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Heat  shield  for  gas  turbine  engine  frame. 

©  A  heat  shield  assembly  for  use  in  a  turbine 
engine  frame  includes  inner  and  outer  flowpath  liners 
(50,52)  for  shielding  the  inner  and  outer  turbine 
frame  members  from  hot  exhaust  gasses  flowing 
through  the  turbine  engine.  The  flowpath  liners  are 
supported  on  the  turbine  frame  members  with  a 
support  structure  (64)  which  allows  the  flowpath  lin- 
ers  to  "float"  and  thereby  freely  expand  and  contract 
under  thermally  induced  forces.  In  this  manner  ther- 
mal  stresses  are  minimized.  The  flowpath  liner  sup- 

report  structure  also  provides  uniform  support  for  the 
^flowpath  liners  and  allows  for  even  and  unobstructed 
fNflow  of  cooling  air  through  them. 
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HEAT  SHIELD  FOR  GAS  TURBINE  ENGINE  FRAME 

the  flowpath  liners.  This  portion  of  the  cooling 
method  is  called  impingement  cooling. 

The  cooling  air  is  then  introduced  into  the 
engine  flowpath  through  slots  or  angled  holes 

5  known  as  air  cooling  film  injection  holes  which 
extend  through  the  flowpath  liners.  This  creates  a 
thermally  protective  film  of  cool  air  on  the  surfaces 
of  the  flowpath  liners  which  are  directly  exposed  to 
the  hot  exhaust  gasses.  This  portion  of  the  cooling 

w  method  is  called  film  cooling. 
A  cooling  system  of  this  type,  in  order  to 

maintain  sufficient  cooling  air  flow,  requires  a  sig- 
nificant  differential  pressure  to  exist  between  the 
cooling  air  flowing  behind  and  through  the  flowpath 

75  liners  and  the  hot  gas  flowing  through  the  engine 
flowpath.  The  heat  shield  support  structure  must  be 
designed  to  tolerate  this  relatively  large  pressure 
loading  and  support  the  flowpath  liners  in  a  struc- 
turally  efficient  manner  in  order  to  provide  a  low 

20  weight  structure  required  for  use  in  gas  turbine 
engines,  particularly  those  engines  used  in  aircraft 
applications. 

A  long  standing  problem  in  designing  heat 
shields  for  turbine  engine  frames  has  been  the 

25  constraint  of  the  thermal  expansion  of  the  hot 
flowpath  heat  shield  surfaces  caused  by  lower  tem- 
perature  structural  ribs  used  to  reinforce  the  heat 
shields.  These  ribs  were  necessary  to  strengthen 
the  heat  shields  so  that  the  heat  shields  could 

30  withstand  the  cooling  air  pressure  loads.  The  con- 
straint  of  the  thermal  expansion  of  the  heat  shields 
caused  by  the  relatively  massive  structural  ribs  has 
resulted  in  buckling  and  cracking  of  the  flowpath 
liner  surfaces  and  has  imposed  severe  limits  on  the 

35  useful  life  of  turbine  frame  heat  shield  systems 
incorporated  within  modern  high  performance  en- 
gines. 

As  suggested  above,  weight  poses  another  dif- 
ficult  problem  in  the  design  of  turbine  engine  frame 

40  heat  shielding  systems.  Since  the  heat  shields  en- 
close  and  encase  the  entire  frame  structure  includ- 
ing  the  hub,  the  struts  and  the  casing,  considerable 
heat  shield  surface  area  is  required  and  thus  con- 
siderable  weight  tends  to  be  involved  in  the  result- 

45  ing  heat  shield  design. 
Still  another  problem  associated  with  conven- 

tional  turbine  engine  frame  heat  shields  is  their 
virtual  inability  to  provide  a  uniform  distribution  of 
perforations  through  the  impingement  baffles  and  a 

so  uniform  distribution  of  air  cooling  film  injection 
holes  through  the  flowpath  liners.  That  is,  conven- 
tionally  designed  turbine  engine  frame  heat  shields 
have  used  rail  and  track  assemblies  to  attach  the 
flowpath  liners  to  the  engine  frames  and  to  provide 
freedom  for  relative  thermal  expansion  there- 

The  U.S.  Government  has  rights  in  this  inven- 
tion  pursuant  to  Contract  No.  F33657-83-C-0281 
awarded  by  Department  of  the  Air  Force. 

This  invention  is  generally  concerned  with 
shielding  and  protecting  the  engine  frame  of  a  gas 
turbine  engine  from  hot  gasses  discharged  through 
the  engine  flowpath. 

Aircraft  turbine  engines  employ  two  or  more 
structural  assemblies  known  as  frames  to  support 
and  accurately  position  the  engine  rotor  within  the 
stator.  Each  frame  includes  a  stationary  hib  sup- 
ported  within  a  stationary  casing  by  a  number  of 
radial  struts  contoured  for  minimum  interference 
with  the  engine  flow.  The  frame  at  the  rear  of  the 
engine,  usually  aft  of  the  turbine,  is  typically  pro- 
tected  from  the  extreme  turbine  discharge  gas  tem- 
peratures  by  air  cooled  heat  shields  which  include 
flowpath  liners  and  outlet  guide  vanes  . 

Heat  shields  are  necessary  to  protect  the  en- 
gine  frame  because  of  the  limited  heat  tolerance  of 
available  frame  construction  materials.  Heat  shields 
are  also  used  to  limit  the  thermal  expansion  and 
distortion  of  the  frames.  Excessive  expansion  and 
distortion  of  the  frames  caused  by  thermal  gra- 
dients  adversely  affects  the  alignment  of  the  rotor 
within  the  engine  thereby  adversely  affecting  en- 
gine  performance. 

On  modern  engines,  the  heat  shields  enclosing 
the  struts  on  the  rear  frame  are  contoured  to  re- 
move  any  swirl  remaining  in  the  turbine  discharge 
flow.  The  removal  of  swirl  is  required  for  proper 
functioning  of  the  engine  augmentor  and  exhaust 
nozzle.  These  contoured  heat  shields  which  protect 
the  struts  are  known  as  the  outlet  guide  vanes.  The 
heat  shields  which  protect  the  hub  and  casing  are 
known  as  flowpath  liners  and  together  with  the 
outlet  guide  vanes  thermally  shield  the  entire  rear 
engine  frame. 

