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(57)  The  method  of  fabricating  selectively  shaped 
dog-leg  plies  (68)  of  composite  material  com- 
prising  unidirectionally  extending  high  tensile 
strength  fibers  of  filaments  extending  for  the 
full  length  of  the  ply  and  embedded  in  a  resin 
matrix  comprises  winding  high  tensile  strength 
filament  onto  a  mandrel  (28)  of  generally  cylin- 
drical  shape  but  having  circumferentially 
extending  frustroconical  projections  (34,  36,  38) 
extending  radially  therefrom  so  that  the  fila- 
ment  (52)  wound  onto  the  cylindrical  portion 
(30)  of  the  mandrel  (28)  forms  the  straight  legs 
(62,  64)  of  the  dog-leg  ply  (68)  and  so  that  the 
filament  wound  on  the  frustroconical  projection 
(36)  of  the  mandrel  (28)  form  the  arcuate  central 
portion  (60)  of  the  dog-leg  ply  (68). 
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This  application  contains  similar  material  to  an 
application  filed  on  even  date  herewith  identified  as 
U.S.  Patent  Application  No.  (S- 
4398)  entitled  "Method  of  Manufacturing  a  Unitary, 
Multi-Legged  Helicopter  Rotor  Flexbeam  Made  Solely 
of  Composite  Materials"  and  invented  by  Geoffrey  C. 
R.  Davis  and  Allen  J.  Mclntire. 

Technical  Field 

This  invention  relates  to  the  method  of  manufac- 
turing  a  dog-leg  shaped  ply  of  composite  material 
which  consists  of  a  plurality  of  unidirectionally  extend- 
ing  filaments  of  high  tensile  strength  fibers  bonded 
together  with  a  resin  and  utilized  in  articles  requiring 
such  plies  which  are  capable  of  withstanding  high  ten- 
sile  loads  and  accommodating  various  degrees  of 
motion  in  operation.  Such  a  dog-leg  shaped  ply  is  par- 
ticularly  useful  in  the  fabrication  of  the  flexbeam  of  a 
Pentaflex™  type  helicopter  rotor  of  the  type  which 
consists  of  an  odd  number  of  legs  extending  radially 
outwardly  from  a  central  hub,  preferably  five  legs. 
Such  a  flexbeam  is  made  of  a  plurality  of  dog-leg  plies 
each  of  which  extend  from  one  of  the  legs  of  the 
flexbeam  through  the  hub  thereof  and  outwardly  into 
a  second  substantially  diametrically  opposed  leg  of 
the  flexbeam  to  transmit  loads,  such  as  centrifugal 
loads  caused  by  the  helicopter  blade  in  operation,  and 
to  react  motions  such  as  pitch  change,  lead-lag,  flap- 
ping,  and  torsional  motions  during  helicopter  rotor 
operation. 

Background  of  the  Invention 

In  flexbeam  helicopter  rotors,  it  is  important  that 
the  flexbeam  be  light  in  weight,  be  capable  of  with- 
standing  substantial  loads  such  as  the  centrifugal 
loads  imposed  thereon  by  the  helicopter  blade  during 
helicopter  operation,  and  reacting  various  motions 
such  as  the  helicopter  blade  pitch  change,  lead-lag, 
flapping  and  torsional  motions.  A  flexbeam  made  of 
composite  materials,  in  particular,  a  plurality  of  high 
tensile  strength  lightweight  fibers  bonded  together 
with  a  resin  while  extending  in  unidirectional  fashion 
for  the  full  length  of  the  ply  is  particularly  attractive  in 
this  environment.  Two  dog-leg  shaped  plies  of  such 
composite  material  can  be  formed  and  positioned  mir- 
ror  image  to  extend  either  for  the  full  length  or  a  por- 
tion  of  the  length  of  the  flexbeam  leg,  in  combination 
with  other  composite  plies,  and  then  bifurcate  in  pas- 
sing  through  the  flexbeam  hub  and  extend  either  for 
the  full  length  or  a  portion  of  the  length  and  with  each 
of  the  dog-leg  plies  occupying  half  of  the  width  of  two 
substantially  oppositely  positioned  legs.  This  results 
in  very  favorable  load  transfer,  particularly  centrifugal 
load  transfer,  between  the  various  legs  of  the 
flexbeam,  and  also  permits  the  accommodation  of  the 
required  motions  because  of  the  flexibility  of  the 

flexbeam  members.  Such  a  flexbeam  and  its  method 
of  manufacture  are  described  in  U.S.  Application 
Serial  No.  (S-4441)  filed  on 
even  date  herewith,  in  the  name  of  Doolin  et  al  and 

