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AN ACTUATOR ARRANGEMENT AND A METHOD QF OPERATI NG AN

ACTUATOR The present invention relates to actuators
w@pa7/085764 particularly to actuators utilised wWeHGB2@pas04838

turbi ne engines . Actuators are used in a w de nunber

of inplenentations within machinery in order to adjust

and vapy malrvarset ARROGNGBMHENDt ABD HeMETHESD JReOBERREING AN

nunmerous actuation systens | n_a gas turbine engine.

These actuation systens a o i nprove the

performance of the gas turbine engine over its entire

oper ati onal envel ope whilst naintaining safe

oper &h®nPreissnéd beYonree sedater the actyatiosy and more
QEQF. ' h exi typLeal S tuchine :
app ?@%&?%l 1aﬁova%§g ?gog?atgtgggﬁgaac%ggpgg 2938 turbine
efuribrigwe. case cooling valve 3 . Fuel netering valve 4

Bleed valves 5 . Anti icing valves Many of thes ,
curr SHiC RO | BRC MeCRAni SiE FoFs BTy Ar & fEgementations
wReUBthEcRI 8SSYr €8 bolethecagtiyakioAndr W@y theve settings
current industrial trend is to replace many of these

aret g1y ¢V 1§91 der sol utions (i.e.

preungtd oL hydraul e ALiVen ACtUalorS)s Mt - -
elecgg%%g%lé %rﬁVenractu%tF%%Essgtéﬁ%ﬁﬁaﬁytﬁ% a gas turbine
arediiredhi | | tTheaml petfiat anceyofteglsecare cakenptior sihpveve the

i%ggoved toallo %seratiog iB.harsh envi ronnent s, .and £
D" hinot g% 0l078s SHE HHResCPAeRR delftes ibr &ntire
SHHRACL ondDI Ce Ry ECSHd Cath A Uati0m tASte Wdfe MR ration.

their way onto aero gas turbine applications and
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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ot her machi nes. These actuators generally through a

di spl acenent will shift in position and alter the
wa2200008Fetti ng as required. Wthin an engi ne i PCTHGBR00b©04838

understood that typically afapl safe position or neans

of handling nust be achieved. Typically, the actuator

fimidll mféigesatﬁpamsimtm@mad; efe@larmdda',lngacrttmﬁaltiba achieved.

IS~I0 ement _usin not or, recel V|n appropri ate
Ot grolS. 1 AGRE BBt P lor ERF aopy EranSlational

eCiQiﬁterJdaﬁlr Al auRer V|§D£p’le§2@&ﬁér®&| efuslirld adjustc motor
the various actuators within a machi ne such as a gas

HAFH HE BN GPRE OPF 156y genthel desi Iy opdrall ofalCentral  or
REIS YRGS WhhR-BRREERT | abg; £ Ty 'u‘ﬁ)'e%@éor?ﬁ 8&5%9{3@1%% will

wth prior electrical actuators |0ss of
acdmmﬂmtdm|Wb@msn@tt@@msfwntﬁnlrheacmachahe such as a gas
su ervi 80{8%1 controller will result e .act

g t S owdSt sEJé%‘él%%ttu% ot espjrre o ,Oﬁggatlonal

p:‘émm@trﬁ:e | nviath exaipddprfivele semaliyivaloe thi nfortunately
approach will result in a reduction in the fuel flow

Wity t HE Mg neSbPChAERfhe aRChUBFeBRt er APAEd r&fe command

A e €091 Be ¢ Sn@E aBykdl erspeedn O eant ¥a BUGh AR visory
approach is not ideal particularly if interruption’in

wovhmmiloat | on-lils msyahten‘pnr arlye Rgtuates sskgwpldc to its
Idddistrablon doActunt of ROSLLL 011 R0A Nt 0CRLEEY  n an
nd pos e m ne a Ssupervisory
@mm;ﬂchEﬁelTIm;;qgw atabns lnetweappamat&h adlllatysult in a
osition 1, and denmand (iSItlon 2 are as a result of

i¥atP_ntRGi Fifds TPMudttat dd'%y2 19 1Re 3obvBRCphRS at 2

Flennstiatied t h:H%eDEHritQLq e aeegrdances Wath £er{@i8 speed.
aspects of the present invention'there is provided an

Hetartor saxdtangenearpeerphi sihg =t actdeabr et igularly if
1(¥gffﬂﬂé¥0ntf§ égﬁﬁﬁﬁ(gatlon is only temporary.

