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merely by ignoring the worse case scenario. Obviously, such is an
unaccceptable solution to the problem, since This invention relates to gas
turbine engines for  surge must be avoided at all operating conditions to
as- powering aircraft and more particularly to that portion of  sure flight
safety. the control system designed to control the engine's op-  5  As is
well-known, fuel controls such as the JFC-12, eration during acceleration
which may further include  JFC-60 and JFC-68 manufactured by the Hamilton
means to compensate for variations in the fan operating  Standard Division
of United Technologies Corporation, line when scheduling fuel flow for
acceleration.   the assignee of this patent application, provideopen loop
As is well-known, gas turbine engines that utilize ax-  schedules with
sufficient stall margins for avoidance of ial flow compressors are subject
to stall and surge. Stall 10 stall in all contemplated operations of the
engines. For may occur in the compressor when the angle of attack  details
of acceleration controls, reference should be and other conditions are such
that the boundary layer of  made to the aforementioned control models. the
air adjacent to the compressor blades separates in-  Such control systems
manifest a control parameter ducing a pressure pulsation. If the pulsation
does not  that is indicative of [err] (where [err] is fuel flow rate in
subside and is allowed to propagate to other blades, the  15 pounds per
hour and [err] is burner pressure in pounds entire compressor will surge
which could lead to an en-  per square foot absolute). This parameter
varies as a gine malfunction. The industry has attempted to elimi-
function of compressor speed (eitherthe lowcompressor nate surge or provide
means for insuring that surge will  [err] orthe high compressor N2) in
atwin spool engine and not ensue, and if so, in situ, a remedy is designed
to ob-  other engine parameters selected to correct the speed viate the
condition.                           20 to a baseline value and is
multiplied by actual burner US-A-4 117668 disclosesastall
detectorforgastur-  pressure [err] or its equivalent to schedule the proper
bine engine. Stall is detected by monitoring the acceler-    fuel flow to
the engine for engine acceleration. ation schedule of the engine's fuel
control and an engine  Other engine control schemes may utilize a [err] or
[err] operating parameter, either compressor speed, com-  (rate of change
signal) to provide the same function as pressor pressure and computing
signals indicative of 25 the [err] parameter. But, in either instance
orbyacom- when both the fuel control is on or near the acceleration
bination of the two, the stall margin is excessive and/ or schedule and
when (1) the compressor speed is decay-  inherently provides slow
accelerations when not operat- ing at a given rate or (2) compressor
discharge or burner  ing under worst case conditions. Such inadequacies of
pressure is decaying at a given rate or (3) the pressure  these systems are
acerbated even further when engine ratio of low compressor discharge
pressure to compres- 30 operations deviate from the norm due to power
extrac- sor inlet pressure or burner pressure to compressor inlet    tion,
compressor bleed and engine efficiency degrada- pressure is at a
predetermined low level, an output signal    tion. is manifested.
It has been found that one can provide a control Historically, fuel
controls are designed to provide an  scheme that assures the optimum
acceleration (most open loop schedule that has sufficient surge margin to
35  rapid) without risk of compressor stall with any combina- assure that
the engine can be accelerated without incur-    tion of bleed, power
extraction and engine condition. This ring surge. The accepted philosophy
for such schedules  invention contemplates a closed loop system which pro-
is to provide sufficient margin between the engine oper-  vides an
acceleration control which generates a simulat- ating line and the surge
line at the worst operating con-  ed compressor stall limit signal which is
converted to a dition so that no matter what engine condition is encoun- 40
desired burner pressure limit. This limit is calculated by tered, surge
will be avoided. The margin provided using  selecting a desired engine
pressure ratio as a function this philisophy is a compromise between the
rate of ac-  of corrected high pressure compressor rotor speed and
celeration which could be achieved under the safest op-  closing the loop
on actual burner pressure to control fuel erating conditions and the surge
margin required for the  flow to the burner. The error between the actual
burner worst operating condition. Since acceleration time is al- 45
pressure signal and simulated compressor stall limit sig- ways sacrificed
in favor of avoiding surge, accelerations  nal determines the rate of fuel
flow during acceleration, are not as rapid as desired or possible when
operating  properly accounting for compressor bleed, power extrac- at
conditions other than the worst possible combination.  tion and degradation
of engine efficiency. Of course, it is ideal to accelerate the engine as
rapidly  The desired engine pressure ratio may be a limiting as possible,
so that in this scenario any means that will 50 ratio of burner pressure
and another engine pressure. assure avoidance of surge while allowing rapid
acceler-  Such a control mode relies on the use of a function gen- ation at
all operating conditions is a desirable objective  erator which utilizes a
ratio of burner pressure and other in this art.
engine pressure to simulate high pressure compressor Since the surge margin
required for acceleration is  pressure ratio. There are numerous engine
stations normally dictated by the most severe operation, the en- 55 where
the measured pressure correlates well with high gine may encounter (even
though that situation hardly  compressor inlet pressure. Those locations
include, but arises, if ever ), it is quite apparent that the engine oper-
are not limited to, total and static pressure measure- ation can be
enhanced at most operating conditions  ments at any point along the fan
bypass duct, augmentor 2  



EP0401 152 B1                    4 inlet pressures, and pressures at the
fan discharge. As  lates acompressorstall limit by generating a limiting
ratio pressures near the aft end of the fan bypass duct are  of burner
pressure and other engine pressure as a func- used to simulate compressor
inlet pressure, duct losses  tion of corrected high pressure compressor
rotor speed in the fan duct have an influence on the correlation be-  and
closing the loop on actual burner pressure by con- tween sensed pressure
and the simulated compressor  5  trolling fuel flow to the burner. inlet
pressure. The impact of fan duct losses on the cor-  According to a still
further aspect of the invention relation between compressor pressure ratio
and the se-  there is provided an acceleration control that can be im-
lected control variable is greatest when the ratio of bum-  plemented
electronically, either by analog or digital con- er pressure and augmentor
inlet pressure (P6) is used  trols, while utilizing current
state-of-the-arttechnology in- to simulate high compressor pressure ratio.