As  the  hot  gasses  exiting  the  combustion  and 
turbine  section  of  an  advanced  gas  turbine  engine 
can  be  above  the  melting  temperature  of  the  avail- 
able  materials  used  in  heat  shield  construction,  the 
heat  shields  themselves  must  be  efficiently  cooled. 
The  more  efficient  the  heat  shield  cooling  system 
is,  the  less  cooling  air  is  required  to  cool  the  heat 
shields  and  the  more  efficient  is  the  overall  turbine 
engine  cycle. 

One  of  the  most  efficient  methods  of  cooling 
the  heat  shields  combines  impingement  cooling 
with  film  cooling.  In  this  dual  cooling  method  the 
cooling  air  first  passes  through  a  perforated  plate 
known  as  an  impingement  baffle.  The  impingement 
baffle  divides  the  cooling  air  into  a  multitude  of 
small,  high  velocity  jets  which  impinge  on  and  cool 
the  black  surface  of  the  metal  heat  shields  forming 
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vanes  and  the  inner  flowpath  liner. 
The  features  and  advantages  of  the  invention 

will  be  pointed  out  with  particularity  or  will  become 
obvious,  from  the  following  more  detailed  descrip- 

5  tion,  taken  in  conjunction  with  the  accompanying 
drawings,  of  the  background  of  the  invention  and  of 
embodiments  thereof  providing  a  free-floating 
flowpath  liner  and  outlet  guide  vane  support  struc- 
ture  which  is  adapted  to  accommodate  thermal 

70  expansion  of  the  flowpath  liner  and  outlet  guide 
vane  without  interfering  with  cooling  air  flow  pat- 
terns. 

In  the  drawings: 
Figure  1  is  a  schematic  side  elevational 

75  view,  partially  in  section,  of  a  gas  turbine  engine 
showing  the  general  configuration  of  the  gas  tur- 
bine  engine  and  the  location  of  the  engine  frames; 

Figure  2  is  a  perspective  view  of  a  conven- 
tional  heat  shielded  turbine  frame  which  has  been 

20  damaged  by  distortion  of  the  flowpath  liners  and 
heat  shield  segments; 

Figure  3  is  a  perspective  view  of  a  conven- 
tional  heat  shield  segment; 

Figure  4  is  a  perspective  view,  partially  in 
25  section,  of  one  segment  of  the  annular  turbine 

frame  heat  shield  embodying  the  invention  showing 
the  arrangement  of  the  flowpath  liner  support  as- 
sembly; 

Figure  5  is  a  side  elevation  view,  partly  in 
30  section  showing  the  attachment  of  the  flowpath 

liner  support  brackets  to  the  outer  casing,  to  the 
hub  and  to  the  flowpath  liners; 

Figure  6  is  a  front  elevation  view  of  the 
annular  turbine  frame  structure  assembled  from  a 

35  plurality  of  segments  as  shown  in  Figure  4; 
Figure  7  is  an  enlarged  sectional  view  taken 

through  the  free  floating  flowpath  liner  support  as- 
sembly; 

Figure  8  is  an  aft  perspective  view  of  the 
40  turbine  frame  and  heat  shield  assembled  from  the 

segments  of  Figure  4; 
Figure  9  is  an  enlarged  fragmental  view  tak- 

en  from  Figure  5  showing  a  sealed  slip  joint  formed 
between  the  outlet  guide  vane  and  the  inner 

45  flowpath  liner. 
Figure  10  is  a  side  elevation  view,  partly  in 

section,  showing  an  alternate  embodiment  of  a 
flowpath  liner  support  assembly  which  functions 
without  impingement  baffles  and  without  film  cool- 

so  ing  of  the  inner  flowpath  liner; 
Figure  11  is  a  fragmental  top  plan  view  of 

the  free  floating  flowpath  liner  support  assembly  of 
Figure  10;  and 

Figure  12  is  a  fragmental  sectional  view  of 
55  an  alternate  embodiment  of  a  support  pad  for  the 

free  floating  flowpath  liner  support  assembly. 

In  the  various  figures  of  the  drawing,  like  refer- 

between.  This  type  of  attachment  often  prevented 
the  use  of  impingement  baffles  or  detracted  from 
their  efficient  design  and  complicated  or  prevented 
the  uniform  placement  of  air  cooling  film  injection 
holes  through  the  flowpath  liners.  This  resulted  in 
non-uniform  or  obstructed  flow  of  cooling  air 
through  the  impingement  baffles  and  flowpath  lin- 
ers  leading  to  the  creation  of  hot  spots  on  the 
flowpath  liners. 

Accordingly,  a  need  exists  for  a  structurally 
efficient  and  lightweight  turbine  engine  heat  shield 
assembly  which  freely  accommodates  thermal  ex- 
pansion  and  which  is  readily  adaptable  for  use  with 
an  impingement  baffle.  A  need  also  exists  for  a 
turbine  engine  frame  heat  shield  assembly  having 
a  uniform  distribution  of  air  cooling  film  injection 
holes  formed  through  the  flowpath  liners  and  outlet 
guide  vanes.  A  further  need  exists  for  a  turbine 
frame  heat  shield  assembly  which  can  withstand 
extreme  pressure  differentials  between  the  cooling 
air  and  the  exhaust  gasses. 

The  present  invention  has  been  developed  with 
regard  to  the  needs  noted  above  and  permits  the 
provision  of  a  structurally  efficient  and  lightweight  ■ 
turbine  engine  heat  shield  assembly  which  may  be 
used  with  or  without  an  impingement  baffle.  If  an 
impingement  baffle  is  used,  the  invention  can  allow 
for  the  free  flow  of  cooling  air  through  the  entire 
extent  of  the  impingement  baffle. 

In  one  aspect,  the  present  invention  replaces 
fixed  stiffening  ribs  and  heavy  strengthening  sec- 
tions  with  a  lightweight  .heat  shield  support  assem- 
bly  which  directly  supports  the  flowpath  liners  and 
readily  accommodates  thermal  expansion  by  allow- 
ing  the  flowpath  liners  to  float  freely  about  the  heat 
shield  support  assembly.  Thus  in  one  embodiment 
of  the  invention  there  is  included  at  least  one 
flowpath  liner  support  structure  which  applies  virtu- 
ally  no  fixed  mechanical  constraint  to  the  flowpath 
liners  as  they  thermally  expand  and  contract.  By 
eliminating  virtually  all  rigid  constraint  of  the 
flowpath  liners  during  thermal  expansion,  thermal 
stresses  are  reduced  to  a  minimum.  The  flowpath 
liner  support  structure  includes  flowpath  liner  sup- 
port  brackets  which  are  securely  bolted  to  the 
turbine  engine  casing  and/or  hub  for  transmitting 
loads  from  the  flowpath  liners  to  the  engine  frame. 

