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57 ABSTRACT 
A gas turbine engine control system which receives an 
engine condition and generates a parameter signal rep 
resentative of the condition. The control system also 
receives a temperature signal representative of the en 
gine temperature downstream of the engine combustor, 
A comparator is used to compare the parameter signal 
with the temperature signal and a nonrecoverable stall 
output signal is produced when the temperature signal 
indicates the temperature is greater than a scheduled 
value for the given parameter signal. The invention also 
includes a method for monitoring a gas turbine engine 
comprising the steps of receiving an engine condition 
and for generating a parameter signal representative of 
the condition. A temperature signal is received which is 
representative of the engine temperature downstream of 
the engine combustor and then the parameter signal and 
the temperature signal are received and a nonrecovera 
ble stall output signal is produced when the temperature 
signal indicates the temperature is greater than a sched 
uled value for the given parameter signal. 
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1. 

METHOD AND APPARATUS FOR DETECTING 
SALLS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The invention relates to gas turbine engines and, 
more particularly, to a method and apparatus for detect 
ing stalls in gas turbine engines. 

BACKGROUND OF THE INVENTION 

During the operation of an aircraft gas turbine engine 
a stall phenomena may occur wherein a momentary 
reversing of the airflow occurs through the compressor. 
This causes the compressor discharge pressure to decay 
rapidly and also causes the temperature of the turbine 
section to increase rapidly. Typically stalls are catego 
rized as either recoverable or "surge" stalls wherein the 
engine will return to normal operation without operator 
intervention. Alternatively, stalls are categorized as 
nonrecoverable stalls, typically considered "hung" or 
"rotating' stalls, and these types of stalls typically re 
quire operator intervention to clear to stall and to pre 
went temperatures from becoming excessive within the 
engine. Therefore, the ability to determine whether a 
stall is recoverable or nonrecoverable can provide valu 
able information to the operator of the aircraft to allow 
the operator to take appropriate corrective action. 
There have been numerous methods developed to de 
termine whether a stall condition exists. Typically, the 
compressor discharge pressure is monitored and when 
the pressure rapidly drops this provides an indication of 
a stall. However, merely nonitoring this pressure fails 
to indicate whether the stall is recoverable or nonrecov 
erable. Likewise, other methods of stall detection have 
been considered, however methods to differentiate re 
coverable from nonrecoverable stalls have renained 
elusive. Therefore, it would be desirable to have a stall 
detection method and apparatus which provides an 
indication when a stall is nonrecoverable. 

SUMMARY OF THE INVENTION 
A gas turbine engine control system comprising a 

means for detecting an engine condition and for gener 
ating a parameter signal representative of the condition. 
The control system has a means for receiving a temper 
ature signal representative of the engine temperature 
downstream of the engine combustor. A comparator 
means for receiving both the parameter signal and the 
temperature signal and produces a nonrecoverable stall 
output signal when the temperature signal indicates the 
temperature is greater than a predetermined value for 
the given parameter signal. The invention also includes 
a method for monitoring a gas turbine engine compris 
ing the steps of receiving an engine condition and for 
generating a parameter signal representative of said 
condition, receiving a temperature signal representative 
of the engine temperature downstrean of the engine 
combustor and receiving said parameter signal and said 
temperature signal and producing a nonrecoverable 
stall output signal when the temperature signal indicates 
the temperature is greater than a scheduled value for 
the given parameter signal. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic cross section of an exemplary 

gas turbine engine to which the control means of the 
present invention relates. 
FIGS. 2 to 4 are schematic diagrams of one embodi 

ment of an algorithm of a control system of the present 
invention. 

F.G. 5 is a graph depicting recoverable and non 
recoverable stalls. 

