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Description 

The  present  invention  relates  to  a  system  for 
securing  a  jet  propulsion  engine  to  an  aircraft  as 
characterized  in  the  preamble  of  claim  1. 

Such  a  securing  system  is  known  from 
GB—  A—  2  010  969.  In  this  known  mounting 
system  the  first  means  for  securing  the  fan  casing 
comprise  a  component  connected  to  the  aircraft 
and  having  a  longitudinal  slot  in  which  a  spigot 
engages.  The  spigot  and  slot  connection  secures 
the  fan  casing  against  lateral  movement,  and 
furthermore  at  both  sides  of  the  slot  and  spigot  a 
link  is  ranged,  which  links  secure  the  fan  casing 
against  vertical  movement.  The  fan  casing  is 
interconnected  with  a  forward  portion  of  the  core 
assembly  by  means  of  spoke  type  struts,  which 
extend  radially  outwardly  from  the  core  to  the  fan 
casing. 
-  When  a  large,  high  bypass  turbo-fan  jet  engine 
is  operated  at  full  power,  such  as  during  takeoff, 
the  high  thrust  loads  that  act  through  the  engine 
must  be  reacted  by  the  engine  thrust  mounts. 
Since  the  engine  thrust  mounts  are  generally 
offset  from  the  longitudinal  center  of  the  engine, 
bending  moments  are  generated  in  the  engine 
cases.  The  large  bending  loads  resulting  there- 
from  cause  deflection  of  the  engine  components 
resulting  in  interference  between  the  rotor  blades 
and  their  associated  casings. 

In  addition,  when  the  aircraft  is  disposed  at  a 
high  angle  of  attack,  such  as  during  takeoff,  the  air 
flowing  around  and  through  the  inlet  cowl  pushes 
upwardly  resulting  in  a  bending  moment  being 
transferred  from  the  cowling  to  the  rearwardly 
interconnected  fan  casing  and  inwardly  through 
the  fan  struts  into  the  core  casing.  This  bending 
moment  results  in  further  deflection  of  the  cas- 
ings  and  adds  to  the  interference  between  rotat- 
ing  and  stationary  portions  of  the  engine. 

Excessive  blade  and  tip  seal  wear  increases  the 
clearance  between  these  components  causing 
loss  of  fuel  efficiency.  In  addition,  a  phenomenon 
known  as  blade  tip  stall  may  result  from  larger 
clearances  between  the  blade  tips  and  the  engine 
casings.  This  can  lead  to  vibrational  problems 
associated  with  non-synchronous  whirl  motion  of 
the  rotors.  Moreover,  when  compressor  blades 
rub  against  their  surrounding  seal,  particles  are 
removed  from  the  blade  tips  and  the  seal.  The 
deposition  of  these  particles  on  the  extremely  hot 
turbine  sections  of  the  engine  roughens  the  tur- 
bine  blades  and  stators  and  reduces  their  airody- 
namic  efficiency. 

It  is  an  object  of  the  present  invention  to 
provide  a  system  for  mounting  a  high  bypass 
turbo  fan  jet  propulsion  engine  to  an  aircraft  so  as 
to  reduce  blade  and  tip  seal  wear  thereby  increas- 
ing  performance  during  takeoff  and  cruise,  reduc- 
ing  fuel  consumption  and  reducing  deposition  of 
metal  particles  from  the  compressor  blades  and 
tip  seals  on  the  very  high  temperature  com- 
ponents  of  the  engine. 

More  particularly,  it  is  an  object  of  the  present 
invention  to  mount  the  high  bypass  turbo  fan  jet 

propulsion  engine  on  an  aircraft  in  such  a  manner 
to  minimize  the  bending  flexure  and  distortion  of 
engine  components  caused  by  thrust  loads  and 
air  loads  on  the  engine  inlet  cowling. 

5  Another  object  of  the  present  invention  is  to 
achieve  the  foregoing  objects  while  at  the  same 
time  accommodating  the  thermal  expansion  and 
contraction  of  the  engine  components  due  to 
changes  in  the  temperature  of  the  engine. 

10  This  is  achieved  in  accordance  with  the  present 
invention  with  the  measures  of  the  characterizing 
part  of  claim  1. 

The  securing  system  of  the  present  invention 
includes  structural  links  to  restrain  the  fan  casing 

is  against  pitch  movement  relative  to  the  engine 
core  assembly.  By  restraining  the  fan  casing  in 
this  manner,  applicant  has  found  that  the  relative 
flexing  between  the  fan  casing  and  the  engine 
core  assembly  is  substantially  diminished. 

20  In  one  preferred  form  of  the  present  invention, 
the  forward  end  portion  of  a  structural  link  is 
secured  to  the  fan  casing  at  a  location  adjacent 
the  location  at  which  the  forward  hanger  member 
is  secured  to  the  fan  casing.  From  its  interconnec- 

ts  tion  with  the  fan  casing,  the  link  extends  diagon- 
ally  rearwardly  and  upwardly  to  intersect  with  the 
wing  strut  at  a  location  rearwardly  from  the 
location  that  the  upper  end  of  the  forward  hanger 
member  interconnects  with  the  wing  strut. 

30  In  an  alternative  preferred  embodiment  of  the 
present  invention,  a  structural  link  has  its  forward 
end  portion  interconnected  with  the  fan  casing  at 
a  location  adjacent  the  location  at  which  the 
forward  hanger  member  intersects  the  fan  casing. 