Fig. 1 is a graphic illustration of actuator position
1 against desired demand position 2 determined by
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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dependent in terns of actuator position upon a
position control signal, the controller having an

W@ewaasos4 response profil e agai nst actuat or poRCT/GBRO06/004838

for each determ nable status gf a machine, the
control |l er having a response Sensor to marginally

act i \@dreedd16l \ACt el Ofladif e 0 I (s di s Beensnyiof
position to determne an actuator response val ue shift
on t RESRiatorthespenseoptef i fempriseat fveustarmeki montrol

3 1.y, i ne ..s as turbine
SRS +BNES K%’ﬁ%#ﬁ%ﬁ%%ﬂﬂﬁ%ﬁﬂloﬁtg

engi ne. Possi b e cont er conprises a sustained

cont rRsis siitgnal tmesusmtwmﬂkmiu@&@ranoshtéonupgasﬁiBbmSor to
e cantraller has an interruption . sensor to determne

ATl POt e Boit [OIF BHROIOTs (G 2T S1Gnels.

PossitlysidINg Caid rebhefoBCEf Vatesvi H€s M eBRORE. SBRE0sensor

when the jinterruption sensor deternines interruption

Wt HE ' ot r T & g HR . SER8QF bigternenast baterrhrsian of the

ROWET 1SUPRRIHA 1 hdependent of the control signal.

Further in accordance with certain aspects of the

pres@ﬂsﬁhhkynithetheteatsrpheei@ab&wmmthuﬁpmp independent

SActyat or, contr al. where actuator position is dependent

on

a position Soft1°ol” si gnal, the nmethod conprising: -

a ) defrthiery dn aetuataantespensie Hofidenh agaidisdts of the
actuator position for a determ nable status of a

PREchiite +RES borat T thel AcPuarafedari Befhegr gphapguator
ReiirAl ik ddhes aehyab or EEiE?BHBigfd%?EHd%H¥“§% a position
position to determ ne the actuator re ponse val ue o
comE radt Fdera Ly e Sien sk thost idoapimidiicat:i-ve of machi ne
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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status . Typically, the nethod provides a sustained

control signal to sustain actuator position dependent
wapwn/oseshi ne status . Possibly, the method i nPCTIG82006/004838

determning interruption in tjhe position control

signal. Typically, perform ng the margi nal actuation

of thepaehuaypr onky wacyisabheacthetkons oAt etheptachuator

~of the position contrql sjgnal. Cenerally, .
1gEPeV RPN ASTEA e e T B TaRer é@ﬁbﬁgénéa e it pymarginal

sHREEhE RO Wt bibhe actHat gecigspense profile for the
mar gi nal “actuation of the actuator. Typically, the

mar glyaliicadivat ithe cfctturtaict at i sphgepdedy - an electrical

determ ni ng t to resj C h roj.
mgﬁlof:t' iﬂﬁ%%%?flf n %ﬁg?hg‘igg%&g{%o%é yfpi %%r?yghtqﬁée% current
caetyater mbsodi.spl aced by .an electrical notor.

Normal |y, that electric notar is a direct current
el ecEFPEIABEBFS Enbbdi it s 0¥ c@FPﬁF%Sasp 5 EHF { pRTeSent

iRLeseRbnl AMant iRy Wd | aqaow-Decdepgr iBgd JFy avtn@fe only and
exanple only and with reference to the acconpanyin
wdthwredsriencghitehthe Bcgompanyiadgfgphiede| Il@sf”i(lé ely)

of act.uator,di spl acene r.que [ at

posi o f02r aiﬁun‘o&gr %%aﬁ?gl&h%negg?%ﬁgaggégi ti%(r)fns; actuator
dEis@lademena Schenst iogalhsist eatiiahoof pasdtnbnolier & nnumber

accordance w th the rrangement and net hod of the
Obr BEEH PPN PRGN COBPG E AT ¢ a schematic il lustration

of arpgas turdi ng ashanaexanplleuseehicien rREOrPotehtfAgller in
aé%@&%%ﬁﬁ%f?mﬁ%%?tLgC%&r%%g%%ggtezuigdmgtﬁggetxgSgég 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 1is 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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Fig. 5is a schematic block diagramillustrating