The  flowpath  liner  support  brackets  are  at- 
tached  to  the  flowpath  liners  via  support  posts 
which  are  preferably  brazed  on  the  flowpath  liners 
in  a  substantially  uniform  distribution.  Clearance 
holes  are  formed  in  the  flowpath  liner  support 
brackets  for  receiving  the  support  posts.  The  clear- 
ance  holes  provide  sufficient  axial  and  circumferen- 
tial  transverse  clearance  around  the  support  posts 
to  allow  the  flowpath  liners  to  move  freely  relative 
to  the  support  brackets.  Radial  freedom  is  provided 
by  a  slip  joint  formed  between  the  outlet  guide 
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experiencing  substantial  and  rapid  changes  in  tem- 
perature. 

Figure  2  shows  a  heat  shielded  turbine  frame 
assembly  (34)  which  is  typical  of  previous  frame 

5  designs  for  high  temperature  turbine  engines.  The 
rigid  frame  assembly  (34)  is  shielded  from  the  hot 
turbine  exhaust  gasses  by  a  series  of  circumferen- 
tially  arranged  liner  segments  (46),  one  of  which  is 
shown  in  Figure  3.  Each  liner  segment  is  com- 

?o  posed  of  an  outlet  guide  vane  (48),  an  inner 
flowpath  liner  (50)  and  an  outer  flowpath  liner  (52). 

The  outlet  guide  vane  (48)  surrounds  and 
shields  a  radially  extending  strut  (44)  (Figure  1) 
from  the  extreme  temperature  environment  pro- 

75  duced  by  the  hot  engine  exhaust  gasses.  The 
outlet  guide  vane  (48)  is  contoured  to  minimize 
aerodynamic  losses,  and  to  remove  residual  tur- 
bine  swirl.  The  outer  flowpath  liner  (52)  and  the 
inner  flowpath  liner  (50)  respectively  shield  the 

20  outer  frame  member  i.e.,  the  outer  casing  (12)  and 
the  inner  frame  member  i.e.,  the  inner  hub  (54) 
from  the  hot  exhaust  gasses. 

As  seen  in  Figure  3,  the  inner  and  outer 
flowpath  liners  (50,52)  are  supported  at  their  for- 

25  ward  and  aft  ends  only  and  therefore  must  be 
reinforced  to  tolerate  the  large  differential  pressure 
which  exists  between  the  cooling  air  pressure  and 
the  hot  flowpath  gas  pressure.  The  structural 
strength  necessary  to  withstand  this  pressure  load- 

30  ing  is  provided  by  the  heavy  ribs  (56).  These  ribs, 
although  structurally  adequate  to  carry  the  pressure 
loading,  present  a  thermal  stress  problem  as  well 
as  a  weight  problem. 

The  ribs  (56)  are  directly  exposed  to  the  cool- 
35  ing  air  and  therefore  operate  at  a  considerably 

lower  temperature  than  the  heat  exposed  flowpath 
surfaces  (58,  60)  of  the  respective  inner  and  outer 
flowpath  liners  (50,  52).  The  temperture  difference 
between  the  ribs  (56)  and  the  flowpath  liner  sur- 

40  faces  (58,  60)  causes  thermal  stresses  in  excess  of 
the  yield  strength  of  the  liner  material  and  results  in 
distortion  of  the  flowpath  liners.  Typical  distortion  of 
this  type  can  be  seen  in  Figure  2  as  surface 
irregularities  (62). 

45  This  thermally  induced  flowpath  distortion  is 
undesirable  since  it  alters  and  distorts  the  surface 
configuration  of  the  engine  flowpath  thereby  in- 
troducing  aerodynamic  losses.  Distortion  of  the 
flowpath  can  cause  hot  spots  resulting  in  burnout  of 

so  the  flowpath  liners  (50,  52),  fatigue  cracking  and, 
over  time,  can  result  in  a  loss  of  the  structural 
integrity  of  the  flowpath  liners  and  engine  frame 
members  causing  their  collapse  under  the  differen- 
tial  pressure  loading  of  the  cooling  air  and  exhaust 

55  gasses.  Clearly,  a  better  structural  approach  is 
needed  in  turbine  frame  heat  shield  design  in  order 
to  avoid  such  thermal  distortion  and  fatigue  crack 
failure. 

ence  characters  designate  like  parts. 
A  brief  description  of  the  major  features  of  a 

gas  turbine  engine  will  aid  in  the  appreciation  of 
the  present  invention  by  identifying  the  location 
and  arrangement  of  the  turbine  frame  assemblies 
to  which  the  heat  shields  are  applied.  Referring  first 
to  Figure  1,  a  portion  of  a  gas  turbine  engine  (10) 
is  illustrated  in  partial  cross-section.  The  engine 
(10)  includes  an  outer  casing  (12)  which  surrounds 
an  annular  flowpath  (14)  extending  axially  between 
an  inlet  (16)  and  an  exhaust  outlet  (18)  located  at 
opposite  ends  of  the  engine  (10). 

During  engine  operation,  ambient  air  is  drawn 
into  the  inlet  (16)  and  is  compressed  to  a  higher 
pressure  in  a  compressor  (20),  from  which  the 
compressed  air  is  discharged  into  an  annular  com- 
bustor  (22)  where  fuel  is  burned  to  produce  high 
energy  products  of  combustion.  From  the  combus- 
tor  (22),  the  motive  fluid  is  directed  through  a 
turbine  (24)  where  a  portion  of  its  energy  is  ex- 
tracted  to  drive  the  compressor  (20),  and  the  fluid 
is  then  discharged  as  a  high  energy  stream 
through  the  exhaust  outlet  (18). 

To  maintain  the  various  components  of  the 
engine  in  their  proper  operating  positions  relative  to 
each  other,  engine  frame  assemblies  are  provided 
for  rigidly  interconnecting  the  stationary  stator  com- 
ponents  and  for  providing  bearing  supports  for  the 
rotor.  More  particularly,  the  engine  (10)  includes  a 
front  frame  assembly  (26)  supporting  a  front  bear- 
ing  (28),  a  mid-frame  assembly  (30)  supporting  a 
mid-shaft  bearing  (32),  and  a  turbine  frame  (34) 
supporting  an  aft  bearing  (36).  The  rotor  (38)  is 
rotatably  mounted  in  bearings  (28,  32  and  36). 