5  entitled  "A  Unitary,  Multi-Legged  Helicopter  Rotor 
Flexbeam  Made  Solely  of  Composite  Material  and  the 
Method  of  Manufacturing  Same",  and  U.S.  Appli- 
cation  Serial  No.  (S-4398)  filed 
on  even  date  herewith,  in  the  name  of  G.  Davis  et  al 

10  and  entitled  "Method  of  Manufacturing  a  Unitary,  Mul- 
ti-Legged  Helicopter  Rotor  Flexbeam  Made  Solely  of 
Composite  Materials",  all  assigned  to  a  common 
assignee. 

Accordingly,  it  is  very  important  to  be  able  to  pro- 
is  duce  such  dog-leg  plies  inexpensively,  rapidly,  and  in 

production  quantities  in  the  fabrication  of  such 
flexbeam  helicopter  rotors. 

It  is  known  in  the  prior  art  to  produce  such  plies 
of  fibers  by  winding  them  onto  a  rotating  mandrel.  For 

20  example,  in  German  Patent  No.  3,243,519  a  cylindri- 
cal  mandrel  is  shown,  and  rhomboid  shaped  projec- 
tions  are  positioned  axially  therealong.  As 
understood,  the  teaching  of  the  German  patent  is  to 
wind  fibers  or  filament  onto  the  mandrel  in  the  areas 

25  between  the  rhomboid  projections  so  as  to  form  cur- 
ved  spring  rods.  It  is  important  to  note,  however,  that 
the  German  patent  does  not  wind  filament  over  the 
rhomboid  shaped  projections  but  rather  winds  the  fila- 
ment  between  the  projections  into  the  voids  formed 

30  there-between.  U.S.  Patent  No.  3,472,718  to  W.  P. 
Siegmund,  granted  October  14,  1969,  on  "Methods  of 
Making  Display  Devices"  fabricates  a  display  devices 
which  consists  of  several  stacked  shelves,  some  of 
which  are  rectangular  in  shape  and  which  are  formed 

35  by  winding  filament  onto  a  cylindrical  mandrel,  and 
some  of  which  are  arcuate  in  shape  and  which  are  for- 
med  by  winding  filament  onto  a  conical  mandrel.  Sieg- 
mund  therefore  is  capable  of  producing  both  straight 
filaments  and  arcuate  filaments,  but  not  the  combi- 

40  nation  of  the  two.  To  produce  a  dog-leg  shaped  fila- 
ment  following  the  Siegmund  teaching,  it  would  be 
necessary  to  join  straight  filament  plies  to  the  opposite 
ends  of  an  arcuate  filament  ply.  This  would  not  pro- 
vide  a  dog-leg  ply  having  high  tensile  strength  fibers 

45  extending  for  the  full  length  thereof,  but  would  rather 
include  joints  of  resin  or  other  bonding  material  be- 
tween  the  opposite  ends  of  the  arcuate  ply  and  the  two 
straight  plies.  These  resin  joints  would  be  unable  to 
withstand  high  tensile  forces  such  as  the  centrifugal 

so  force  of  a  helicopter  rotor  in  operation.  Contrary  to 
this,  we  teach  producing  a  dog-leg  ply  having  high 
strength  filaments  extending  unidirectionally  for  the 
full  length  thereof  so  that  the  ply  has  high  tensile 
strength  qualities  and  is  able  to  transmit  high  tension 

55  loads  therethrough,  for  example,  in  connection  with 
the  operation  of  the  flexbeam  helicopter  rotor. 
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Disclosure  of  the  Invention 

Therefore,  it  is  an  object  of  this  invention  to  teach 
a  method  of  fabricating  a  dog-leg  ply  which  consists 
of  a  plurality  of  high  tensile  strength  fibers  extending 
unidirectionally  and  without  kinks  for  the  full  length 
thereof  and  bonded  together  by  an  appropriate  bond- 
ing  medium  to  produce  a  composite  ply  of  dog-leg 
shape. 

