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GAS TURBI NE ENG NE TO ALLOW TRI MM NG OF EXCESS THRUST BACKGROUND OF THE
 NVENTI ON FI ELD OF THE | NVENTI ON 5 The present invention 4 ¥pyanetert2903
system for t WO ¥6ntrol of a gas turbine engine and, nore periiscaisssl y,
to a system which provides a speed signal to the pilot that conpensates
for thrust per lat] | Wg@ hr yst
per f or mance chg?ggﬁre%sqﬁgﬁﬁ(ggs %‘éﬁﬁ@ﬁ%g?ﬁﬁg WJ é N%QWe
standard thrust performance characteristics of that engine nodel to

enabl e-the pilot to nore 10 actRPYMING PEEXCERYTHRUSF ust output to thrust
requi rements. DI SCUSSI ON OF THE BACKGROUND ART Desi gn, manufacture and
control variations and accunul ated. tol erances of gas turbine engines
cause variation in the operating characteristics fromengine to engine
within an engi ne nodel. One BACKGROUNE QF THEE BWAENTI@NI stics is thrust
output. In 15 order to provide safe operation of the aircraft, gas turbine
engi nes are CBIRINOF THEINYENITON generate a predeterm ned m ni num
_guaranteed or rated thrust | evel on any given engine regardl ess of

variations in conponents and subsystens. In addition, pilots operate the
ai rcr af t accor di ngTh@pissent dnvantipn selates i asysiepufor thrusticonmalefa gasiurbine. These

curves all ow _pd' llo ..S6t. C i the d t.hr ust
20 for any enégﬂ@ne 0 ’?#%B%ﬁ"‘é%@?’éﬁé’ts&g%ﬁlﬁéﬁﬁ ?‘r"%‘@g agg%eﬁlrﬁlﬁ%? g‘ﬁ&\%&’ﬂf’gt i ons
in a particul tat congpensates for hraseserforitanect afagesiin Scdvaddncs Wikirhedurdi ch
produces mnipum thrust output. Any engine having tol erances and

var} ations, wiFeskperfermasce chameterstics of particular gasurbing enginer fromithe stangardy | |

produce more fhrd b& ' . US ireraft under
particul ar operallj n%é%%%ﬁg?ﬁons?g c%%&‘ﬁh%%ﬁ?%ﬁ@@gﬁ%ﬁ@e ogéoc%ﬁlﬁanyi ng
hi gher aper at asegratelypeach ehghfe thasubitphit ehfkgBafirenkvats, r equi red engi ne
rotational speed. The hi gher engine operating tenperatures contribute to

i ncreased engl n terioration which decrease the operating life
of the engi negmg%%§€-[§§@iﬁc GROUND ART

Design, manufacture and control variations and accumulated tolerances of gas

turbine engines cause variation in the operating characteristics from engine to engine
within an engine model. One of these operating characteristics is thrust output. In

15 order to provide safé operation of the aircraft, gas turbine engines are commonly
designed to generate a predetermined minimum guarantéed or rated thrust level on any
given engine regardless of variations in components and subsystems. In addition,
pilots operate the aircraft according to predetermined engine model perfdrmance
curves. These curves allow the pilot to set speed controls to provide the needed thrust

20 for any engine of a model designation even if all accumulated variations in a particular
engine are biased toward an engine configuration which produces minimum thrust
output. Any engine having tolerances and variations, which are not limited to the
least output configuration, will produce more thrust than can be effectively used by
the aircraft under particular operating conditions. Excess thrust levels with

25 accompanying higher operating temperatures result from higher than required engine
rotational speed. The higher engine operating temperatures contribute to increased
engine wear and deterioration which decrease the operating life of the engine.