When using  10 cluding the use of existing sensed parameters and con- this
variable [err] as a control parameter, changes in    trol systems. duct
loss due to fan operating line variations can alter  According to a further
aspect of the invention there the correlation between this parameter and
pressure ra-  is provided an improved correlation schedule for a gas
tioacross the high pressure compressor. When using the  turbine power plant
that utilizes [err] or similar control ratio of burner pressure and other
engine pressures for-  15 parameter as the control parameter for engine
acceler- ward of the augmentor inlet as a control parameter, the  ation by
including control logic to compensate for varia- impact of variations in
fan op-line on duct pressure loss-  tions in fan duct losses. The [err]
ratio includes a pres- es and the subsequent impact on the correlation be-
sure indicative of burner pressule and a pressure which tween compressor
pressure ratio and the selected con-  correlates with compressor inlet
pressure ( in this case, trol parameter is less, but still impacts the
correlation. 20 augmentor inlet pressure P6). Since the previously
described acceleration control    According to another further aspect of
the invention serves to schedulethe limiting pressure ratioforthe high
there is provided compensation for fan duct pressure pressure compressor,
it is necessary to assure that the  loss by generating baseline that is a
function of corrected selected control parameter ([err], for insatnce) is a
valid  low pressure compressor rotor speed and engine pres- indication of
the high compressor pressure ratio.  25 sure ratio (EPR) and calculating
the error ([err] EPR) be- lt has been found that a suitable compensation
can  tween this value and measured EPR to provide correc- be made for
variations in duct pressure loss caused by  tion for the burner pressure to
other engine operating fan operating line variations when using the ratio
of bum-  pressure ratio limit used for acceleration control. er pressure
and other sensed engine pressures to sim-  According to still a further
aspect of the invention the ulate high pressure compressor pressure ratio.
This  30 stall margin can be scheduled during engine accelera- compensation
can be manifested by utilizing a logic cir-    tion to a close proximity of
the limiting stall characteristics cult that uses corrected low pressure
compressor speed  of the high pressure compressor by closing the loop on
(N1C2)and engine pressure ratio (EPR) as an indication  a burner pressure
limit value that is a function of correct- of fan operating point and
compares this to a baseline  ed high pressure compressor speed. The stall
margin correlation to assess variations in operating EPR relative  35
schedule is independent of compressor bleeds, power to a nominal fan
operating line. (Hence the EPR variation  extraction and engine
degradation. ([err] EPR) is correlated with changes in duct pressure loss
The foregoing and otherfeatures and advantages of to compensate for fan
op-line variations). This logic as-  the present invention will become more
apparent from sures that the pressure ratio limit being calculated  the
following description and accompanying drawings, ([err], for instance) will
accurately reflect the high pres- 40 wherein: sure compressor pressure
ratio. The object of this invention is to provide an improved  Figure 1 is
a schematic illustration of a twin spool, acceleration mode fora gas
turbine power plantthat pro-  axial flow gas turbine fan jet engine with
augmentor vides adequate stall margin independent of compressor  including
a block diagram of an acceleration control bleed, power extraction, and
degradation of engine effi- 45  embodiment of this invention; ciency.
Figure 2 is a schematic illustration, similar to that of This object is
achieved according to the invention by  Figure 1, of a twin spool, axial
flow gas turbine fan an acceleration control for a gas turbine engine as
jet engine with augmentor including a block diagram claimed in claim 1.
Advantageous embodiments of the    of an acceleration control; and
invention are claimed in the dependent claims.  50     Figure 3 is a
schematic identical to Figure 1 with the According to one aspect of the
invention there is pro-  compensation logic compensating for duct losses.