35  From  this  forward  location,  the  link  extends  rear- 
wardly  and  diagonally  downwardly  to  inter- 
connect  with  an  intermediate  portion  of  the  thrust 
yoke  thereby  to  transmit  the  axial  loads  imposed 
on  the  fan  casing  to  the  thrust  yoke.  Auxiliary 

40  links  may  be  employed  to  reinforce  the  thrust 
yoke  to  enable  it  to  carry  the  increased  loads 
imposed  thereon  by  the  fan  casing  link.  The 
auxiliary  links  may  extend  downwardly  from  an 
intermediate  portion  of  the  thrust  yoke  to  inter- 

ns  connect  with  an  intermediate  portion  of  the 
engine  core  assembly.  Additionally  or  alterna- 
tively,  the  auxiliary  links  may  be  in  the  form  of 
upper  links  that  extend  upwardly  from  an  inter- 
mediate  portion  of  the  thrust  yoke  to  intersect 

so  with  an  overhead  portion  of  the  wing  strut. 
In  a  further  preferred  embodiment  of  the 

present  invention,  a  pair  of  truss  links  are 
employed  to  interconnect  the  fan  casing  with  the 
forward  forked  portions  of  the  thrust  yoke.  The 

55  links  are  interconnected  with  the  fan  casing  at 
locations  circumferentially  spaced  from  the  loca- 
tions  at  which  the  forward  hanger  member  is 
connected  to  the  fan  casing.  This  form  of  the 
present  invention  may  also  employ  auxiliary  links 

60  for  reinforcing  the  intermediate  portion  of  the 
thrust  yoke.  The  auxiliary  links  may  be  in  the  form 
of  lower  links  that  extend  downwardly  from  the 
thrust  yoke  to  interconnect  with  the  underlying 
portion  of  the  engine  core  assembly.  Additionally 

65  or  alternatively,  the  auxiliary  links  may  be  in  the 
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form  of  upper  links  that  extend  upwardly  from  a 
central  portion  of  the  thrust  yoke  to  interconnect 
with  an  overhead  portion  of  the  wing  strut. 

Brief  description  of  the  drawings 
The  details  of  typical  embodiments  of  the 

present  invention  will  be  described  in  connection 
with  the  accompanying  drawings,  in  which: 

Figure  1  is  a  longitudinal  sectional  view  of  a  high 
bypass,  turbo  fan  jet  propulsion  engine  coupled  to 
an  underslung  wing  strut  with  the  securing  system 
of  the  present  invention  with  portions  broken 
away  for  clarity; 

Figure  2  is  a  fragmentary  cross-sectional  view  of 
the  engine  and  wing  strut  shown  in  Figure  1  taken 
substantially  along  line  2—2  thereof  and  speci- 
fically  illustrating  the  attachment  of  the  engine  fan 
casing  to  the  wing  strut; 

Figure  3  is  an  enlarged  side  elevational  view  of 
the  portion  of  the  securing  system  of  the  present 
invention  illustrated  in  Figure  2,  taken  sub- 
stantially  along  line  3  —  3  of  Figure  2; 

Figure  4  is  an  enlarged,  fragmentary  cross- 
sectional  view  of  the  engine  of  Figure  1  specifically 
illustrating  a  thrust  yoke  for  transferring  axial 
loads  from  the  engine  core  assemble  to  the  wing 
strut,  taken  along  line  4  —  4  of  Figure  1  ; 

Figure  5  is  a  longitudinal  sectional  view  of  a  high 
bypass,  turbo  fan  jet  propulsion  engine  secured  to 
an  underslung  wing  strut  by  a  second  preferred 
embodiment  of  the  securing  system  of  the  present 
invention  with  portions  broken  away  for  clarity; 

Figure  6  is  a  fragmentary,  cross-sectional  view 
taken  substantially  along  section  line  6  —  6  of 
Figure  5  and  specifically  illustrating  a  portion  of 
the  present  invention  for  securing  the  fan  casing  to 
the  wing  strut; 

Figure  7  is  an  enlarged  side  elevational  view  of 
Figure  6  taken  substantially  along  line  7—7  of 
Figure  6; 

Figure  8  is  a  fragmentary  cross-sectional  view  of 
the  engine  of  Figure  5  taken  substantially  along 
line  8  —  8  thereof  and  specifically  illustrating  the 
thrust  yoke  and  a  fan  casing  strut  assembly;  and 

Figure  9  is  an  enlarged,  fragmentary  elevational 
view  of  a  portion  of  the  securing  system  of  the 
present  invention  illustrated  in  Figure  8  taken 
substantially  along  line  9  —  9  in  Figure  8  and 
specifically  illustrating  the  interconnection 
between  the  fan  casing  strut  and  the  thrust  yoke; 

Figure  10  is  a  partially  schematic,  fragmentary, 
isometric  view  of  the  thrust  yoke;  fan  casing  strut 
assembly  and  auxiliary  strut  assemblies  illustrated 
in  Figure  5; 

Figure  11  is  a  longitudinal  sectional  view  of  a 
high  bypass  turbo  fan  jet  propulsion  engine 
coupled  to  an  underslung  wing  strut  with  an 
additional  preferred  embodiment  of  the  securing 
system  of  the  present  invention  with  portions 
broken  away  for  clarity; 

Figure  12  is  a  fragmentary  cross-sectional  view 
of  the  present  invention  shown  in  Figure  11  taken 
substantially  along  line  12  —  12  thereof  and  speci- 
fically  illustrating  the  attachment  of  the  fan  casing 
to  the  wing  strut; 

Figure  13  is  an  enlarged  side  elevational  view  of 
a  portion  of  the  securing  system  of  the  present 
invention  illustrated  in  Figure  12,  as  taken  sub- 
stantially  along  line  13  —  13  of  Figure  12. 

5  Figure  14  is  a  partial  cross-sectional  view  of  the 
engine  of  Figure  11  taken  substantially  along  line 
14  —  14  thereof  and  specifically  illustrating  the 
thrust  yoke  and  the  fan  casing  strut  assembly  of 
the  present  invention; 

10  Figure  15  is  an  enlarged,  fragmentary  eleva- 
tional  view  taken  substantially  along  lines  13  —  13 
of  Figure  12  and  specifically  illustrating  the  inter- 
connection  between  the  fan  casing  strut  assembly 
and  the  thrust  yoke;  and 

15  Figure  16  is  a  partially  schematic,  fragmentary, 
isometric  view  of  the  thrust  yoke,  fan  casing  strut 
assembly  and  auxiliary  strut  assemblies  of  the 
present  invention  illustrated  in  Figure  11. 

20  Detailed  description 
Referring  initially  to  Figure  1,  a  high  bypass, 

turbo  fan  jet  propulsion  engine  20  is  mounted 
beneath  an  aircraft  wing  22  on  a  downwardly  and 
forwardly  extending  engine  mounting  strut  24. 