4 Novenber 2003 PCT/US00/12663 In the Prior Art for gas turbine engines
w th hydronmechani cal fuel systens, the control architecture was desi gned
such t hat tkﬁ "miniqum' or "worst case" engine performarftoynakai2883t he f
required thr AL margin at the target thrust setting par REBUSPO/ 1266
speed). The target fan speed schedul es' are determ ned based on 5

envi ronnent al condifi . ' . d ST LI
Chrust rating. Dutt oS Fipe AROR Ep FESRE PRERS oeh Aliobiel i af TSy RER, 1
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~ engi ne basis has not been acconplished. Therefore, the thrust setting
‘par anet er schBERRrE1a568 producesths requised thipst Withargin atihe e st seRiigne

per f or mance prQod. I |_ati L 1k hr ust .
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controls that conpensates for variations in thrust actually produced as
conpared to t FRiingoRugde theimisationsin hydromeehasical el syseemy, dndividpal taideringRfi ne

nodel perfor v n I i [ o calculate a
modi 11 ed 1 hr gk et fal §hes A an@lo b e Sy e RS St Bbbech !, 101 £
speed nodi fi caédopiplihed? Thdtdfofy i thRIIGieRing fetehetar &chpdul@ kéleaed farthe a

nmenory device. Selection of a specific fan speed nodification curve
produces a spée@inimumyiariwon cases enging porformascy pragucesa latgepappbation of nat ch

engi ne thrust LrLe vel 20 of thrust. The generated output signal
I's then 1sBent F'&)ﬁ{‘%e‘gﬁa’f%gs@%‘gﬁator' s fan speed signal display unit where
the nodified signal is used by the pilot to set the engine fan speed mhich

corresponds t QUMMNANRYIORTHEINVENTION| . Mre particularly, the engine
operator sets the engine throttle so that the nodified fan speed signal

mat ches- the target fan speed correspondi to the desired_thrust rating

for the given anbi diie PESCHORYROHPB %A retstipnal S ndiestion FYSiom Sercess rurbiney

using the modihsiaek { AR hyREmEcRingAR elemonmgﬂaﬁlmgmv%a&nkmpeed
o} I ed fan

as conpared t target” set using the unnodi speed signal. This in
turn results acuslhepmdsecedas comparedgo the nurmival chmst. tThe inesntiod usés ust  whi l e

el i mi natjng excess thryst margi.n caysed by the engine-to:engine variation,
thus  rekfuci ngredRErmIme eRgiEr MgPLECTIoRMencRUEFs ABd Brpe rRERsIRHOrRRRE R 30

21 to calculate a modified thrust setting parameter (fan speed). Curves representing fan

speed modification for a particular engine model are programmed into a memory
device. Selection of a specific fan speed modification curve produces a speed
indication that allows the pilot to more closely match engine thrust to a desired level

20 of thrust. The generated output signal is then sent to the engine operator’s fan speed
signal display unit where the modified signal is used by the pilot to set the engine fan
speed which corresponds to the desired thrust level. More parﬁculariy, the engine
operator sets the engine throttle so that the modified fan speed signal matches the

~ target fan speed corresponding to the desired thrust rating for the given ambient

25 conditions. Since the target fan speed is set using the modified fan speed signal, the
engine will run at a lower speed as compared to a target set using the unmodified fan
speed signal. Tﬁis in turn results in the gas turbine engine producing the needed thrust
while eliminating excess thrust margin caused by the engine-to-engine variation, thus
reducing engine temperatures and improving engine operating life.

30
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WD 00171876 4 Novenber 2003 - PCT/ U$00/ 12663 BRI EF DESCRI PTI ON OF THE

DRAW NGS The structure, operation and advantages of the presently preferred
embodi nent  of this invention will become apparent upon cbNSYI&ReItZ083 of
the foll owi n§'UEEEET®tion, taken in conjunction with the accoRFAASONR663
figures in which like 5 reference characters refer to |ike elenents, and
in which: FIG 1 is a graphigal representa b of fan speed nodification

l evel s used to provide thri R 10y OF LHEDRAWINGS ne thrust out put
variability; FIG 2 is a schematic block diagramillustrating a preferred
embodi ment of the THESIEMufdbpd MU BldlddVEntSRS of HeYrB&nRY PrdPerrd LLAbI LR
speed in accordance with the 10 preser?t I ngg}'r%tior??ﬁrglé& 9g| S a smnaté{uc