vided for an aircraft turbine type power plant, an accel- eration mode that
is characterized as being extremely  While, in its preferred embodiment
this invention is rapid, easy to adapt to existing controls and compatible
intended for utilization on a twin spool, axial flow gas tur- with
steady-state controls having fan or engine pressure  55 bine fan-jet
military type engine, it will be appreciated that ratio and burner pressure
limits.                  it has utility in other types of engines, such as
straight According to another aspect of the invention there  jets and
engines used in nonmilitary applications. The is provided a closed loop
acceleration control that simu-  invention is described herein as being
implemented elec- 



5           EP 0 401 152 B1                   6 tronically as shown in its
analog logic form. It is to be  speed signal [err]. The correction is
obtained by ref- understood that it is intended for use in an all
electronic  erencing a compressor inlet temperature [err] (the sub- digital
type control, such as the controls used on the  script 2.5 references a
particular station designation in F-100 family of engines known by the
acronym of DEEC  the engine, which designation can vary with different en-
(Digital Electronic Engine Control) and the controls  5  gine families and
models) to the sea level temperature planned for use on the F1 19 family of
advanced engines  value 228.17K ([err] Rankine) by straightforward known by
the acronym of FADEC (Full Authority Digital  computations. The compressor
inlet temperature used Electronic Control) which are incorporated herein by
ref-    in this calculation can be a sensed value or calculated erence. The
F100 family of military engines is manufac-  from other sensed values. This
produces a signal in line tured by Pratt & Whitney Aircraft, a division of
United  10 31 indicative of [err] which is applied as the input to the
Technologies Corporation, the assignee of this patent  function generator
32. The function generator 32 produc- application, and the F119 is
currently being developed  esa limit signal designated as the parameter
[err] for future military applications.                   where the
subscript 13.2 is indicative of some station The twin spool, axial flow fan
jet engine illustrated  downstream of the fan, and in the preferred
embodiment bythe reference numeral 10 is shown in a simplified form  15
this value is indicative of the pressure in the fan bypass in Figure 1 as
comprising a low pressure spool having a  duct prior to the inlet of the
augmentor (line 36). Of fan/low pressure compressor section 12 driven by a
low  course, other pressures (P2.5,P16, P6, etc.) may be pressure turbine
section 14 and a high pressure spool  equally valid and substituted
therefor as one skilled in comprising a high pressure compressor section 16
driv-  this art will appreciate. The value of [err] serves to en by the
high pressure turbine section 18. An annular 20 approximate the pressure
ratio across the high pressure burner 20 is fed fuel that combusts with the
pressurized  compressor 16. As shown by actual test data, there is
airadmittedtothe burnerto generate hot gases to power  an excellent
correlation between these two ratio values the turbines. Air discharging
from the fan 12 is split by  (the ratio of [err] and pressure ratio of the
high splitter 13 so that a portion enters the core engine and a  pressure
compressor) since the fan bypass duct pres- portion is bypassed through
bypass duct 15 to mix with  25  sure (line 36) is directly linked to inlet
pressure of the the core discharge gas.                             high
pressure compressor 16 via the fan bypass duct 15. As is apparent from the
foregoing, the combustion  Also, it is well-known that burner pressure is
almost gases discharging from the turbine (core engine) togeth-  equal to
high compressor discharge pressure. er with the fan discharge air are
eventually discharged  It is apparent from the foregoing that by utilizing
this through an exhaust nozzle imparting thrust tothe engine. 30
correlation noted above and as shown in Figure 1, the In many military
applications and some other applica-  output of function generator 32
defines the [err] tions as well, an augmentor is employed as is disclosed
limit schedule. Since the high pressure compressor stall in this preferred
embodiment. The augmentor 24, as the  limit is plotted as a function of
corrected rotor speed name emphasizes, adds additional thrust to the engine
[err], stall margin can be selected to account for en- by burning fuel in a
secondary combustor section. In this  35 gine-to-engine variations in high
compressor stall limits instance, the augmentor includes suitable fuel
nozzles,  and inlet distortions. Also, since the [err] limit is a flame
holder and the exhaust nozzle 26. The exhaust  combined with measured fan
bypass duct pressure (line nozzle 26 is variable to assure that the proper
engine  36) the parameter establishes a [err] limit for engine ac-
thermodynamic cycle is maintained in both augmented  celeration. The [err]
limit signal in line 38 is the product of and nonaugmented operation. In
aircraft applications, it 40 the output of function generator 32 in line 40
[err] is typical to extract power from the engine for purposes  and [err]
(line 36) which is the fan bypass duct pres- other than generating thrust
and bleed air from the com-  sure. Hence, the [err] limit is independent of
the power pressor.                                            extraction,
compressor bleed and engine degradation As is customary, the fuel supplied
to the burner is  and the stall margin need not be established to account
regulated by the fuel control to assure that the proper 45 for those
conditions. amount of fuel is delivered to automatically maintain op-  The
comparator 42 compares the [err] limit signal and timum, or nearly so,
engine operation for both      actual [err] to produce an error signal that
serves to close steady-state and transient conditions for given power le-
the loop on [err] by varying fuel flow through the fuel con- ver27
positions. Hence, asuitablefuel control represent-    trol. ed by reference
number 30 is shown by the box and may  50  A minimum select gate 46 may be
utilized if it is de- be any available state-of-the-art control which may
be  sired toselect between the steady-state burner pressure executed
electronically, mechanically, hydraulically, hy-  limit manifested by the
fuel control 30 and the [err] limit dro-mechanically or the combination
thereof. Suffice it to  signal manifested by the present invention. This
option say, that these current state-of-the-art controls typically  would
be predicated on the particular application to sense speeds, temperatures
and pressures which  55 which this invention is used. mechanisms can be
utilized with this invention.        The logic disclosed in Figure 1 can be
used as a trim As is best shown schematically in Figure 1, the ac-  (or
"topper") for control schemes using an [err] accelera- 



celeration control of this invention generates a corrected  tion mode. When
used as a "topper", the very repeatable 4    7                EP0401 152 B1
8 transienttimes possiblewith [err] could beassured without  computations.
