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Description 

This  invention  relates  to  aircraft  engines  of  the 
turbine  type  of  power  plant  and  particularly  to  the 
control  and  scheduling  of  the  power  plant  to 
achieve  certain  performance  characteristics  within 
the  flight  spectrum. 

This  invention  is  particularly  concerned  with 
military  aircraft  as  opposed  to  civilian  or  commer- 
cial  aircraft  and  even  more  particularly  to  the  class 
of  aircraft  that  would  fall  in  the  fighter  class.  As  is 
well  known,  fighter  aircraft  as  presently  perceived 
are  designed  for  the  combat  box  within  the  flight 
spectrum.  Engine  operation  at  .9  Mach  No.  at  an 
altitude  of  15,000  feet  is  representative  of  the  com- 
bat  box.  Because  of  the  nature  of  its  flight  mission 
this  class  of  aircraft  typically  undergoes  rather  vio- 
lent  maneuvers,  calling  for  much  manipulation  of 
the  power  level  to  change  thrust  of  the  engine  so 
as  to  accelerate  and  decelerate  at  very  severe 
conditions.  When  the  aircraft  undergoes  these  ma- 
neuvers  the  pilot  will  typically  exercise  power  lever 
movements  called  bodies,  chops,  snaps  and  the 
like  which  result  in  engine  speed,  temperature,  and 
airflow  excursions.  Under  such  maneuver  excur- 
sions  the  rotor  speeds  of  the  fan  and  high  pressure 
compressor  rotors  will  vary  from  a  high  level  of  the 
operating  spectrum  called  intermediate  power  to  a 
lower  level  called  part  power  or  idle  power.  While 
these  rotor  speeds  and  thrusts  are  varying  during 
maneuver  excursions,  the  variable  geometry  parts 
of  the  engine  are  also  moving.  Fan  and  high  com- 
pressor  vane  angles  are  changing  with  rotor  speed 
and  the  variable  area  exhaust  nozzle  is  changing 
position,  typically  +5%  to  +10%  from  the  inter- 
mediate  power  area  as  the  engine  moves  toward 
idle  power,  decelerates.  Exhaust  nozzle  area  nor- 
mally  closes  5%  to  10%  as  the  engine  accelerates. 

EP-A-0  005  135  is  an  example  of  a  prior  art 
control  for  a  gas  turbine  engine  having  a  variable 
exhaust  nozzle. 

A  further  example  of  a  prior  art  control  for  a 
gas  turbine  engine  having  a  variable  exhaust  noz- 
zle  is  disclosed  in  GB-A-1  159  217. 

To  more  fully  understand  the  background  of 
this  technology  the  graphs  in  Figure  1  show  a 
typical  schedule  of  a  military  aircraft  engine  de- 
signed  to  operate  at  .9  Mach  No.  at  an  altitude  of 
15,000  feet.  The  graphs  describe  the  speed  of  the 
high  compressor  and  fan  pressure  rotors,  (N2  and 
N1  respectively),  the  inlet  temperature  of  the  tur- 
bine,  the  total  airflow  at  the  fan  inlet  (Wat2)  and  the 
area  of  the  exhaust  nozzle  (Aj)  at  various  thrust 
levels.  These  parameters  are  typical  in  a  single 
spool  or  multiple  spool  axial  flow  turbine  power 
plant  either  of  the  straight  jet  or  fan  jet  configura- 
tion;  the  latter,  for  example,  being  exemplified  by 
the  F100  engine  manufactured  by  Pratt  &  Whitney 

Aircraft,  a  division  of  United  Technologies  Corpora- 
tion,  the  assignee  of  this  patent  application. 