It  is  a  further  objection  of  this  invention  to  teach 
the  method  of  producing  at  least  one  such  dog-leg 
shaped  ply  comprising  winding  high  strength  prepreg 
filament  onto  a  cylindrical  mandrel  mounted  for  rota- 
tion  about  its  axis  of  rotation.  This  mandrel  has  at  least 
one  selectively  sized  circumferentially  extending  frus- 
troconical  projection  extending  therefrom  so  that  fila- 
ment  may  be  wound  from  a  filament  winding  machine 
onto  the  mandrel  in  spool  fashion  to  extend  over  both 
the  cylindrical  portion  of  the  mandrel  and  the  frus- 
troconical  projection  extending  therefrom.  When  such 
a  ply  so  laid  up  is  cut  from  the  mandrel  at  a  station  sub- 
stantially  diametrically  opposite  the  center  of  the  frus- 
troconical  projection,  and  laid  on  a  flat  surface,  a 
dog-leg  shaped  ply  results  having  an  arcuate  center 
section  and  two  straight  legs  projecting  tangentially 
from  the  opposite  ends  of  the  arcuate  center  section. 

It  is  a  further  object  of  this  invention  to  teach  such 
a  method  of  producing  such  a  dog-leg  ply  in  which  the 
inner  radius  of  the  frustroconical  projection  defines 
substantially  the  inner  radius  of  the  arcuate  portion  of 
the  dog-leg  ply,  the  outer  radius  of  the  frustroconical 
projection  defines  substantially  the  outer  radius  of  the 
arcuate  portion  of  the  dog-leg  ply,  the  length  of  the 
frustroconical  projection  defines  the  length  of  the 
arcuate  portion  of  the  dog-leg  ply,  and  the  straight 
legs  projecting  from  the  ends  of  the  arcuate  portion  of 
the  ply  are  formed  by  the  filament  wound  onto  the 
cylindrical  portion  of  the  mandrel. 

It  is  still  a  further  object  of  this  invention  to  teach 
such  a  method  in  which  several  such  frustroconical 
projections  extend  from  the  outer  surface  of  a  rotat- 
able  mandrel  so  that  such  dog-leg  shaped  plies  may 
be  made  in  production  quantities. 

It  is  still  a  further  object  of  this  invention  to  use  fila- 
ment  which  is  impregnated  with  resin  before  winding. 

It  is  still  a  further  object  of  this  invention  to  teach 
such  a  method  in  which  the  filament  is  wound  onto  the 
mandrel  dry,  but  utilizing  a  binder  such  that,  once  the 
ply  is  cut  from  the  mandrel  following  lay  up,  resin  may 
be  added  thereto  thereafter,  rather  effecting  the  lay  up 
using  preimpregnated  filaments. 

It  is  still  a  further  object  of  this  invention  to  teach 
such  a  method  in  which  the  mandrel  is  prepared  for 
filament  lay  up  by  applying  a  break-away  layerdirectly 
to  the  mandrel  surface  onto  which  the  filament  will  be 
wound  to  effect  clean  break-away  of  the  wound  fila- 
ment  from  the  mandrel  following  completion  of  the 
winding  operation,  and  which  break-away  layer 

assists  in  handling  the  ply  once  separated  from  the 
mandrel. 

It  is  still  a  further  object  of  this  invention  to  teach 
such  a  method  in  which  the  dog-leg  shaped  ply  so 

5  wound  upon  the  mandrel,  once  removed,  is  cut  to  the 
desired  final  shape  and  cured  utilizing  the  application 
of  heat  and  pressure. 

It  is  still  a  further  object  of  this  invention  to  teach 
a  lay-up  tool  capable  of  producing  a  dog-leg  ply  of 

10  unidirectionally  extending  high  tensile  strength  fibers, 
which  tool  consists  of  cylindrical  mandrel  having  at 
least  one  frustroconically  shaped  projection  extend- 
ing  from  the  outer  periphery  thereof  and  circumferen- 
tially  therearound.  The  projection  has  an  inner  radius 

15  lying  in  a  plane  perpendicular  to  the  cylindrical  man- 
drel  axis  of  rotation  and  which  will  substantially  define 
the  inner  radius  of  the  arcuate  portion  of  the  ply  to  be 
laid  up  thereon  and  an  outer  radius  axially  spaced 
along  the  cylindrical  mandrel  axis  from  the  first  radius 

20  and  being  larger  than  the  first  radius  and  also  lying  in 
a  plane  perpendicular  to  the  mandrel  axis  of  rotation 
and  so  that  a  smooth  frustroconical  surface  is  formed 
therebetween. 