The compressor inlet temperature used risk of stall when engine conditions
or power extraction  in this calculation can be a sensed value or
calculated would not permit nominal N2 acceleration rate. However,    from
other sensed values. This produces a signal in line use of the [err]
acceleration mode alone would al-  31 indicative of [err] which is applied
as the input to the ways provide the fastest transient possible.    5
function generator 32. The function generator 32 produc- A further twin
spool, axial flow fan jet engine illus-  es a limit signal designated as
the parameter [err] trated by the reference numeral 10 is shown in a
simpli-  where the subscript 6 is indicative of some station down- fied
form in Figure 2 (in which like reference numerals  stream of the fan, and
in the embodiment which benefits refer to like parts in both Figs. 1 and 2)
as comprising a  most from compensation for fan op-line variations, this
low pressure spool having a fan/low pressure compres-  10 value is
indicative of the pressure at the inlet of the aug- sor section 12 driven
by a low pressure turbine section  mentor (line 36). Of course, other
pressures may be 14 and a high pressure spool comprising a high pressure
equally valid and substituted therefor as one skilled in compressor section
16 driven by the high pressure tur-    this art will appreciate. The value
of [err] serves to ap- bine section 18. An annular burner 20 is fed fuel
that  proximate the pressure ratio across the high pressure combusts with
the pressurized air admitted to the burner  15 compressor 16. As shown by
actual test data, there is to generate hot gases to power the turbines. Air
dis-  an excellent correlation between these two ratio values charging from
the fan 12 is split by splitter 13 so that a  (the [err] ratio and pressure
ratio of the high pressure portion enters the core engine and a portion is
bypassed  compressor) since augmentor inlet pressure (line 36) is through
bypass duct 15 to mix with the core discharge  directly linked to inlet
pressure of the high pressure com- gas.
20 pressor 16 via the fan bypass duct 15. Also, it is As is apparent from
the foregoing, the combustion  well-known that burner pressure is almost
equal to high gases discharging from the turbine (core engine) togeth-
compressor discharge pressure. er with the fan discharge air are eventually
discharged  It is apparent from the foregoing that by utilizing this
through an exhaust nozzle imparting thrust to the engine.  correlation
noted above and as shown in Figure 2, the In many military applications and
some other applica- 25 output of function generator 32 defines the [err]
limit tions as well, an augmentor is employed as is disclosed  schedule.
Since the high pressure compressor stall limit in this preferred
embodiment. The augmentor 24, as the  is plotted as a function of corrected
rotor speed [err], name emphasizes, adds additional thrust to the engine
stall margin can be selected to account for engine-to-en- by burning fuel
in a secondary combustor section. In this  gine variations in high
compressor stall limits and inlet instance, the augmentor includes suitable
fuel nozzles, 30 distortions. Also, since the [err] limit is combined with
a flame holder and the exhaust nozzle 26. The exhaust  measured augmentor
inlet pressure (line 36) the param- nozzle 26 is variable to assure that
the proper engine  eter establishes a [err] limit for engine acceleration.
The thermodynamic cycle is maintained in both augmented  [err] limit signal
in line 38 is the product of the output of and nonaugmented operation. In
aircraft applications, it    function generator 32 in line 40 [err] and
[err] (line 36) is typical to extract power from the engine for purposes
35 which is the augmentor inlet pressure. Hence, the [err] lim- other than
generating thrust and bleed air from the com-  it is independent of the
power extraction, compressor pressor.
bleed and engine degradation and the stall margin need As is customary, the
fuel supplied to the burner is  not be established to account for those
conditions. regulated by the fuel control to assure that the proper  The
comparator42 compares the [err] limit signal and amount of fuel is
delivered to automatically maintain op- 40 actual [err] to produce an error
signal that serves to close timum, or nearly so, engine operation for both
the loop on [err] by varying fuel flow through the fuel con- steady-state
and transient conditions for given power le-  trol. ver 27 positions.
Hence, a suitable fuel control represent-  A minimum select gate 46 may be
utilized if it is de- ed by reference number 30 is shown by the boxand may
sired to select between the steady-state burner pressure be any available
state-of-the-art control which may be  45 limit manifested by the fuel
control 30 and the [err] limit executed electronically, mechanically,
hydraulically, hy-  signal manifested by the present invention. This option
dro-mechanically orthe combination thereof. Suffice it to  would be
predicated on the particular application to say, that these current
state-of-the-art controls typically  which this invention is used. sense
speeds, temperatures and pressures which          Since the limiting high
pressure compressor pres- mechanisms can be utilized with this invention.
50 sure ratio is calculated usingthe [err] correlation, which As best shown
schematically in Figure 2, the accel-    is a function of duct pressure
loss, variations in the fan eration control of this invention generates a
corrected  op-line will alter this correlation. In applications where speed
signal [err]. The correction is obtained by ref-    this effect adversely
impacts this correlation, the com- erencing compressor inlet temperature
[err] (the sub-  pensation logic of this invention can be employed to pro-
script 2.5 references a particular station designation in  55 duce a [err]
limit schedule that will accurately reflect the 



the engine, which designation can vary with different en-  surge
characteristics of the high pressure compressor. gine families and models)
to the sea level temperature  This can best be seen by referring to Figure
3 that value [err] ([err] Rankine) by straightforward  schematically shows
the compensation logic that can be    9                 EP 0 401 152 B1
10 implemented in the circuitry disclosed in Figure 2. The  acceleration
control being characterized by means like reference numerals refer to like
parts in both Figure  (31,32,36,38,42) for establishing a stall margin for
2 and Figure 3.                                        said compressor (16)
including means ([err],32) As noted in Figure 3, the compensation logic
uses   responsive to compressor rotor speed [err] for corrected low
pressure compressor speed [err]  and  5  establishing a first signal (40)
simulating a compres- EPR characteristics for a nominal op-line as a
baseline  sor stall limit indicative of the ratio of the pressure of and
assesses the variation in operating EPR relative to  said burner (30) and
the pressure at another station this nominal op-line. The AEPR is
correlated with the   [err] in said engine (10), said first signal (40)
change in duct pressure loss it creates to compensate  being multiplied by
the actual pressure of said for fan op-line variation when calculating the
limiting  10  another station [err], means [err] responsive to [err]
pressure ratio parameter. The input to function  actual burner pressure for
generating a second sig- generator 60 is a corrected speedvalue (N1C2)
calculat-  nal, and means (42) responsive to said first signal ed by
referencing the engine inlettemperature (T2) tothe  and said second
signalfor adjusting said fuel control standard sea level temperature in
degrees Rankine and  means (30) to limit the flow of fuel to said burner
(10) calculating its square root value. This value in turn is di-  15
wherein said stall margin is independent of com- vided into the measured
speed of the low pressure com-  pressor bleed, power extraction from said
engine pressor 12.                                            and
degradation of engine efficiency. The function generator 60 serves to
produce an out- put signal in line 62 indicative of the EPR for a nominal
2. An acceleration control as claimed in claim 1, op-line. A comparator 64
compares the actual EPR  20   wherein said engine (10) includes a fan (12),
a fan which is the ratio of [err] to [err] to the output signal of line
bypass duct (15) for flowing fan discharge air and 62 to produce an error
signal. The error signal in line 66  an augmentor (24), said other station
being in said is AEPR and is the input of function generator 68 which
bypass duct. produces an output signal in line 70 indicative of the needed
change in [err] to compensate for operation at 25 3. An acceleration
control as claimed in claim 2 includ- fan op-lines other than the nominal
([err]). This    ing means (36) responsive to the actual pressure in [err]
value is then added by summer 72 to the [err]   said bypass duct (15) to
produce a third signal, and limit signal manifested in line 40 of Figure 1.