Essentially,  as  can  be  seen  from  these  graphs 
(Fig.  1),  the  thrust  level  varies  from  zero  thrust 

5  (idle)  to  approximately  12,000  pounds  of  thrust 
(military  power)  at  .9/15,000  ft.  The  area  of  the 
opening  of  the  exhaust  nozzle  is  pre-selected  at 
3.0  ft.2  for  idle  and  slightly  smaller,  2.8  ft.2  for 
intermediate  power  operation.  These  are  optimum 

io  exhaust  nozzle  areas  for  steady  state  engine  op- 
eration.  Reference  letter  A  on  all  the  graphs  repre- 
sent  the  military  power  condition  (12,000  pounds 
thrust)  during  normal  operation  of  the  aircraft.  A 
typical  snapdown  in  thrust  desired  would  schedule 

75  the  power  to  reduce  to  perhaps,  say  2-4  thousand 
pounds  of  thrust  or  even  idle  (reference  letter  B)  by 
reducing  the  amount  of  fuel  to  the  combustor  of  the 
engine  and  increasing  the  exhaust  nozzle  area  to 
3.0  square  feet.  The  N1  and  N2  speeds,  turbine 

20  temperature,  and  airflow  will  be  at  values  in  accor- 
dance  with  the  thrust  decreasing  along  the  3.0  ft.2 
Path,  (E).  For  example,  at  idle,  T4  would  be  at 
approximately  1200°F.  N1  and  N2  speed  would  be 
at  approximately  5000  RPM  and  10,000  RPM,  re- 

25  spectively  and  engine  air  flow  would  be  at  approxi- 
mately  100  pounds/sec. 

From  the  foregoing,  it  will  be  appreciated  that 
under  a  typical  schedule  there  is  a  significant  de- 
crease  in  speed,  temperature  and  airflow  in  the 

30  engine  when  the  power  plant  undergoes  a  transient 
from  military  power  to  idle  power.  Likewise,  there  is 
a  significant  increase  in  speed,  temperature,  and 
airflow  when  the  powerplant  undergoes  a  transient 
from  idle  or  part  power  up  to  military  power,  just 

35  the  reverse  of  the  down  power  transient.  Such 
scheduling  is  exemplary  of  fighter  aircraft  engines 
and  represents  a  typical  excursion  of  the  internal 
engine  performance  characteristics. 

What  is  also  well  known  is  the  fact  that  the 
40  components  of  an  engine  designed  for  fighter  type 

aircraft  (fighter  class)  have  a  shorter  life  span  than 
a  similar  part  used  in  an  engine  designed  to  power 
commercial  or  non-fighter  types  of  aircraft.  Obvi- 
ously,  the  severity  of  the  thrust  transients  and  the 

45  rapidity  of  such  transients  are  more  evidenced  in 
the  military  engines  than  in  non-military  engines. 

It  has  been  found  that  one  can  improve  the 
power  plant  by  including  in  addition  to  the  here- 
tofore  known  and  above  described  schedule  a  dif- 

50  ferent  schedule  utilized  solely  during  predeter- 
mined  transient  conditions  so  as  to  afford  the  fol- 
lowing  benefits: 

1)  improved  life  cycle  fatigue  (LCF)  life, 
2)  improved  engine  stability/operability, 

55  3)  improved  performance,  and 
4)  reduced  engine  thrust  transient  time. 

In  preliminary  analytical  studies  it  has  been 
determined  that  changing  the  scheduling  of  the 
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power  plant  in  accordance  with  this  invention,  there 
is  a  likelihood  of  attaining  1.4x  and  2.7x  F/M  life 
benefits  of  the  high  and  low  rotors,  respectively. 
Such  predictions  are  based  on  assessment  of  the 
high  physical  rotor  speed  at  idle  on  the  surface 
flow  fracture  mechanics  life  for  the  engine  evalu- 
ated. 

So,  an  object  of  this  invention  is  to  provide  for 
fighter  aircraft  powered  by  a  turbine  type  power 
plant,  a  control  improving  life  cycle  fatigue  life, 
engine  stability/operability,  performance  and/or  en- 
gine  thrust  transient  beheaviour. 

This  object  is  achieved  in  a  control  according 
to  the  preamble  of  claim  1  ,  by  the  features  of  the 
characterizing  part  thereof. 

Embodiments  of  the  invention  are  described  in 
the  dependant  claims. 

According  to  an  aspect  of  the  invention  there  is 
provided  a  secondary  schedule  solely  utilized  dur- 
ing  maneuvers,  transient  thrust  conditions,  that 
concomitantly  reduces  or  increases  fuel  flow  to  the 
engine  and  significantly  opens  and  closes  the  ex- 
haust  nozzle  area  so  as  to  reduce  or  increase 
thrust  while  obtaining  higher  levels  of  rotor  speed, 
burner  and  turbine  temperatures  and  engine  air 
flow  at  part  power  or  idle  power  conditions  than 
would  be  otherwise  achieved  by  the  primary 
schedule. 