Each  frame  assembly  (26,  30,  and  34)  respec- 
tively  includes  a  plurality  of  airfoil  shaped  radial 
support  struts  (40,  42,  and  44)  which  project  across 
the  annular  flowpath  (14)  to  interconnect  the  inner 
and  outer  frame  members  of  the  frame  assemblies. 
Since  the  temperature  of  the  motive  fluid  flowing 
through  the  flowpath  (14)  changes  very  rapidly 
during  transient  engine  operation,  substantial  ther- 
mal  stresses  can  be  created  in  the  rigid  frame 
assemblies  if  the  struts  are  allowed  to  heat  up  and 
cool  down  at  rates  differing  substantially  from  those 
of  the  inner  and  outer  frame  members.  This  is 
particularly  true  with  respect  to  the  turbine  frame 
assembly  (34)  since  the  exhaust  gases  which  sur- 
round  the  turbine  frame  assembly  are  subject  to 
the  most  rapid  and  greatest  changes  in  operating 
temperatures  and  resulting  thermal  stresses. 

For  this  reason,  the  present  invention,  which 
prevents  destructive  thermal  stresses,  is  illustrated 
in  conjunction  with  a  turbine  frame  analagous  to 
turbine  frame  (34).  However,  the  present  invention 
is  equally  applicable  to  other  rigid  assemblies, 
such  as  the  front  and  mid-frame  assemblies  (26 
and  30)  which  may  also  be  exposed  to  motive  fluid 
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and  5.  The  flowpath  liner  support  brackets  (72)  are 
preferably  formed  as  three-sided  channel  members 
having  C-shaped  cross  sections  to  provide  maxi- 
mum  support  with  minimum  material.  When  com- 

5  pared  to  a  comparable  size  heat  shielded  turbine 
frame  of  the  previous  construction  shown  in  Fig- 
ures  2  and  3,  this  improved  heat  shielding  con- 
struction  of  Figures  4,  5  and  6  has  resulted  in  a 
weight  saving  of  approximately  forty  pounds  per 

to  frame  assembly,  with  the  presently  improved  heat 
shield  system  being  able  to  handle  twice  the  pres- 
sure  loading  at  higher  engine  operating  tempera- 
tures. 

As  seen  in  Figures  3,  5  and  7,  at  least  one  and 
75  preferably  several  flowpath  liner  support  brackets 

(72)  are  attached  to  the  inner  and  outer  flowpath 
liners  (50,  52)  via  radially  extending  support  posts 
(74).  A  detailed  section  through  one  of  the  support 
posts  (74)  which  support  the  flowpath  liners  (50, 

20  52)  is  shown  in  Figure  7.  Each  support  post  is 
formed  with  a  base  portion  or  support  pad  (76)  and 
at  least  one  and  preferably  several  support  posts 
are  provided  on  the  inner  and  outer  flowpath  liners 
(50,  52).  The  support  pads  are  rigidly  fixed  directly 

25  to  the  internal  surfaces  (68,  70)  of  the  inner  and 
outer  flowpath  liners  (50,  52)  such  as  by  brazing 
and  are  arranged  to  provide  uniform  support  over 
the  pressure  loaded  flowpath  liner  internal  surfaces 
(68,  70).  The  wide  bases  of  the  support  pads  help 

30  to  evenly  distribute  the  pressure  loads  while  pro- 
viding  a  large  contact  surface  area  with  the  inner 
and  outer  flowpath  liners. 

The  flowpath  liner  support  brackets  (72)  are 
each  formed  with  at  least  one  and  preferably  sev- 

35  eral  oversized  clearance  holes  (78)  which  provide 
adequate  transverse  clearance  with  respect  to  the 
axes  of  radially  extending  support  posts  (74)  so 
that  the  support  posts  are  to  a  limited  extent  free  to 
float  transversely,  that  is,  axially  and  circumferen- 

40  tially  within  the  clearance  holes  (78).  This  clearance 
fit  frees  the  flowpath  liners  to  move  freely  relative 
to  the  support  brackets  (72). 

The  free  floating  support  of  the  flowpath  liners 
(50,  52)  via  the  support  posts  (74)  as  provided  by 

45  this  transverse  clearance  allows  the  flowpath  liners 
to  expand  thermally  in  any  direction  with  respect  to 
the  lower  temperature  outer  casing  (12)  and  inner 
hub  (54).  This  feature  minimizes  thermal  stresses 
within  the  flowpath  liners  (50,  52)  and  virtually 

so  eliminates  any  related  thermally  induced  flowpath 
liner  distortion. 

The  pressure  load  of  the  cooling  air  upon  the 
internal  surfaces  (68,  70)  of  the  flowpath  liners 
within  the  annular  cavities  (80,  82)  shown  in  Figure 

55  5  is  reacted  by  the  inner  hub  (54)  and  outer  casing 
(12)  via  a  plurality  of  axially  and  circumferentially 
extending  engagement  surfaces.  Preferably,  the 
engagement  surfaces  are  formed  by  washers  (84) 

A  particularly  effective  solution  to  the  afore- 
mentioned  problems  is  shown  in  Figure  4  wherein 
a  turbine  frame  heat  shield  segment  (46)  is  pro- 
vided  with  at  least  one  flowpath  liner  support  struc- 
ture  (64)  which  is  adapted  to  allow  the  flowpath 
liners  (50,  52)  to  freely  expand  and  contract  due  to 
changes  in  temperature.  Virtually  no  fixed  mechani- 
cal  constraint  is  applied  by  the  support  structure 
(64)  to  the  flowpath  liners  (50,  52).  By  eliminating 
all  rigid  constraint  of  the  flowpath  liners  during 
thermal  expansion,  thermal  stresses  and  fatigue 
cracking  of  the  flowpath  liners  are  minimized  and 
virtually  eliminated. 

A  number  of  the  heat  shield  segments  (46)  of 
Figure  4  are  mounted  within  the  turbine  frame 
structure  as  seen  in  Figure  5,  and  arranged  circum- 
ferentially  as  shown  in  Figure  6.  The  heat  shield 
segments,  so  arranged,  effectively  isolate  and  pro- 
tect  the  structural  elements  of  the  frame  from  the 
hot  gases  which  flow  through  the  engine  flowpath 
(14). 