25  The  engine  mounting  strut  24  is  affixed  to  the 
aircraft  wing  in  a  conventional  manner.  The  high 
bypass  turbo  fan  engine  includes  a  core  assembly 
26  coaxiaily  disposed  within  an  engine  casing  28. 
The  forward  portion  of  engine  20  includes  a  fan  30 

30  powered  by  the  core  assembly,  a  fan  casing  32 
surrounding  the  fan  and  a  fan  spinner  34  extend- 
ing  forwardly  of  the  fan  casing.  The  rearward 
portion  of  engine  20  includes  an  exhaust  nozzle  36 
and  a  nozzle  plug  38.  The  forward  portion  of  core 

35  assembly  26  is  coaxiaily  disposed  within  a  cowling 
assembly  composed  of  a  leading  inlet  cowling  40, 
an  intermediate  fan  cowling  42  and  a  rearward  fan 
nozzle  44.  Fan  casing  32  is  rigidly  disposed  within 
fan  cowling  42,  and  a  plurality  of  spoke  type  struts 

40  46  extend  radially  outwardly  from  the  forward 
portion  of  engine  core  assembly  26  to  interconnect 
with  the  interior  circumferential  portions  of  the  fan 
casing  thereby  to  position  the  fan  casing  radially 
relative  to  the  engine  core  assembly  and  the  fan. 

45  The  securing  system  of  the  present  invention  for 
suspending  engine  20.  from  wing  strut  24  includes 
a  forward  hanger  assembly  50  that  secures  fan 
casing  32  to  the  forward  end  of  wing  strut  24  and  a 
rearward  hanger  assembly  80  that  secures  a 

so  rearward  portion  of  engine  core  assembly  26  to  a 
rearward  portion  of  the  wing  strut.  In  addition,  a 
thrust  yoke  assembly  100  extends  forwardly  from 
rear  hanger  assembly  80  to  interconnect  with  a 
forward  portion  of  the  engine  core  assembly. 

55  Referring  specifically  to  Figures  1  —  3,  forward 
hanger  assembly  50  includes  a  substantially  ver- 
tically  disposed  hanger  member  52  having  its 
upper  end  portion  constructed  in  the  form  of  a 
double  clevis  to  bridge  across  a  pair  of  parallel, 

60  spaced  apart  lugs  54  mounted  on  the  forward  end 
of  wing  strut  24.  The  upper  end  of  hanger  member 
52  is  pinned  to  the  lugs  by  a  crosspin  56  extending 
through  aligned  openings  formed  in  the  lugs  and  a 
corresponding  opening  formed  in  the  hanger 

65  member.  The  lower  end  of  hanger  member  52  is 
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pinned  to  a  bracket  58  secured  to  the  upper 
portion  of  radial  flanges  60  extending  circum- 
ferentially  around  the  outer  circumference  of  fan 
casing  32.  The  lower  end  of  hanger  member  52  is 
secured  to  bracket  58  by  a  crosspin  62  extending 
through  aligned  holes  formed  in  a  pair  of 
upwardly  extending  ear  portions  of  the  bracket 
and  through  a  corresponding  hole  in  the  hanger 
member.  Hanger  member  52  functions  to  restrain 
fan  casing  32,  and  thus  the  forward  portion  of 
engine  20,  against  lateral  and  vertical  movement 
relative  to  wing  strut  24. 

Still  referring  specifically  to  Figures  1  —  3,  for- 
ward  hanger  assembly  50  also  includes  a  struc- 
tural  link  66  having  its  forward  end  portion  con- 
structed  in  the  form  of  a  clevis  and  pinned  to 
bracket  58  with  crosspin  62.  As  shown  in  Figure  2, 
the  forward  end  of  link  66  is  disposed  along 
opposite  sides  of  the  lower  portion  of  hanger 
member  52.  From  bracket  58,  link  66  extends 
diagonally  rearwardly  and  upwardly  to  pivotally 
interconnect  with  a  mounting  bracket  68  depend- 
ing  downwardly  from  the  underside  of  wing  Strug 
24.  Link  66  is  pinned  to  bracket  68  by  a  crosspin  70 
extending  through  aligned  holes  formed  in  the 
downwardly  extending  ear  portions  72  of  bracket 
68.  The  link  66  functions  to  restrain  fan  casing  32 
against  pitching  movement  relative  to  wing  strut 
24,  and  thus,  relative  to  engine  core  26. 

Applicant  has  found  that  the  radial  struts  46 
extending  radially  outwardly  from  the  forward 
portion  of  engine  core  assembly  26  to  intersect 
the  inside  diameter  of  fan  casing  32  do  not  fully 
resist  relative  pitch  movement  between  the  fan 
casing  and  the  engine  core  assembly  when 
engine  20  is  subjected  to  bending  moments  (act- 
ing  about  forward  and  rear  hanger  assemblies  50 
and  80)  generated  by  high  bending  loads  caused 
by  thrust  loads  and  by  air  loads  acting  upwardly 
on  the  forward  portion  of  inlet  cowling  40.  As  a 
consequence,  as  discussed  above,  under  these 
loads,  fan  casing  32  tends  to  deflect  relative  to  the 
engine  core  assembly  26  thereby  causing  fan 
blades  30  to  rub  against  the  fan  casing.  However, 
applicant  has  found  that  link  66  advantageously 
eliminates  to  a  substantial  degree  the  relative 
flexing  between  fan  casing  32  and  the  adjacent 
forward  portion  of  the  engine  core  assembly  by 
restraining  the  fan  casing  against  pitch  move- 
ment  relative  to  the  engine  core  assembly.  Thus, 
the  likelihood  of  interference  between  the  fan 
blades  and  the  fan  casing  is  substantially 
reduced. 

