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Description 

This  invention  relates  to  a  turbine  rotor  accord- 
ng  to  the  precharacterizing  portion  of  claim  1. 

In  known  types  of  turbine  rotor  constructions  as 
disclosed  for  example  in  US—  A—  3,733,146,  it  is 
ypical  to  include  cover  plates  on  the  front  face  of 
tie  1st  and  2nd  stage  turbines  adjacent  the 
uncture  where  the  root  of  the  blade  fits  into  the 
Droached  recess  in  the  turbine  disk.  The  cover- 
seals  (sometimes  referred  to  as  mail  boxes 
oecause  of  the  likeness  in  shape)  are  a  plurality  of 
Flat  elements  (one  for  each  blade)  that  are  spaced 
around  the  circumference  of  the  disk.  An  exten- 
sion  from  the  rear  of  the  flat  element  extends  into 
the  broached  fir  tree  recess  at  the  juncture  where 
the  root  of  the  turbine  blade  fits  into  this  recess.  In 
the  prior  art  designs  the  sole  purpose  of  the  cover 
plate  was  to  define  an  aerodynamically  smooth 
contour  on  the  face  of  the  disk  to  avoid  pressure 
penalty.  Thus  it  was  merely  a  windage  cover. 

Similar  cover  plates  serving  as  a  windage  cover 
are  also  disclosed  in  US—  A—  3,887,298  which 
describes  a  turbine  rotor  according  to  the  pre- 
characterizing  portion  of  claim  1.  In 
US—  A—  3,887,298  the  cover  plates  at  one  side  of 
the  rotor  disk  have  a  blade  damper  integral 
therewith  engaging  the  underside  of  adjacent 
blade  platforms  and  the  cover  plates  at  the  other 
side  of  the  rotor  disk  are  provided  with  an  axial 
portion  fitting  under  the  damper  to  maintain  it  in 
engagement  with  the  platforms.  The  damper 
extensions  of  the  cover  plates  sealingly  engage 
the  undersides  of  the  platforms  to  seal  off  a  cavity 
formed  between  two  adjacent  blade  neck  por- 
tions,  the  disk  rim  and  the  blade  platforms  to 
thereby  prevent  leakage  of  turbine  working  fluid 
between  adjacent  platform  edges. 

Reference  is  also  made  to  US  —  A  —  4,455,122 
which  concerns  a  blade  to  blade  vibration 
damper.  A  plate-like  seal  is  disposed  radially 
inwardly  of  the  damper.  The  seal  is  supported  by 
protrusions  of  the  blade  neck  portions  directly 
below  the  blade  platforms.  Under  centrifugal  load 
the  seal  is  engageable  with  the  damper  to  aug- 
ment  the  dampening  of  the  rotor  blade  vibration. 

The  object  of  the  invention  is  to  provide  cover- 
seals  for  a  turbine  rotor,  which  provide  the  dual 
function  of  preventing  windage  and  to  attain 
improved  cooling  of  the  disk. 

This  is  achieved  by  the  features  of  the  charac- 
terizing  portion  of  claim  1. 

According  to  the  invention  the  axial  extension 
of  the  cover  extending  into  the  broached  recess 
radially  outwardly  the  disk  rim  is  judiciously 
spaced  radially  from  the  rim  adjacent  thereto  to 
provide  an  annular  space  or  gap.  Cooler  air  in  the 
root  cavity  migrates  to  this  space  and  insulates 
the  disk  rim  from  the  engine's  extremely  hot 
working  medium  that  is  acting  on  the  turbine 
blades.  Tests  have  shown  that  this  feature 
reduces  the  disk  rim  temperature  by  over  180°C 
(100°F)  which  (1)  increases  the  disk  low  cycle 
fatigue  life  and  (2)  allows  the  use  of  less  expen- 
sive  material  from  which  the  disk  is  fabricated. 

In  one  embodiment  the  axially  extending  por- 
tion  of  the  cover  is  supported  by  teeth  of  the  fir 
tree  root  configuration  of  adjacent  blades. 