As  best  seen  in  Figures  5  and  6,  the  turbine 
frame  structure  includes  a  rigid  cylindrical  outer 
casing  (12)  and  a  rigid  cylindrical  inner  hub  (54) 
interconnected  by  radial  support  struts  (44)  extend- 
ing  across  the  flowpath  (14).  The  heat  shielding  is 
divided  into  segments  (46)  having  a  sealed  clear- 
ance  gap  (66)  between  adjacent  segments  to  ac-= 
commodate  circumferential  thermal  expansion.  One 
outlet  guide  vane  (48)  is  provided  per  segment  to. 
surround  and  shield  the  radial  support  struts  (44). 
Forces  from  cooling  air  pressure  loads  on  the 
flowpath  liner  internal  surfaces  (68,  70)  are  trans- 
mitted  directly  to  the  inner  hub  (54)  and  outer 
casing  (12)  through  the  flowpath  liner  support 
structures  (64)  which  are  attached  to  the  inner  and 
outer  flowpath  liners  (50,  52)  and  bolted  to  the 
engine  frame  structure,  namely,  to  the  inner  hub 
(54)  and  outer  casing  (1  2). 

As  a  result  of  the  thermally  induced  flowpath 
distortion  found  in  previous  heat  shielded  turbine 
frame  assemblies,  the  inner  and  outer  flowpath 
liners  (50,  52)  which  thermally  shield  the  turbine 
frame  purposely  avoid  using  heavy  or  thick  ma- 
terial  sections  or  deep  stiffening  ribs.  Most  impor- 
tantly,  the  inner  and  outer  flowpath  liners  (50,  52) 
are  well  reinforced  yet  free-floating  under  thermally 
generated  forces.  Cooling  air  pressure  loads  are 
directly  carried  by  the  flowpath  liner  support  brack- 
ets  (72)  and  support  posts  (74)  to  the  outer  casing 
(12)  and  to  the  inner  hub  (54)  as  seen  in  Figure  5. 
This  type,  of  direct  support  eliminates  the  need  for 
the  heavy  ribs  (56)  shown  in  Figure  3. 

Accordingly,  the  heavy  ribs  needed  to  support 
the  flowpath  liners  under  the  coolant  pressure  load- 
ing  in  Figure  3  have  now  been  replaced  with  the 
evenly  distributed,  direct  support  of  the  flowpath 
liner  support  brackets  (72)  as  shown  in  Figures  4 
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pingement  baffle  (86)  and  promotes  uniform  air 
flow  therethrough.  Prior  designs  could  not  accom- 
modate  or  tolerate  uniformly  spaced  air  injection 
holes  through  the  flowpath  liner  support  structure. 

5  The  fore  and  aft  edges  (92)  and  (94)  of  the 
inner  and  outer  flowpath  liners  (50,  52)  are  config- 
ured  for  edge  support  and  coolant  leakage  control. 
To  further  accommodate  thermal  expansion  these 
edges  (92,  94)  are  provided  with  scallops  (96)  to 

10  increase  the  strain  capability  of  these  lower  tem- 
perature  portions  of  the  flowpath  liners.  The  scal- 
lops  reduce  thermal  constraint  along  the  fore  and 
aft  edges  (92,  94)  and  correspondingly  reduce  or 
eliminate  the  consequent  distortion  of  the  flowpath 

75  liner  surfaces  exposed  to  the  hot  exhaust  gasses. 
Also,  grooved  intersegment  edges  (98)  which  con- 
tain  leakage  control  seals  are  compact  and  low  in 
section  depth  to  limit  thermal  expansion  constraint. 

In  order  to  provide  independent  support  of  the 
20  inner  and  outer  flowpath  liners  (50,  52)  by  the  outer 

casing  (12)  and  inner  hub  (54)  it  is  necessary  to 
provide  radial  freedom  for  radial  thermal  expansion 
of  the  outlet  guide  vane  (48).  This  is  necessary 
since  the  outlet  guide  vane  (48)  will  expand  more 

25  than  the  cooled  strut  (44).  The  necessary  freedom 
is  accomplished  by  a  slip  joint  (100)  (Figure  5) 
which  is  equipped  with  a  leakage  control  seal 
(102).  The  details  of  the  slip  joint  and  Leakage 
control  seal  are  shown  in  Figures  4  and  9. 

30  The  outlet  guide  vane  (48)  is  preferably  perma- 
nently  fixed  to  the  outer  flowpath  liner  (52)  by 
brazing  and  is  resiliency  and  radially  movably  sup- 
ported  within  an  opening  formed  through  the  inner 
flowpath  liner  by  the  leakage  control  seal  (102). 

35  The  leakage  control  seal  (102)  may  be  formed  of  a 
thin  sheet,  band  or  tube  of  metal  which  encircles 
and  grips  the  outlet  guide  vane  with  a  resilient 
interference  fit.  As  seen  in  Figure  4,  the  leakage 
control  seal  (102)  allows  the  outlet  guide  vane  to 

40  slip  radially  through  the  opening  in  the  inner 
flowpath  liner  (50)  such  as  represented  by  the 
radial  directional  arrows.  By  allowing  the  outlet 
guide  vane  to  radially  and  circumferentially  expand 
and  contract  through  the  slip  joint  (100),  thermal 

45  stresses  between  the  inner  and  outer  flowpath  lin- 
ers  and  the  outlet  guide  vanes  are  prevented. 

Another  advantage  of  the  slip  joint  (100)  is  the 
ability  of  the  spring  loaded  leakage  control  seal 
(102)  to  axially  and  circumferentially  expand  and 

so  contract  with  any  movement  of  the  outlet  guide 
vane  so  that  an  effective  coolant  seal  is  always 
maintained  therebetween.  Moreover,  the  axial  and 
circumferential  spring  loading  of  the  leakage  con- 
trol  seal  allows  for  increased  assembly  tolerances 

55  between  the  outlet  guide  vanes  (48)  and  the  inner 
flowpath  liner  (50). 

In  prior  designs  where  the  outlet  guide  vane 
was  rigidly  fixed  to  both  the  inner  and  outer 

which  are  permanently  attached  such  as  by  brazing 
to  the  upper  or  outer  radial  end  portion  of  each 
support  post  (74).  Each  washer  (84)  has  an  en- 
gagement  portion  which  engages  an  inner  surface 
of  a  support  bracket  and  thereby  limits  the  inward 
radial  movement  of  the  flowpath  liners  (50,  52) 
toward  the  engine  flowpath  (14).  Each  flowpath 
liner  support  bracket  (72)  is  in  turn  rigidly  bolted  to 
the  respective  turbine  frame  member  such  as  the 
inner  hub  (54)  and  the  outer  casing  (12)  to  provide 
the  required  strength  to  support  the  flowpath  liners 
under  the  pressure  load  of  the  coolant. 