A  feature  of  this  invention  is  to  provide  a  sec- 
ondary  scheduling  system  that  maintains  higher 
rotor  speeds,  high  combustor/turbine  temperatures 
and  engine  airflow  at  part  power  that  responds  to 
the  rate  of  change  of  the  power  lever  operated 
within  the  cockpit  of  the  aircraft. 

The  foregoing  and  other  features  and  advan- 
tages  of  the  present  invention  will  become  more 
apparent  from  the  following  description  and  accom- 
panying  drawings,  wherein: 

Figure  1  is  a  plurality  of  charts  showing  a  family 
of  curves  for  different  open  areas  of  the  exhaust 
nozzle  for  a  plurality  of  engine  operating  param- 
eters  operating  over  the  thrust  spectrum  of  a 
gas  turbine  type  power  plant; 
Figure  2  is  a  plan  view  representing  a  typical 
gas  turbine  power  plant  and  a  schematic  in 
block  diagram  illustrating  the  function  of  the 
primary  schedule  and  the  secondary  schedule 
illustrating  this  invention;  and 
Figure  3  is  a  graph  illustrating  the  affect  of  this 
invention  as  demonstrated  on  a  typical  fan  map 
of  an  axial  flow  fan; 

This  invention  is  intended  to  be  utilized  on 
engines  of  the  type  exemplified  by  the  PW  F100 
engine  manufactured  by  Pratt  &  Whitney  Aircraft,  a 
division  of  United  Technologies  Corporation,  the 
assignee  of  this  patent  application,  but  it  is  to  be 
understood  that  the  invention  is  not  limited  thereto. 
However,  the  invention  is  contemplated  to  be  uti- 

lized  in  turbine  type  power  plants  where  not  only  is 
the  flow  of  fuel  regulated  to  the  engine's  burner, 
but  also  where  the  area  of  the  exhaust  nozzle  is 
varied  during  thrust  transients  to  achieve  the  bene- 

5  fits  enumerated  above. 
While  a  description  of  the  details  of  the  engine 

is  not  necessary  for  an  understanding  of  the  inven- 
tion  and  are  omitted  herefrom  for  the  sake  of 
simplicity  and  convenience,  suffice  it  to  say  that 

io  the  engine  is  of  the  twin  spool  axial  flow  type.  As  is 
typical  in  these  configurations,  the  N2  spool  com- 
prises  stages  of  high  pressure  compressors  driven 
by  the  high  pressure  turbine  and  the  N1  spool 
comprises  stages  of  the  fan  and  stages  of  the  low 

is  pressure  compressors  driven  by  the  stages  of  low 
pressure  turbine.  A  burner  typically  of  the  annular 
type,  is  disposed  between  the  compressor  exit  and 
turbine  inlet  and  serves  to  accelerate  and  heat  the 
engine's  working  medium  in  order  to  energize  the 

20  gases  sufficiently  so  as  to  power  the  turbines  and 
generate  thrust. 

As  is  shown  schematically  in  Figure  2,  the 
turbine  type  power  plant  generally  indicated  by 
reference  numeral  10  comprises  the  gas  generator 

25  section  including  the  high  pressure  compressor  11 
and  high  pressure  turbine  14  interconnected  by  the 
high  speed  shaft  16.  The  gas  generator  burner  18 
is  disposed  therebetween  and  serves  to  combust 
fuel  to  energize  the  engine's  working  medium.  The 

30  fan/low  pressure  compressor  20  is  interconnected 
by  low  speed  shaft  22  to  the  low  pressure  turbine 
24.  The  high  pressure  spool  and  low  pressure 
spool  are  not  mechanically  connected  to  each  oth- 
er  but  rotate  independently. 

35  The  engine  also  includes  an  augmentor  30 
receiving  the  engine's  working  medium  discharging 
from  the  low  turbine.  Ultimately,  the  engine's  work- 
ing  medium  is  discharged  from  the  engine  through 
the  variable  area  exhaust  nozzle  (Aj)  generally  in- 

40  dicated  by  reference  numeral  31.  A  suitable  ac- 
tuator  32  serves  to  position  the  exhaust  nozzles  so 
as  to  control  the  area  of  the  discharge  opening 
which  is  adjusted  as  a  function  of  the  engine's 
operation  schedule. 