The  turbine  rotor  will  now  be  described  in 
5  greater  detail  with  reference  to  the  accompanying 

drawings,  which  illustrate  an  embodiment  of  the 
invention,  and  wherein: 

Fig.  1  is  a  partial  view  of  the  1st  and  2nd  stages 
of  the  turbine  of  a  gas  turbine  engine  in  cross 

w  section  showing  the  improved  rear  side  plate  and 
its  retention  system; 

Fig.  2  is  a  partial  view  in  elevation  illustrating 
several  of  the  cover-seal  in  their  assembled  posi- 
tion;  and 

m  Fig.  3  is  a  partial  view  partly  in  section  and 
partly  in  elevation  taken  along  lines  3  —  3  of  Fig.  2. 

This  invention  is  particularly  suitable  as  the 
cover  for  the  turbine  rotors  of  a  gas  turbine  power 
plant  such  as  the  engine  models  JT-9D,  PW2037 

20  and  PW4000  manufactured  by  Pratt  &  Whitney 
Aircraft  of  United  Technologies  Corporation,  the 
applicant  of  this  patent  application,  the  details  of 
which  are  incorporated  herein  by  reference.  As 
best  seen  from  Figs.  1,  2  and  3,  the  first  stage 

25  turbine  generally  illustrated  by  reference  numeral 
10  comprises  a  rotor  disk  12  and  a  plurality  of 
circumferentially  spaced  turbine  blades  14  (only  a 
portion  being  shown)  suitably  supported  thereby. 
Likewise,  the  2nd  stage  turbine  generally  illus- 

30  trated  by  reference  numeral  16  comprises  a  rotor 
disk  18  and  a  plurality  of  circumferentially  spaced 
blades  20  (only  a  portion  being  shown)  suitably- 
supported  thereby.  Although  not  shown,  it  will  be 
appreciated  that  both  the  1st  and  2nd  stage 

35  turbines  are  coupled  to  a  common  shaft  (not 
shown)  and  serve  to  extract  energy  from  the 
engine's  fluid  working  medium  and  transfer  said 
energy  in  terms  of  R.P.M.  to  the  engine's  shaft. 

As  noted,  the  l-Beam  (in  cross  section)  seal 
40  generally  indicated  by  reference  numeral  22  com- 

prises  an  outer  rim  24  spanning  between  the  rear 
of  the  disk  12  and  the  front  of  disk  18  and  is 
configured  so  that  the  general  shape  is  generally 
concentric  to  the  engine's  centerline.  Annular  O- 

45  type  seals  26  and  28  bear  against  the  axial 
projections  30,  and  32  respectively  to  minimize 
leakage  from  the  gas  path  that  is  outboard  of  the 
seal  in  the  vicinity  of  the  blades  14  and  20. 

From  the  foregoing  it  is  apparent  that  the  rim  24 
so  together  with  "O"  seals  26  and  28  serve  to  seal 

the  cavity  34  from  the  engines  working  fluid 
medium.  Leakage  around  the  blades  adjacent  the 
stator  36  are  minimized  by  the  labyrinth  seals  38, 
40  and  42.  Similar  to  the  lenticular  seals  in  the 

55  3,733,146  patent,  supra,  the  knife  edges  bear 
against  the  complimentary  lands  formed  from 
honeycomb  material  when  in  the  rotating  mode 
and  serve  the  same  sealing  function.  Labyrinth 
seals  are  well  known  and  are  not  a  part  of  this 

60  invention. 
As  noted  above,  the  upper  rim  24  not  only 

serves  to  support  the  knife  edges  of  the  labyrinth 
seal  it  provides  axial  stiffness  to  the  2nd  stage 
turbine  so  as  to  tune  it  for  the  vibrating  field  to 

65  which  it  is  subjected. 
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The  inner  rim  52  is  slightly  coned  to  torm  a 
anvexed  surface,  the  outer  edges  54  and  56 
nderlie  axial  projections  58  and  60  and  are 
napped  into  place  upon  assembly.  A  flat  annular 
late  or  disk  62  support  the  inner  rim  and  outer 
m  and  in  cross  section  resemble  an  "I"  Beam, 
he  rim  52  serves  to  take  up  the  radial  loads 
assing  some  of  the  radial  stresses  through  the 
isks  via  the  axial  projections  58  and  60  and  some 
irough  the  flat  plate  62.  The  flat  plate  62  by  virtue 
f  this  construction  serves  to  minimize  or  control 
ie  growth  of  the  knife  edges  on  the  outer  rim  24. 
The  radial  restraints  54  and  56  also  serve  to 