The  support  pads  (76)  also  may  provide  sup- 
port  for  a  0.25  mm  thick  impingement  baffle  (86) 
which  receives  approximately  five  pounds  per 
square  inch  pressure  load.  This  impingement  baffle 
is  mounted  to  at  least  one  of  the  flowpath  liners 
(50,  52)  for  uniformly  distributing  cooling  air  over 
the  surfaces  of  the  flowpath  liners  (50,  52).  It  can 
be  appreciated  that  this  arrangement  of  support 
posts  and  support  brackets  allows  the  cooling  air  to 
flow  evenly  through  the  impingement  baffles  with- 
out  restricting  the  cooling  air  flow.  As  further  seen 
in  Figures  4,  5,  and  7,  the  cooling  air  injection 
holes  (88)  may  be  arranged  uniformly  over  the 
entire  extent  of  each  flowpath  liner  (50,  52). 

During  engine  operation,  the  impingement  baf- 
fles  (86)  which  form  part  of  the  heat  shield  struc- 
ture  are  maintained  at  a  lower  temperature  than  the 
flowpath  liners  (50,  52).  As  a  result,  differential 
thermal  expansion  takes  place  between  the  im- 
pingement  baffles  (86)  and  the  flowpath  liners  (50, 
52).  A  small  radial  clearance  (90)  may  be  provided 
to  avoid  contact  or  wear  between  the  support 
bracket  and  impingement  baffle  during  relative 
movement  between  them,  thereby  ensuring  a  free- 
floating  interconnection  between  the  flowpath  liner 
and  support  bracket. 

To  further  accommodate  this  movement  caus- 
ed  by  differential  thermal  expansion,  at  least  one 
and  preferably  several  oversized  holes  (85)  are 
formed  in  the  impingement  baffles  (86)  to  provide 
axial  and  circumferential  clearance  around  the  sup- 
port  posts  (74).  Those  portions  of  the  impingement 
baffles  (86)  adjacent  the  oversized  holes  (85)  are 
locally  reinforced  with  thin  washers  (87)  which  may 
be  brazed  to  the  impingement  baffles  so  as  to 
leave  the  small  clearance  (90)  noted  above.  The 
washers  (87)  protect  the  thin  impingement  baffle 
from  damage  during  the  relative  movement  be- 
tween  the  support  posts  (74)  and  the  support 
bracket  (72). 

The  cooling  air  injection  holes  (88)  may  be 
formed  through  the  support  pads  (76)  as  well  as 
through  the  flowpath  liners  so  that  the  flowpath 
liner  support  structure  (64)  promotes  high  efficien- 
cy  uniform  air  film  cooling.  Moreover,  flowpath  liner 
support  structure  (64)  easily  accommodates  im- 
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all  directions.  Moreover  it  avoids  the  use  of  heavy 
structural  reinforcing  ribs,  yet  can  withstand  greater 
differential  pressures  between  the  cooling  air  and 
exhaust  gasses  than  conventional  assemblies. 

5  However,  it  is  to  be  understood  that  various 
changes  and  modifications  may  be  made  without 
departing  from  the  scope  of  the  invention. 

flowpath  liners,  differential  expansion  of  the  outlet 
guide  vanes  (48)  relative  to  the  struts  (44)  was 
accommodated  by  eliminating  any  attachment  of 
the  inner  flowpath  liner  (50)  to  the  frame  hub  (54) 
or  any  attachment  of  the  outer  flowpath  liner  (52)  to 
the  casing  (12).  While  this  accommodated  the  rela- 
tive  expansion,  the  absence  of  any  support  for  the 
flowpath  liner,  other  than  the  outlet  guide  vane 
itself,  resulted  in  a  great  reliance  on  ribs  (56)  which 
in  turn  resulted  in  thermal  distortion  as  mentioned 
previously. 

In  order  to  simplify  the  design  and  manufacture 
of  the  turbine  frame  assembly  shown  in  Figures  4 
through  8,  the  turbine  engine  frame  assembly  (104) 
shown  in  Figures  10  and  11  has  been  designed 
without  impingement  baffles.  Moreover,  the  overall 
design  of  the  turbine  engine  frame  assembly  (104) 
has  been  further  simplified  by  eliminating  the  sup- 
port  structure  (64)  from  the  inner  flowpath  liner 
(50). 

Film  cooling  is  applied  to  only  the  outer 
flowpath  liner  (52)  and  to  the  outlet  guide  vane 
(48).  The  inner  flowpath  liner  (50)  which  is  made  of 
a  high  temperature  resistant  material  is  convection 
cooled  only  by  the  cooling  air  which  flows  through 
the  outlet  guide  vanes  thereby  cooling  the  struts 
(44)  and  finally  cooling  the  inner  hub  (54)  before 
discharging  into  the  engine  flowpath  (14).  Instead 
of  forming  the  inner  fiowpath  liner  in  segments  it  is 
formed  as  a  continuous  one-piece  member  to 
eliminate  intersegment  leakage  of  coolant  and  the 
need  for  intersegment  seals.  This  alternate  con- 
struction  trades  lower  cost  for  slightly  reduced 
cooling  efficiency  and  is  typical  of  variations  on  the 
basic  design  which  may  be  devised. 

As  with  the  previously  discussed  flowpath  liner- 
support  structure  (64)  of  Figures  4  through  8,  the 
even  distribution  of  the  support  brackets  (72) 
shown  in  Figures  10  and  11  allows  for  free  and 
uniform  air  flow  over  the  flowpath  liners  and  pro- 
vides  uniform  structural  support  to  the  flowpath 
liner  (52). 

An  alternate  design  of  the  support  pad  (76)  is 
shown  in  Figure  12  wherein  a  locating  projection 
(106)  is  provided  on  the  bottom  of  each  support 
pad.  The  flowpath  liners  (50,  52)  are  provided  with 
complimentary  matching  locating  recesses  (108)  to 
receive  the  projections.  This  design  assures  the 
correct  and  accorate  location  of  each  support  pad 
(76)  and  flowpath  support  post  (74)  on  the  flowpath 
liners  (50,  52). 

There  has  been  disclosed  heretofore  the  best 
embodiment  of  the  invention  presently  contemplat- 
ed.  The  disclosed  turbine  engine  heat  shield  as- 
sembly  virtually  eliminates  prior  thermally  induced 
warping  and  fatigue  cracking  problems  by  allowing 
for  the  substantially  free  movement  of  the  flowpath 
liners  during  thermal  expansion  and  contraction  in 

w  Claims 

1  .  A  support  structure  for  supporting  a  flowpath 
liner  on  a  turbine  engine  frame  member,  wherein 
said  support  structure  comprises: 

r5  a  support  bracket  connected  to  said  turbine  engine 
frame  member;  and 
support  means  connected  to  said  flowpath  liner, 
said  support  means  engaging  said  support  bracket 
with  a  free-floating  interconnection  to  freely  accom- 

20  modate  axial  and  circumferential  thermal  expansion 
and  contraction  of  said  flowpath  liner. 