DETALED DESCRIPTION OF PREFERRED 
EMBODMENTS 

Referring initially to FIG. 1, one form of a gas turbine 
engine to which the present invention relates is gener 
ally designated as 10. The gas turbine engine comprises 
a first compressor or fan 20 which produces a down 
stream flow, a second compressor 28 is positioned 
downstream of the first compressor 20, a combustor 
region 32 is positioned downstream of the second com 
pressor 28, first and second turbines 36 and 38 respec 
tively, are positioned downstream of the combustor 
region 32. A control system 50 receives inputs such as 
from a temperature sensor 52, a fan speed sensor 54, a 
compressor discharge pressure sensor S6 an engine inlet 
temperature sensor 58 and a power level angle (PLA). 
The control system 50 has an idle detector means 60 
which has a means for receiving the input representa 
tive of the PLA or other desired thrust indicator and the 
idle detector means 60 then compares the PLA with a 
standard value and produces an output indicating when 
the PLA is set for equal to or greater than idle. The idle 
detector means 60 is coupled to a means for detecting 
stall 64 such at if the idle detector means 60 output 
indicates that the PLA is equal to or greater than idle 
then the controller actuates the stall detection means 64. 
The stall detection means 64 typically has a means for 
receiving a signal from the compressor discharge pres 
sure sensor 56. The stall detection means 64 produces an 
output indicating that an engine stall has occurred. The 
stall output is coupled to a delay means 70 which is 
coupled to a comparator means 74 such that if the stall 
output indicates the engine has stalled the controller 
after a delay fully activates the comparator means 

7. The comparator means 74 serves as a means for 
comparing engine conditions with a schedule to detect 
whether the engine is in a nonrecoverable stall. 
The comparator means 74 typically has a means for 

receiving at least a first, a second, and a third engine 
condition signal. The comparator means 74 obtains a 
scheduled value by comparing a first parameter, which 
is based on at least one of the engine condition signals, 
to a schedule. The scheduled value is then compared 
with a second parameter which is typically a tempera 
ture parameter based on a condition signal representa 
tive of the engine temperature downstream of the com 
bustor. The comparator means 74 then produces a non 
recoverable stall output when the relationship of the 
scheduled value to the second parameter indicates a 
nonrecoverable stall. Typically, a stall is indicated 
when the temperature parameter is greater than the 
scheduled value. The nonrecoverable stall output is 
then typically coupled to a delay means 70 which is cou 
pled to a nonrecoverable stall indicating means 80. 
The controller of the present invention may be any 

control means such as analog or digital controller. Fur 
ther, the controller may be located in the mainframe of 
an aircraft which receives engine signals. Alternatively, 
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the controller may be implemented by an engine control 
system such as a fully authority digital electronic con 
trol (FADEC). The idle detection means 60, stall detec 
tion means 64, delay means 70, and comparator means 
74, are preferable implemented through a software algo 
rithm in the control system 50, 

In FIG. 2 one embodiment of an idle detection algo 
rithm 200 which serves as the idle detection means is 
depicted. In command block 208 a time switch 
(TSWITCH) is initialized to zero and then in command 
block 210 the remaining parameters are initialized to 
zero and then as denoted in input block 212 operating 
conditions such as PLA, time, temperatures, compres 
sor discharge pressure (CDP), and fan speed are read. 
Input block 212 is coupled to decision block 214 which 
compares whether the PLA is equal to or greater than 
idle. If the PLA is not equal to or greater than idle then 
the algorithm switches to command block 216 which 
sets the time switch equal to 0 and then the algorithm 
switches back to input block 212. However, if decision 
block 214 indicates that the PLA is equal to or greater 
then idle then the algorithm switches to decision block 
218 which compares whether the time switch is equal to 
one. If the time switch is not equal to one then the 
algorithm switches to command block 220 which sets a 
time base (TBASE) equal to the current time and sets 
the time switch equal to one. Alternatively, if decision 
block 218 determines that the time switch is equal to 
one or after command block 220 sets the time switch to 
one then control transfers to command block 222 which 
subtracts the time base from the current time to obtain 
a time delay (DTIME). Command block 222 is coupled 
to decision block 224 which compares whether the time 
delay has exceeded a specified period of time (PLA 
Time) which is typically about sixty seconds. If the time 
delay has not exceeded the specified period of time then 
the algorithm switches back to input block 212. How 
ever, if the decision block 224 determines that the time 
delay has exceeded the specified period of time then the 
algorithm switches control to decision block 310 of 
FIG. 3, as denoted by circle 3. 