ontrol  the  average  tangential  stress  in  the  seal  22 
3r  burst  considerations  and  control  local  tangen- 
al  stress  for  low  cycle  fatigue  considerations. 
The  dimensions  between  the  axial  projection  60 

n  turbine  disk  18  and  the  restraint  56  is  selected 
3  allow  a  leakage  path  from  cavity  34  into  the 
avity  between  flat  plate  62  and  turbine  disk  18  so 
s  to  balance  the  pressure  across  the  flat  plate  62. 
)bviously,  because  the  cavity  between  plate  62 
nd  the  first  turbine  is  in  proximity  to  the  first 
urbine  where  the  pressure  is  highest,  it  tends  to 
ee  a  higher  pressure  than  that  which  is  on  the 
ipposing  side.  The  gap  provided  adjacent 
estraint  56  tends  to  bleed  pressure  therein  so  as 
o  balance  these  forces.  While  not  preferred,  this 
iressure  differential  could  be  alleviated  further  by 
ocating  holes  within  flat  plate  62  itself. 

Antirotation  lugs  70  formed  on  disks  12  and  72 
ormed  on  rim  52  cooperate  to  prevent  relative 
otation  to  the  turbine  disks  and  seal  in  the  event 
)f  a  malfunction.  The  lenticular  seal  described  in 
J.S.  Patent  No.  4,332,133  contained  a  similar 
unction. 

The  rear  side  plates  80  are  nested  to  underlie 
he  overhang  portion  30  of  disk  12  which  serves 
as  the  radial  restraint.  Each  of  the  side  plates  80, 
:here  being  one  for  each  blade,  is  formed  from  a 
generally  flat  element  having  a  fir  tree  shaped 
jortion  82  that  is  sized  to  fit  into  the  fir  tree  slot  of 
:he  disk  that  is  supporting  the  turbine  blade.  The 
side  edges  are  dovetailed  to  mate  with  adjacent 
side  plates.  Obviously,  each  side  plate  80  is 
assembled  end  to  end  to  circumscribe  the  disk  12 
at  the  juncture  where  the  blade  fits  into  the  disk. 
The  outer  edge  of  the  outer  rim  24  abuts  against 
the  face  of  each  of  the  rear  side  plates  80  at  the 
lower  edge  92  to  provide  the  axial  restraint.  The 
hammer  head  94  extending  from  rim  24  may 
provide  additional  restraint.  Obviously,  these 
radial  and  axial  restraints  are  the  only  mechanical 
connections  that  retain  each  of  the  rear  side 
plates  80  in  position. 

In  accordance  with  this  invention  the  cover-seal 
generally  illustrated  by  reference  numeral  100 
comprises  a  front  plate  102  formed  from  a  rela- 
tively  fiat  member  and  fits  flush  against  the  face 
of  the  turbine  disk  12  and  18,  and  an  axial 
extending  portion  104.  Similar  to  the  rear  side 
plates,  a  plurality  of  these  elements  are  mounted 
end-to-end  around  the  circumference  of  the  disk 
at  the  juncture  where  the  root  of  the  turbine  blade 
fits  into  the  broached  recess  in  the  disk.  In  this 

aesign  inc  dAiai  cmei  luma  ^wiuum 
between  and  engages  the  fir  tree  root  portions  of 
adjacent  turbine  blades  and  is  supported  by  teeth 
108  of  adjacent  turbine  blade  root  portions.  This  is 
best  seen  in  Fig.  2  in  the  cutaway  portion  showing 
the  axial  extending  portion  104  resting  on  teeth 
108  of  adjacent  turbine  blade  root  portions.  The 
axially  extending  portion  104  overlies  the  disk  rim 
adjacent  thereto  but  is  radially  spaced  therefrom. 

5  The  covers  100  are  restrained  axially  by  the  side 
plate  1  14  in  the  1st  turbine  and  the  seal  22  in  the 
second  turbine. 

