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Art for gas turbine engines wth hydronechani cal fuel systens, the

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.
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signal di,spl a nit re dified signal is used by the pilot to set
t he eng?]r?e faﬁnéig?e‘g#]%ﬁeﬁ%ﬁesponds to the desired thrust level. Mre
particularly, the engine operator sets the engine throttle so that the

modi fied fan SPRAMARYOH THEUBIVENTION target fan speed corresponding to
the desired thrust rating for the given anbient 25 conditions. Since the
target fan speed ig_set using the nodifjed fan speed s ngi ne
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will run at a | owerl g pEsentiaventiopis aptatipng! spsed indication systerg forgas i fied
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T/ UB00P1 260 8MERF BRI SEAPBTIGER] BSEIOTRENGS MYRAR AL SBiTRI OO R 2% on
and advant ages, eliclite ath&ifRe Infud SEtifE pAUmBIEP Eh Yp). ClirvésTepreb iR el
w || becone apparent upon consideratioh of the follow ng
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 particularly, the engine
operator sets the engine throttle so that the modified fan speed signal matches the
- target fan speed comresponding 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. This 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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description, taken in conjunction with the acconpanying figures in which
like 5 reference characters refer to like elenents, and in which: FIG 1
hs a graphical representation of fan speed nodification IeMeyemkpr@§oso
provide thr ué‘fo?‘l’ﬁﬁ?ﬁ ng for a range of engine thrust output v&CTAISOV/iZ6y3
FIG 2 is a schematic block diagramillustrating a preferred enbodi nent of

the systemfor controlli ng g@i iurbi a&fﬁg: Eer Egt ational speed in
accordance with the 10 pre ' > tic bl ock
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ngeded to pr osistem forcontrolinggas tushbing engingentatisnabspeediizthacgardance wvith thepeed
set'ting.,,The fan stpeed performance characteristics 100-110 are enpirically
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are largest at takeoff speeds, where engine performance deterioration due
to high tenp&Ysiamferdusedn esgsenkinvambion, of the characteristics 100-110
represents the speed 5 performance of sone nenbers of an engi ne nodel

famly. Characteri $tCy ng?c 'H L Rin %Ts&g esponding to
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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
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*for a ges turlssiRovwald the lowdt edami dekctigmbf FIGILI, Ab cafidionlisifectéd fdraas speed
sensor 11 is connected via conductor 5 12 to the fan speed nodifier unit

(FSMJ) 15. A Whies snginesiatidlespeedsdiecausaa@ thiushisgengraggd an islle. | As hesgeinamed

wi th gas turbj i L &1, h 1S5 ) . as for
exanple, t hebééﬁgorag@%eﬁeso ?flo s@%‘{sbﬁlﬁ&ﬁpﬁtsc&%@i @%@ﬁ%‘%&%@%@g ﬁ’? ation
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conduct or 16 th¢maxinymenging pperatingeanditions (idlinelnthefdevel pf medification declines

apparat g 17. sh'r:]afbslgggsg@ﬁihﬂ&x el ofipht R sefeb £ by thd Bilot| RS APARLafindBThe fafi

nmodi fied withi
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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nodi fication system 25 and then sent to flight control apparatus 17 via
conductor 16. FIG 3 illustrates a schematic bl ock diagram of speed
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whi ch i s conf icgnductor 4. The EEMLE L3 pradpcasian ontputshish isdelivered via enmduator khown
in Fig. 1.f i cul. - 5 1 WD 00/ 71876 4
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into the circuit tdnpperdtichs thesctwl (realt-tithe Dian spewdrsigndbisi madifidé@ withinaspeatiui r ed
nodi fi cation lemﬁ to contrql a particul ar engine. Once the-identification