2.  The  support  structure  of  claim  1,  wherein 
said  support  means  comprises  a  support  post  pro- 
jecting  from  said  flowpath  liner,  said  support  post 

25  being  operatively  associated  with  said  support 
bracket. 

3.  The  support  structure  of  claim  1,  wherein 
said  support  means  comprise  a  support  pad  con- 
nected  to  said  flowpath  liner,  said  support  pad 

30  having  -a  broad  base  portion  for  evenly  distributing 
loads  over  said  flowpath  liner. 

4.  The  support  structure  of  claim  3,  wherein 
said  support  pad  is  brazed  to  said  flowpath  liner. 

5.  The  support  structure  of  claim  1,  wherein 
35  said  support  bracket  is  formed  with  a  clearance 

hole  and  wherein  said  support  means  projects 
through  said  clearance  hole  to  provide  said  free- 
floating  interconnection  therebetween. 

6.  The  support  structure  of  claim  5,  wherein 
40  said  support  means  comprises  engagement  means, 

for  engaging  said  support  bracket  and  for  reacting 
pressure  loads  from  said  flowpath  liner  to  said 
turbine  engine  frame  member. 

7.  The  support  structure  of  claim  6,  wherein 
45  said  engagement  means  comprises  a  washer  pro- 

vided  on  an  end  portion  of  said  support  means. 
8.  The  support  structure  of  claim  1,  wherein 

said  support  means  comprises  a  locating  projection 
and  wherein  said  flowpath  liner  comprises  a  locat- 

50  ing  recess  for  receiving  said  locating  projection  and 
for  accurately  locating  said  support  means  on  said 
flowpath  liner. 

9.  The  support  structure  of  claim  1,  wherein 
said  flowpath  liner  further  comprises  impingement 

55  cooling  means  mounted  on  said  flowpath  liner  and 
disposed  between  said  flowpath  liner  and  the  tur- 
bine  engine  frame  member  for  directing  cooling  air 
over  said  flowpath  liner. 
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21.  The  free  floating  heat  shield  of  claim  20, 
wherein  each  one  of  said  plurality  of  radially  ex- 
tending  support  posts  comprises  engagement 
means  for  limiting  radial  inward  movement  of  said 

5  flowpath  liner. 
22.  The  free  floating  heat  shield  of  claim  21, 

wherein  said  engagement  means  comprises  a 
washer  permanently  attached  to  a  radial  outer  end 
portion  of  each  one  of  said  plurality  of  radially 

10  extending  support  posts. 
23.  The  free  floating  heat  shield  of  claim  20, 

further  comprising  impingement  cooling  means 
provided  on  said  flowpath  liner. 

24.  A  floating  heat  shield  for  a  turbine  engine 
rs  frame  having  an  inner  casing,  an  outer  casing  and 

a  plurality  of  radial  struts  interconnecting  said  inner 
and  outer  casings,  said  heat  shield  comprising: 
at  least  one  support  bracket  rigidly  connected  to 
said  outer  casing,  said  support  bracket  having  at 

20  least  one  clearance  hole  formed  therein; 
an  outer  flowpath  liner  having  at  least  one  radially 
extending  support  post  rigidly  fixed  thereto;  said 
support  post  having  an  engagement  portion;  and 
a  free  floating  connection  freely  interconnecting 

25  said  support  bracket  and  said  outer  flowpath  liner, 
said  free  floating  connection  formed  by  said  sup- 
port  post  passing  through  said  clearance  hole  with 
a  clearance  fit  to  allow  limited  transverse  move- 
ment  of  said  support  post  therein  and  by  said 

30  engagement  portion  limiting  radial  movement  of 
said  outer  flowpath  liner  by  engaging  said  support 
bracket. 

25.  The  free  floating  heat  shield  of  claim  24, 
wherein  said  at  least  one  support  bracket  com- 

35  prises  a  plurality  of  support  brackets  bolted  to  said 
outer  casing  and  wherein  said  at  least  one  support 
post  comprises  a  plurality  of  support  posts  brazed 
on  said  outer  flowpath  liner. 

26.  The  free  floating  heat  shield  of  claim  24, 
40  wherein  said  engagement  means  comprises  an  ax- 

ially  and  circumferentiaily  extending  engagement 
surface  permanently  attached  to  a  radial  end  por- 
tion  of  said  support  post. 

27.  The  free  floating  heat  shield  of  claim  24, 
45  further  comprising  an  impingement  baffle  mounted 

to  said  outer  flowpath  liner,  said  impingement  baf- 
fle  having  at  least  one  oversized  hole  formed  there- 
in  for  receiving  said  support  post  with  a  clearance 
fit. 

so  28.  The  free  floating  heat  shield  of  claim  27, 
further  comprising  reinforcement  means  provided 
on  said  impingement  baffle  and  surrounding  said 
oversized  hole  for  protecting  said  impingement  baf- 
fle  during  relative  movement  between  said  support 

55  post  and  said  support  bracket. 

10.  The  support  structure  of  claim  9,  wherein 
said  impingement  cooling  means  comprises  an  im- 
pingement  baffle  supported  by  said  support  means. 

11.  The  support  structure  of  claim  10,  wherein 
said  impingement  baffle  is  provided  with  a  uniform 
distribution  of  perforations  for  uniformly  cooling 
said  flowpath  liner. 

12.  The  support  structure  of  claim  1,  wherein 
said  flowpath  liner  is  formed  with  a  plurality  of 
cooling  air  injection  holes  for  film  cooling  said 
flowpath  liner. 

13.  The  support  structure  of  claim  12,  wherein 
said  cooling  air  injection  holes  are  further  formed 
through  said  support  means  to  provide  a  uniform 
distribution  of  cooling  air  injection  holes  through 
said  flowpath  liner. 

14.  The  support  structure  of  claim  1,  wherein 
said  support  bracket  is  bolted  to  said  turbine  en- 
gine  frame  member. 

15.  The  support  structure  of  claim  1,  wherein 
said  turbine  engine  frame  member  comprises  an 
outer  casing. 