As  is  apparent  from  the  foregoing,  the  axial 
extension  104  provides  a  gap  A  extending  the 

5  width  of  the  disk  rim  between  the  disk  rim  and 
end  of  the  turbine  blade.  As  is  illustrated  by  the 
arrows  B,  cool  air  (relative  to  the  gas  path) 
migrates  to  this  gap  and  insulates  the  disk  rim 
from  the  gas  path.  This,  obviously,  serves  to 

o  reduce  the  disk  rim  temperature,  thus,  achieving 
the  additional  function  of  the  cover-seal  that  was 
heretofore  solely  utilized  for  windage.  To  some 
extent,  the  cover  also  provides  axial  blade  reten- 
tion  in  the  forward  direction  (forward  relative  to 

5  the  direction  of  the  engine's  gas  path). 
Thus,  this  invention  in  addition  to  the  other 

features  mentioned  provides  a  relatively  inexpen- 
sive  means  for  cooling  the  turbine  disk  which  not 
only  increases  the  LCF  life  but  also  permits  the 

•o  use  of  less  expensive  disk  materials. 

Claims 

1.  A  turbine  rotor  for  a  gas  turbine  power  plant, 
ts  comprising  a  rotor  disk  (12,  18)  supporting  a 

plurality  of  turbine  blades  (14,  20)  each  having  a 
root  section  fitting  into  a  recess  formed  in  the  rim 
(110)  of  the  rotor  disk  (12,  18),  cover  means  (100) 
radially  supported  by  adjacent  blades  (14,  20)  and 

to  fitted  adjacent  the  face  of  the  disk  (12,  18)  at  the 
junctures  of  said  root  sections  with  the  disk  (12, 
18)  to  overlie  partly  said  recesses  and  form  a 
sealing  means  to  prevent  windage,  each  of  said 
cover  means  (100)  including  a  portion  (104) 

}s  extending  in  the  axial  direction  of  the  disk  (12,  18) 
radially  outward  of  the  rim  (110)  and  between 
adjacent  recesses,  characterized  in  that  said 
axially  extending  portion  (104)  of  the  cover  means 
(100)  extends  between  and  is  in  engagement  with 

so  the  root  sections  of  two  adjacent  blades  (14,  20) 
so  as  to  overlie  the  disk  rim  (110)  adjacent  thereto 
but  radially  spaced  therefrom  to  define  a  space 
between  the  axially  extending  portion  (104)  and 
the  disk  rim  (110)  for  retaining  cooling  air  migrat- 

55  ing  thereto  from  a  cooler  portion  of  the  turbine 
rotor. 

2.  Turbine  rotor  according  to  claim  1,  wherein 
the  root  section  of  the  turbine  blade  (14,  20)  is  of 
firtree  configuration  providing  a  plurality  of  teeth, 

so  characterized  in  that  the  axially  extending  portion 
(104)  of  said  cover  means  (100)  is  supported 
radially  by  two  teeth  (108)  of  the  fir  tree  root 
section  of  adjacent  blades  (14,  20). 
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3atentanspruche 

1.  Turbinenrotor  fur  ein  Gasturbinentriebwerk, 
nit  einer  Rotorscheibe  (12,  18),  die  mehrere 
rurbinenlaufschaufeln  (14,  20)  tragt,  welche 
eweils  einen  FulSabschnitt  haben,  der  in  eine 
fiiussparung  palSt,  welche  in  dem  Rand  (110)  der 
Rotorscheibe  (12,  18)  gebildet  ist,  und  mit 
^bdeckeinrichtungen  (100),  die  durch  benach- 
barte  Laufschaufeln  (14,  20)  radial  gehalten  sind 
und  an  die  Stirnseite  der  Schafel  (12,  18)  an  den 
v'erbindungsstellen  der  FuSabschnitte  und  der 
Scheibe  (12,  18)  angepalSt  sind,  so  dalS  sie  den 
Aussparungen  teilsweise  uberiiegt  sind  und  eine 
Dichteinrichtung  zum  Verhindern  von  Luftwider- 
standsverlusten  bilden,  wobei  jede  Abdeckein- 
richtung  (100)  einen  Teil  (104)  aufweist,  dersich  in 
der  axialen  Richtung  der  Scheibe  (12,  18)  radial 
aulSerhalb  des  Randes  (110)  und  zwischen 
benachbarten  Aussparungen  erstreckt,  dadurch 
gekennzeichnet,  dalS  der  sich  axial  erstreckende 
Teil  (104)  der  Abdeckeinrichtungen  (100)  sich 
zwischen  den  FuSabschnitten  von  zwei  benach- 
barten  Laufschaufeln  (14,  20)  erstreckt  und  mit 
diesen  in  Beriihrung  ist,  so  daB  er  dem  Scheiben- 
rand  (110)  benachbart  zu  diesem,  aber  mit  radia- 
lem  Abstand  von  diesem  iiberlagert  ist  und  einen 
Zwischenraum  zwischen  dem  sich  axial  erstrek- 
kenden  Teil  (104)  und  dem  Scheibenrand  (110) 
bildet,  um  Kuhlluft  festzuhalten,  die  aus  einem 
kuhleren  Teil  des  Turbinenrotors  eindringt. 