Rear  hanger  assembly  80,  as  shown  in  Figures  1 
and  4,  includes  three  hanger  members  82  extend- 
ing  downwardly  and  laterally  from  a  bracket  84 
secured  to  the  underside  of  wing  strut  24  to 
interconnect  with  an  arcuate  transverse  bracket 
86  at  pivot  points  88.  The  transverse  bracket  86  is 
secured  to  radially  extending  flanges  90  extend- 
ing  circumferentially  around  the  rearward  portion 
of  core  assembly  26.  The  upper  ends  of  hanger 
members  82  are  pinned  to  bracket  84  at  92.  It  is  to 
be  understood  that  hanger  members  82  can  be 
constructed  in  the  form  of  solid  link  bars,  but 

ideally  are  of  tubular  construction  to  minimize  the 
weight  of  the  hanger  members.  The  rearward 
hanger  assembly  80  is  designed  to  resist  lateral, 
vertical  and  torsional  movement  of  engine  core 

5  assembly  26  relative  to  wing  strut  24. 
Next,  referring  specifically  to  Figures  1  and  4, 

thrust  yoke  assembly  100  includes  a  rearward 
connector  102  having  its  rear  end  portion  pivot- 
ally  connected  to  a  mounting  lug  104  extending 

w  forwardly  from  bracket  84  of  the  rearward  hanger 
assembly  by  a  crosspin  106.  The  forward  end  of 
connector  102  is  fixedly  secured  to  the  rearward 
end  of  yoke  member  108.  From  connector  102,  the 
yoke  member  108  extends  forwardly  and  down- 

15  wardly  as  a  singular  member  and  then  branches 
into  two  forks  110  at  a  location  just  above  engine 
core  assembly  26.  The  forward  ends  of  forks  110 
are  pivotally  pinned  to  generally  triangularly- 
shaped  mounting  brackets  112  mounted  on  the 

20  forward  portion  of  engine  core  assembly  26. 
Forks  110  are  pivotally  secured  to  mounting 
brackets  112  by  crosspins  114.  Ideally,  yoke 
member  108  is  formed  from  lightweight,  high 
strength  tubular  material. 

25  The  yoke  assembly  functions  to  restrain  engine 
core  assembly  26  against  longitudinal  movement 
relative  to  wing  strut  24.  Also,  by  closely  over- 
lying  the  engine  core  assembly,  the  yoke 
assembly  thermally  expands  at  a  rate  corre- 

30  sponding  to  the  expansion  rate  of  the  engine  core 
assembly  thereby  to  avoid  imposing  loads  on  jet 
engine  20  as  the  engine  expands  and  contracts 
during  temperature  changes  of  the  engine. 

Figures  5  —  10  illustrate  an  alternative  preferred 
35  embodiment  of  a  securing  system  of  the  present 

invention  for  mounting  a  turbo  fan  jet  propulsion 
engine  to  an  aircraft  wing.  The  components  of 
wing  22,  engine  20  and  the  securing  system 
shown  in  Figures  5  —  10  that  are  identical  or 

40  substantially  identical  to  corresponding  com- 
ponents  shown  in  Figures  1  —  4  are  referred  to  by 
the  same  reference  numerals.  The  construction 
and  functions  of  these  components  have  been 
described  above,  and  thus  will  not  be  entirely 

45  repeated  here.  Instead,  the  following  description 
will  focus  on  the  differences  between  the  securing 
system  shown  in  Figures  5  —  10  from  that  shown 
in  Figures  1  —  4. 

Rearward  hanger  assembly  80'  is  ideally  sub- 
so  stantially  identical  to  the  corresponding  hanger 

assembly  80  shown  in  Figures  1  —  4.  However, 
forward  hanger  assembly  50'  is  somewhat  differ- 
ent  in  construction  than  forward  hanger  assembly 
50  shown  in  Figures  1  —  4.  Forward  hanger 

55  assembly  50'  does  include  a  generally  vertical 
hanger  member  52'  that  depends  downwardly 
from  lugs  54'  to  pivotally  connect  with  a  bracket 
120  secured  to  radial  flanges  60  of  fan  casing  32. 
A  crosspin  56'  extends  transversely  through 

60  aligned  openings  formed  in  the  lower  portion  of 
lugs  54'  and  through  a  corresponding  cross  hole 
formed  in  the  upper  end  of  hanger  member  52'. 
Also,  a  cross  pin  62'  extends  transversely  through 
aligned  openings  formed  in  the  upwardly  extend- 

65  ing,  parallel,  spaced  apart  ears  1  24  of  bracket  1  20 

4 
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ind  through  a  cross  hole  formed  in  the  lower  end 
Dortion  of  hanger  member  52'. 

A  singular,  elongate  fan  casing  link  122  is 
aivotally  interconnected  between  rearwardly 
jxtending  portions  of  bracket  ears  124  by  a 
:rosspin  126  extending  through  aligned  holes 
:ormed  in  the  ears  and  through  openings  formed 
n  a  clevis  127  secured  to  the  forward  end  portion 
sf  fan  casing  link  122.  Rather  than  interconnecting 
with  an  adjacent  portion  of  wing  strut  24,  fan 
:asing  link  122  instead  extends  diagonally  down- 
wardly  and  rearwardly  to  interconnect  with  a 
aracket  128  mounted  on  thrust  yoke  108'  at  a 
ocation  slightly  rearwardly  of  the  location  at 
which  theyoke  is  bifurcated  into  forwardly  extend- 
ing  forks  110'.  The  lower,  rearward  end  of  link  122 
is  pinned  to  the  upwardly  extending  ear  portions 
af  the  bracket  by  a  cross  pin  1  29  extending  through 
aligned  holes  formed  in  the  ear  portions  and  a 
:orresponding  hole  formed  in  the  link. 

It  will  be  appreciated  that  fan  casing  link  122 
performs  the  same  function  as  link  66  shown  in 
Figures  1  —  4,  i.e.,  to  restrain  fan  casing  32  from 
pitch  movement  relative  to  engine  core  assembly 
26.  In  addition,  fan  casing  link  122  is  capable  of 
accommodating  longitudinal  growth  of  jet  engine 
20  due  to  the  thermal  expansion  of  the  engine.  This 
is  possible  since  the  rearward  end  of  link  122  is 
secured  to  yoke  108'  which,  as  discussed  above, 
expands  and  contracts  with  the  extension  and 
contraction  of  engine  20.  Moreover,  since  a  por- 
tion  of  fan  casing  link  122  is  also  located  closely 
adjacent  to  engine  core  assembly  26,  the  link  also 
is  capable  of  expanding  and  contracting  with  the 
jet  engine. 