This com-  multiplying means (38) for multiplying said first sig- pensation
logic allows a single correlation of high pres-  nal and said third signal
for producing a fourth signal sure compressor pressure ratio and [err] to
be used  30    indicative of a limiting value of the pressure in said over
a wide range of fan op-lines.                     burner and means
responsive to the error between The logic disclosed in Figure 2 and Figure
3 can be  said fourth signal and actual burner pressure for fur- used as a
trim (or "topper") for control schemes using an  ther controlling said fuel
control means (30). [err] acceleration mode. When used as a "topper", the
very repeatable transient times possible with [err] could be as- 35 4. An
acceleration control as claimed in claim 3, sured without risk of stall
when engine conditions or pow-  wherein said first signal is responsive to
compressor er extraction would not permit nominal [err] acceleration  speed
[err] corrected to a base line value indicative rate. However, use of the
[err] acceleration mode alone  of a temperature at the inlet of said
compressor (16) would always provide the fastest transient possible.    of
288.17K (518.7 degrees Rankine). Although this invention has been shown and
de- 40 scribed with respect to detailed embodiments thereof, it    5. An
acceleration control as claimed in claim 4, will be understood by those
skilled in the art that various  wherein said fuel control means (30)
establishes a changes in form and detail thereof may be made without
steady-state signal limiting the value of the pressure departing from the
scope of the claimed invention as de-  in said burner (20) and a minimum
select means fined in the claims.                            45      (46)
for selecting the minimum value between said steady-state signal and said
fourth signal forcontrol- ling said error responsive means (42). Claims 6.
An acceleration control as claimed in claim 1, 1. An acceleration control
for a gas turbine engine (10) 50  wherein said engine (10) includes a fan
(12), a fan for controlling the acceleration mode of said engine  bypass
duct (15) for flowing fan discharge air and (10), said engine (10) having
acompressor (16) sub-  an augmentor (24), said other station being in said
jecttostall, a burner (20) forgenerating engine work-  inlet of said
augmentor. ing fluid medium, a turbine (18) powered by said 



engine working fluid medium for driving said com- 55 7. An acceleration
control as claimed in claim 6, includ- pressor (16), fuel control means
(30) responsive to  ing means (36) responsive to the actual pressure in
engine operating parameters (27, [err]) for   said inlet of said augmentor
(24) to produce a fourth controlling the flow of fuel to said burner (20),
said  signal, and multiplying means (38) for multiplying 6    9
EP0401 152B1                     10 implemented in the circuitry disclosed
in Figure 2. The  acceleration control being characterized by means like
reference numerals refer to like parts in both Figure  (31,32,36,38,42) for
establishing a stall margin for 2 and Figure 3.
said compressor (16) including means (N2,32) As noted in Figure 3, the
compensation logic uses   responsive to compressor rotor speed [err] for
corrected low pressure compressor speed [err] and  5  establishing afirst
signal (40) simulating a compres- EPR characteristics for a nominal op-line
as a baseline  sor stall limit indicative of the ratio of the pressure of
and assesses the variation in operating EPR relative to  said burner (30)
and the pressure at another station this nominal op-line. The [err]EPR is
correlated with the   [err] in said engine (10), said first signal (40)
change in duct pressure loss it creates to compensate  being multiplied by
the actual pressure of said for fan op-line variation when calculating the
limiting  10  another station [err], means [err] responsive to [err]
pressure ratio parameter. The input to function  actual burner pressure for
generating a second sig- generator 60 is a corrected speed value [err]
calculat-  nal, and means (42) responsive to said first signal ed by
referencing the engine inlettemperature (T2) tothe  and said second signal
foradjusting said fuel control standard sea level temperature in degrees
Rankine and  means (30) to limit the flow of fuel to said burner (10)
calculating its square root value. This value in turn is di-  15  wherein
said stall margin is independent of com- vided into the measured speed of
the low pressure com-  pressor bleed, power extraction from said engine
pressor 12.                                            and degradation of
engine efficiency. The function generator 60 serves to produce an out- put
signal in line 62 indicative of the EPR for a nominal  2. An acceleration
control as claimed in claim 1, op-line. A comparator 64 compares the actual
EPR  20   wherein said engine (10) includes a fan (12), a fan which is the
ratio of [err] to [err] to the output signal of line  bypass duct (15) for
flowing fan discharge air and 62 to produce an error signal. The error
signal in line 66  an augmentor (24), said other station being in said is
[err]EPR and is the input of function generator 68 which  bypass duct.
produces an output signal in line 70 indicative of the needed change in
[err] to compensate for operation at 25 3. An acceleration control as
claimed in claim 2 includ- fan op-lines other than the nominal ([err]).