16.  The  support  structure  of  claim  1,  wherein 
said  turbine  engine  frame  member  comprises  an 
inner  hub. 

17.  The  support  structure  of  claim  1,  wherein 
said  free-floating  interconnection  provides  for  two- 
dimensional  movement  of  said  flowpath  liner  with 
respect  to  said  support  bracket  and  with  respect  to 
said  turbine  engine  frame  member. 

18.  The  support  structure  of  claim  1,  further 
comprising  a  slip  joint  provided  on  said  flowpath 
liner  for  resiliency  receiving  and  supporting  an  out- 
let  guide  vane  therein. 

19.  The  support  structure  of  claim  18,  wherein 
said  flowpath  liner  is  formed  with  an  opening  there- 
through  and  wherein  said  slip  joint  comprises  a 
leakage  control  seal  provided  around  said  opening 
for  allowing  axial,  radial  and  circumferential  move- 
ment  of  said  outlet  guide  vane  with  respect  to  said 
flowpath  liner. 

20.  A  floating  heat  shield  for  a  turbine  engine 
frame,  comprising: 
a  flowpath  liner  for  protecting  said  turbine  engine 
frame  from  hot  exhaust  gasses; 
a  plurality  of  radially  extending  support  posts  at- 
tached  to  said  flowpath  liner;  and 
a  support  bracket  attached  to  said  turbine  engine 
frame  for  supporting  said  flowpath  liner,  said  sup- 
port  bracket  having  at  least  one  clearance  hole 
formed  therein  for  receiving  one  of  said  plurality  of 
radially  extending  support  posts  with  a  clearance 
fit,  said  clearance  fit  providing  freedom  for  said 
flowpath  liner  to  move  freely  relative  to  said  sup- 
port  bracket  during  thermal  expansion  and  contrac- 
tion  of  said  flowpath  liner. 



EP  0  344  877  A1 

2 ,   
« M 4 & * * ) * >   * L H *  

2 3  4 4  

(PRIOR  ART) 

F I G .   I 

12  

5 4 .  

4 6  

4 8  

(PRIOR  ART) 

F I G .   2  



EP  0  344  877  A1 

5 6  

5 6  

(PRIOR  A R T )  

F I G .   3  



EP  0  344  877  A1 

7 2  

F I G .   6  

F I G .   5  



EP  0  344  877  A1 

7 2  

66- 

7G  66  87   C&  ^ 5 2  

F I G .   7  

5 4  

4 8  

F I G .   8  



EP  0  344  877  A1 

4 0 - M  
t o o  

5 0  

F I 6 . 9  

5 3  

1 0 4  

F I G .   1 0  



EP  0  344  877  A1 

7 6  

, 6 4  

F I G .   I I  

F I G I 2  w e   }08  5 Z  



J  Application  Number European  Patent 
Office 

EUROPEAN  SEARCH  R E P O R T  

EP  89  30  0747 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

_  t  Citation  of  document  with  indication,  where  appropriate,  Relevant  CLASSIFICATION  OF  THE 
Category  of  relevant  passages  to  claim  APPLICATION  (Int.  Cl.  4) 

X  US-A-4  071  194  (ECKERT  et  al  .  )  1 -5 ,9-   n  / f i  *  Figure  3;  column  2,  l ine  49  -  column  12,14,  L  "i  r.  " ' "  

3,  l ine  20  *  15,17  F  02  K  1 /82  

A  2 0 , 2 3 -  
28 

X  FR-A-1  435  410  (PRVNI  BRNENSKA)  1 - 4 , 1 5 ,  
*  Whole  document  *  17 

A  2 0 , 2 1 ,  
24-26  

X  FR-A-1  221  234  (DE  HAVILLAND)  1 - 4 , 1 4 ,  
*  Whole  document  *  .  15 ,17  

A  2 0 , 2 1 ,  
24-26 

A  EP-A-0  216  721  (U.T.C.)   1 , 2 , 5 - 8  
*  Figures  1,2;  column  3,  l ines   9-13  *  , 1 7 , 2 0 -  

2 4 , 2 6  

A  GB-A-  758  106  (G.M.)  1 ,2 ,8 ,   technical  fields 
*  Fi  cures  4-7:  oaqe  2.  l ine  72  -  paqe  14-18,  searched  a*,  cu)  

3,  l ine  68  *  2 0 , 2 1 ,  
24,26  •  F  01  D 

F  02  K 

A  FR-A-2  271  405  (S.N.E.C.M.A.  )  ■  1 ,5 ,12 ,   F  23  R 
*  Figures  1,2;  page  2,  l ine  29  -  page  1 4 , 1 5 ,  
3,  l ine  22  *  1 7 , 2 0 ,  

2 4 , 2 6  
- / -  

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  search  Date  of  completion  of  the  search  Examiner 

THE  HAGUE  12-09-1989  MCGINLEY  C . J .  

CATEGORY  OF  CITED  DOCUMENTS  T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

X  :  particularly  relevant  if  taken  alone  after  the  filing  date 
Y  :  particularly  relevant  if  combined  with  another  D  :  document  cited  in  the  application 

document  of  the  same  category  L  :  document  cited  for  other  reasons 
A:  technological  background 
O  :  non-written  disclosure  &  :  member  of  the  same  patent  family,  corresponding 
P  :  intermediate  document  document 



Page  2 

Application  Number 

EP  89  30  0747 

J  European  Patent 
Office 

EUROPEAN  SEARCH  R E P O R T  

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
CLASSIFICATION  OF  THE 
APPLICATION  ant.  C1.4) Citation  of  document  with  indication,  where  appropriate, 

of  relevant  passages 
Relevant 
to  claim Category 

1 - 3 , 5 ,  
1 2 , 1 4 ,  
1 5 i l 7 ,  
2 0 , 2 4 ,  
26 

1 , 2 , 5 , 6  
, 1 7 , 2 0 ,  
2 1 , 2 4 ,  
26 

FR-A-2  217  547  ( G . E . C . )  
*  Whole  document  * 

GB-A-2  087  065  (ROLLS-ROYCE) 
*  Figures  7-12;  page  2,  l ines   18-31  * 

FR-A-1  385  893  (DAIMLER-BENZ) 

TECHNICAL  FIELDS 
SEARCHED  ant.  C1.4) 

The  present  search  report  has  been  drawn  up  for  all  claims 
Examiner Date  of  completion  of  the  search 

12-09-1989  
Place  of  search 

THE  HAGUE MCGINLEY  C . J .  

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

after  the  filing  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding 

document 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone 
Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category 
A  :  technological  background 
O  :  non-written  disclosure 
P  :  intermediate  document 

i  

« o 
C 


	bibliography
	description
	claims
	drawings
	search report