vel
plug 19 sel ect@odifigationsysemi2aapd then sspdedlight conwelapparams 17 via copdueter 19 peed
characteristi Aatel R i [ : i : '8 S I
processor 27 \(}Tlgag?#\ uctor%@&gwggt u% 'Igﬁgﬁgmg%ghgéﬁfﬁgg@beed
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embodi ment, the nodified fan speed sign I s anal og. Then nodi f1ed fan
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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



| arger than the actual gas turbine engine speed value in the takeoff range.
This larger 15 indicated fan speed value inforns the engige oper at or t hat
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required to produce the required thrust for the particul ar &fdf{e9/12663
Reduction in the throttle setting in turn reduces actual fan speed by
reduci ng f uekestinpalpaRicuted endiie's &%ﬁ%ﬂ@%ﬂ&@ﬁe%%ﬁ%&ﬁm e B&gk@r M5 sel f
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depicted in FIG 2, except that gas turbi ne engine 20 of 4 includes

an el ects oni éhesfapspeadsharactenistic data koranedificationaune data)ia gentimthesiguat ol
(PMC) 22, an | i ghty,contral a rafus 17 of FlIG.-4 includes an engin
G spl ay 32 S 27 SSonghe SRR The Sorel 180 poeaCs ssperlintfar SpeHlsper THhe
- FSMJ 15 i ncl uﬂe&aafhﬁneuwﬂgnﬂ@mﬁo?d?wé&iﬂuemmes%h rdessot 271s@ms the
conductor 24 as well as an oufput to the 6 i WO 00/ 7I876 4 Novenber 2003

PCT/ US00/ 126 &Enpivreceived;frons contivetas 26 and coadantefi i2togroduce agnmlifi¢d fan speed
_application, _the R raoxi des eifher .an_anal r, digital ou Vi a
conduct or 235{%‘3{-h§%‘§ﬁ3‘£ﬁ§gmﬂ§¥h§?P“Eﬁ?@’%fg#&fcgﬁ?’%lcﬁpgﬁé’gﬂm, t he
engi ne @ spl eynduttdra@ui res at least two fan speed indication inputs, one

provi ded by the PMC 22 and the other provided by the fan speed sensor 11 5
(via the FSMJ 15 and conductor 24). In an alternate enbodi nent, the ‘

resulting summed IBpgrrieredembodiment, thegnedified famspeedsipnat ivaalegadheo t he

flight contr ' ' 4, as depicted in ElG. 4. t hough
the present  iRGARRER G il K3GUGRElo (6F colle REBLS & uldln gl pontrol
enbodi ment s, apparasuk 117 lof FER.PARIFIG. 8, §udB$Bat ke baificd Tarl §iRed bighdlahlvehianges
and 10 nodifications thereof may be made w thout departing fromthe scope

of the append@fger thapiheaciuphgas fubineengine speed value inihe kpoff range Thisdargere r

2003 d @l ns: ; . i Chi . | £ S| L, for a
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conpri sing: 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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a) a nmenory device (13) for storing fan speed nodification |level data as a
plurality of fan speed nodification characteristics (100-110); b) at |east
one speed mopitor L11) for measuring real time rotati onal”"’&ﬁem,ge’@@%f t he
gas turbine engrne and providing an output signal represent it/ YE811246% ne
speed; c) an identification plug (19) for selecting a fan speed
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engi ne (10) at ‘eac rotational speed. A system according to .
claim1 wher ei(viazhé BSMUY hSbndondesten24) 7 an pitemattembodimentabe faseltingan speed
signal to a power managenent control syste . 4. A system according to
cl ai m 3 wher eiSH%dcﬂMrseﬁ‘a‘ﬂﬁg%'H’é‘ﬁPréi e Mé %éﬁﬁéﬁpé'}é;mﬁf’ﬂ&’

| east one of AN bSiledlin @l to a flight control apparatus
(17). 5. A system aég%;g?,%%?gb%ﬁgﬁg wherei n said signal processor (27)