This    ing means (36) responsive to the actual pressure in [err] value is
then added by summer 72 to the [err]   said bypass duct (15) to produce a
third signal, and limit signal manifested in line 40 of Figure 1. This com-
multiplying means (38) for multiplying said first sig- pensation logic
allows a single correlation of high pres-  nal and said third signal for
producing afourth signal sure compressor pressure ratio and [err] to be
used  30  indicative of a limiting value of the pressure in said over a
wide range of fan op-lines.                      burner and means
responsive to the error between The logic disclosed in Figure 2 and Figure
3 can be  said fourth signal and actual burner pressure for fur- used as a
trim (or "topper") for control schemes using an  ther controlling said fuel
control means (30). [err] acceleration mode. When used as a "topper",
thevery repeatable transient times possible with [err] could be as- 35 4.
An acceleration control as claimed in claim 3, sured without risk of stall
when engine conditions or pow-  wherein said first signal is responsive to
compressor er extraction would not permit nominal [err] acceleration  speed
(N2) corrected to a base line value indicative rate. However, use of the
[err] acceleration mode alone  of a temperature at the inlet of said
compressor (16) would always provide the fastest transient possible.   of
[err] (518.7 degrees Rankine). Although this invention has been shown and
de- 40 scribed with respect to detailed embodiments thereof, it    5. An
acceleration control as claimed in claim 4, will be understood by those
skilled in the art that various  wherein said fuel control means (30)
establishes a changes in form and detail thereof may be made without
steady-state signal limiting the value of the pressure departing from the
scope of the claimed invention as de-  in said burner (20) and a minimum
select means fined in the claims.                            45      (46)
for selecting the minimum value between said steady-state signal and said
fourth signal for control- ling said error responsive means (42). Claims 6.
An acceleration control as claimed in claim 1, 1. An acceleration control
for a gas turbine engine (10) 50  wherein said engine (10) includes a fan
(12), a fan for controlling the acceleration mode of said engine  bypass
duct (15) for flowing fan discharge air and (10), said engine (10) having
acompressor (16) sub-  an augmentor (24), said other station being in said 



jecttostall, a burner (20) for generating enginework-  inlet of said
augmentor. ing fluid medium, a turbine (18) powered by said engine working
fluid medium for driving said com- 55 7. An acceleration control as claimed
in claim 6, includ- pressor (16), fuel control means (30) responsive to
ing means (36) responsive to the actual pressure in engine operating
parameters (27, [err]) for   said inlet of said augmentor (24) to produce a
fourth controlling the flow of fuel to said burner (20), said  signal, and
multiplying means (38) for multiplying 6    11                EP 0 401 152
B1                  12 said first signal and said fourth signal for
producing  den lstbrennerdruck anspricht, um ein zweites a fifth signal
indicative of a limiting value of the pres-  Signal zu erzeugen, und einer
Einrichtung (42), die sure in said burner (20) and means responsive to
auf das erste Signal und auf das zweite Signal the error between said fifth
signal and actual burner  anspricht, um die Brennstoffregeleinrichtung (30)
pressure for further controlling said fuel control  5  einzustellen und die
Brennstoffzutuhr zu dem Bren- means (30).
ner  (10)  zu   begrenzen,   wobei  der Stromungsabril3abstand unabhangig
von einer Ver- 8. An acceleration control as claimed in claim 7,
dichteranzapfung, einer Leistungsentnahme aus wherein said first signal is
responsive to compressor     dem Triebwerk und einer Verschlechterung des
speed corrected to a baseline value indicative of a  10
Triebwerkswirkungsgrads ist. temperature at the inlet of said engine of
[err] (518.7 Rankine).                              2.
Beschleunigungsregler nach Anspruch 1, wobei das Triebwerk (10) einen Fan
(12), einen Mantelstrom- 9. An acceleration control as claimed in claim 8,
kanal (15) zurn Leiten von FanauslaBluft und einen wherein said fuel
control means (30) establishes a  15  Schubverstarker (24) hat, wobei sich
die andere steady-state signal limiting the value of the pressure  Station
in dem Mantelstromkanal befindet. in said burner (20) and a minimum select
means (46) for selecting the minimum value between said  3.
Beschleunigungsregler nach Anspruch 2, mit einer steadystate signal and
saidfifth signalforcontrolling  Einrichtung (36), die auf den Istdruck in
dem Man- said error responsive means.                20    telstromkanal
(15) anspricht, urn ein drittes Signal zu erzeugen, und einer
Multipliziereinrichtung (38) 10. An acceleration control as claimed in
anyone of the  zum Multiplizieren des ersten Signals und des drit-
preceding claims, in combination with means        ten Signals, um sin
viertes Signal zu erzeugen, das (60,64,68,72) for compensation for bypass
duct     sinen begrenzenden Wert des Druckes in dem pressure losses
including a function generator (60) 25  Brenner anzeigt, und einer
Einrichtung, die auf den for generating an engine pressure ratio signal as
a  Fehler zwischen dem vierten Signal und dem Ist- function of corrected
low pressure compressor rotor  brennerdruck anspricht, um die
Brennstoffregelein- speed, means (64) for calculating the difference
richtung (30) welter zu steuem. between the generated engine pressure ratio
and the actual engine pressure ratio modifying (72) said  30 4.
