical
electrical actuator system utilised with regard to a gas
turbine engine 40. Thus, the engine 40 has a supervisory -
controller 41 which receives a number of measurement
parameters 42 in order to determine the necessary actuator
operational positions etc., for efficient operation of the
engine 40 or to achieve operational demands as required.
In such circumstances the supervisory controller 41 through
a bi-directional communications network 43 communicates
with an actuator 44 which incorporates its own local
controller. This actuator in normal operation responds
through position control signals to supervisory controller
actuator control performance demands through the bi-
directional communications network 43. However, should
this communications network 43 fail so that positional
control signals or other control signals are not received
by the actuator 41 and in particular its local controller
then, as described above, the actuator will typically be
arranged to slew to an idle condition so that engine 40
operational performan;e is curtailed. Typically, as can be
seen with regard to actuator 44 the local controller 45
will act to cause displacement and shift position of an
actuator rod 46 in accordance with desired demands from the
supervisory controller 41 or when communications are lost
as described above and below to maintain a certain position

through sustaining control signals from the local
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controller 45 in accordance with comparisons to an actuator
response profile.

Fig. 5 provides a basic block diagram illustrating
operation of an actuator arrangement in accordance with the
present invention. Thus, a local controller 51 acts to
provide control to an actuator typically through provision
of electrical power to a DC motor as described above. The
local controller 51 receives central control signals 53
through a control pathway 54 from a supervisory controller
55. In  such circumstances in normal operation the
supervisory controller 55 will provide signals 53 to the
controller 51 to adjust the activator dependent upon
vérying performance criteria for a machine such as a gas
turbine engine within which the actuator 52 is associated.

Aspects of the present invention are directed to a
situation where the control path 54 is interrupted so that
the supervisory control signals 53 are no longer provided
to the local <controller 51. In such circumstances
interruption in the path 54 is determined by an
interruption sensor 56 in order to initiate operational
control by the local controller 51 in accordance with the
method described above in terms of providing a sustaining
electrical signal to the actuator dependent upon the
immediately previous control position signals 53 for the
supervisory controller 55.

As indicated previously the local controller will
effectively include a look up table for varying actuator
response profiles dependent upon different operational
status for a machine within which the actuator 52 is
associated. These response profiles as indicated above
will generally relate to the torque necessary to sustain
actuator position. In such circumstances by marginal
actuation either up or down the necessary variational shift

in the torque value can be determined and therefore a
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machine status inferred. From this inferred engine or
machine status as indicated above it will be possible to
sustain actuator position for that status. However, more
open control and variation in actuator position will not be
possible as the supervisory controller through which those
demands are passed will not be able to communicate with a
local controller 51. Nevertheless the present arrangement
provides an improvement on previous fail-safe mechanisms
with respect to local control of actuators in that rather
than the machine arrangement being incapacitated continued
operation is possible.

In view of the above it will be appreciated that
generally a number of engine status conditions will be
determined in terms of actuator response profiles to allow
determination of the appropriate machine or engine status
and therefore maintenance of actuator position. As
illustrated above typically the perturbation or marginal
actuation of the actuator will cause a value shift along
one of the profiles. This can be accommodated either by a
correction as described with regard to the logic and method
regime described above or return of the actuator to its
original position upon interruption in communication with
the appropriate sustaining control signal in either event.

As indicated the actuator response profile in the
example above 1is 1in relation to torque for sustaining
actuator positioning. In such circumstances the controller
has a response sensor to determine the torque necessary to
provide the marginal or perturbation in actuator position
in order to determine through profile matching between the
value shift and one of the actuator response profiles the
appropriate machine status in terms of the best fit to an
actuator response profile. Thus, the necessary actuator
position can be sustained by a control signal from the

local controller.
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In normal operation the local controller as indicated
above will incorporate a sensor to determine interruption
in the supervisory controller signal to the local, normally
slave controller for control of the actuator. In such
circumstances the present method and arrangement will only
be operational when there 1s an interruption in the
supervisory controller signals sent to the local
controller. The actuator and controller will in such
circumstances have their own power supply independent of
the central control signals providing position control
signals to the actuator in normal operation.

