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ence of a predetermined low noise level and biases the compensation when a
certain noise threshold is Technical Field
exceeded. Hence, the rate bias factor is reduced be- tween 1 and 0
proportionally with the magnitude of This invention relates to sensors and
particularly   5   the noise spike evidenced In the excessive noise to
noise compensation means for a temperature sen-           threshold to cut
back on the amount of loud compen- ear for enhancing the accuracy of the
signal being           sation. sensed. Summary of the Invention Background
Art                                10 An object of this Invention is to
provide means to As Is well known, the aircraft Industry is expend-
improve the accuracy of a sensed signal subjected to ing significant
efforts in increasing the flight speed  unwanted noise. and performance of
aircraft which is particularly true  A feature of this invention is to
provide means to with military types of aircraft. It generally follows that
15  compensate for noise levels above a given threshold to achieve higher
aircraft speeds, the demands on the           for a temperature sensor that
has lead compensation airframe's propulsive system is increased, thus re-
by modifying the value of compensation as a function quiring increases in
the rotor's RPM, air flows and the  of the noise levels. like.
Unfortunately, accompanying these increases        Another feature of thl
invention is to bias the are noises that tend to Interfere with the
accuracy of  20  lead compensation of a computed temperature sensors used
on these aircraft.                   sensed signal as a function of
aircraft flight condi- In heretofore known controls that employ digital
tions. types of eletronic computers to assure the accuracy necessary to
effectuate the control function It has  Brief Description of the Drawings
been customary to add lead compensation to com-  25 pensate for the time
lag response accompanying the   Figure 1 is a schematic and block diagram
of a measured parameter (see e.g. US-A-3 691 405).       compensated
temperature signal biased in accor- The temperature sensors that measure
the tem-  dance with this Invention. perature ofthe    path in the
Inletofthe power plant   Figure 2 Is a block diagram of the biasing signal
to which the invention pertains, are thermocouples  30   utilized In Figure
1. encased in a protective sheath. The output ofthe ther- mocouples, which
are typically of the bi-metal con-    Best Mode for Carrying out the
Invention struction, is relayed to a digital computer that together with
other sensed parameters control the operation of  The Invention in the
preferred embodiment is util- the power plant. In heretofore known controls
de-   35   ized with a full authority electronic digital fuel control,
signed for this purpose, so as to compensate the sig-  as for example, the
fuel control Modal No.EEC-104 nal generated by these thermocouples to
offset the  manufactured by the Hamilton Standard Division of effects of
thermal lags . lead compensation is added  United Technologies Corporation
used on the PW to the computer software. Hence,the final signal em-  2000
engine models or the digital fuel control for the played by the control
generally will have been filtered   40  F-100 engine manufactured by Pratt
and Whitney of and have added thereto the lead compensation to    United
Technologies Corporation, the assignee com- compensate for lag inherent in
the thermocouples   mon to this patent application. response time.
Suffice it to say that these engines noted above However, as  mentioned
above, the treatment       are of the twin-spool axial flow turbo fan type
and the heretofore employed to protect against the noise lev-  45  engine
control serves to meter fuel to the engine and els are not adequate for
these advanced engines. As  vary engine geometry to achieve power
scheduling a matter of fact, it has been found that not only does
automatically in response to the operator's power set- the lead
compensation fail to handle the excessive     ting. However, the Invention,
as will be appreciated by signal noises accompanying these advanced en-
those skilled in the art has utilization for other types gines, but it also
has a tendency to amplify the noise  50  of engines and other applications
where excessive even further which impairs the accuracy of the     noise is
a problem. sensed signal to the point where the signal is unac-   The lead
compensation which has heretofore ceptable for controlling aircraft engine
operation.  been employed is illustrated in Figure 1 and will be We have
found that we can obviate the above not-  described herein below. The
typical thermocouple for ed problems so as to prevent the control from
over-  55  measuring gas path temperature  generally indicated reacting to
excessive noise. To this end, a sym re-   by reference numeral 10 includes
a sheath 12 sur- sponding to the noise level permits the normal lead
rounding its sensing elements of the thermocouple compensation to adjust
the sensed signal in the pres-   10. The sheath 12 having an opening 14
facing the 2    
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is suitably mounted to the engine  Claims inlet case 16 which is generally
represented by refer- ence numeral 18.                                   1.