45  Suffice  it  to  say  that  the  burner  fuel  flow  and 
area  of  the  exhaust  nozzle  are  controlled  in  accor- 
dance  with  a  predetermined  schedule  selected  to 
achieve  optimum  engine  operation  over  the  en- 
gine's  flight  envelope.  In  modern  day  aircraft  an 

50  electronic  controller  is  generally  employed  which 
monitors  a  plurality  of  engine  operating  parameters 
and  calculates  their  value  to  adjust  the  fuel  flow 
and  engine's  geometry  to  achieve  optimum  opera- 
tion.  This  invention  contemplates  the  existence  of 

55  this  schedule  whether  it  be  through  an  electronic, 
hydraulic  or  hydro-mechanical  control,  and  such  a 
schedule  is  referred  to  hereinafter  as  the  primary 
schedule. 

3 
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Again  referring  to  Figure  2  to  best  understand 
this  invention,  a  typical  scheduling  scheme  shown 
schematically  in  block  diagram  is  described  to 
present  the  best  mode.  It  is  to  be  understood, 
however,  and  will  be  appreciated  by  one  skilled  in 
the  art,  that  once  the  concept  is  understood,  the 
implementation  of  this  invention  can  be  easily  ac- 
commodated  by  changes  made  to  existing  sched- 
uling  mechanism.  In  a  digital  type  control,  for  ex- 
ample,  a  suitable  chip  can  be  designed  and  in- 
tegrated  into  the  existing  computer  package. 

As  illustrated  in  Figure  2,  a  rate  of  change 
sensor  40  serves  to  measure  the  rate  of  change  of 
the  power  lever  42  typically  operated  from  the 
cockpit  of  the  aircraft.  A  rate  of  change  less  than  a 
predetermined  value,  say  50  "/second  in  either  po- 
larity  will  cause  the  input  signal  to  be  processed  by 
the  primary  scheduling  control  44. 

A  suitable  electronics  digital  control  may  be  the 
EEC-104  manufactured  by  the  Hamilton  Standard 
Division  of  United  Technologies  Corporation,  the 
assignee  of  this  patent  application.  As  mentioned 
above  the  primary  schedule  monitors  a  plurality  of 
engine  operating  parameters  like  rotor  speed  (N1), 
compressor  discharge  pressure  (P3),  compressor 
inlet  pressure  (P2.5)  and  others  and  computes  their 
value  to  operate  the  engine  automatically  to 
achieve  optimum  engine  operation  while  avoiding 
surge,  overtemperature  and  the  like.  As  noted,  the 
primary  scheduling  control  44  serves  to  produce 
two  output  signals.  One  being  the  fuel  flow  (Wf) 
which  is  suitably  calculated  in  the  function  gener- 
ator  identified  by  reference  numeral  46.  The  other 
is  the  area  of  the  exhaust  nozzle  (Aj)  which  is 
calculated  in  the  function  generator  indicated  by 
reference  numeral  48.  The  actual  schedule  is  illus- 
trated  in  the  graphs  of  Figure  1  .  As  was  mentioned 
in  the  above,  a  typical  schedule  for  the  bodies  and 
snaps  is  illustrated  by  the  curve  for  3.0  ft.2  opening 
of  Aj  where  the  power  lever  is  manipulated  be- 
tween  military  and  idle  settings. 

In  accordance  with  this  invention,  if  the  rate  of 
change  of  the  power  lever  42  is  greater  than  a 
predetermined  value  say  50  "/second,  the  input  sig- 
nal  will  then  be  processed  by  the  secondary 
schedule  herein  after  referred  to  as  the  MAJ-IC 
mode  which  is  an  acronym  for  Max  AJ  Idle  Control. 
While  shown  as  two  separate  control  entities,  as 
was  mentioned  above  MAJ-IC  mode  could  be  easi- 
ly  implemented  in  the  electronic  digital  control.  The 
schedule  will  in  this  mode  be  changed  so  that  the 
rate  of  fuel  delivered  to  the  engine  will  follow  the 
schedule  identified  by  the  6.35  sq.  ft.  curve  noted 
in  the  function  generator  50  of  the  MAJ-IC  mode. 
The  Aj  will  be  activated  to  open  to  6.35  sq.  feet 
instead  of  the  3.0  sq.  feet  that  was  the  value  of  the 
heretofore  known  schedule  as  shown  in  the  func- 
tion  generator  52. 