As indicated above the example relates to torque to
sustain actuator position but it will be understood in a
distribution control architecture it may be possible to
provide local controllers in relation to sensed engine
operational conditions and parameters such as temperature,
pressures, forces which are currently centrally monitored
and controlled by a supervisory controller etc. By
providing a level controller which can provide an actuator
response profile in relation to the temperatures, pressures
etc., it will be understood that this local controller
could then sustain operation of the machine dependent upon
that parameter when control signals in respect of these
parameters with regard to engine status are not received
from or by a supervisory controller.

Those skilled in the art will appreciate that
modifications and alterations to the above can be readily
performed. Thus, as i1llustrated the present method and
actuator arrangement can be utilised in relation to gas
turbine engines but could also be utilised with regard to
actuators in other machines including automobile engines
and other aspects of automobiles etc.

Whilst endeavouring in the foregoing specification to

draw attention to those features of the invention believed
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to be of particular importance it should be understood that
the Applicant claims protection in respect of any
patentable feature or combination of features hereinbefore
referred to and/or shown 1in the drawings whether or not

particular emphasis has been placed thereon.
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Claims

1. An actuator arrangement comprising an actuator (52)
and a controller (51), the actuator (52) dependent in terms
of actuator (52) position upon a position control signal
(53) characterised in that, the controller (51) has an
actuator (52) response profile against actuator (52)
position for each determinable status of a machine, the
controller (51) having a response sensor to marginally
activate the actuator (52) into terms of displacement of
position to determine an actuator (52) response value shift
on the actuator response profile (10, 11, 12) indicative of
machine status.
2. An arrangement as claimed in claim 1 characterised in
that the machine is a gas turbine engine (40).
3. An arrangement as claimed in claim 1 or claim 2
characterised 1in that the controller (51) comprises a
sustained control signal to sustain actuator (52) position.
4. An arrangement as claimed in any of claims 1, 2 or 3
characterised in that the controller (51) has an
interruption sensor (56) to determine interruption of the
position control signals (53).
5. An arrangement as claimed in any preceding claim
characterised in that the controller (51) activates the
response sensor when the interruption sensor (56)
determines interruption of the control signal (53).
6. An arrangement as claimed in claim 4 characterised in
that the actuator (52) has a power supply independent of
the position control signal (53).
7. A method of actuator control where actuator position
1s dependent on a position control signal, characterised in
that the method comprises:-

a) defining an actuator response profile (10, 11, 12)

against actuator (52) position for a determinable
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status of a machine incorporating the actuator (52);
and
b) marginally activating the actuator (52) in terms of

displacement position to determine the actuator (52)

response value shift on the actuator response

profile (10, 11, 12) indicative of machine status.
8. A method of actuator control as claimed in claim 7
characterised in that the method provides a sustained
control signal to sustaln actuator (52) position dependent
upon machine status.
9. A method of actuator control as claimed in claim 7 or
claim 8 characterised in that the method includes
determining interruption 1in the position control signal
(53).
10. A method of actuator control as claimed in any of
claims 7 to 9 characterised in that performing the marginal
actuation of the actuator (52) only occurs when there is
interruption of the position control signal (53).
11. A method of actuator control as claimed in any of
claims 7 to 10 characterised in that determination of the
actuation response value 1s by matching with the actuator
response profile (10, 11, 12) for the marginal actuation of
the actuator (52).
12. A method of actuator control as claimed in any of
claims 7 to 11 characterised in that the marginal actuation
of the actuator (52) involves determining the torque
resistance to the marginal shift in position of the
actuator (52).
13. A method of actuator control as claimed in any of
claims 7 to 12 characterised in that the actuator (52) is
displaced by an electrical motor.
14. A method of actuator control as claimed in claim 13
characterised in that the electric motor 1s a direct

current electric motor.
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15. A gas turbine engine incorporating an actuator
arrangement as claimed in any of claims 1 to 7.

16. A gas turbine engine incorporating an actuator
controlled by a method as claimed in any of claims 7 to 14.

17. An actuator operated by a method as claimed in any of

claims 7 to 1l4.



WO 2007/085784 PCT/GB2006/004838
1/4

Fig.1.