operation of an actuator arrangenent. At the heart of
woreer/ogd7ect ri cal actuati on systens, there i s aP@IGBRI06/004838

as DC notors have better handiing characteristics at

| ow speeds. A s such they are generally used when

var yieyg asingt ican ss pedds et areqali Aedabutcert vAC It ofor the

kil Shogd B PRACmoter Y BpoRP R IR IE conerol

MYdageqanrdnthe t epgugrextordied n t he MLHr whsl offer the
proportional to electrical current . By utilising this

acelaattiagshitpabet ke nagblehgs amrn t 6ogEdnugt Hpyctioning and

st a : : t .
o G LT AN LR, COLEOLLER 0N BELUBLLN or o cac
toasiitrieorerof i ndhecaactalatorbes pisedl efcar mr&iucifhe thongue

it has to qvercone.By using.thi.s information.a | ocal
cont r'dtter qu(‘fra hgoﬁﬁfﬁi\t ocgfvﬁi}}e bé‘c%blla %o proPdeanor 2
RYBRIH A eac00ht 6k HieGns@UrbAgralEaifddH ea Siplrdatlie®@@rmined

This will offer the advantage that the actuator can .
PEGRMaRT f BRel | dhi RGTEHE F6r £hHatpoftaneY§ra ABERRReNg Ppoint

”t‘}fé““ 1 APEIALR QN & A% LANDIdIE eRgiNe (gahe
Oa%%aso e use a%or producinnglthrust. Thi's | ocal controel s
sgfedilel actoatioe fsrbased onld detver Minedverctomg ofor a given

response prof.il.e for a pre-determ ned paraneter. such _
ST Qu BB or evlF i Gper Bt Thg PO iq0 = 37D
rRdtaat o $hBxt BESWOSA I ehkcdthegRnpahle td@ididiom vs. actuator
specific torque force it will have to _overcone for a

R§iSient Thgi e cafditater G588 & hieT nfSr nmdddnGr e - An
d:&lnf1 ONshi Py DetMeen MaH N8/ 8N g NS CUWiBd R V& Fig. 2.
actuator position vs. actuator torque can be

const&sicted. bsn seen in Filg. 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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exanple of this relationship is provided below in Fig.
2 . As can be seen in Fig. 2 actuator response

w@eoiogess 10, 11, 12 relate to three differentPCECBR2V6/004838

or engine conditions with thegpositions 10a, 1lla, 12a
being illustrative of the torque required to sustain
Hotsat s pasidicnted eama;retimdra:rirammatpyrmﬂatﬂm oK the

s indi cated above enerally tuat Qrs are_ adj ust in
SHTRLGF Tt DS oEONG e SEoSEh e CRre RbPbriSang an idle
dhedef o5 | nurdierns @Bm&aa@aataegsactﬂ%ﬁr rHesPoNSRpervisory
profiles it is convenient to use torque, but in otﬁ)

nheel b @R hPateveorrdsurenents may be used. The
Valuer@fwiff L9LgUEe Q%BQEQEQtQHaﬁHEQW%ﬂES ﬁ%c%gnc%%trol is

seen vari es dependent on actuator position
breecddd nepon  ergiuadost m&tl,é&pe_ﬁifs: ofride presemkrruption in

N SBpALELeRs b SRS S AT SRR e 2

aciiat of rehestdheee i shan pﬁé@éﬁ‘dpt meRhbd Cenldr alarrangement
control signals. In such circunstances the present

H@W&f%n%oar%aﬁaéh%h@gp%@m%% poEnalst kiki g E&sEeoIshould
15 $sPASEH YPQRa Bt HALAT + RASkLLAR v BRI %%thfo@rl'eer these

to interruption in the central control signals froma
widple rve s dpy @@ﬂ@rpbr@tedhusThaseiEnuecattedlaa(b@@enecessary to

i nued._perf or ce of _t t uat or vi ded
pcloc{lgeéléjt %anels Cglv\né% eno %1‘?’1 tﬂ%l glc%so%dlg%l on unl%mI P46t o the
OBNIALG € abironso$ s O § he stipes vioser yeeat ok | e ttanrdepect to

restored. It _will also be appreciated that this | ocal

sty gFORS Hhs Uporf ddtdfdtior position just prior to

| Nt erypt ifone d dh N ORI GONHHAI CREFORgeMELR then be readily
supervi sory controller. In such circunstances the

anrelsiear st hedlafdnar reeigeneht yroivictes foor sgstabarag In
SPRLLO AP N8 SR BB cpenacing
equipment used.