Basically, the idle detection algorithm 200 initializes 
the system in command block 208 and 210 and then 
reads various operating conditions and checks whether 
the power lever angle (PLA) is equal to or greater than 
idle in decision block 214. If the PLA is not equal to or 
greater than idle then the system keeps checking the 
parameters until the PLA is equal to or greater than 
idle. After the PLA is determined to be greater than idle 
then the control turns on a time counter in block 220 
and continues to recheck parameters for a period of 
time such as 60 seconds for the engine to reach normal 
engine operating conditions until the system begins 
checking for a stall as depicted in decision block 224. By 
delaying stall detection checks until a period at or after 
idle this eliminates many false stall indications such as 
might occur during starting a gas turbine engine. 

In FIG.3 a stall detection algorithm generally desig 
nated as 300 is depicted. In decision block 310 the algo 
rithm compares whether a stall limit switch (AS 
WITCH) is equal to zero. If the stall limit set switch is 
equal to zero then the algorithm switches to command 
block 312 in which the stall limit switch (ASWITCH) is 
set to one. Alternatively, if decision block determines 
that the stall limit switch is not zero then the algorithm 
switches to command block 314 which provides condi 
tioning and filtering of the compressor discharge pres 
sure signal such as by placing a maximum and minimum 
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4. 
authority limits on the magnitude of positive or nega 
tive incremental changes in compressor discharge pres 
sure (CDP) thereby preferably filtering out spurious 
spikes in the CDP signal. The authority limits are deter 
mined, in part by the sampling rate and the dynamic 
response of the control system. The output of command 
block 314 is coupled to decision block 316 which com 
pares whether the compressor discharge pressure 
(CDP) is less than a stall limit (STLIM) for the com 
pressor discharge pressure. If the CDP is less than the 
stall limit then the algorithm switches to output block 
318 and a surge stall switch (PSWITCH) is set to one. 
Output block 318 is coupled to command block 319 in 
which a nonrecoverable stall detection switch 
(NSWITCH) is also set to one and a nonrecoverable 
stall time switch (TSSWITCH) is set to zero. Command 
block 319 is coupled to command block 410 of FIG. 4 as 
denoted by circle 4. If decision block 316 determines 
that the CDP is not less than the stall limit then the 
algorithm switches to command block 320 which sets 
the stall limit. Command block 312 also is coupled to 
command block 320 and in this case the stall limit is 
initially set. Typically, the stall limit is set to a specified 
percentage of the compressor discharge pressure where 
the specified percentage is designated as K in FIG. 3 
and K is dictated by the control system data sampling 
rate and by the dynamics of the compressor discharge 
pressure sensing system, Command block 320 is coupled 
to output block 322 in which a surge stall switch 
(PSWITCH) is set to zero. Output block 322 is coupled 
to decision block 324 in which the recoverable stall 
logic detection switch is compared to whether the 
switch equals one. If the nonrecoverable stall logic 
detection switch does not equal one then the algorithm 
switches back to input block 212 of FIG. 2 as denoted 
by circle 2, and the parameters are reread. Alterna 
tively, if the switch is equal to one then the algorithm 
switches to command block (41.0 410 of FIG. 4, 
designated by circle 4. 