The  new  schedule  provided  by  the  MAJ-IC 
mode  is  shown  in  Figure  1  and  represented  by  the 
dashline  D. 

It  is  obviously  apparent  that  by  virtue  of  the 
5  MAJ-IC  mode  schedule  all  of  the  engine  operating 

parameters  are  now  at  a  much  higher  value  for 
excursions  from  military  power  to  idle  power  than 
they  are  from  the  primary  schedule.  The  T4  excur- 
sion  is  reduced  30%.  N2  and  N1  speed  excursions 

io  are  reduced  by  45%  and  66%  respectively  and 
engine  air  flow  excursion  is  reduced  to  55  pps  from 
146  pps.  This  is  accomplished  without  changing 
the  thrust  production  of  the  engine  and  hence  does 
not  adversely  affect  aircraft  maneuverability.  One  of 

is  the  advantages  obviously  is  that  the  excursions  for 
these  maneuvers  is  reduced  significantly  over  the 
excursions  for  the  identical  maneuvers  when  solely 
the  primary  schedule  is  employed.  This  has  the 
benefit  of  enhancing  the  LCF  life  since  the  strain 

20  on  the  engine's  components  evidences  a  less  se- 
vere  cycle,  particularly  in  the  hot  section  of  the 
engine. 

It  has  been  estimated  that  since  the  resulting 
strain  range  on  engine  parts  (hot  and  cold)  be- 

25  tween  military  and  idle  has  been  significantly  re- 
duced,  the  LCF  severity  of  these  transient  engine 
operations  on  engine  parts  life  will  be  reduced 
thereby  increasing  life  by  approximately  39%,  the 
engine  stability  will  be  increased  approximately 

30  24%  and  thrust  transient  time  will  be  reduced  ap- 
proximately  42%. 

Another  advantage  is  the  improvement  in  the 
engine  stability  which  can  best  be  understood  by 
referring  to  the  graph  in  Figure  3  illustrating  a 

35  typical  fan  map  for  an  axial  flow  fan.  As  noted,  the 
engine  operating  line  E  is  plotted  against  compres- 
sion  ratio  (PR)  (ordinate)  and  airflow  (Wac) 
(abscissa)  for  give  lines  of  corrected  speed 

( N / y T ) .  

As  noted,  the  operating  line  E  is  spaced  from  the 
stall  line  F  and  the  difference  between  the  stall  line 

45  and  operating  line  for  any  given  corrected  fan 
speed  defines  the  stall  margin.  The  larger  the  stall 
margin  the  better  the  engine's  stability,  particularly 
during  transients.  The  typical  schedule  for  these 
transients  provided  by  the  primary  schedule  would 

50  operate  the  engine  along  the  operating  line  E  from 
point  G  to  H.  The  MAJ-IC  mode  would  alter  the 
schedule  for  the  same  transients  so  as  to  operate 
along  the  dash  line  K  from  point  G  to  point  M.  The 
increase  in  stall  margin  is  self  evident.  Hence  the 

55  stability  of  the  engine  during  these  transients  would 
inherently  improve.  The  high  pressure  compressor 
also  experiences  a  significant  stall  margin  increase 
in  the  MAJ-IC  mode  (see  fan  map  for  similar  re- 

4 
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suits) 
Obviously,  since  under  the  MAJ-IC  mode 

schedule  the  engine  is  operating  at  higher  speeds 
and  temperatures,  its  response  to  a  demand  for 
increased  power  will  significantly  improve.  This  will 
reduce  the  engine  thrust  transient  time  which  is 
very  desirable  in  fighter  aircraft. 