It will Dbe wunderstood 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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wi Il not be incorporated. Therefore it may be
necessary to provide an indication as to | oss of

W@ oousE78at i on to the actuator or possibly a tPEEGB2I06/004838

feature with respect to |ocalcontrol of the actuator.

The present nethod and arrangenent can be readily

Eppueth timrexb st imag dorllr dcrBgities, f 88 actiuad@hsatdd it is
articular installation will depend upon the operating '

Eg‘?ﬁﬁ t TQseBTOVENRi 1 estidérifiogorkariwi shomal. This

g d iaal 090%5&_51&@13h%ek%%%@%@é%ﬁ%ﬁ@”&% motor
is that during a supervisory controller co nication
quitrEytupt? ohcedleathi Hssatherposied ohnf er lickdk comttabler 33 to

| W . RI.OV] h ustajni ng.control signals in
9}é\écrlc‘:“lorr an ctg{evm% ﬂ %%tggragttlﬁla eorrrerCle $pt Bt o(%nllaéwg‘s
descrd beichabomsyp r3d heaythanppbﬁydéa 8ouBAbYeEsalhe inferred

fall-back, value. This sustajning control signal is

B Abrbist i &t et i PRRAHEF bnICFURELpRI 8Rdt olerance stock-
wamuni cation failure. Fig. 3 describes a logic regine

in order to generate an inferred position 31 for an

act udtiér- i‘h Reevidapce wichisraspectisl lofstitat ipresehta typical

' ion. Thi AN j pass_35.the
e L
tovever endindied Gormitiicsat i dne basglakl 4of ctaswhat eueervisory -

eason .t hen the last good value 37 fromthe
Cg)lﬂ%é:rovilsegry ContFottr TESUBEE SN t hPBligRTa of measurement

pRaginisitenal per t i batbier @b MRt MBInACiny ahtlBs38r{Okctuator
actuator it is possible to provide a sustaining

OEGTESIOTSi g i S L RS peF€ ur baPFor i aiwrgi reiteration of the
eAgtinwat i ®n 2l ong wihh <t he cf@é&gtf&{a(fnhe%%n]agedabsaclkelqtciired.
then used in a | ook up tabl'e 33 to generate the

Tac tswathorest iovierrast- grositte orupemansgb ryn aornt todpe 844 MBYhrough
abebgr-%\iirg%%ito%aadj lcjz%trmnturﬁgcia@fi%glrsednetwork 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



10

15

20

25

30

position due to the margi nal actuation and tol erance
stockup. Fig. 4 provides a schematic illustration of a

wo ypiosd78€l ectri cal actuator systemutilised wWETIGB2006/004838

regard to a gas turbine enging 40. Thus, the engi ne 40
has a supervisorycontroller 41 which receives a nunber

obnheaslieemtht ipanaretrelascd2 vik Olddelpard sdete il Ngh theruator
ecessary_ac tor operational positions etc., for

n u
E??P%?%ﬁtp6%£+§?ron of the engine 40 or to achieve
oper arignals deraRdsicas Requded. b'l%c%ucﬁiggfc&fd“{ﬂ{?sgcfrating

the supervisory controller 41 through a bi=direction
CRAFuR @at PHnanefhurk 043 agemmgrineated nwiadvcamlance with the

BELYALOr %@eﬁﬁﬁ %JinC%?RRJath]k&%ﬂpgggﬁggsg%ereé%bnagts to

3
controller. is actuator i n norma
Pheoudh posttpdn toordn ohcsugbat StipigHPRYViESOYigh provision
§ﬁnéig%£$%%a tuator control perfornmance demands

r'oug 2bi PUIPECctiCorfal P RMRT cati ORECREPREr RPeZe.  The

Hovey efcorshioulidt hbs cosBaiyeat iQns Nat webk+43:1fall 8015 53
that positional control signals or other contro
SRPRRER Ar ECRGECledsieR 0yO 4 hBremt BasopesYisndyi montroller

particukar istsyl ocal then, as described, .
above, fhe act uat o Wi %%ﬁ#%%lI%Sben§¥?%§ge8p95a§98ﬁ the
fepevishey condirpédeso thawiengimeviicopetghbdBals3 to the