Thus, the stall detection algorithm first sets a stall 
limit based on a percentage of the CDP through con 
mand blocks 312 and 320. Output is then provided 
which indicates that no surge stall exists through output 
block 322 and then the algorithm checks whether a 
surge stall has been previously indicated by decision 
block 324. Subsequently the algorithm compares the 
engine's CDP with the stall limit to determine whether 
the engine's CDP has fallen below the stall limit value 
through command block 316. If the engine CDP has 
fallen below the stall limit value then a surge stall 
switch is set to one by output block 322. This switch is 
typically an operator indicator to provide information 
to the operator such as through a light or other warning 
signal. The algorithm in command block 319 then sets 
switches to so as to indicate a surge stall has been 
detected and to reset switches such that time counters 
will be initialized to zero during a for the nonrecov 
erable stall detector detection algorithm. 

While FIG. 3 provides one possible method of pro 
viding a stall indication it should be understood that 
other stall indication systems are equally applicable to 
the present invention. As depicted, only when a stall is 
detected does the control system activate the nonrecov 
erable comparator means. Since all stalls, whether non 
recoverable or surge, are initially detectable as a surge 
stall, the stall detector therefore further minimizes the 
possibility of a false nonrecoverable stall signal. How 
ever, the control system of the present invention may 
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also ignore surge stall detection and the nonrecoverable 
comparator means may be active at all times. 
One embodiment of the nonrecoverable comparator 