bl ock di agr amof thisisivemtiomyilbbdcame apparentrupdn comsiddration ofythe fotlodng use in t he
.present invention; FIG 4 is a schematic¢ block diagramillustrating a
second pref er PFEYNPERBIAKSAHCOBIREYAR weifly ﬁF?%FP%mgrt?ﬁq‘?%ﬁ weh iﬂ&? bi ne
rotational sp | ' e . nvention. OPERATION I N
THE PREFERRED%E%T Wﬁspﬁs@’ ﬁﬁﬁgugms‘%%p?ﬂemgﬁﬁgg% turbi nes of an engi ne

- nmodel after the original manufacture, engine performance characteristic
~data for a parti culFiG. hnisdegraphieal reprtsentaiion df fahlspesl medificatianieeels used to
characteristic _data,are used t enerate f.an,speed 20 npdi.fication
characteristi E’éovf‘%pqwém‘ﬁg‘i“!ﬂefgbg@ﬁ%c’ F‘?&I’é‘?@ﬁg‘égquﬂt‘éﬁf’cag&}ty;engi ne thrust

output levels relative to nomnal rotational speed within a given engine
nodel . These generpseslisl ARheRARbIOAN LA H1AStrAha 25t Rired binbodiltaVof M
correspondi ng change in fan speed needed to match actual thrust generated
Wit h nomi nal s¥stem fercontrolling gastughing engine eotafioaphipeed inr angorancet with the of fan
speed p%f ornmgnce characteristics typical of nmenbers 25 of an engi ne nodel
‘versus a noni RArCAREFUBY (i ng showi ng the | evel of fan speed modification
needed to produce the |level of thrust expected at each particul ar speed
setting. The fan sPEI3 pel dchemmitockhdikgairtillugtitiag a0 spetl niddeficatiph! i cal | y
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- system for use in the present invention;

FIG. 4 is a schematic block diagram illustrating a second preferred
embodiment of the system for controlling gas turbine rotational speed in accordance

15 . with the present invention.
OPERATION IN THE PREFERRED EMBODIMENT

By testing a sample of gas turbines of an engine model after the original
manufacture, engine performance characteristic data for a pﬁrticular model are
determined. These performance characteristic data are used to generate fan speed

20 modification characteristics representative of the differences in actual engine thrust
output levels relative to nominal rotational speed within a given engine model. These
generated fan speed modification characteristics show the corresponding change in fan
speed needed to match actual thrust generated with nominal required thrust. FIG. 1 is
a graphical representation of fan speed performance characteristics typical of members

25 of an engine model versus a nominal speed setting showing the level of fan speed
modification needed to produce the level of thrust expected at each particular speed

| setting. The fan speed performance characteristics 100-110 are empirically



PCTI US00112663 determ ned by evaluating a | arge nunber of engines of a
particul ar nodel. The required speed nodification varies with physical fan
speed and the nodification levels are |argest at takeof f4Npseter2ifdr e
engi ne perf oYW E87@det eri orati on due to high tenperatures i spcpresionstss
Each of the characteristics 100-110 represents the speed 5 performance of
sone nenbers of an engine nodel famly. Characteristic 100 shows nom nal

engi ne fan spls&amEsdbysyalvaiinga lasge prambgsof spginesef apartigulanmadelo Te speed
: ‘. S . ST 1 L "
the pr et ot eqtadsgiBfed HOMAUR AL vt SEAHh St e Inbatalio RO

sel ected speede f@gessfltBedotihpe@dsOWhere @hgite Performaice ldeRridpdtnalgitdRighy pe f or
whi ch characteristic 100 represents 10 nom nal speed. Characteristic 110

shows the naxXemoerpwesds greatest. deaghf thereheractaristies |¥hh10 rpeasents therspeerd