It  is  still  a  further  object  of  this  invention  to  teach 
25  such  a  lay-up  tool  in  which  a  plurality  of  such  frus- 

troconical  projections  are  positioned  axially  along  the 
cylindrical  mandrel  for  the  production  of  dog-leg  plies 
in  production  quality. 

30  Brief  Description  of  the  Drawings 

Fig.  1  is  a  perspective  showing  of  a  five-legged 
flexbeam  for  a  helicopter  rotor. 

Fig.  2  is  a  partial  top  view  of  such  a  five-legged 
35  flexbeam  for  use  in  a  helicopter  rotor  partially  broken 

away  to  show  the  use  of  dog-legged  plies  in  the  fab- 
rication  thereof. 

Fig.  3  is  a  perspective  showing  of  the  unique  man- 
drel  use  in  the  fabrication  of  our  dog-leg  ply. 

40  Fig.  4  is  a  side  view  of  our  mandrel  utilized  to  illus- 
trate  the  dimensions  involved. 

Fig.  5  is  a  view  taken  along  line  5-5  of  Fig.  4. 
Fig.  6  is  a  showing  of  the  dog-leg  ply  fabricated 

utilizing  our  method  and  tool. 
45 

Best  Mode  for  Carrying  Out  the  Invention 

As  shown  in  Fig.  1  ,  flexbeam  1  0  includes  five  legs 
12  projecting  from  central  hub  18  for  rotation  about 

so  axis  of  rotation  14.  Flexbeam  10  is  fabricated  from 
composite  material  and  utilizes  two  mirror  image  dog- 
leg  plies  of  unidirectionally  extending  high  tensile 
strength  filaments  bonded  together  by  resin,  or  the 
like,  and  extending  from  each  leg  12  of  flexbeam  10 

55  for  the  full  length  thereof,  or  the  partial  length  thereof, 
and  then  bifurcating  in  passing  through  hub  18  and 
extending  into  the  two  substantially  diametrically 
opposite  legs  12  for  either  the  full  length  or  a  portion 

4 



5 EP  0  495  746  A2 6 

of  the  length  thereof,  and  for  one  half  of  the  width 
thereof.  These  dog-leg  shaped  plies  of  resin  bonded 
high  tensile  strength  fibers  are  capable  of  withstand- 
ing  very  substantially  centrifugal  loads  of  the  type 
generated  by  a  helicopter  rotor  in  operation  and  trans- 
mitting  those  loads  from  one  of  the  legs  12  flexbeam 
10  into  the  two  substantially  diametrically  opposite 
legs  for  load  distribution  purposes. 

Referring  to  Fig.  2,  we  see  the  construction  of 
flexbeam  10  in  greater  particularity.  It  will  be  noted 
that  flexbeam  10  comprises  many  dog-leg  shaped 
plies  of  the  type  of  interest  in  our  invention.  For 
example,  leg  12a  comprises  one  end  of  such  a  dog- 
leg  ply  20  and  an  end  of  a  second  such  dog-leg  ply  22, 
each  of  which  occupy  one  half  of  the  width  of  leg  12a 
with  dog-leg  ply  20  extending  through  hub  portion  18 
and  then  into  leg  12b.  Similarly,  dog-leg  shape  ply  22 
extends  through  hub  18  and  into  leg  12c.  It  will  there- 
fore  be  seen  that  the  ply  of  unidirectionally  extending 
high  tensile  strength  fibers  formed  by  the  combination 
of  dog-leg  plies  20  and  22  occupy  the  full  width  of  leg 
12a,  each  pass  through  hub  18  as  they  bifurcate  and 
extend  into  substantially  diametrically  opposite  legs 
12b  and  12c  to  leg  12a.  Therefore,  any  centrifugal 
load  being  carried  through  leg  12a  is  imparted  through 
the  dog-leg  plies  20  and  22  into  legs  12b  and  12c,  re- 
spectively,  for  load  distribution  purposes.  In  similar 
fashion,  dog-leg  plies,  not  shown,  similar  to  20  and  22 
occupy  leg  12d  and  extend  through  hub  18  and  into 
legs  12e  and  12c.  Similar  dog-leg  plies  extend  from 
leg  12b  into  legs  12a  and  12e,  from  leg  12c  into  legs 
12d  and  12a,  and  from  leg  12e  into  legs  12d  and  12b. 