Demanded Position by the EEC
3.5- 2 1 2

33—
2?‘:_ \

10.5-

o2

080 20 30\ 40 50 60 70 80 90 100
Actuator position

Communication Link Failure

1.5
.| -
0.5 H
0 : «
-0.5- , , . . , . , , . .
10 20 30 40 50 60 70 80 90 100
Fig.2.
\
()]
=
o
9
o
)
=

Act. sensed pos. Actuator position

SUBSTITUTE SHEET (RULE 26)



PCT/GB2006/004838

WO 2007/085784

2/4

doo Jouliy

uonISod palau]

/

12>

uolsod  paisju|

(@-2)elqeL
dn-3007]

_—
-}

J

€

\ A

€e

(enjea poob 1se| ey}
aouls abueyo ||ews)
Blepx

wns L€

Almwn %\_m>

€ pesy
21018 B1e(

— jualiny Jo1o0\

<|=2uwl] s|dwes>
<Q=uonipuod [eniup>
Aeje@ nun

A

<G'0=pPIoysalyl>

_——— YOUMS

_||

A

[\

weq sod ASA N

~—|N

A

paluy|
1se/enjeA
pooD) 157

pedy a.i01Ss ele(

\ 10)E[]19SO

14 sWwwod ASA N

A

uonisod patiaiuyj

SUBSTITUTE SHEET (RULE 26)



PCT/GB2006/004838

WO 2007/085784

3/4

ov

4%

v

SUOIEOIUNLWILLOD [BUOIOAMIP-I]

—_—

117
101eN10Y 8yL uo

Js]joRuU0D peINqLIsiq / 907 4Bl

A4

(1e1sBW)I9||01U0D Alosialedng

SUBSTITUTE SHEET (RULE 26)



WO 2007/085784 PCT/GB2006/004838
4/4

Actuator | _| <=

oy
o
- 2
Lo
=2 _ G
L Se| -~
A SE"\LQ
o
™ O
L0
\#
o

/55
SupeNisow
Controller

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Intemational application No

PCT/GB2006/004838

A CLASSIFICATION OF SUBJEGT MATTER
INV. FO0ID17/10 F02C9/28

605B9/03

605B19/05 F15B20/00

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

B. FIELDS SEARCHED

FOLD FO02D FO2C GO5B GOBD F15B

Minimum documeniation searched (claesification system followed by classification symbols)

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

EPO-Internal, WPI Data

Electronic data base consulted during the intemational search (name of dala base and, where practical, search terms used)

C. DOGUMENTS CONSIDERED TO BE RELEVANT

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

Relevant io claim No.

9 February 2000 (2000-02-09)
the whole document

columns 2,3,6; figures 1-6

AL) 23 June 1992 (1992-06-23)
abstract; figures 1-4

13 August 1986 (1986-08-13)
abstract; figure 1

A Us 4 841 209 Al (POUMAKIS DEMETRIUS J
[US]) 20 June 1989 (1989-06-20)

A US 5 123 246 A1 (YOUNESSI RAMIN [US] ET

A EP 0 190 467 A2 (BOEING CO [US])

A EP 0 978 772 A (LUCAS INDUSTRIES LTD [GB]) 1-17

I:] Further documents are listed in the continuation of Box C.

See patent famlly annex.

* Speclal calegorles of cited documents :

“A” document defining the general state of the art which is not
congidered to be of particular relovance

*E' earlior document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to eslablish the publication date of another
cltation or cther special reason (as specified)

*( document referring o an oral disclosure, use, exhibition or
other means

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

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

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

"Y' document of particular relevance; the claimed invention
cannol be considered {o involve an invenlive slep when the
document Is combined with one or more other stich docu-~
[n?ﬂts;;uch combination being obvious to a person skilied
inthe art.

&' document member of the same patent family

Date of the actual completion of the international search

26 March 2007

Date of mailing of tha intemational search report

02/04/2007

Name and mailing address of the ISA/
European Patent Office, P.B. 5318 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 851 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

CHATZIAPOSTOLOU, A

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

Intemational application No

PCT/GB2006/004838
Patent document Publication Patent family Publication
clted in search report date member(s) date
EP 0978772 A 09-02-2000 NONE
US 4841209 Al NONE
Us 5123246 Al NONE
EP 0190467 A2 13-08-1986 DE 3586989 D1 25-02-1993
DE 3586989 T2 29-04-1993
us 4612844 A 23-09-1986

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report