Referring  specifically  to  Figures  5,  8  and  9,  lower 
auxiliary  links  130  interconnect  a  central  portion  of 
thrust  yoke  108'  with  a  central  section  of  engine 
core  assembly  26  thereby  reinforcing  the  thrust 
yoke  sufficiently  to  accommodate  the  increased 
loads,  primarily  bending  loads,  imposed  thereon 
by  fan  casing  link  122.  As  shown  in  the  figures,  the 
upper  ends  of  auxiliary  links  130  are  pivotally 
interconnected  with  side  brackets  132  extending 
laterally  outwardly  from  each  side  of  thrust  yoke 
108'  at  a  location  generally  below  bracket  128.  A 
crosspin  134  extends  through  aligned  holes 
formed  in  the  two  ears  of  bracket  132  and  through 
a  corresponding  opening  formed  in  the  upper  end 
of  auxiliary  links  130.  From  brackets  132,  auxiliary 
links  130  extend  laterally  downwardly  and  out- 
wardly  to  pivotally  interconnect  with  an  annular 
flange  136  extending  around  the  circumference  of 
the  adjacent  portion  of  engine  core  assembly  26. 
The  lower  ends  of  auxiliary  links  130  are  secured  to 
flange  136  by  pins  138  that  extend  outwardly  from 
the  flange,  or  by  other  appropriate  connectors. 

It  will  be  appreciated  that  loads  imposed  on 
thrust  yoke  108'  by  fan  casing  link  122  will  tend  to 
cause  bending  of  the  thrust  yoke.  However,  by 
utilizing  auxiliary  links  130,  the  thrust  yoke  is 
sufficiently  reinforced  to  enable  it  to  safely  carry 
the  additional  loads  imposed  thereon  by  fan 
casing  link  122. 

In  lieu  of  or  in  addition  to  lower  auxiliary  links 

130,  an  upper  auxiliary  link  14U,  snown  in  pnaniom 
line  in  Figures  5,  9  and  10,  may  be  employed  to 
reinforce  thrust  yoke  108'.  As  shown  in  the  figures, 
auxiliary  link  140  extends  upwardly  from  bracket 

5  128  to  pivotally  interconnect  with  a  bracket  142 
extending  forwardly  from  edge  portion  144  of 
wing  strut  24.  The  upper  end  of  link  1  40  is  pinned  to 
bracket  142  by  a  crosspin  146  extending  through 
aligned  holes  formed  in  the  spaced  apart  ear 

w  portions  of  the  bracket  and  through  a  corre- 
sponding  hole  formed  in  the  auxiliary  link.  Ideally, 
the  lower  end  portion  of  auxiliary  link  140  is 
connected  to  crosspin  129  with  a  clevis  146  or 
similar  member  to  avoid  imposing  any  torque 

ts  loads  on  thrust  yoke  108'  acting  about  an  axis 
extending  longitudinally  of  the  thrust  yoke. 

It  will  be  appreciated  that  upper  auxiliary  link  140 
functions  in  substantially  the  same  manner  as 
lower  auxiliary  links  130,  i.e.,  to  carry  a  portion  of 

20  the  loads  imposed  on  thrust  yoke  108'  by  fan 
casing  link  122.  Ideally,  the  lower  auxiliary  links 
130  and  upper  auxiliary  link  140  are  constructed 
from  hollow,  tubular,  high  strength  material  to 
minimize  the  weight  of  the  links  while  enabling 

zs  them  to  safely  carry  high  level  loads. 
Figures  11—16  illustrate  a  further  preferred 

embodiment  of  the  present  invention  for  securing 
a  turbo  fan  jet  propulsion  engine  to  an  aircraft.  In 
Figures  11—16,  the  components  of  wing  22, 

30  engine  20  and  the  securing  system  that  are 
identical  or  substantially  identical  to  corre- 
sponding  components  in  Figures  1  —  10  are 
referred  to  by  the  same  reference  numerals  are 
used  in  these  prior  figures.  The  description  and 

35  function  of  these  components  have  been 
described  above  and  thus  will  not  be  entirely 
repeated  here.  Instead,  the  following  description 
will  focus  on  the  differences  between  the  securing 
system  shown  in  Figures  11  —  16  from  those 

40  shown  in  Figures  1  —  10. 
The  embodiment  of  the  present  invention  illus- 

trated  in  Figures  11—16,  ideally  includes  a  rear 
hanger  assembly  80"  that  is  substantially  identical 
to  corresponding  hanger  assemblies  80  and  80' 

45  shown  in  Figures  1—10.  The  subject  embodiment, 
however,  includes  a  foward  hanger  assembly  50", 
that  is  somewhat  different  in  construction  than 
forward  hanger  assemblies  50  and  50'  shown  in 
Figures  1  —  10,  and  described  above.  Forward 

so  hanger  assembly  50"  includes  a  generally  vertical 
hanger  member  52"  depending  downwardly  from 
lugs  54"  to  pivotally  interconnect  with  a  bracket 
150  secured  to  the  upper  portions  of  radial  flanges 
60  of  fan  casing  32.  A  crosspin  56"  extends 

55  transversely  through  aligned  openings  formed  in 
lugs  54"  and  in  the  upper  end  portion  of  vertical 
hanger  member  52".  Also,  a  crosspin  62"  extends 
transversely  through  aligned  openings  formed  in 
the  upwardly  extending,  parallel,  spaced  apart 

60  mounting  ears  of  bracket  150  and  through  a 
corresponding  cross  hole  formed  in  the  lower 
portion  of  hanger  member  52". 

As  most  clearly  illustrated  in  Figures  11  and  16,  a 
pair  of  fan  casing  truss  links  152  interconnect  the 

65  upper  portions  of  fan  casing  32  with  the  forked 

5 



9 EP  0 1 4 7   878  B1 10 

portions  110"  of  thrust  yoke  member  108".  The 
forward  end  portions  of  links  152  are  pivotally 
interconnected  with  the  ear  portions  of  brackets 
154  mounted  between  flanges  60  at  the  upper 
portion  of  fan  casing  32  at  locations  circum- 
ferentially  spaced  from  mounting  bracket  150.  A 
crosspin  156  extends  through  aligned  openings 
and  brackets  154  and  through  a  corresponding 
cross  hole  formed  in  the  upper  end  portion  of  links 
152.  From  brackets  154,  links  152  extend  diagon- 
ally  downwardly  and  rearwardly  to  pivotally  inter- 
connect  with  brackets  158  extending  upwardly 
from  forks  110"  of  thrust  yoke  108".  Brackets  158 
are  constructed  with  a  pair  of  upwardly  extending 
ears  to  receive  the  lower  ends  of  links  152  there- 
between  and  with  crosspins  160  extending 
through  aligned  openings  formed  in  brackets  158 
and  through  a  corresponding  cross  hole  formed  in 
the  lower  ends  of  the  fan  casing  struts.  Alterna- 
tively,  bracket  158  can  be  constructed  in  the  form 
of  a  single  upwardly  extending  lug  member,  not 
shown,  to  engage  between  the  two  ear  portions  of 
a  clevis,  not  shown,  secured  to  the  lower  end  of 
links  152. 