Beschleunigungsregler nach Anspruch 3, wobei das first signal.
erste Signal auf der Verdichterdrehzahl (N2), kori- giert auf einen
Grundlinienwert, beruht, der sine Temperatur an dam EinlaB des Verdichters
(16) von Patentanprfiche                                        288,17K
(518.7 Grad Rankine) angibt. 35 1. Beschleunigungsregler fOr sin
Gasturbinentrieb-  5. Beschleunigungsregler nach Anspruch 4, wobei die werk
(10) zum Regeln der Beschleunigungsbe-        Brennstoffregeleinrichtung
(30) ein stationares triebsart des Triebwerks (10), wobei das Triebwerk
Signal festlegt, welches den Wert des Druckes in einen Verdichter (16) hat,
be! dem StromungsabriB  dem Brenner (20) begrenzt, und mit einer Minimum-
auftreten kann, einen Brenner (20) zum Erzeugen  40  wahleinrichtung (46)
zum Auswahlen des Minimal- von Triebwerksarbeitsfluidmedium, sine Turbine
wertes zwischen dem stationaren Signal und dem (18), die durch das
Triebwerksarbeitsfluidmedium   vierten Signal, um die auf den Fehler
ansprechende angetrieben wird, zum Antreiben des Verdichters    Einrichtung
(42) zu steuem. (16), eine Brennstoffregeleinrichtung (30), die auf
Triebwerksbetriebsparameter (27, N2, T2,5, PB) 45 6. Beschleunigungsregler
nach Anspruch 1, wobei das anspricht, zurn Regeln der Brennstoffzufuhr zu
dem  Triebwerk (10) einen Fan (12) aufweist, einen Man- Brenner (20), wobei
der Beschleunigungsregler      telstromkanal (15) zum Leiten von
FanauslaBluft gekennzeichnet ist durch Einrichtungen (31, 32, 36,  und
einen Schubverstarker (24), wobei sich die 38, 42) zum Festlegen sines
Stromungsabrilab-      andere Station in dem EinlaB3 des Schubverstarkers
stands fOr den Verdichter (16), mit einer Einrichtung  50  befindet. 



(N2, 32), die auf die Verdichterrotordrehzahl (N2) anspricht, um ein erstes
Signal (40) festzulegen, das  7. Beschleunigungsregler nach Anspruch 6, mit
einer einen VerdichterstromungsabriBgrenzwert simu-      Einrichtung (36),
die auf den Istdruck in dem EinlaB liert, der das Verhaltnis des Druckes
des Brenners  des Schubverstarkers (24) anspricht, um ein viertes (30) und
des Druckes in einer weiteren Station (P6. 55  Signalzu erzeugen, und mit
einer Multipliziereinrich- P13,2) in dem Triebwerk (10) angibt, wobei das
erste  tung (38) zum Multiplizieren des ersten Signals und Signal (40) mit
dem Istdruck der weiteren Station  des vierten Signals, um sin f~nftes
Signal zu erzeu- (P6) multipliziert wird, einer Einrichtung (PB), die auf
gen, welches einen begrenzenden Wert des Druk- 7    13
EP0401 162 B1                    14           c   L kes in dem Brenner (20)
angibt, und einer Einrich-  leur en produisant un second signal et un moyen
tung, die auf den Fehler zwischen dam ffnften      (42) r6pondantau
premiersignal atau second signal Signal und dem Istbrennerdruckanspricht,
zum wei-  on ajustant le moyan (30) de commands de carbu- teren Stowem der
Brennstoffregeleinrichtung (30).  rant afin de limiter le debit de
carburant vers le brG- 5     tour (10) si bien quo la marge de d6crochage
est 8  Beschleunigungsreglernach Anspruch 7, wobei das     independante du
soutirage du compresseur, de erste Signal auf der Verdichterdrehzahl
beruht, kor-  l'extraction d'energie A partir du moteur et de la rigiert
auf einen Grundlinienwart, der eine Tempera-  degradation du rendement du
moteur. tur an dom Einlal3 des Triebwerks von 288,17 "K (518.7 Grad
Rankine) angibt.                10 2. Commando d'acceleration suivant la
revendication 1 caract6risee on co quo le moteur (10) comporte 9.
