
AN ACTUATOR ARRANGEMENT AND A METHOD QF OPERATING AN
ACTUATOR The present invention relates to actuators
and more particularly to actuators utilised 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 below are some of the actuation
mechanisms that exist on a typical gas turbine
application 1 . Variable stator vane actuator 2 .
Turbine case cooling valve 3 . Fuel metering valve 4.
Bleed valves 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
technologically 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 afail safe position or means
of handling must be achieved. Typically, the actuator
will utilise a translational electrical actuation
displacement using 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 in 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 engine 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 .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 profile 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 is 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.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 torque 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 block 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. A s such they are generally used when
varying actuation speeds are required but an AC motor
could be used. It is 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.By using this information a local
controller for the actuator will be able to provide an
appropriate control 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 . A s can be seen in Fig. 2 actuator response
profiles 10, 11, 12 relate to three different machine
or engine conditions with the positions 10a, 11a, 12a
being illustrative of the torque required to sustain
actuator position at a particular actuator position. A
s 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
situations alternative measurements may be used. The
value 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 utilise 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.Thus, as indicated above
continued performance of the actuator may be provided
rather than slewing to an idle condition until
communications from the supervisorycontroller 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 local 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 value 37 from the
supervisory controller issued and through a
positionalperturbation 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. minor loop 34 may
be provided to adjust the inferred 



position due to the marginal actuation and tolerance
stockup. 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 supervisorycontroller 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
performance 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 localcontroller 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
varying 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 amachine 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 is in 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.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 is 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 illustrated 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
believedto 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 in the
drawings whether or not particular emphasis has been
placed thereon.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 in 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
is 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
determinablestatus 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 sustain
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 in 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 is
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 is a direct current
electric motor.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 14 . 