It  will  be  appreciated  that  all  of  the  above 
discussed  forward  hanger  members  52,  52'  and 
52";  rear  hanger  members  82,  82'  and  82";  fan 
casing  links,  66,  122  and  152;  upper  and  lower 
auxiliary  links  130  and  140;  and,  thrust  yokes  108, 
108'  and  108"  can  be  constructed  with  end 
portions  in  the  form  of  clevis-type  members,  not 
shown,  to  engage  with  corresponding  brackets  or 
lugs.  Also,  ideally  each  of  these  members  is  in  the 
form  of  hollow  tubular  material  to  minimize  their 
weight  while  enabling  them  to  carry  safely  a 
maximum  load. 

Referring  specifically  to  Figures  11,  15  and  16, 
the  present  invention  also  includes  lower  auxiliary 
links  130'  for  interconnecting  intermediate  por- 
tions  of  thrust  yoke  108"  with  a  central  section  of 
engine  core  assembly  26  thereby  reinforcing  the 
thrust  yoke  sufficiently  to  enable  it  to  accommo- 
date  the  increased  loads  imposed  thereon  by  fan 
casing  truss  links  152.  As  shown  in  the  figures,  the 
upper  ends  of  lower  auxiliary  links  130'  are 
pivotally  connected  with  side  brackets  161  extend- 
ing  laterally  outwardly  and  downwardly  from  each 
thrust  yoke  fork  1  1  0'  at  a  location  generally  below 
a  corresponding  bracket  158.  A  crosspin  162 
extends  through  aligned  holes  formed  in  bracket 
160  and  through  a  corresponding  hole  formed  in 
the  upper  end  portion  of  the  auxiliary  links  130'. 
From  side  brackets  160,  auxiliary  links  130'  extend 
laterally  downwardly  and  outwardly  to  pivotally 
interconnect  with  brackets  164  secured  to  an 
intermediate  portion  of  engine  core  assembly  26. 

In  lieu  of,  or  in  addition  to,  lower  auxiliary  links 
130',  upper  auxiliary  links  140',  shown  in  phantom 
lines  in  Figures  11,  15  and  16,  extend  upwardly 
from  brackets  158  to  pivotally  interconnect  with 
brackets  142'  extending  forwardly  from  edge  144 
of  wing  strut  24.  The  upper  end  of  each  link  140'  is 
pinned  to  bracket  142'  by  a  crosspin  146'  extend- 
ing  through  aligned  holes  formed  in  the  spaced 
apart  ear  portions  of  the  bracket  and  through  a 

corresponding  hole  formed  in  the  auxiliary  links. 
Ideally,  the  lower  end  portion  of  auxiliary  links  140' 
are  connected  to  brackets  158  with  a  clevis  146'  or 
similar  member  to  avoid  imposing  any  torque 

5  loads  on  thrustyoke  member  108"  acting  about  an 
axis  extending  longitudinally  of  the  thrust  yoke. 

It  will  be  appreciated  that  upper  auxiliary  links 
140'  function  in  substantially  the  same  manner  as 
lower  auxiliary  links  130',  i.e.  to  carry  a  portion  of 

10  the  loads  imposed  on  thrustyoke  member  108"  by 
fan  casing  links  152'.  ideally,  the  lower  and  upper 
auxiliary  links  130'  and  140'  are  constructed  from 
hollow,  tubular,  high  strength  material  to  mini- 
mize  the  weight  of  the  links  while  enabling  them  to 

15  carry  safely  high  level  loads. 
It  will  be  appreciated  that  fan  casing  truss  links 

152  perform  the  same  function  as  corresponding 
fan  casing  links  122  and  66,  described  above,  i.e., 
to  restrain  fan  casing  32  from  axial  movement 

20  relative  to  engine  core  assembly  26.  The  links  1  52 
may  be  advantageously  employed  in  situations  in 
which  the  singular  link  122,  Figures  5  —  10  above, 
would  interfere  with  components  of  jet  engine  20. 
In  addition,  it  will  be  appreciated  that  links  152  are 

25  capable  of  accommodating  longitudinal  growth  of 
jet  engine  20  due  to  the  thermal  expansion  of  the 
engine.  This  is  possible  since  the  rearward  ends  of 
links  152  are  secured  to  yoke  member  108"  which, 
as  discussed  above,  expands  and  contracts  with 

30  the  extension  and  contraction  of  the  jet  engine. 
The  particular  embodiments  of  the  systems  for 

suspending  a  jet  engine  20  from  an  aircraft  wing 
22,  described  above,  are  to  be  considered  in  all 
respects  as  illustrative  and  not  restrictive.  The 

35  scope  of  the  present  invention  is  as  set  forth  in  the 
appended  claims,  rather  than  being  limited  to  the 
examples  of  the  securing  systems  set  forth  in  the 
foregoing  description. 