provides as an output said nodified fan speed signal to a flight control
apparatus (17). 6. Altlsoughebm present thivestianchas| beemddsenhedin tenmsaf dis preferred he
transm ssion of .an. unmdifjed, real tine f d sj | in se of
system fai | ur &m %/“7‘!5% @pﬂﬁ\%?ﬂfb?s%g@'ﬁgg% ﬁ@@?ﬁ%’? a‘;ﬁ A net hod
for tail giNg dodiieltRii A Gy HelifiddeNOGR depatthe Fomdthe &:opadf téaPpéitled
engi ne conprising the steps of” a) nodeling speed perfornmance of a
plurality of ghkimsubdridefinethgipresenttinventionabl i sh a set of speed nodification
characteristics (100-110) representing nom nal speed setting versus
predicted thrust for said plurality of gas turbine engines; storing said
set of speed nodification characteristics (100-110) in an electronic
menory device (13) configured to provide a selectable output signal

representative of a selected one of said speed nodification
characteristics (100-110); -




c) testing a selected one engine of said plurality of gas turbine engines
to define one of said set of speed nodification characterlstlcs %éoo 110)
as representative of actual thrust versus rotational spe fRe of
sai.d one gas turbine engine; d) connecting said electronic nennry devi ce
(13) to a signal processor (27) connected:to said hydronechanical fuel
control systemto provide selectability of said output signa
representative of a selected one of said speed nodification
characterlst|6éaéme -110) fron1sa|d el ectronic nenory device (13); and e)

installing a £l T CuAsyamerdig  PhoBitRATHP R AN 0P BIEE hirBie RALHE"

into said electrical contr uirt to acti
speed nodi ficati odlaﬂmmtdmmmhawa(ﬂﬂbem) system éomptisiong: for controlling a
gas turbine engine haV| ng a hydr onechani cal fuel control system

conprising the st of 8')“ Sk n at onal f an gﬁ_%clifus n eed

moni tor (11) for ovuﬂlﬂ ary eé’é‘feg(tllg' rfs &‘bﬂ’e&é 1”6’?“8?‘6\1/38‘?
predet er m ned speed Mo dibiraly dﬁﬂn&%ﬂ%ﬁodxﬁ%ﬁ%ﬁhﬁ&ﬁéﬁ@ élm‘w devi Ce
(13); and 9 4 Novenber 20 3 00/ 71876 PCT/ USOQ 12663 c) ‘'sunm ng said

real tinme fan spegg slgn nd sai d speed nodification slgnal (100-110) to
provi de a nodifiedfa ngisgeed moitord1kifor meastringrarl tihe wianenahfa

further conprising the ?Eéﬂ si gnal to
a flight control appara uspbﬁ%g gﬁ%@%e@ﬂéo%‘ aﬁ@gfrd%dgﬁﬂ“{%ﬁ%ﬁssﬁ)a@%% further
conprising the step of representinggeal time speedji fi ed f an speed signal to a power
managenent contr ol system (22). 11. A method according to claim10 for
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Organi zati-on I nternational Bureau (43) I nternational Publicati on Date 30

November 2000 (-30. d}l ZOOOgnaj ogc a rnat i onal Patent Classification':
FO2C 9/ 28 processor or 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 wherei;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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output signal representative of a selected one of said speed

- modification characteristics (100-110);

i
—

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



ning of each regular issue of the PCT Gazette. (54) Title: SPEED
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Abstract; The present invention provides a fan speed indication system
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thrust performance to flight requirenents. The ention ac
vari ati ons i n engmdified fantspessh signaltne Sighteestolegpatatusgil)f act ure or

overhaul . In one enbodi ment, the invention provides an anal og speed si gnal
to flight cogprol - i ' al.so,be configured t
provi de a di glb't al %a%ggfgﬁtsaygor{%-&tqg c%%wgﬁm%%WP ogB?ﬂg’F g said
appar at us. modified fan speed signal to a power management control system (22).

11. A method according to claim 10 for providing at least one of an analog and
digital signal to a flight control apparatus (17).
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