nom nal poper ct-ed speed under nor rati conditiopas, The
ot mum devi STERTRSE S5 SarE Beatett ey BRbnodH fiii CophdPiid A et
sel ected to aming ehpik fhdead boradspbiitis to ﬂﬂfb%éﬁi&@ekh’te& RetaB684! Bfeed for a
corresponding to the nominal setting selected by the operator provides

required t hr (Ractiqulargas nirbing engine;i GharagierigtiosH@hshrongh 1P showe theipe¢dictadind
section of FIG. . orrection.is needed for s _turhbine | e t idle
speeds becausag\vf?ﬁb?ﬁ?fé?uqnéf"eﬁefrgpe °&S@‘bﬂ‘é’?¢‘%§f€#8&8§§?°ﬁé'%§%&‘g%€hes

t akeof f speediougsif ehBinbSof e bahd eﬂg'iﬁe%@Fem Wwhieh tiaadteriticOiI0 répre St f

particul ar engines fromnom nal thrust [evels rises. As the engine speed

appr oacHes tnamipgspeasn Chagtoteristip d 10 shows the maximymepredicigdideniation pE | evel of

nodi fication | i nes sharpl y _as, maximumthrust output is,selected by
The. pi ot NGOSHEEN e e e R SRAGB AR oY potin Poefing s 1ot
redline is theniRichdLThdnhAffixh BeviRfinfini rBEtioRAPeed [INBwNEN hardéteSRRENO is
nodi fication required to produce the required speed nodification for a

particul ar erfglestedite ensusethabthe apfphthonshgeneraedhby theenging sotrespondingite the
followi ng the jnitial. mnufacture or follow.n ubs nt., engi ver haul s.
tnce' the 25 IemipRsBlmERRH 48 bY 1 et e g SRR B bR e
sperformece Adsional & the lovwer Iek-BadtPRetoe of FIRI 1N 7b coftection Tt Addded foryak out put
for that particular _engine nodel, so that the appropriate |evel of speed

nmodi fi cati on BENngRNEines &t il spgedsbecasg mo thestis|zeneraigd atidlesf As the engine

characteristi : ' t Syl ted | h .1ndi gation for
that parti cula;}r%agéﬁsgﬁogfs sr?%?%hmgc aa° rt&ig%?& %ﬁ/od '!}'%8%‘%2&6‘?%"% usﬂ .°?The 30
present i nvengdrticularedpineefromoniifdlthiusnievéla fises eorkhe efgint spsedappioative Speed
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, the maximum engine operating conditions (redline), the level of modification declines

20 sharply as maximum thrust output is selected by the pilot. No modification to the fan
speed is made at redline, because redline is the maximum allowable operating speed.

The level of speed modification required to produce the required speed
modification for a particular engine is based on individual engine test results, either
_ following the initial manufacture or following subsequent engine overhanis. Once the
25 individual engine test results are obtained, the engine thrust performance
characteristics are measured against the nominal thrust output for that particular
engine model, so that the appropriate level of speed modification can be determined in
order to select which of the characteristics 101-109 is best suited to niodify the speed
, indication for that particular engine to match actual thrust to nominal thrust. The
30 present invention modifies the real-time fan spéed signal so that the speed indication
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PCT/ USOQO' 12663 provided to the engine operator is adjusted to conpensate
for measured variations above the standard thrust output for that
particular engine. FIG 2 illustrates the fan speed nodi f4 baygraberp88em 25
for a gas tu\ygiopfgl%ﬁgi ne 10 and a flight control apparatus FCT/ES/12¢8ed
sensor 11 is connected via conductor 5 12 to the fan speed nodifier unit
(FSMJ) 15. A | . i .t Dl F 15 | r ogr. anmed
W th Gas tur bitio ek K 5l ondi DL ¥ Suel' 4 Phlperstar el e RANGET T o1
exanpl e, the cbavatestandirdesrustapnshtifor tihiParticulad ehgiespeed nodification

| evel sel ection device or identification plug 19 s connected to FSMJ 15
via conductor 14. The FSMJ 15 produces an_output, which is delivered via

conductor 16 10 td1Enéillusyniss theifamspepd meodifigation sysiem25ifgne gesdhtbing engine