Computerized control for controlling a gas tur- The signal generated by
thermocouple 10 is re-     bine engine having a temperature sensor for
layed to the computer where it is first filtered by a suit-   5  measuring
the temperature of said engine, said able filter 20 and for the hysteresis
22 to re-            computerized control being responsive to a tem- move
low amplitude noise. The lead compensation is      perature signal from
said temperatre sensor, then added In a well-known manner represented by
lead compensation means in said computerized the block 24 so as to
compensate for the inherent lag      control for compensating for the lag
in time re- in the time response of the actual engine Inlet total  10
sponsiveness inherent in said temperature sen- temperature signal(TT2)
generated by thermocouple       sor, means responsive to the level of noise
asso- 10. This output signal is the lead lag value (TT2LLD).  ciated with
said temperature sensor for generat- According to the invention, the output
of the TT2    ing a signal to bias said lead compensating compensation time
constant logic(TCLD) generated      means whereby said lead compensation
means in box 26 is multipled at the multiplier 28 by the TT2   15  is
reduced to provide less lead compensation to compensation bias logic
(XT2TC) represented by the    said computerized control when said noise
level box 30 to be described hereinbelow. Since the value     is above a
predetermined value. of XT2TC equals (1) one during normal operation, i.e,
when the noise level is below a given threshold, the  2. Computerized
control as in claim 1 wherein said full amount of lead compensation is
permitted. When-  20  temperature sensor Is a thermocouple. ever the value
exceeds the noise threshold, XT2TC Is reduced to some value between (0)
zero and (1)one      3.Computerized control as in claim 2 wherein said to
cutback on the amount of lead compensation. For     noise responsive means
Includes a rate produc- high noise levels,the bias value is made
proportional     ing means responsive to said thermocouple, to the noise
spike.                            25       function generator means
responsive to a time As noted in Figure 2, the sensed total tempera-
constant of said temperature signal for producing generates a signal
Indicative of the actual rate of the  rate of said temperature signal,
maximum select temperature  in sensed (UTT2SN). This signal is       means
for comparing said.threshold value and converted to an absolute value by
the circuitry in box   30  the actual rate of said temperature signal for
se- 32 which is the input of the maximum value select rep-  lecting the
higher value thereof fgr producing a resented by box 34. The maximum select
selects be-         maximum value signal, dividing means for divid- tween
the absolute value of the rate logic and the cal-   ing said maximized
value signal by said threshold culated threshold rate (UT2SLM). The
calculated           value signal for producing a signal indicative of
threshold rate level is the highest TT2 rate that the   35  said threshold
value, and multiplying means for thermocouple is capable of measuring at
the given      multiplying said threshold value signal by said flight
condition TT2 rates above this level are pre-   time  constant for biasing
said lead compensation sumed to be caused by high level noise. The UT2SLM
means. threshold signal is generated by the computer as a function of
aircraft or engine operating variable(s)  40  4. Computerized control as in
claim 3 Including such ,as altitude or rotor speed and the like and this
means for biasing said function generator as a signal becomes the numerator
value in the divider 36    function of aircraft and/orengine operating
para- where it is divided by the output of the maximum se-  -   meters.
tector 34. When the actual rate of UTT2SN is equal to or less than the
threshold rate of UT2SLM, then     45     Computerized control as In clalm
4 wherein said XT2TC will equal (1) one (normal noise level). When
operating parameter is altitude. the value of UTT2SN Is greater than
UT2SLM, this signal will be the input signal to the divider where the  .
Computerized control as in claim 4 wherein said divided UT2SLM  equals some
value  between (0)       operation parameter is rotor speed. zero and
(1)one ( excessive noise level). Obviously,  50 the biasing signal, which
biases the lead compensa- tion signal generated In box 24, will serve to
prevent  Pstenthnspr~che the engine/control system from overreacting to ex-
cessive TT2 signal noise.                           1. Computergef0hrte
Steuerung zum Steu ern enes 55      Gosturbinentriebwerks, das anen
Temperatur- sensor zum Mesoen dar Temperatur des Trleb- werks hat, wp.bel
die computergqfflhrb Steue- rung auf ein Tempsratursignal aus dem Tempera-
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flow of the gas path is suitably mounted to the engine  Claims inlet case
16 which is generally represented by refer- ence numeral 18.