A  similar  pattern  of  dog-leg  plies  extend  for  the  full 
length  of  each  of  legs  12a  through  12e.  One  such  ply 
is  shown  at  24  where  it  extends  for  the  full  length  of 
leg  12b  and  for  one  half  the  width  thereof,  and  then 
through  hub  18  and  into  leg  12e  where  it  occupies  one 
half  the  width  thereof.  A  ply  similar  to  24  occupies  the 
opposite  side  of  leg  12b,  extends  for  the  full  length 
thereof  through  hub  18  and  into  leg  12a.  Similar  full 
length  dog-leg  plies  made  of  high  tensile  strength  fib- 
ers  extending  unidirectionally  and  bonded  by  resin,  or 
other  suitable  bonding  material  to  form  a  composite 
ply,  extend  for  the  full  length  of  each  of  legs  12c,  12e, 
12a  and  12d,  bifurcate  in  passing  through  hub  18  and 
then  extend  into  diametrically  opposite  the  substan- 
tially  diametrically  opposite  legs  of  the  flexbeam  10. 

Now  viewing  Fig.  3,  we  will  describe  the  manner 
in  which  we  fabricate  the  dog-leg  ply  using  our  prefer- 
red  method  and  tool.  The  tool  28  is  a  mandrel  which 
is  mounted  in  conventional  fashion  about  its  center 
line  and  axis  of  rotation  32.  Mandrel  28  includes  cylin- 
drical  portion  30  which  is  of  circular  cross  section  and 
concentric  about  axis  32.  Mandrel  28  has  end  shafts 
29  and  31  which  are  received  in  conventional  bear- 
ings  to  support  mandrel  28  for  rotation  about  axis  32. 
Projecting  from  the  outer  periphery  of  cylindrical 
member  30  are  one  or  more  circumferentially  extend- 

ing  projections  34,  36  and  38  which  extend  for  a  por- 
tion  of  the  circumference  of  the  cylindrical  member  30 
and  which  are  frustroconical  in  shape. 

As  best  shown  in  Fig.  4,  frustroconical  projection 
5  34  may  be  mirror  image  in  shape,  composed  of  two 

frustroconical  sections  34a  and  34b.  The  inner  radius 
Ri  of  frustroconical  portion  34a  is  also  the  radius  of 
cylindrical  portion  30  and,  as  best  shown  in  Fig.  4,  lies 
in  plane  P̂   which  is  perpendicular  to  axis  32.  The 

10  outer  radius  R2  of  frustroconical  portion  34a  is  spaced 
axially  along  axis  32  from  radius  R  ̂ is  selectively 
largerthan  radius  and  is  also  positioned  in  a  plane, 
P2,  which  is  perpendicular  to  axis  of  rotation  32.  Radii 
Ri  and  R2form  the  radial  boundaries  of  frustroconical 

15  projection  34a  and  the  projection  has  smooth  frus- 
troconical  surface  40  extending  between  the  inner 
radius  R̂   and  outer  radius  R2.  Projection  34  extends, 
as  best  shown  in  Fig.  5,  circumferentially  for  a  portion 
of  the  circumference  of  cylinder  36  through  selected 

20  arc  C,  which  will  define  the  length  of  the  arcuate  ply 
which  will  be  laid  upon  cylindrical  portion  34.  As 
shown  in  Fig.  4,  frustroconical  portion  34b  is  mirror 
image  or  allochiral  to  frustroconical  projection  34a. 
Therefore,  two  identical  dog-leg  plies  may  be  laid  up 

25  on  portions  34a  and  34b  of  frustroconical  projection 
34. 

Mandrel  28  may  also  include  circumferential  pro- 
jection  36  which  is  similar  to  frustroconical  projection 
34a  and,  if  desired,  the  circumferential  dimension  C 

30  thereof  could  be  larger  or  smaller  than  the  circumfe- 
rential  dimensions  of  projection  34  and  the  corre- 
sponding  angle  of  inclination  A  of  the  frustroconical 
surface  at  projection  36  could  be  larger  or  smaller 
than  the  angle  of  the  frustroconical  portion  34a  and 

35  34b,  depending  upon  the  type  and  variety  of  dog-leg- 
ged  plies  which  are  to  be  formed. 