To  prevent  inadvertent  overusage  of  fuel  un- 
necessarily,  that  is  to  shift  from  the  MAJ-IC  mode 
to  the  primary  mode  when  the  transient  operation 
is  not  being  fully  utilized,  a  timer  is  contemplated. 
If  the  power  lever  42  is  inactive  for  a  predeter- 
mined  period  of  time,  say  1  minute,  and  the  sched- 
ule  is  in  the  MAJ-IC  mode  the  timer  66  will  auto- 
matically  transfer  the  input  signal  from  the  rate  of 
change  sensor  40  to  the  primary  schedule  44. 
Hence  the  engine  will  operate  at  the  3.0  sq.  ft. 
curve  of  the  operating  schedule. 

Claims 

1.  A  control  for  a  gas  turbine  engine  producing 
thrust  to  propel  aircraft,  said  gas  turbine  en- 
gine  (10)  having  a  variable  area  exhaust  nozzle 
(31)  and  being  operable  over  a  given  flight 
envelope  including  a  combat  box  of  a  given 
flight  Mach  number  and  altitude,  comprising  a 
primary  control  system  (40,46,48)  for  monitor- 
ing  given  engine  operating  parameters  for  con- 
trolling  the  rate  of  fuel  (Wf)  delivered  to  said 
engine  and  said  variable  area  exhaust  nozzle 
(Aj),  and  including  a  power  lever  (42)  for  input- 
ting  thrust  demands  to  said  primary  control 
system,  characterized  by  secondary  control 
means  (50,52,54)  operable  primarily  within  said 
combat  box  but  not  solely  and  solely  during 
transients  of  said  gas  turbine  engine  operation 
to  further  control  said  fuel  delivered  to  said 
engine  (10)  and  said  variable  area  exhaust 
nozzle  (Aj)  to  attain  a  higher  part  power  and 
higher  idle  rotor  speeds  of  said  engine  than  is 
attained  by  said  primary  control,  and 

means  (40)  responsive  to  the  rate  of 
change  of  said  power  lever  position  for  produc- 
ing  a  signal,  whereby  when  said  rate  of  change 
exceeds  a  predetermined  value,  said  secon- 
dary  control  system  (50,52,54)  becomes  re- 
sponsive  to  said  thrust  demands  in  lieu  of  said 
primary  control  system  (44,46,48). 

2.  The  control  as  claimed  in  claim  1  including  a 
timing  device  (66)  for  switching  from  said  sec- 
ondary  control  system  (50,52,54)  to  said  pri- 
mary  control  system  (44,46,48)  when  said 
power  lever  (42)  remains  in  a  given  position  for 
a  given  length  of  time  or  when  said  rate  of 
change  of  power  lever  position  is  small,  less 
than  predetermined  value  for  a  given  or  pre- 

determined  length  of  time. 

3.  The  control  as  claimed  in  claim  2  wherein  said 
secondary  control  system  (50,52,54)  is  oper- 

5  able  in  both  a  decreasing  and  increasing  thrust 
mode  whereby  the  thrust  produced  by  said 
engine  increases  and  decreases  during  tran- 
sient  conditions. 

io  4.  The  control  as  claimed  in  any  one  of  the 
claims  1  to  3,  wherein  said  secondary  control 
means  (50,52,54)  further  controls  said  fuel  de- 
livered  to  said  engine  (10)  and  said  variable 
area  exhaust  nozzle  (Aj)  to  attain  higher  rotor 

is  speeds  of  said  engine,  a  higher  turbine  inlet 
temperature  and  higher  engine  air  flow  for 
each  part  power  thrust  value. 

5.  The  control  as  claimed  in  any  one  of  the 
20  claims  1  to  4,  wherein  by  said  secondary  con- 

trol  (50,52,54)  the  area  of  said  variable  area 
exhaust  nozzle  is  significantly  increased  over 
the  area  of  said  variable  area  exhaust  nozzle 
when  controlled  by  said  primary  control 

25  (44,46,48). 