. | e | Y . :
o 1 ed i t hi1 mad e tref aRaftbls 3, Epd G2 L4IRRY 1 BoBBERE B PHityelc?
control appar aRus the/fau ispecdqiétifierainitFSMU) 3. & nidmdt§ dedice 33 contliRdvbittin

bl ock di agram of speed nodification system 25 of FIG 2. A schematic
di agram of t h&IMH ISpiscuogramied with gas tpibings engine spedifia fansspeecbcharactesistics,

oreforr ed enboiehiriot SpREP IR Soricerlh fobig i BICTE AL ipeb rorRBeA ' 0, °

i dentificati onewl s€ledtdbniReica opidéhafitdivn PlugCINie eohmEcted to FSMUTISg4 ed to nate
with electrical sockets of FSMJ 15. The electrical circuitry contained in

i dent i fi cat i orfonguater Ao The FAME] b prodyerstaniquinut. Whish isdeliveredivia ennduetps 16
for Lo S ) P e
Fo ot st s RRRitalay 18 EbATH Hight SR IBREEICE 170 o elrve

108 in menory device 13 is selected, while the information relative to all

ot her nodi fi cati on Inwpsraton, eheionsl (eal-dmtriin speedaigiabisanodified pitkini spe¢d
configuration corresponding to the selectjon of characterjstic 108 as

shown in FIG 32 ﬁ?ﬁﬂqﬂ sa#teqai%ééneﬁhwwpdggmgom praramsoi e FRGUGIRE A6+ he
plug 19 is 25 ¢ : q“ HERR ' . ] L hel
correspondi ng l?gs?%l?a&se egtgtl%c?n oyoggggcte%?ssglc%ﬁ%ob%&%zlgs%ﬁ&
oot ng Lhe PLog f Sconnected Lo prevagt aackLvalran of A - Lnappropriate
o 1 catt on' SHEAIcaes BibE 18 eomsaleats FIMAT 15 viskondhiidt 168 sueRom A’ | nct ude |
a prural ity Ofpriferedefbodifieft 1ien Sheetthddiidatiof Vel Siécidn dBvizebeCt cach of

the 30 characteristics 100-110 sho Fig. or a particular engine
model , so t hatiderftifieatién plug\do bas ¥ plerdity of connector pins configured to mate with

electrical sockets of FSMU 15. The electrical circuitry contained in identification

Or4D

plug 19 is designed such that a fan speed characteristic for a particular engine is

20 selected from memory device 13. By example, FIG. 3 illustrates that the information
pertinent to modification curve 108 in memory device 13 is selected, while the
information relative to all other modification curves remains unselected. To achieve
the physical configuration corresponding to the selection of characteristic 108 as
shown in FIG 3, a pair of pins of the plug 19 would be connected when the plug 19 is

25 inserted into memory device 13, such that the circuitry corresponding to the selection

of characteristic 108 of FIG. 3 is activated. The other pins of plug 19 would be
inactivated, by for example, leaving the pins disconnected to prevent activation of an
inappropriate modification signal. A collection of identification plugs 19 would
include a plurality of plugs at least one of which is configured to select each of the

30 characteristics 100-110 shown in Fig. 1 for a particular engine model, so that after



4 Novenber 2003 PCT/USOQ 12663 testing a particular engine's thrust
performance, the plug providing the needed activation could be inserted
into the ci I’&IIII&“II‘% provide, as output from menory devic N@L‘é‘?ml?%@()?%gui red
nodi fication level to control a particular engine. Once the F&dHS0P#264¢ on
plug 19 selects the appropriate fan speed characteristic, 5 the fan speed
charact eri st irestigtadaftivldiediint's AiriQ e Fofitn@aiid)pli Sprofiding Be hied Si gnal
processor 27 via conductor 26. The actual fan s_peedpl s sensed by fan speed
sensor 11 aRetivaigasabldibednsastediingnahe giravitctopspvidy, asioatpub frdmomemoryaleviegnal
processor: 27 1?3@? %‘guec si&g' I%"’Z refce' ved from conductor. 26 and conductor 12
‘to produce a FraHred I @ Ko %ez)II‘)dI’O.n 8 PR A EBBSn speed signal is
sent to the flight control apparatus 17 via 10 conductor 16. In a preferred
enbodi ment, the nuhdeitgsideaviricaes phi Eﬂ“sﬂled@mé'ﬁ?gl%ﬁriatzhﬁl speBdlE - Rekristi,
speed signal is provided to.the engine display Wi thin the flight control
appar at fs 17 ths fapisppedxharagteris®; dga (enmeodification ¢urverdataXis eehtiathesigneld si gnal