e curtail.ed. Typically, .as can be seen
%§§{¥§{%%§d %% ac? uafor Uk tﬁbeloégﬁlgaﬁPFolﬁ@@eﬁﬁent upon
wattiract ptofeanaecdi sptiacanent rgpd sshifin pasi ti,eR a gas

an actuator, rod 46 in accordance with desired demands

?W%ﬁﬁ%ﬁu?%ﬁﬁﬂﬁwﬁ%ﬁﬂ%ﬁmﬂﬁﬁ?QﬂWQ# ggﬁqgtqwmﬁﬁ is associated.
comunasions e sl aseon I SOg ALt e oo
Tomatslorsigries thencoherboc@latontTolieridbetinupted so that
T By Bt i £ 5 e cutiayr Lhger - provided
tid [ usheat ilmgral  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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operation of an actuator arrangenent in accordance
wWth the present invention. Thus, a local controller

WG 100408584 0 provi de control to an actuator typPCHIGB006/004838

t hrough provision of electricgl power to a DC notor as
descri bed above. The local controller 51 receives
eetitired  canttusl $hfeaksd53 t Fwughthisoninbérpadhveaygine or

54 from a, _supervisory.contrqller 55.,1n such .
T GETR SREBES] Fonor At CORENalPBS He: SHbbry RS fossible to
ST | 8ELBEEYE] boRrOMiIcEE SbgNahstS3th@ukhe However, more
controller 51 to adjust the activator dependent upon

RAY | ¢ e ¥ rrincer ERFEeR| ANf BFtHARAENPAE1IELER ¥dlg not be
i U D i \@ i i i Jals 5.

SESIDLAE SRE Dep Dl SR B0 N 20038 Whcn chose

dbmaviedate paskedatiidnl whet ebehebdentiool cpattnbdats with a

i nt errupt ed th t he, super.vi.sor ontrol signals 53
e PPBRERFEt oo aed 19 The 100K EoRt POPPEP U5 fo fpiaement
Stehi Cd ¢ Cunbt ansesveneetr upt i peiviiotibe faih-Sbfé S mechanisms

determ ned by an interruption_sensor 56 in order to
Wi | B88PBHET 401 iR L ofiPRBF by Ofh@ I deHoTCont? of & rather

Hah NtAECRALARRGE W ihddendBE Nogli desehbhedcaba¥edl Rontinued
ternms of providing a sustaining electrical signal to
eteraictoatios repeddent upon the i mmedi atel y previous

contrpol pasition spgnal far_t u Vi .
contf%flggggé.oﬁs #%ﬁic%?%gepgéViggé yp§ e %éﬁ%ﬁClated' that
gondrol 1er anv hlmekirecdfvelnygimel wdatasl ooknaptiahke will be

for varying, actuator response ofiles dependgﬂﬁﬁupon

r
W P opRr &EFBRalo st ?H??%% ECPREMT HeP P s to allow
b SRt hee A6 UgEOr R2 Lhgpassechatedachiese 4€SpARSRe status

profiles as indicated above will generally relate to
ame t bhguefpeeesyaiptesaggst aiaf acdeiEdFOPposPeEdAionA As

fﬁ&ﬁ%%&é%&ysgﬁﬁﬁg§ PprBBQHQaHﬂua 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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actuation either up or down the necessary variati onal
shift in the torque val ue can be determ ned and

W b@resose amachi ne status inferred. From thi sSPCGBRI0EA04838
engi ne or machine status as ijpdi cated above it will be
possi bl e to sustain actuator position for that status.
However , nsbti€l oppereonbhokhand omarli atdmirdNleact aat dhdicated
position wll not be possible as theo@‘y ervj sor

NG oV &t LRCOGERTRCC P t RGEECHertéh ?@“b%%s\é&%r|qupti0n

MPtehe Abberd O SOPMuGheab e1 ¥kt Bignbocab epatnekker %brmally
Nevert hel'ess the present arrangenent provides an