Revendications 

1.  Commande  de  turbomoteur  produisant  une 
30  poussee  destinee  a  propulser  un  avion,  ledit 

turbomoteur  (10)  comportant  une  tuyere 
d'echappement  (31)  a  surface  variable  et  fonc- 
tionnant  sur  une  enveloppe  de  vol  donnee, 
comportant  une  bolte  de  combat  d'un  nombre 

35  de  Mach  et  d'une  altitude  donnes,  comprenant 
un  systeme  de  commande  principale 
(40,46,48)  pour  controler  des  parametres  don- 
nes  de  fonctionnement  du  moteur,  pour  com- 
mander  le  debit  de  carburant  (Wf)  fourni  audit 

40  moteur  et  la  tuyere  d'echappement  a  surface 
variable  (Aj),  et  comprenant  une  manette  des 
gaz  (42)  pour  envoyer  des  demandes  de  pous- 
see  audit  systeme  de  commande  principale, 
caracterisee  en  ce  qu'elle  comporte  des 

45  moyens  de  commande  secondaire  (50,52,54) 
fonctionnant  principalement,  mais  pas  seule- 
ment,  a  I'interieur  de  la  bolte  de  combat  et 
seulement  pendant  les  transitoires  de  fonction- 
nement  du  turbomoteur  pour  commander  de 

50  plus  le  carburant  fourni  au  moteur  (10)  ainsi 
que  la  tuyere  d'echappement  a  surface  varia- 
ble  (Aj),  pour  atteindre  une  puissance  partielle 
plus  elevee  et  des  vitesses  de  rotor  au  ralenti 
plus  elevees  dudit  moteur  que  celles  qu'il  at- 

55  teindrait  par  la  commande  principale,  et  des 
moyens  sensibles  a  la  vitesse  de  variation  de 
la  position  de  la  manette  des  gaz  pour  produi- 
re  un  signal  si  bien  que,  lorsque  que  cette 

5 
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vitesse  de  variation  depasse  une  valeur  prede- 
termined,  le  systeme  de  commande  secondai- 
re  (50,52,54)  prend  en  charge  les  demandes 
de  poussee  a  la  place  du  systeme  de  com- 
mande  principale  (44,46,48). 

2.  Commande  suivant  la  revendication  2  caracte- 
risee  en  ce  qu'elle  comprend  un  dispositif  de 
comptage  du  temps  (66)  pour  passer  du  syste- 
me  de  commande  secondaire  (50,52,54)  au 
systeme  de  commande  principale  (44,46,48), 
lorsque  la  manette  des  gaz  (42)  reste  dans  une 
position  donnee  pendant  une  duree  donnee  ou 
lorsque  la  vitesse  de  variation  de  la  position  de 
la  manette  des  gaz  est  faible,  inferieure  a  la 
valeur  predetermined,  pendant  une  periode  de 
temps  de  longueur  donnee  ou  predetermined. 

3.  Commande  suivant  la  revendication  2  caracte- 
risee  en  ce  que  le  systeme  de  commande 
secondaire  (50,52,54)  fonctionne  a  la  fois  en 
mode  de  poussee  decroissante  et  croissante  si 
bien  que  la  poussee  produite  par  le  moteur 
augmente  et  decrolt  durant  les  etats  transitoi- 
res. 

4.  Commande  suivant  I'une  des  revendications 
precedentes  caracterisee  en  ce  que  les 
moyens  de  commande  secondaires  (50,52,54) 
commandent,  de  plus,  la  quantite  de  carburant 
fourni  au  moteur  (10)  et  la  tuyere  d'echappe- 
ment  a  surface  variable  (Aj)  pour  atteindre  des 
vitesses  de  rotor  du  moteur  superieures,  une 
temperature  d'entree  de  turbine  superieure  et 
un  flux  d'air  moteur  superieur  pour  chaque 
valeur  de  poussee  a  puissance  partielle. 

5.  Commande  suivant  I'une  quelconque  des  re- 
vendications  precedentes  caracterisee  en  ce 
que  la  commande  secondaire  (50,52,54)  com- 
mande  I'augmentation  de  la  surface  de  la  tuye- 
re  d'echappement  a  surface  variable  de  fagon 
significative  par  rapport  a  sa  surface,  lorsqu'el- 
le  est  commanded  par  la  commande  principale 
(44,46,48). 