I ' I h h [ I, d I [ h
Vakeof frang@roeestel 27 1 Gmaiior o6 TR batbal A sRl o’ apali tan Spetd seiet 88 ne
" operator thatandl kenitited td 888 prddesoRY vifcoddaBidf 89, SRmilfRoldi@ioednbsae

speed which is required to produce the required thrust for the particular
engi ne. Reduétignals reeeiveddram conductor 26tand ggndurtoni2torpratince 8 matifiea fah apeedpeed

by reducing fuel nsu op. The, speed nodifjcaf.i,on system 25 rforms
sel f di agnosfté?‘%cgﬁs @hﬁ‘?gab‘eﬁpe%%g’éﬁ%?ﬁn?%h’ﬁﬁﬁ@ticﬂn %@pgmqgf“a

oper atimnal tahduttst.16an 20 unnodi fied fan speed signal, such as
characteristic 100 of FIG 1, will be transmtted to the flight control
apparatus 17. OPERATION I N A SECOND PREFERRED ENMBODI MENT Referring now to

t he embodi nent i | IIh3Pprefersed ¢mbadimeny thermedifiad fanspeed signaliis analag. Fhesyst em

for a gas turhi i \ | ght contr.ol, appar.at.u . 4.S 2

i dentical to IIIe %@%@é’ﬁ%&éﬁ?@?gﬁ&ﬁdﬁ ngﬁﬁfn%’%gbsplayﬂgtw' eIrs'ﬁIegfﬁglItﬁé’ngﬁlgi ne
20 of FI G 4 apparatuy d29f FIG.€] 401 FIG) Besuth RExt\the Mofified Tard §feed vaRieds pover
managenent cg&trol PMC) 22, and flight control apparatus 17 of FIG 4

i ncl udes an &M8¢TiBanitheacgl gas tushinerengine| spaesd valueindhe takgofi mnget Thisdargenne

di gi tal d Nnput_4: h (G l,ne
di spl ay-lsIB 2 v%mgﬁﬁ%ﬁa?tgyeér IIz”z?I'.IaI’s‘I‘IAeI’qI%? ‘gé;"“_ o‘?#%ﬂﬁp {hat ‘I‘Iﬁ gIIBI“?' s%%ﬁ% BRY P76
' reduced to the targeted fan speed which is required to produce the required thrust for
the particular engine. Reduction in the throttle setting in turn reduces actual fan speed

by reducing fuel consumption. The speed modification system 25 performs self
diagnosis to ensure proper operation, so that in the event of operational failure, an

20 unmodified fan speed signal, such as characteristic 100 of FIG. 1, will be transmitted
to the flight control apparatus 17.

OPERATION IN A SECOND PREFERRED EMBODIMENT

Referring now to the embodiment illustrated in FIG. 4, the fan speed
modification system for a gas turbine engine 20 and the flight control apparatus 17 is
25 identical to the system depicted in FIG. 2, except thét gas turbine engine 20 of FIG. 4
includes an electronic supervisory control known as a power management control
(PMC) 22, and flight control apparatus 17 of FIG. 4 includes an engine display 32
with at least one analog and at least one digital input. The FSMU 15 includes an

output connected to the engine display 32 via conductor 24 as well as an output to the
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4 Novenber 2003 PCT/US00/12663 PMC 22 via conductor 21. Depending on the
specific application, the PMC provides either an analog or digital output
yvia conduct g ﬁnfsq the engine display 32. In this prefet Ne¥erBb&id@08ent