40  Claims 

1.  A  system  for  securing  a  jet  propulsion  engine 
(20)  to  an  aircraft  the  engine  having  a  core 
assembly  (26),  a  fan  (30)  powered  by  the  core 

45  assembly  and  a  fan  casing  (32)  enclosing  the 
engine  fan  and  interconnected  with  a  forward 
portion  of  the  core  assembly  (26),  said  securing 
system  comprising: 

first  means  (50)  for  securing  the  fan  casing 
so  against  lateral  and  vertical  movement  relative  to 

the  aircraft  and  comprising  at  least  one  link  having 
an  upper  portion  and  a  lower  portion,  connected 
pivotally  along  pivot  axes  to  the  aircraft  and  the  fan 
casing  respectively;  and 

55  further  means  (80,  80',  80")  for  securing  the 
engine  core  assembly  (26)  to  the  aircraft  to  retain 
the  engine  against  vertical  and  torsional  move- 
ment  relative  to  the  aircraft,  characterized  in  that 
said  link  of  said  first  securing  means  (50,  50',  50") 

60  is  a  hanger  member  (52,  52',  52"),  the  pivotal 
connections  being  such  that  the  pivot  axes  extend 
transversely  and  the  hanger  member  resist  the 
lateral  and  vertical  movement;  and 

that  second  means  for  securing  the  fan  casing 
65  are  provided  said  second  securing  means  securing 
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said  fan  casing  against  pitch  movement  relative 
0  the  aircraft  and  comprising  fan  casing  link 
neans  (66,  122,  152)  oriented  to  transmit  forces 
mposed  on  the  fan  casing  (32)  along  a  vector 
:omponent  extending  longutidinally  relative  to 
he  engine  and  pivotally  connected  at  one  end  to 
he  aircraft  at  a  location  longitudinally  spaced 
rom  the  location  of  the  connection  between  the 
langer  member  (52)  and  the  aircraft  and  pivotally 
:onnected  at  the  opposite  end  to  the  fan  casing  at 
1  location  adjacent  the  location  at  which  said 
langer  member  is  connected  to  the  fan  casing. 

2.  The  system  according  to  claim  1,  charac- 
:erized  in  that  said  third  securing  means  includes 
an  elongate  thrust  yoke  (110')  disposed  generally 
ongitudinally  relative  to  the  engine  axis  of  rota- 
ion,  said  thrust  yoke  having  a  forward  end 
DOrtion  secured  to  a  forward  portion  of  the  engine 
:ore  assembly  (26)  and  a  distal  rearward  end 
Dortion  interconnected  to  the  aircraft  at  a  location 
spaced  rearwardly  of  the  forward  end  portion  of 
said  thrust  yoke;  and  said  fan  casing  link  means 
[122)  include  a  forward  portion  secured  to  the  fan 
:asing  (32)  and  a  rearward  portion  secured  to  an 
intermediate  portion  of  said  thrust  yoke. 

3.  The  system  according  to  claim  1  or  2,  charac- 
terized  by  first  auxiliary  link  means  (140)  having  a 
first  end  portion  interconnected  with  an  inter- 
mediate  portion  of  said  thrust  yoke  (110')  and  a 
second  end  portion  interconnected  to  the  aircraft. 

4.  The  system  according  to  claim  1  or  2,  charac- 
terized  by  second  auxiliary  link  means  (130) 
having  a  first  end  portion  interconnected  to  an 
intermediate  portion  of  said  thrustyoke  (110')  and 
a  second  end  portion  interconnected  to  the 
engine  core  assembly  (26) 

Patentanspruche 

1.  System  zum  Befestigen  eines  Diisentrieb- 
werks  (20)  an  einem  Flugzeug,  wobei  das  Trieb- 
werk  eine  Kernanordnung  (26),  ein  durch  die 
Kemanordnung  angetriebenes  Geblase  (30)  und 
ein  das  Triebswerksgeblase  umschlieBendes  und 
mit  einem  vorderen  Teil  der  Kernanordnung  (26) 
verbundenes  Geblasegehause  (32)  hat,  wobei  das 
Befestigungssystem  folgendes  umfaBt: 

eine  erste  Einrichtung  (50)  zum  Befestigen  des 
Geblasegehauses  gegen  seitliche  und  vertikaie 
Bewegung  relativ  zu  dem  Flugzeug,  welche 
wenigstens  ein  Glied  umfaBt,  das  einen  oberen 
Teil  und  einen  unteren  Teil  hat,  welches  um 
Drehachsen  drehbar  mit  dem  Flugzeug  bzw.  dem 
Geblasegehause  verbunden  ist;  und 

eine  weitere  Einrichtung  (80,  80',  80")  zum 
Befestigen  der  Triebwerkskernanordnung  (26)  an 
dem  Flugzeug  zum  Festhalten  des  Triebwerks 
gegen  Vertikal-  und  Torsionsbewegung  relativ  zu 
dem  Flugzeug,  dadurch  gekennzeichnet,  daB  das 
Glied  der  ersten  Befestigungseinrichtung  (50,  50', 
50")  ein  Aufhangerteil  (52,  52',  52")  ist,  wobei  die 
Drehverbindungen  derart  sind,  daB  sich  die  Dre- 
hachsen  quer  erstrecken  und  das  Aufhangerteil 
der  seitlichen  und  vertikalen  Bewegung  wider- 
steht;  und 

daB  eine  zweite  hinncntung  zum  beiesngen  aes 
Geblasegehauses  vorgesehen  ist,  wobei  diese 
zweite  Befestigungseinrichtung  das  Geblasege- 
hause  gegen  eine  Nickbewegung  relativ  zu  dem 

5  Flugzeug  befestigt  und  eine  Geblasegehause- 
gliedeinrichtung  (66,  122,  152)  umfaBt,  die  so 
ausgerichtet  ist,  daB  sie  auf  das  Geblasegehause 
ausgeubte  Krafte  entlang  einer  sich  in  Langsrich- 
tung  relativ  zu  dem  Triebwerk  erstreckenden  Vek- 

'o  torkomponente  ubertragt  und  die  drehbar  an 
einem  Ende  mit  dem  Flugzeug  an  einer  Stelle,  die 
in  Langsrichtung  im  Abstand  von  der  Stelle  der 
Verbindung  zwischen  dem  Aufhangerteil  (52)  und 
dem  Flugzeug  angeordnet  ist,  verbunden  ist,  und 

rs  die  drehbar  an  dem  entgegengesetzten  Ende  mit 
dem  Geblasegehause  an  einer  Stelle  verbunden 
ist,  welche  sich  benachbart  der  Stelle  befindet,  an 
welcher  das  Aufhangerteil  mit  dem  Geblasege- 
hause  verbunden  ist. 