Slppreov eqpitrodaepr ebebuSdHitclsapé nethamicsme tiit-h  In such
[&3 %f‘tgﬁ%é(x%%ec gggghto e %%%?Eﬁ&% éf&éﬁ méﬁ%hﬁﬁll only
Shan € machi né” arrangemen el ng 1 ncapacitated

montéprmed: Ofpesiat ivdnen S plossébl es | anvi éentekrtthéiahoven the
it will] be appreciated that generally a nu r of
SHRF 6 St us KN T 0s wid 10 et @fimed n t & Local
Anaduator respensgcpugtokesahe akbovesieter mati onin  such
of the appropriate machine or engine status and
GierwtvragRe nhaiancdofr adtBat RV PosstiPeRy Asndependent of
il 1 us a pi cal the U [ (A
E&la%gién%rﬁgrgaglt u?t%?ﬁgtnlto t %cltéaatpg%r‘;vﬁﬁﬁ%%f:a s%esqgl\?a uecontrOl
ssijrfd1 aaltongclomea adfud ther prrofridesl Tdpescadairprbe

acco dated either by a rrection as described with
e R Sk e B PR o i e pe R P o duphbbaue to
A sTLIAr BcofiatBe fddiatiom teutt Storkgi nabepasidd®@tood in a
upon interruption in comunication with the ,
@pﬁﬁ?@ﬁﬂ@@ SEON&ITPINgREGALEBFTYrgnalt _ﬁlaéfl _t]H@r reegntble to
;é%gh%ﬂ%CQ%ﬁgﬂFh%oﬁ%&%ﬁﬁ%&sre§Hon§§le95hletér‘égﬁ%ed engine

above is in relation to torque for sustalning
ot orngpbscondnt agns | anslugls Emraarst asicels the temperature,

controller Eas asr es .ocgie sensar teo et eérri anilfe monitored
RIGTHUE oo EAPT St o' provi Bect e e tiinal CopCatly
At UEH T ONL&d aASyUAkOr sPPSkYiBBry 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



in order to determ ne through profile matching between

the value shift and one of the actuator response
w@eioges4 t he appropriate machi ne status in tePe®GBR006/004838

the best fit to an actuator rgsponse profile. Thus,

the necessary actuator position can be sustained by a

tonbe obf spgnal ctitam thpolkbeakecant sabhed. be mooRalstood that

operation . the | oc controller as indicated above wil |

Thior PEPALETE serah? LTS (QEHAChe TPt eFF UptITGR AT { het  any

SAPSEVAISDE Y regptiee! ber srialatiord herl eeakuraer Mddeinberore
sl ave controller for control of the actuator. In such

¢ Fetmed aftCes2 B Hr SHEME ndlk hddcandrayagigerdathgy | or not
5 E? %’i&?la‘{’lp?érgéﬂé’é‘fé P(‘é‘f”oéé‘r‘??;?lé @MY ELL UPtION 1N
e supervisory controller signals sent to the |oca
controller. The actuator and controller will in such
ci rcunst ances 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 exanple 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
engi ne operational conditions and paraneters such as
tenperature, pressures, forces which are currently
centrally nonitored and controlled by a supervisory
controller etc. By providing a |l evel controller which
can provide an actuator response profile in relation
to the tenperatures, pressures etc., it will be
understood that this local controller could then
sustai n operation of the machi ne dependent upon that
par anet er when control signals in respect of these
paraneters with regard to engi ne status are not
recei ved
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fromor by a supervisory controller. Those skilled in
the art will appreciate that nodifications and

wa@bdognsi’sons to the above can be readily perf oreEGB2006/004838

Thus, as illustrated the presgnt nethod and actuator
arrangenment can be utilised in relation to gas turbine
@hgimes but could also be utilised with regard to
actuators in other machines including autonobile

engi nes and ot her aspects of autonobiles etc. Wil st

endeanguradt@atdt herktanhggRend speshficodd oant cadtadtor (52)
attention to those features of the invention

defli @veaRBrOELBF partt i clibar ACHYSIPENdO2)t ISREME e 1n terms
&Pd%E%B%%%IIh@ézihgoéEQHb%QWE<ﬁkab c%%ﬁ%ﬁﬁ{'eenkggl signal

respect of any patentable feature o I nation o
{ 23t urds rerta nilsefdr e or efbrted tloe andndaroddemn i(Al)hehas an