t he engi ne di'splay §2 requires at |east two fan speed indi cath 500 S,
one provided by the PMC 22 and the other provided by the fan speed sensor
11 5 (via the pigy jic od the £ MR Rbvidede
resulting sunme gi]vg?lg(?mlugtgggﬁt b\g/fce{%g?)gndduct %rpe%gé ?é)ﬂlﬁf’al\/tg) 22, angq:'?o t he
f1ight cont rolithemaramalog ordigitat outguictia comdiictar3de piexngineidispkayG2. 4n thig ¢ hough

enboti mont s, PYCTY mBoGaEa B oneme Ry S At iesetor ot ok Whsaripn.
and 10 nodi fi g d@%ﬁcksp&@%gzb,gg#gg: tﬂﬁé&dmet&ﬁéftpﬂﬁ@afwtﬁgf&r%ms&cppe

of the ‘appended clai e present ‘1nvention. 7 venber
2003 C aisvs: (dia the ESMIE DS fnf cqmdostor24)g In anmatieimbicembodimapdbeireshigingl for a

Compr 510 aPORERMBTA SeTicha camipeRBA 1 5 BMG A raad @ e ahe RSP agprps

level data as v?%c?(}ld%@-h&yas%%ifc%a is Bf§dy nodi fication characteristics
b) a [ €

(100-110); east one sp nonitor (11) for measuring real tine
rotational fan speed of the gas turbine engine and providing an out put
signal represent i niitiicash thd presenpimsentian) hasrbeen describedintterms of liig @referyd f or
selecting a fan speed nodifj.cation charac istic o t. (100-1310) from
sai d nenory &&Wﬁ{'&@i';"‘ﬁﬂi)&oﬁpp&mgf &ﬁ?“pﬁi@%ﬁe ?E%Pﬁ:b&%g% ining said
fan_speegh Ml GREdRihs ufdfedl iy Y iddelu it Wepdrd P frdskhe Sidge BRI appalaetil e
speed tog%enerng?cgﬁgi% I |ef an IE‘I[‘)deed Si glr?a?. 2? A system according to
claim 1, wher elaimsahal define thp pemtemtrioivdéntiont i on characteristic. out put
(100-110) is enpirically matched to a predeterm ned |evel of thrust
performance provi ded by said engine (10) at- each nonminal rotational speed.
3. A systemaccording to claim1l wherein said signal processor (27)

provi des said nodified fan speed signal to a power managenent control
system (22). ‘



4. A system according to claim3 wherein said power managenent contr ol
system (22) provides at |east one of an analog and digital signal to a
fiight control apparatus (17). 5. A system according to tNayemberghe?ei n
sai.d signal processor (27) provides as an output said nodified fan speed
signal to a flight control apparatus (17).:6. A systemaccording to claim1l
whi ch provides for the transm ssion of an wunnodified, real tinme fan speed
signal in case of systemfailure. 8 WD 00/ 71876 4 Novenber 2003

PCTI USOQ' 1266817ima: met hod for tailoring a hydromechanical fuel control
system for a gas taAkbt I Riffeld : | speed
performance of a pl u?daftiﬁtfg}epg?hgglsgcfﬁi?bi ne%%géfﬁﬁgﬁfoggtggsh{gﬁgghg@? of
speed nodi fi cat i orhayingrahydeomedhanival fl@Dedntod] systexp cemprisingg noni nal speed
setting versus predicted thrust for said plurality of gas turbine engines;
storing said set speed modi ficati characteristi,cs 00-110) .i.n an

el ectronic rrem)ryo%evi caelnggﬁy e faN ('dgf@as oging fon, speed M %‘E‘P&é?‘)gl dgfaas at
signal representative giurlifeifdak SbedodiicAidhEhaReRAstid¥qiod1gey;i on
characteristics (100-110); c) testing a selected one engine of said
plurality of gas tuyrbine engines to define one of said set of speed