1. Computerized control for controlling a gas tur- The signal generated by
thermocouple 10 is re-     bins engine having a temperature sensor for
layedtothecomputerwhereitisfirstfilteredbyasuit-   5   measuring the
temperature of said engine, said able filter 20 and adjusted for the
hysteresis 22 to re-  computerized control being responsive to a tem- move
low amplitude noise. The lead compensation is     perature signal from said
temperature sensor; then added in a well-known manner represented by
lead compensation means In said computerized the block 24 so as to
compensate for the inherent lag   control for compensating for the lag in
time re- in the time response of the actual engine inlet total  10
sponsiveness inherent in said temperature sen- temperature signal (TT2)
generated by thermocouple      sor, means responsive to the level of noise
asso- 10. This output signal is the lead lag value (TT2LLD).  ciated with
said temperature sensor for generat- According to the invention, the output
of the TT2  ing a signal to bias said load compensating compensation time
constant logic (TCLD) generated      means whereby said and compensation
means in box 26 is multiplied at the multiplier 28 by the TT2   15  is
reduced to provide less lead compensation to compensation bias logic
(XT2TC) represented by the     said computerized control when said noise
level box 30 to be desribed hereinbelow. Since the value    is above a
predetermined value. of XT2TC equals (1) one during normal operation, i.e.,
when the noise level Is below a given threshold, the  2. Computerized
control as In claim 1 wherein said full amount of lead compensation is
permitted. When-  20  temperature sensor is a thermocouple. ever the value
exceeds the noise threshold, XT2TC Is reduced to some value between (0)
zero and (1) one  3. Computerized control as in claim 2 wherein said to
cutback on the amount of lead compensation. For     noise responsive means
includes a rate produc- high noise levels, the bias value Is made
proportional  Ing means responsive to said thermocouple, to the noise
spike.                            25     function generator means
responsive to a time As noted in Figure 2, the sensed total tempera-
constant of said temperature signal for producing ture signal (TT2SN) is
fed to a logic network 31 that  a signal indicative of the threshold value
of the generates a signal indicative of the actual rate of the  rate of
said temperature signal, maximum select temperature being sensed (UTT2SN).
This signal is      means for comparing said threshold value and converted
to an absolute value by the circuitry in box   30  the actual rate of said
temperature signal for se- 32 which to the input of the maximum value
select rep-  lecting the higher value thereof for producing a resented by
box 34. The maximum select selects be-     maximum value signal, dividing
means for divid- tween the absolute value of the rate logic and the cal-
ing said maximized value signal by said threshold culated threshold rate
(UT2SLM). The calculated        value signal for. producing a signal
indicative of threshold rate level Is the highest TT2 rate that the   35
said threshold value, and multiplying means for thermocouple is capable of
measuring at the given      multiplying said threshold value signal by said
flight condition. TT2 rates above this level are pre-  time constant for
biasing said lead compensation sumed to be caused by high level noise. The
UT2SLM     means. threshold signal is generated by the computer as a
function of aircraft or engine operating variable(s)  40  4. Computerized
control as in claim 3 Including such as altitude or rotor speed and the
like and this  means for biasing said function generator as a signal
becomes the numerator value In the divider 36  function of aircraft and/or
engine operating para- where it is divided by the output of the maximum se
meters. lector 34. When the actual rate of UTT2SN Is equal to or less than
the threshold rate of UT2SLM, then   45  5. Computerized control as In
claim 4 wherein said XT2TC will equal (1) one (normal noise level). When
operating parameter is altitude. the value of UTT2SN is greater than
UT2SLM, this signal will be the input signal to the divider where the  6.
Computerized control as in claim 4 wherein said dividend UT2SLM equals some
value between (0)          operation parameter is rotor speed. zero and (1)
one (excessive noise level). Obviously,  50 the biasing signal, which
biases the lead compensa- tion signal generated in box 24, will serve to
prevent  PatentansprUche the engine/control system from overreacting to ex-
cessive TT2 signal noise.                           1. Computergefuhrte
Steuerung zum Steuern sines M       Gasturbinentriebwerks, das eonen
Temperatur- sensor zum Messen der Temperatur des Trieb- werks hat, wobel
die computergefahrte Stue- rung auf ein Temperatursignal aus dem Tempera- 3
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* C   L   M   S * tursensor anspricht, mit siner Vorellungskom-
commands automatique r6pondant h un signal de pensat.lonsoinrchtung in der
computergeflhrten      temp6rature en provenance de ce capteur de Steuerung
zum Kompensleren des Nachollens           temperature, compronent un moyon
de cqmpen- im z*tilehan Ansprechverhalten, dfe drn T-          g sation en
avanco, d no la commands autometi- perattjrgens~or nhlrent let, und mit
etner ~inrlch-   s  que par ordinateur, pior comp.enm r Is retard .t~ung,
di, gut den Rauschpegel, watchejr ftn       dens la temps de la r~pnsa
retard qul est inh- Tom peratursonsor zugeordent lot annspr~cqhtL uln
rent au ceptour de te~pOretwp, un moyon reponw ein Signal zum Vorspannen
der VoreIlung.enm-        dant au niveau de brult ewocIl qu capteur do
pene"lne.mlnrichtung zu erzeugen, wo4yroh d.        tmpdrature on
prQ4Wleant un slinatl pQur pQlari- Vo~rn~LIupngsrompgnsaetlonseinrichtung
rszj*,t  tO  aerIe moyon.do copqrj  on avncodob.I wprd, ur.wnlnir Voral
lungskrmpenpqn   In h  r      kgoon que fe moyon 45 comnaatirn M avance
qP1Mputorgjpffhrtln  Stsuorung  zu. bwim,           s.0tr6dult pourfo
urnlr,, la t4.mmando automat- woenn ,dfier 1ha,,us~ohpegsl oberhalb e~lnes
voro-  quo par ordinstour, une compenstlonenaveno otjir,,rnn WV9a let.