Beschleunigungsrogler nach Anspruch 8, wobei die    une soufflante (12), un
conduit (15) de derivation de Bronnstoffregeleinrichtung  (30) ein
stationires   la soufflante pour permettre l'ecoulement de l'air Signal
festlegt, woiches den Wert des Druckes in   refoule par la soufflanto et un
dispositif de postcom- dom Brenner (20) begrenzt, und wobei olne Mini- I5
bustion (24), l'autre emplacement so trouvant dans mumwahleinrichtung (46)
vorgesehen ist zum Aus-    le conduit de derivation. wahien des
Minimalwortes zwischen dem stationa- ron Signal und dom ffnften Signal zum
Steuern der  3. Commando d'acceleration suivant la revendication auf den
Fehler ansprechenden Einrichtung.          2 caracteris6e en ce qu'olle
comporto un moyen (36) 20     r6pondant & la pression effective dans le
conduit de 10. Beschlounigungsrogler nach einem der vorherge-
derivation (15) on produisant un troisieme signal et henden AnsprOche, in
Kombination mit Einrichtun-   un moyen de multiplication (38) pour
multiplier le gen (60, 64, 68, 72) zur Kompensation von Mantel-  premier
signal ot le troisieme signal afin de produire stromkanaldruckverlusten,
die einen Funktionsge-   un quatrieme signal representatif d'une valeur
limite nerator (60) zum Erzeugen sines Triebwerksdruck- 25  de la pression
dans le brOleur, at un moyen repon- verhAitnissignals als eine Funktion der
korrigierten  dant A terreur entre le quatrieme signal at la pres-
Niederdruckverdichterrotordrehzahl und eine Ein-   sion effective dans le
brOlour en commandant addi- richtung (64) zum Berechnen der Differenz zwi-
tionnellement le moyen (30) de commando de car- schen dem erzougton
Triebwerksdruckverhaltnis      burant. und dem
lsttriebwerksdruckverhiltnis, die das erste  30 Signal modifiziert (72),
umfassen.              4. Commando d'acceleration suivant la revendication
3 caract6ris6e on ce qua le premier signal r~pond A la vitesse (N2) du
compresseur corrigee par rapport Revwndloatlons
& une valeur d'une caract6ristique de base repr6- 36     sentative d'une
temperature & l'entree du compres- 1. Commando d'accel6ration pour un
turbomoteur (10)    sour (16) egale & 28B,17 K (518,7 degres Rankine).
destinee A commander le mode d'acceleration de ce moteur (10), c0 moteur
(10) comportant un coin-  5. Commando d'acceliration suivant la
revendication presseur (16) susceptible d'tre soumis A un decro-  4
caracterisee on ce que le moyen (30) de com- chage, un brOleur (20) pour
produire un fluids de tra- 40  mande de carburant Otablit un signal de
regime per- vail du moteur, une turbine (18) entraTneo par le  manent
limitant la valour de la pression dansle brO- fluids do travail du motour
afin d'entratner le com-  lour (20) et un moyon (46) de s6lection d'un
mini- presseur (16), un moyen de commands de carbu-      mum selectionne la
valeur minimale entre le signal rant (30) r6pondant A des parambtres de
fonction-  de regime permanent et le quatrieme signal afin de nement du
moteur (27, N2,T2z,PB) on commandant 46  commander le moyen (42) r6pondant
au signal le debit de carburant vers le brfleur (20), cette com-  d'erreur.
mande d'acceleration etant caract6ris6e par des moyens (31,32,36,38,42)
pour 6tablir une marge de  6. Commando d'acceleration suivant la
revendication 



decrochage pour le compresseur (16), comportant    1 caracterisee on co quo
le moteur (10) comporto un moyen (N2,32) r6pondant A la vitesse (N2) du  50
une soufflanto (12), un conduit (15) de derivation de rotor du compresseur
en etablissant un premier     la soufflante pour permettre l'ecoulement de
lair signal (40) simulant une limits de decrochage du   refoule par la
soufflante et un dispositif de postcom- compresseur representative du
rapport entre la     bustion (24), I'autre emplacement se trouvant dans
pression dans le brOleur (30) et la pression en un  l'orifice d'entr6e du
dispositif de postcombustion. autre emplacement (P6;P13.2) dans 1e moteur
(10), 55 co premier signal (40) etant multiplie par la pression  7.
Commands d'acc6l6ration suivant la revendication effective de l'autre
emplacement (P6), un moyen    6 caracterisee on co qu'elle comporto un
moyen (36) (PB) repondant a la pression effective dans le brO-  repondant A
la pression effective dans l'entr6e du 8    15                EP 0 401 152
B1                  16      III|I11 I 1Ill liI II II dispositif de
postcombustion (24) en produisant un quatrieme signal et un moyen de
multiplication (38) pour multiplier le premier signal et le quatribme
signal afin de produire un cinquibme signal repre- sentatif d'une valeur
limite de la pression dans le  5 brOleur (20), et un moyon repondant a
l'erreur entre le cinquieme signal et la pression effective dans le brOleur
en commandant additionnellement le moyen (30) de commando de carburant. 10
8. Commande d'acc6leration suivant la revendication 7 caract6risee en ce
que le premier signal r6pond a la vitesse du compresseur corrigee par
rapport a une valeur d'une caracteristique de base represen- tative d'une
temperature a l'entree du compresseur  15 (16) 6gale a 288,17 K (518,7
degres Rankine). 9. Commando d'acceleration suivant la revendication 8
caract6risee en ce qua le moyen (30) de com- mande de carburant etablit un
signal de r6gime per- 20 manent limitant la valour de la pression dans le
brO- leur (20) et un moyen (46) de selection d'un mini- mum selectionne la
valour minimale entre le signal de regime permanent et le cinquieme signal
afin de commander le moyen r6pondant au signal d'erreur. 25 10. Commando
d'acceleration suivant l'une quelconque des revendications precedentes
caracterisee en ce qu'elle est utilisee on combinaison avec des moyens
(60,64,68,72) pour une compensation des chutes de  30 pression dans le
conduit en derivation, comportant un gen6rateur de fonction (60) pour
produire un signal de rapport des pressions du moteur en tant quo fonction
de la vitesse corrigee du rotor du corn- presseurbasse pression, et un
moyen (64) pour cal- 35 culer la diff6rence entre le rapport des pressions
du moteur produit et le rapport des pressions du moteur effectif modifiant
(72) le premier signal. 40 45 50 55 9    