modi fi cation char Jﬁt er |% leastone speedmonitor{d 1)} fop megsyringrealdime rotationsl fanhr ust

versus rotational speegﬁ&gr £ : ' Othe ' {ne; d)
connecting said electrohic Jrrermgy_ Seb\;l?%% 5 H%; {iooa sﬁé%@ﬁosg@gisor (27)
connected to sai d hydr oeredeating adal timeadpeedynt r ol systemto provide
selectability of .said output signal representative of a selected one of

mormor y devi ce (13 andRiRErEr Pltg (DPr Hiriokadrs e medifgiten -
pr edet er m ned connéctic&ﬂm&ﬁgﬁdﬂouq,ﬁtt(@o@.qn ﬁd,@@hiailﬁah{,@m{@u;;gwit to

activate said one of said set of speed nodification characteristics
(100-1120). 8. A hod for alcontrol I&%; a gas. turbine engine having a

hydr omechani cal f |  @signal processor for combining said fan speed modification
characteristic output (100-110) and said real time speed to generate a
modified fan speed signal. '
2. A system according to claim 1, wherein said fan speed modification

characteristic.output (100-110) is empirically matched to a predetermined
level of thrust performance provided by said engine (10) at each nominal
rotational speed.

3. A system according to claim 1 wherein said signal processor (27) provides
said modified fan speed signal to a power management control system (22).

4. A system according to claim 3 whérei;l said power managemeﬂt control _
system (22) provides at least one of an analog and digital signal to a flight -
control apparatus (17). -

5. A system according to claim 1 wherein said sighal processor (27) provides as

an output said modified fan speed signal to a flight control apparatus (17).

6. A system according to claim 1 which provides for the transmission of an
unmodified, real time fan speed signal in case of system failure.
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control system conprising the steps of. a) sensing rotational fan speed
using a speed nonitor (11) for providing a real tinme fan ﬁlgeed s:g% %I
provi di ng r % grm’ ned speed nodification signal (100- 4 Q
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c) summ ng idr If n

<) gal (1807 ) edddfer briap g oA A h 0 S R AL R
according to cl almcfcompmrfngdhmﬂeg)ssofng the step of providing said

nodi fied fan speed si gnal to a flight control apparatus (17) 10. A net hod

according to clai r conprising t . Of pro said

nodi fied fan speed si grﬁéfﬁ Iﬁpgsge &%@W&HS&S@W‘% 8 Hfg’(nﬁ%o. 11. A
net hod according to Cle%taﬁhilﬁa§6@bf§%§déﬂlnﬁbdmcaﬁbn|cﬁﬁ§étcﬂ§tﬂzs flO@i-fll\ﬁjTal og and
digital. signal to a flight contro appar atus (17). 10 (12) ERNATI ONAL
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Deepa , Manahan 12159 modification characteristics (100-110);
()
c) testing a selected one engine of said plurality of gas turbine engines to
define one of said set of speed modification characteristics (100-110)
as representative of actual thrust versus rotational speed performance

of said one gas turbine engine; .

d) connecting said electronic meﬁlory device (13) to a signal processor
(27) connected to said hydromechanical fuel control system to provide
selectability of said output signal representative of a selected one of
said speed modification characteristics (100-110) from said electronic
memory device (13); and

e) installing a circuit modifier having a predetermined connection pattern
into said electrical control circuit to activate said one of said set of
speed modification characteristics (100-110),

8. A method for controlling a gés turbine engine having a hydromechanical fuel

control system comprising the steps of:

a) sensing rotational fan speed using a speed monitor (11) for providing a
real time fan speed signal;
b) providing a predetermined speed modification signal (100-110) from a

memory device (13); and
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(57) Abstract: The present invention provides a fan speed indication system enabling the operator to control engine rotational speed

o to match specific thrust performance to flight requirements. The invention accommodates variations in engine thrust performance

a measured at manufacture or overhaul. In one embodiment, the invention provides an analog speed signal to flight control apparatus.
The invention may also be configured to provide a digital speed signal to engine power maragement control apparatus.