-mondre iquo Is niveau du bruit so trouve au- 18      deaus d'uno valour
pr6OftormIn6oe. 2  Computorgetf.hrto Stouerung nagh Anspruch 1, w~o~l 4r
Tomperatursensor em Thsrmoopmen~t      ,2. Commando automatiqus par
ordinateur sulvant Ist.                                                Ia
revendlcatbon I cargctriues on cs quo Is cap- tbur de temperature est un
thermocouple. 3. Computergefflhrto Steuerung nach AnsprucJh 2,  20
wQ.be.dJpie.rch mptind Ihe Einrichtung.emsen-   3. Commando autoinatique
par ordinstpur sulvant deruonge.sgchwindigksltserzeugungseerinqhtung
la revendloation 2 qaractrisho  en ce quo Is auwoist, -die ,uf des
Thermodiement anspricht, 0o1-  moyen repondant au btrult wmport. un moqyn
do ne Funktionsgensmtorelnrlchtung, die auf sine       production dune
valeur nom.inale r6epondent au ZE.itkowan~t dos. Temperaturuignale onwrrsht
25  thermocoupole, un mntyenng.nrat.r dofw tion ,um sin ftnal zu orzeugon,
das den Schwellonw-nt    repondant A une conajagno .dOtempa du signal de
der Andoringuegechwindlgkoit des Tempqrst           tomperature pour pruiro
un signal Indlquan t ia .gnuas eangil. ,eino Maximalwertwahleinrichtung
valeur de seull de Is valour nomhal,edu signal do zqm Verg1kchan dse
chwellsnwertew Odr liepan-      termperature, un mg9yon 4, a Jiotlon de
maxi- * ,d,.rung~sg2cJhwindlgkeit des T~emitere~tuy~rW.V..IgYn4JS,  30  mum
pour cmompare. r 1 a vour doseti S BI e. valour umn. den hohen Wert davon
zum Erzeuen e1-          nqminalo eftective du signal do hmperature, atm
:n~es Msxi~majrtslgnals auszuwahien, sile Divl-     de salectionner callso
4cas velours qul sat Is ,dl~re~lnrlcht~ungg zm Dvidisren des Maxima~lwrt-
Pius eleve6 pour priylrs un signal do valour signals durch das
Schwellenwertsignal, um o.lp      maximale, un moyen de d.viglon p.our
divisor co Signal zu erzug.en, des den Schweolenwert ,an-  35  signal de
valour mrxirnelie par Is soigqnal de valour gibt, und sine
Multipliziorelnrinhtung zum Multi-   de seull, afin de produlrs un signal
Indlquant la plearen dc,*:lfchwellenwertsaiWs mit der Zeit-
valeurdeseull stun moyendemult! ljoation pour konstpnta zum Vorspannen der
Vorellungaekon-        multipilere. signal de vaIsur de soull pqaras cons-
pens tionashtung.                                   tents de temps, afin de
poleriser. l moyen de 40      compensatIon on evanag 4. C.omputergeti'hrte
Steuerung nach Anspruch 3, mit elner Einrichtung zum Vorspannen des Funk-
4. Commando a*utomatique pr ordinetour sulvant tionsgeneraOtors als
Funktlon von Flugzeug-         la revendicatlon 3  cgructrls6e en co qu'll
un4Idssd,,.r Trbwerksbetrlbsperomrtern.           Qomporto un moyen pgU
pglajier le g~n~ratsur 45      de fonctlon en fonction d,
parmhtre9s:op.ratlon- 6.  Qmpu~torgetOhrte Sbouerung nach Anspruch 4,
nels d'un a6ronetf t/ou d'un motpur. wobel der Betriebsparamster dle H1heo
st. 5. Commands ayt.orniftLye par ordinatbur sulvant 6. Cmprutneprgofthrt9
Stsuerung naoh.Anepru-ch 4,     Ia revendicpatlon 4 Wactyrlie en co quo Is
pa- wogjui .er Pstr  sparameter dle  ptborclrshzahl  so  rametre
opkretlonnel oat l'altltude. ist. S. Commands aut omtlquo per ordinatour
sulvent l rovendlcthn 4 cgratrleao en co quo l pa- R.e. voeondic.tlo~ns
rambtre op~ritlonnql .set la vitosse du rotor. 58 1. Comrnmande eutomatique
par ordinateur d'un tur- ,bomoteur ayant un captour de tomphrature pour
mesurer Ia temperature du motour, cotto 4    