?o  2.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  die  dritte  Befestigungseinrichtung 
eine  langgestreckte  Druckgabel  (110')  aufweist, 
die  generell  in  Langsrichtung  relativ  zu  derTrieb- 
werksdrehachse  angeordnet  ist,  wobei  diese 

»5  Druckgabel  einen  vorderen  Endteil  hat,  der  an 
einem  vorderen  Teil  der  Triebwerkskernanord- 
nung  (26)  befestigt  ist,  und  einen  distalen  ruck- 
wartigen  Endteil,  der  mit  dem  Flugzeug  an  einer 
Stelle  verbunden  ist,  die  sich  im  Abstand  ruck- 

?o  warts  von  dem  vorderen  Endteil  der  Druckgabel 
befindet;  und  daB  die  Geblasegehausegliedein- 
richtung  (122)  einen  vorderen  Teil  aufweist,  der 
an  dem  Geblasegehause  (32)  befestigt  ist,  und 
einen  ruckwartigen  Teil,  der  an  einem 

35  Zwischenteil  der  Druckgabel  befestigt  ist. 
3.  System  nach  Anspruch  1  oder  2,  gekenn- 

zeichnet  durch  eine  erste  Hilfsgliedeinrichtung 
(140),  die  einen  ersten  Endteil  hat,  der  mit  einem 
Zwischenteil  der  Druckgabel  (110')  verbunden  ist, 

to  und  einen  zweiten  Endteil,  der  mit  dem  Flugzeug 
verbunden  ist. 

4.  System  nach  Anspruch  1  oder  2,  gekenn- 
zeichnet  durch  eine  zweite  Hilfsgliedeinrichtung 
(130),  die  einen  ersten  Endteil  hat,  der  mit  einem 

45  Zwischenteil  der  Druckgabel  (110'j  verbunden  ist, 
und  einen  zweiten  Endteil,  der  mit  der  Trieb- 
werkskernanordnung  (26)  verbunden  ist. 

Revendications 
50 

1.  Ensemble  de  fixation  d'un  reacteur  (20)  a  un 
aeronef,  le  reacteur  ayant  un  ensemble  central 
(26),  un  compresseur  (30)  entratne  par  I'ensemble 
central  et  un  carter  (32)  de  compresseur  entourant 

55  le  compresseur  du  reacteur  et  raccorde  a  la  partie 
avant  de  I'ensemble  central  (26),  I'ensemble  de 
fixation  comprenant: 

un  premier  dispositif  (50)  de  fixation  du  carter 
du  compresseur  afin  qu'il  ne  puisse  pas  se  depla- 

60  cer  lateralement  et  verticalement  par  rapport  a 
I'aeronef,  et  comprenant  au  moins  une  bielle 
ayant  une  partie  superieure  et  une  partie  infe- 
rieure,  articulees  autour  d'axes  de  pivotement  sur 
I'aeronef  et  le  carter  du  compresseur  respec- 

65  tivement,  et 
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un  dispositif  supplemental  (80,  80',  80")  des- 
tine  a  fixer  I'ensemble  central  (26)  du  reacteur  a 
I'aeronef  afin  que  le  reacteur  ne  puisse  pas  se 
deplacer  verticalement  et  en  torsion  par  rapport  a 
I'aeronef, 

caracterise  en  ce  que  la  bielie  du  premier 
dispositif  de  fixation  (50,  50',  50")  est  une  bride 
de  support  (52,  52',  52"),  les  articulations  etant 
telles  que  les  axes  de  pivotement  sont  disposes 
transversalement  et  la  bride  de  support  resiste  au 
deplacement  lateral  et  vertical,  et 

il  comprend  un  second  dispositif  de  fixation  du 
carter  du  compresseur,  ce  second  dispositif  de 
fixation  empechant  le  mouvement  de  tangage  du 
carter  du  compresseur  par  rapport  a  I'aeronef  et 
comprenant  un  dispositif  (66,  122,  152)  a  bielie  de 
carter  oriente  afin  qu'il  transmette  les  forces 
appliquees  au  carter  (32)  du  compresseur  avec 
une  composante  vectorielle  disposee  longitudina- 
lement  par  rapport  au  reacteur,  articule  a  une 
extremite  sur  I'aeronef  a  un  emplacement  distant 
longitudinalement  de  I'emplacement  du  raccord 
de  la  bride  de  support  (52)  et  de  I'aeronef,  et 
articule  a  I'extremit6  opposee  sur  le  carter  du 
compresseur  a  un  emplacement  adjacent  a  celui 
auquel  la  bride  de  support  est  raccordee  au  carter 
du  compresseur. 

•a 

it) 

2.  Ensemble  selon  la  revenaication  i,  caracte- 
•ise  en  ce  que  le  troisieme  dispositif  de  fixation 
:omporte  un  etrier  allonge  de  poussee  (110') 
dispose  en  direction  longitudinale  de  facon  gene- 
rale  par  rapport  a  I'axe  de  rotation  du  reacteur, 
'etrier  de  poussee  ayant  une  partie  d'extremite 
avant  fixee  a  une  partie  avant  de  I'ensemble 
sentral  (26)  du  reacteur  et  une  partie  d'extremite 
arriere  externe  raccordee  a  I'aeronef  a  un  empla- 
cement  place  en  arriere  de  I'extremite  avant  de 
I'  etrier  de  poussee,  et  le  dispositif  (122)  a  bielie  de 
carter  de  compresseur  a  une  partie  avant  fixee  au 
carter  (32)  de  compresseur  et  une  partie  arriere 
fixee  a  une  partie  intermediaire  de  I'etrier  de 
poussee. 

3.  Ensemble  selon  la  revendication  1  ou  2, 
caracterise  par  un  premier  dispositif  (140)  a  bielie 
auxiliaire  ayant  une  premiere  extremite  raccordee 
a  une  partie  intermediaire  de  I'etrier  de  poussee 
(110')  et  une  seconde  extremite  raccordee  a  I'ae- 
ronef. 

4.  Ensemble  selon  la  revendication  1  ou  2, 
caracterise  par  un  second  dispositif  (130)  a  bielie 
auxiliaire  ayant  une  premiere  extremite  raccordee 
a  une  partie  intermediaire  de  I'etrier  de  poussee 
(110')  et  une  seconde  partie  d'extremite  raccor- 
dee  a  I'ensemble  central  (26)  du  reacteur. 
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