AP EMAET nersh. OaReTEY A et T orUar ahgepEitator  (52)
BOSDELSh NFoan asthatdetdAR)napik aseanukol b2r a( Shhchihe, the

actuator (52) dependent in ternms of actuator (52) ,
SoRFEPbhetipor ) pdEWitth GontPEPOESgnaPesly to' marginally

gharagtericsed daocthaty H@QRCQﬂEE@lE%Em§5¥hfha§s§@%§§ment of

actuator (52) response profile against actuator

position tordehehnidecern aabletstrat(d8)ofregspracts nglue shift

havi ; t : .
hecrerholbeb(BL-DRNB A 3300030 B90S% ! Spojative o
dasiplacesentuof position to determ ne an actuator (52)

esponse val ue shift on the actuator_response profile ,
%10, ?ﬂ,aié?n?ﬁ]a?egt P50 U rikchi e Stathel shdTgpterised in

ehiangesenic@sné! 8 NRdghs ehabmd sharastefoped in
that the machine is a gas turbine engine (40) . 3 . An
arr anenentraonentredds n dladimadl R ckrapam2 1 or claim 2

characteri sed 1M that,f he conte gl 81 (1) COMPrisss A ses 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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sustai ned control signal to sustain actuator (52)
position. 4 . An arrangenent as clained in any of

w@bk@i0ss784 , 2 or 3 characterised in that the cpti/GBR310610043838

(51) has an interruption senspy (56) to determ ne
interruption of the position control signals (53) . 5

An ar saagesentt as neldhimed iintcapy rpreaedithg deduator (52) ;
characterised in that the controller (51) activates
t he resﬁBﬁse sensor when the interruption sensor (56)

det ergy RE$ gk AEEARURIACOR Afi Hha O Elatsd HNRE2( 53h tbms of
An arrangemsnt as clainedin claim4 characteri sed

in that dtlﬁ@la@temr pesdftieas te gemermsagplthe actuator (52)
| ndependent, Lot NG, ORI LG FONTLRl shanalct3dhor 7 response

A net ho act uat or cont wher'e actuator positi
i s depepdetit len (a0posilt,i a2)canticktdvgnalf, machlne status
in_that the nethod c

h t
diot | i ngeaRORct U5t GF FESBoNSEopr b | 8o 16reied dn claim 7

Qg2 st e AL &t Ofn (52 a POStHd OMdtAo® provides a sustained
det er m nabl est atus of a nmachi ne i ncorEor ating the

eenzrbrsignyl; tandushaimryrheter aé ?Q/aﬂoﬁgttll@é‘l dependent
%y%gghﬁé )i terms of displacenment position to

ermne the actuator (52) response value shift on
¢ he axtmatbodr espernsagicof ident(rtd, &, c]léa)medduuat:ll\ae'm 7 or

h t at thod of acty
Slafhed n SATATYeEhSPAct ot sl 1 IS  HEShBPRod Lheludes

B OV HAES1 18 S Ustied Megb€0id r aln sicgBal pboisushai Gontrol signal
act uator (52) position dependent upon machi ne status.

3) A nmethod of actuator control as clainmed in claim?7

55,012 Byl ant gy eatton Kk e 81O VRS any oo
slyitas 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.



(53) . 10. A nethod of actuator control as clained in
any of clains 7 to 9 characterised in that performng
wao b@7/83764 nal actuation of the actuator (52) oPCTH/GB2006/004838
occurs when there is interrupiion of the position
control signal (53). 11. A nethod of actuator contro
18S chai ek i ntappiet claidime’ tondbrpbasatheri sed iactuator
that determ nation of the actuation.response value i's
a5y aRaeERPg 2R CF 20RE dadfuaRSr OfeSPEHYE 3r5P|Ie (10, .
135 A2) %é)é tQ%r‘E@‘h@ naly ggidiat i QRoPhotheiagt UalPr actuator
52) A net hod of actuator control as clalned in
canjzroﬂleldaibrys a7 meghbtl elsacdeteedsdd PRVt Ipdt tligdms 7 to 14.
nal_ actuyation of th Act 2)
100t o ATYARE (PR L AnnEtpsirhs MRS i any of
shiifls wnt@o&mtion of the actuator (52) . 13. A nethod
of actuator control as clained in any of clains 7 to
12 characterised in that the actuator (52) is
di spl aced by an electrical notor. 14. A nmethod of
actuator control as clainmed in claim13 characterised
in that the electric notor is a direct current
electric notor.15. A gas turbine engine incorporating
an actuator arrangenent as clainmed in any of clainms 1
to 7. 16. A gas turbine engine incorporating an
actuator controlled by a nethod as clainmed in any of
claims 7 to 14. 17 . An actuator operated by a nethod
as clainmed in any of clains 7 to 14 .