means 400 is depicted as an algorithm in FIG. 4. In FIG. 
4 command block 410 increments an array counter des 
ignated (J) and command block 410 is coupled to com 
mand block 411 which calculates corrected parameters 
based on engine conditions. In particular, typically an 
engine temperature parameter (TSR(J) is calculated by 
obtaining the engine's low pressure turbine discharge 
temperature (T5) divided by theta wherein theta is the 
engine inlet temperature (T1) in degrees Rankine (R) 
divided by the standard day temperature in degrees 
Rankine. The particular engine parameter is then stored 
such as to correspond to a particular array position (J). 
The engine's speed parameter (NLR) is calculated by 
obtaining the engine's rotational speed typically the fan 
speed (NL) divided by the square root of theta. Com 
mand block 411 is coupled to command block 412 in 
which one parameter is compared to a schedule to ob 
tain a maximum scheduled value for the other parame 
ter. For example, typically the speed parameter (NLR) 
is compared to the schedule and a maximum tempera 
ture scheduled value (T5RTOJ)) is obtained. The sched 
ule is obtained preferably by plotting various recover 
able stalls and nonrecoverable stall conditions of a given 
engine. For example, as shown in FIG. 5 a schedule is 
depicted in which corrected low pressure turbine dis 
charge temperature is plotted versus fan speed. Line A 
depicts a line below which it has been determined, 
through experimentation, that most recoverable stalls 
occur. Such a recoverable stall is represented by point 
510, Line B represents a line above which through ex 
perimentation the stalls can be considered nonrecovera 
ble. Such a nonrecoverable stall is represented by a 
trace of points 520 to 526 and 530 to 536 moving as a 
function of time. It should be noted that for each of the 
nonrecoverable stalls the temperature increases rapidly 
with time. However, initially the temperatures for the 
nonrecoverable stalls may be at or near those of the 
recoverable stalls. Therefore, once the speed parameter 
is calculated, the maximum temperature scheduled 
value may be obtained as the value falling along Line B. 
This value is then stored such as to correspond to the 
particular array position (J). While the maximum tem 
perature reference value is exemplified through a sched 
uled graph, it should be understood that the scheduled 
value may be calculated by equations representative of 
maximum values or by other suitable means. Referring 
again to FIG.4, command block 412 is coupled to deci 
sion block 414 which compares whether the nonrecov 
erable stall time switch (TSSWITCH) is equal to one. If 
the nonrecoverable stall time switch is not equal to one 
then the algorithm switches to command block 416 
which sets a nonrecoverable stall time base (T5BASE) 
equal to the current time and sets the nonrecoverable 
stall time switch (TSSWITCH) equal to one. Alterna 
tively, if decision block 414 determines that the time 
switch is not equal to zero or after command block 416 
sets the nonrecoverable stall time switch to one then 
control transfers to command block 418 which sub 
tracts the nonrecoverable stall time base (TBASE) from 
the current time (TIME) to obtain a nonrecoverable 
stall detection time (DSTME). Command block 418 is 
coupled to decision block 420 which compares whether 
the temperature parameter (T5R(J)) is greater than the 
maximum scheduled value T5RT(J) for the current 
array position (J) and if the temperature parameter 
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T5R(J) is greater than the reference value then the 
algorithm switches to decision block 424 which com 
pares whether previous values of the calculated param 
eter TSR are greater than the maximum scheduled val 
ues TSRT. For example, the previous array position of 
the calculated parameter T5R(J-1)) value would be 
compared with the previous array position of the maxi 
mum scheduled value (TSRTO-1)) and accordingly the 
values of other array positions would be compared. 
Typically, between about one to five previous array 
position values would be compared. By comparing 
previous values in addition to the current value this 
protects against random or spurious high temperature 
signals which can lead to false stall signals. If the previ 
ous array position values of the calculated parameter is 
less than the previous array position values of the prede 
termined reference value then the algorithm switches 
back to input block 212 of FIG.2 as described by circle 
2. However, if the decision block determines that the 
previous calculated parameters is greater than the refer 
ence value then the algorithm switches to output block 
426 in which a nonrecoverable stall switch 
(HSWITCH) is set to one and the surge stall switch 
(PSWITCH) is set to zero. Rather than comparing 
previous values it may be desirable to delay the algo 
rithm for a period of time before proceeding with the 
nonrecoverable stall detection logic. It should be under 
stood that the nonrecoverable stall switch may be cou 
pled to any type of indicator system or alternatively 
may be coupled to the engine control system for correc 
tive action such as shutting down the engine. Output 
block 426 is then coupled to input block 212 of FIG. 2 
as denoted by circle 2. Returning to decision block 420, 
if however the temperature parameter is less than the 
scheduled value then the algorithm switches to decision 
block 430 in which the nonrecoverable stall switch is 
compared with the value one and if the nonrecoverable 
stall switch is not equal to one then the algorithm 
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switches to decision block 532 in which the nonrecover 
able stall detection time (D5TIME) is compared with a 
maximum check time (MAXTIME) for nonrecoverable 
stall. If the nonrecoverable stall detection time is 
greater than the maximum check time then the algo 
rithm switches to command block 210 in FIG. 2 as 
denoted by circle 1, alternatively if the nonrecoverable 
stall detection time is less the the maximum check time 
then the algorithm switches to input block 212 in FIG. 
2 as denoted by circle 2. Maximum check time insures 
the determination of a nonrecoverable stall even after 
some rapid corrective action may have been taken in 
response to a surge stall. For example, resetting the 
engine to idle from an initially high power setting may 
transiently result in the temperature parameter being 
less than the maximum scheduled value within the 
check time for nonrecoverable stall (MINTIME) but 
then it increases above the scheduled value shortly 
thereafter. Typically, the maximum check time is be 
tween about 5 and 10 seconds and is generally about 8 
seconds. Returning to decision block 430, if the non 
recoverable stall switch (HSWITCH) is equal to one 
the algorithm then switches to decision block 434 which 
compares whether previous values of the calculated 
parameter TSR are less than previous values of the 
maximum scheduled vale TSRT. By comparing previ 
ous values in addition to the current value this also 
protects against random or spurious low temperature 
signals which can lead to a false indication that the 
engine is no longer in a nonrecoverable stall condition. 
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Therefore, preferably a greater number of previous 
values are compared to determine that the engine is no 
longer in a nonrecoverable stall than initially to deter 
mine whether the engine is in a nonrecoverable stall as 
described in decision block 426. Typically, between 
about five to fifteen previous array position values 
would be compared. If the previous array position val 
ues of the calculated parameter are greater than the 
previous array position values of the maximum sched 
uled value then the algorithm switches back to input 
block 212 of FIG. 2 as denoted by circle 2. However, if 
the previous calculated parameters are less than the 
reference value then the algorithm switches to output 
block 436 in which a nonrecoverable stall switch 
(HSWITCH) is set to zero and the surge stall switch 
(PSWITCH) is set to zero. Output block 436 is then 
coupled to input block 212 of FIG. 2 as denoted by 
circle 2. 