Patentanspruche 

1.  Steuerung  fur  ein  Gasturbinentriebwerk,  das 
Schub  zum  Flugzeugvortrieb  erzeugt,  wobei 
das  Gasturbinentriebwerk  (10)  eine  verstellbare 
Schubduse  (31)  hat  und  uber  einer  bestimm- 
ten  Flugleistungshullkurve  betreibbar  ist,  die 
einen  Gefechtsbereich  mit  einer  bestimmten 
Flug-Mach-Zahl  und  -Hohe  beinhaltet,  mit  ei- 
nem  Primarsteuersystem  (40,  46,  48)  zum 
uberwachen  von  bestimmten  Triebwerksbe- 
triebsparametern  zum  Steuern  der  Brennstoff- 

menge  (Wf),  die  dem  Triebwerk  zugefuhrt 
wird,  und  der  verstellbaren  Schubduse  (Aj)  und 
mit  einem  Leistungshebel  (42)  zum  Eingeben 
von  Schubanforderungen  in  das  Primarsteuer- 

5  system,  gekennzeichnet  durch  eine  Sekundar- 
steuereinrichtung  (50,  52,  54),  die  hauptsach- 
lich  innerhalb  des  Gefechtsbereiches,  aber 
nicht  allein,  und  allein  wahrend  Ubergangsvor- 
gangen  des  Gasturbinentriebwerksbetriebes 

io  betatigbar  ist,  urn  den  Brennstoff,  der  dem 
Triebwerk  (10)  zugefuhrt  wird,  und  die  verstell- 
bare  Schubduse  (Aj)  weiter  zu  steuern  und 
eine  hohere  Teilleistung  und  hohere  Leerlauf- 
rotordrehzahlen  des  Triebwerks  zu  erreichen, 

is  als  durch  die  Primarsteuerung  erreicht  werden, 
und 
durch  eine  Einrichtung  (40),  die  auf  die  Ande- 
rungsgeschwindigkeit  der  Leistungshebelposi- 
tion  anspricht,  urn  ein  Signal  zu  erzeugen,  wo- 

20  durch,  wenn  die  Anderungsgeschwindigkeit  ei- 
nen  vorbestimmten  Wert  ubersteigt,  das  Se- 
kundarsteuersystem  (50,  52,  54)  auf  die 
Schubanforderungen  statt  des  Primarsteuersy- 
stems  (44,  46,  48)  anspricht. 

25 
2.  Steuerung  nach  Anspruch  1,  mit  einer  Zeit- 

steuervorrichtung  (66)  zum  Umschalten  von 
dem  Sekundarsteuersystem  (50,  52,  54)  auf 
das  Primarsteuersystem  (44,  46,  48),  wenn  der 

30  Leistungshebel  (42)  fur  eine  bestimmte  Zeit- 
dauer  in  einer  bestimmten  Position  bleibt  oder 
wenn  die  Anderungsgeschwindigkeit  der  Lei- 
stungshebelposition  klein  ist,  kleiner  als  ein 
vorbestimmter  Wert  fur  eine  bestimmte  oder 

35  vorbestimmte  Zeitdauer. 

3.  Steuerung  nach  Anspruch  2,  wobei  das  Sekun- 
darsteuersystem  (50,  52,  54)  sowohl  in  einer 
Betriebsart  abnehmenden  als  auch  in  einer  Be- 

40  triebsart  zunehmenden  Schubs,  durch  die  der 
durch  das  Triebwerk  erzeugte  Schub  wahrend 
Ubergangsbedingungen  zunimmt  und  ab- 
nimmt,  betatigbar  ist. 

45  4.  Steuerung  nach  einem  der  Anspruche  1  bis  3, 
wobei  die  Sekundarsteuereinrichtung  (50,  52, 
54)  weiter  den  dem  Triebwerk  (10)  zugefuhrten 
Brennstoff  und  die  verstellbare  Schubduse  (Aj) 
steuert,  urn  hohere  Rotordrehzahlen  des  Trieb- 

50  werks,  eine  hohere  TurbineneinlaCtemperatur 
und  einen  hoheren  Triebwerksluftstrom  fur  je- 
den  Teilleistungsschubwert  zu  erreichen. 

5.  Steuerung  nach  einem  der  Anspruche  1  bis  4, 
55  wobei  durch  die  Sekundarsteuerung  (50,  52, 

54)  der  Querschnitt  der  verstellbaren  Schubdu- 
se  gegenuber  dem  Querschnitt  der  verstellba- 
ren  Schubduse,  wenn  diese  durch  die  Primar- 

6 
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steuerung  (44,  46,  48)  gesteuert  wird,  betracht- 
lich  vergro/Sert  wird. 
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