Similarly,  circumferential  projection  38  shown  in 
Fig.  4  may  be  fabricated  to  have  a  greater  outer  radius 
R3  than  the  outer  radius  R2  of  projection  34,  may  be 

40  of  less  circumferential  dimension  C,  and  there  may  be 
greater  spacing  s  between  its  inner  radius  R̂   and 
outer  radius  R3,  depending  upon  the  type  and  shape 
of  dog-leg  plies  which  are  to  be  formed  on  mandrel  28. 

As  best  shown  in  Fig.  3,  filament  winding  machine 
45  50  is  positioned  and  programmed  to  wind  a  filament 

52  of  high  tensile  strength  fiber  onto  mandrel  28  at  an 
angle  tangential  to  the  outer  surface  of  cylindrical  por- 
tion  30  thereof.  Filament  winding  machine  50  comm- 
ences  laying  filament  52  around  rotating  mandrel  28 

so  substantially  along  plane  P̂   of  frustroconical  projec- 
tion  34  substantially  at  the  intersection  54  between 
the  outer  surface  of  cylindrical  member  30  and  frus- 
troconical  surface  40  of  projection  34.  The  first  loop  so 
wound  forms  a  loop  passing  over  the  cylindrical  por- 

55  tion  30  of  mandrel  28  lying  in  plane  P̂   and  intersection 
54.  Each  succeeding  loop  of  filament  is  laid  up  in 
spool  fashion  adjacent  to  next  proceeding  laid  up  fila- 
ment  both  along  the  cylindrical  surface  30  of  mandrel 

5 
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28  and  frustroconical  surface  40,  working  toward 
plane  P2  at  the  outer  radius  R2  of  cylindrical  Projection 
34.  The  high  tension  strength  filament  52  is  in  this 
fashion  wound  in  spool  fashion  between  planes  P̂  
and  P2  with  each  loop  extending  over  both  a  portion 
of  the  cylindrical  member  30  of  mandrel  28  and  frus- 
troconical  surface  40  of  projection  34  until  substan- 
tially  the  entire  area  between  the  planes  P̂   and  P2  are 
covered  by  filament  so  wound.  If  the  user  is  desirous 
of  forming  two  identical  dog-leg  plies  at  the  same  time, 
the  winding  may  continue  between  plane  P2  and  plane 
P3,  which  is  also  perpendicular  to  axis  of  rotation  32 
and  defines  the  intersection  between  frustroconical 
projection  34b  and  the  outer  surface  of  cylindrical  sur- 
face  30. 

For  purposes  of  further  description  of  how  the 
dog-leg  ply  is  fabricated,  it  will  be  considered  that  the 
high  tensile  strength  filament  has  been  wound  be- 
tween  planes  P̂   and  P2.  The  filament  so  wound  is 
then  cut  preferably  along  a  line  parallel  to  axis  32  and 
diametrically  opposite  the  circumferential  center  56 
(See  Fig.  5)  of  frustroconical  projection  34.  When 
such  a  ply  so  removed  from  the  mandrel  is  laid  upon 
a  flat  surface,  it  formed  the  dog-leg  ply  58  shown  in 
Fig.  6  which  includes  central  arcuate  portion  60,  which 
was  wound  upon  surface  40  of  frustroconical  projec- 
tion  34,  and  two  straight  legged  portions  62  and  64 
which  were  wound  upon  the  cylindrical  portion  30  of 
mandrel  28  and  project  tangentially  from  central  por- 
tion  60  and  form  dog-leg  ply  58  therewith.  The  inner 
radius  R̂   of  arcuate  portion  60  and  the  outer  radius 
R2  of  arcuate  portion  60  are  determined  by  the  radius 
Ri  and  R2  of  projection  34.  As  previously  stated,  the 
length  of  arcuate  portion  60  is  determined  by  the  cir- 
cumferential  dimension  or  length  C  (Fig.  5)  of  projec- 
tion  34. 

It  will  be  evident  that  filament  so  wound  upon  pro- 
jection  34b  will  form  an  identical  ply  with  that  wound 
upon  surface  34a.  It  will  further  be  evident  that  fila- 
ment  wound  upon  cylindrical  30  and  frustroconical 
projections  36  and  38  will  produce  a  different  shaped 
dog-leg  ply  with  different  conical  portions  60  and 
straight  legged  portions  62  and  64  from  that  shown  in 
Fig.  5. 