Thus, the nonrecoverable comparator means may be 
an algorithm in which engine parameters are calculated 
based on engine conditions as in command blocks 411 
and 412. These engine parameters which are typically 
based on temperature and engine rotational speed are 
then compared with a schedule to determine whether, 
at the given rotational speed, the temperature exceeds 
the scheduled value as exemplified by block 412 and 
therefore a nonrecoverable stall exits. Once a nonrecov 
erable stall is detected the control delays indicating the 
stall condition for a period of time such as by sampling 
previous values to insure that a nonrecoverable condi 
tion exits in previous samples as in decision block 424 
and if these samples indicate a nonrecoverable stall 
condition also then the system provides an output indi 
cating a nonrecoverable stall condition exists as in out 
put block 426. Alternatively, if a nonrecoverable stall is 
not detected then parameters values are compared with 
previous maximum scheduled values and if the parame 
ter values are less than the scheduled values then the 
stall indicators are cleared as in blocks 434 and 436. 
Once the indicators have been cleared, the system con 
tinues to check for a period of time to insure that the 
nonrecoverable stall situation does not develop as de 
noted in blocks 414, 416, 418, 430 and 432, and when a 
maximum time is exceeded the switches are initialized 
to zero. 
While certain preferred features of the invention have 

been illustrated, it should be understood that the inven 
tion is equally applicable to other embodiments. For 
example, other surge stall detectors, delay means, or 
other algorithms or hardware may be used. It is there 
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fore understood that the attached claims are intended to 
cover these and other such modifications and changes 
that fall within the true spirit of the invention. 
We claim: 
1. A gas turbine engine control system for use on a 

gas turbine engine including a fan and a combustor; 
means for receiving a first signal indicative of engine 
speed and proportional to said speed; 

means for receiving a temperature signal representa 
tive of the engine temperature downstream of said 
engine combustor; 

comparator means for receiving said first signal and 
said temperature signal and for producing a non 
recoverable stall output signal when said tempera 
ture signal indicates the temperature is greater than 
a scheduled value for the given first signal; and 

delay means for delaying said nonrecoverable stall 
output signal for a predetermined period of time, 
said delay means including a means for comparing 
a predetermined number of previous values of said 
temperature signal and said scheduled value and 
delaying said nonrecoverable output stall signal 
until said previous temperature signals indicate that 
the previous temperatures are greater than the 
previous scheduled values. 

2. A method for monitoring a gas turbine engine 
comprising the steps of: 

receiving an engine condition and generating a pa 
rameter signal representative of said condition; 

receiving a temperature signal representative of an 
engine temperature downstream of one engine 
combustor; and 

receiving said parameter signal and said temperature 
signal and producing a nonrecoverable stall output 
signal when said temperature signal indicates that 
said temperature is greater than a scheduled value 
for the given parameter signal; and 

comparing previous values of said temperature signal 
and said scheduled value and delaying said non 
recoverable stall output signal until said previous 
temperature signal indicates the previous tempera 
tures are greater than the previous scheduled val 
uses, 

3. The method of claim 2 wherein said engine is a 
turbofan engine having a fan thereon and said engine 
condition is the rotational speed of said fan. 

4. The engine control system of claim 1 wherein said 
engine is a turbofan engine having a fan thereon and 
said first signal is the rotational speed of said fan, 

k 