2.  Turbinenrotor  nach  Anspruch  1,  wobei  der 
FulSabschnitt  der  Turbinenlaufschaufel  (14,  20) 
eine  Tannenbaumkonfiguration  mit  mehreren 
Zahnen  hat,  dadurch  gekennzeichnet,  dalS  der 
sich  axial  erstreckende  Teil  (104)  der  Abdeckein- 
richtungen  (100)  durch  zwei  Zahne  (108)  des 
TannenbaumfulSabschnitts  von  benachbarten 
Laufschaufeln  (14,  20)  radial  gehalten  ist. 

Revendications 

1.  Rotor  de  turbine  pour  groupe  motopropul- 
seur  de  turbomoteur  a  combustion,  comprenant 

5  un  disque  de  rotor  (12,  18)  portant  plusieurs 
aubes  de  turbine  (14,  20)  comportant  chacune  une 
section  de  queue  s'emboTtant  dans  une  cavite 
menagee  dans  le  bord  (110)  du  disque  de  rotor 
(12,  18),  des  moyens  de  recouvrement  (100) 

w  portes  radialement  par  des  aubes  adjacentes  (14, 
20)  et  se  placant  en  position  adjacente  a  la  face  du 
disque  (12,  18)  aux  emplacements  de  jonction  des 
sections  de  queue  avec  le  disque  (12,  18)  defacon 
a  etre  situes  partieliement  au-dessus  des  cavites 

15  et  a  former  des  moyens  d'etancheite  permettant 
d'empecher  des  turbulences,  chacun  de  ces 
moyens  de  recouvrement  (100)  comportant  une 
partie  (104)  s'etendant  suivant  la  direction  axiale 
du  disque  (12,  18)  et  disposee  radialement  du  cote 

20  exterieur  par  rapport  au  bord  de  disque  (110)  et 
entre  des  cavites  adjacentes,  caracterise  en  ce 
que  la  partie  s'etendant  axialement  (104)  des 
moyens  de  recouvrement  (100)  s'etend  entre  les 
sections  de  queue  de  deux  aubes  adjacentes  (14, 

25  20)  et  vient  a  leur  contact,  de  maniere  a  etre  situee 
au-dessus  du  bord  de  disque  (110)  en  position 
adjacente  a  celui-ci,  mais  en  en  etant  espacee 
dans  le  sens  radial  afin  de  delimiter  un  espace 
libre  entre  cette  partie  s'etendant  axialement 

30  (104)  et  le  bord  de  disque  (110)  en  vue  de  retenir 
de  I'air  de  refroidissement  ayant  fait  I'objet  d'un 
deplacement  vers  lui  a  partir  d'une  partie  de 
refroidissement  du  rotor  de  turbine. 

2.  Rotor  de  turbine  suivant  la  revendication  1, 
35  dans  lequel  la  section  de  queue  de  I'aube  de 

turbine  (14,  20)  a  une  configuration  en  forme  de 
sapin  offrant  plusieurs  dents,  caracterise  en  ce 
que  la  partie  s'etendant  axialement  (104)  des 
moyens  de  recouvrement  (100)  est  portee  dans  le 

40  sens  radial  par  deux  dents  (108)  de  la  section  de 
queue  en  forme  de  sapin  d'aubes  adjacentes  (14, 
20). 

45 

50 

55 

60 

65 

4 



EP  0  169  800  B1 

1 



EP  0  169  800  B1 

2 


	bibliography
	description
	claims
	drawings