In  this  fashion,  it  will  be  seen  that  a  dog-leg  ply, 
or  several  dog-leg  plies,  can  be  fabricated  by  winding 
high  tensile  strength  filament  in  spool  fashion  onto  the 
cylindrical  portion  30  of  mandrel  28  and  frustroconical 
projections  such  as  34,  36  and  38,  projecting  circum- 
ferentially  around  and  radially  outwardly  from  cylindri- 
cal  member  30  of  mandrel  28. 

In  our  preferred  embodiment,  high  tensile 
strength  filament  52,  which  may  be  made  of 
fiberglass,  carbon/graphite,  silicone  carbite,  quartz, 
aramid,  oriented  polyfilm,  aluminum  oxide,  and  boron 
is  preferably  preimpregnated  with  a  resin,  such  as  an 
epoxy,  before  being  wound  onto  mandrel  28.  It  would 
also  be  possible,  however,  to  wind  filament  52  onto 

mandrel  28  dry,  but  utilizing  a  binder  to  hold  the  loops 
of  the  filament  together  as  one  so  that  the  resin  may 
be  applied  to  the  dog-leg  ply  after  it  is  wound,  cut  and 
removed  from  the  mandrel. 

5  Wether  a  prepreg  filament  is  used  or  a  dry  fila- 
ment  which  is  impregnated  after  winding,  the  dog-leg 
ply  so  formed  will  eventually  be  cured  utilizing  approp- 
riate  heat  and  pressure  to  produce  a  ply  of  unidirec- 
tional,  high  tensile  strength  fiber  forming  a  dog-leg 

10  and  with  each  fiber  extending  the  full  length  of  the  ply 
58,  thereby  achieving  a  dog-leg  shaped  ply  with  the 
capability  of  withstanding  very  high  tensile  loads 
imposed  thereon. 

In  addition,  before  winding  the  filament  52  onto 
15  the  mandrel,  the  mandrel  is  treated  by  having  a  bre- 

ak-away  layer,  such  as  that  shown  at  70  in  Fig.  4  on 
the  surface  of  the  mandrel  against  which  the  filament 
52  is  to  be  wound.  The  purpose  of  the  break-away 
layer  70  is  to  prevent  the  filament  from  becoming  per- 

20  manently  attached  to  the  mandrel,  to  assist  in  removal 
of  the  cut  filament  so  wound  onto  the  mandrel,  and  to 
support  the  filament  once  cut  from  the  mandrel  after 
winding  to  assist  in  the  handling  the  ply  so  formed 
prior  to  curing.  Break-away  layer  70  may  be  made  of 

25  scrim  cloth  or  veil  mat  made  of  fiberglass,  aramid,  car- 
bon/graphite  and  polyamid. 

It  will  therefore  be  seen  that  utilizing  our  method, 
dog-leg  plies  of  high  tensile  strength  fibers  embedded 
in  resin  to  form  a  composite  ply  having  the  high  tensile 

30  strength  fiber  extending  unidirectionally  throughout 
the  full  length  of  the  ply  may  be  fabricated  by  so  wind- 
ing  the  high  tensile  strength  filament  onto  our  cylindri- 
cal  mandrel  28  which  includes  frustroconical 
projections  extending  circumferentially  about  and 

35  radially  therefrom. 
Although  the  invention  has  been  shown  and  des- 

cribed  with  respect  to  a  best  mode  embodiment 
thereof,  it  should  be  understood  by  those  skilled  in  the 
art  that  the  foregoing  and  various  other  changes, 

40  omissions,  and  additions  in  the  form  and  detail  thereof 
may  be  made  therein  without  departing  from  the  spirit 
and  scope  of  the  invention. 

45  Claims 

1.  The  method  of  fabricating  a  dog-legged  shaped 
ply  of  composite  material  consisting  of  a  series  of 
unidirectional  high  tensile  strength  filaments 

so  comprising  the  steps  of: 
a.  providing  a  mandrel  of  cylindrical  shape 
mounted  for  rotation  about  the  cylinder  axis 
and  having  at  least  one  frustroconical  projec- 
tion  extending  outwardly  from  the  periphery 

55  thereof  and  having  an  inner  radius  lying  in  a 
plane  perpendicular  to  the  cylinder  axis  and 
which  inner  radius  is  the  radius  of  the  cylinder, 
and  an  outer  radius  lying  in  a  plane  perpen- 
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dicular  to  the  cylinder  axis  and  which  outer 
radius  is  larger  than  the  inner  radius  and 
spaced  along  the  cylinder  axis  therefrom  to 
define  the  radial  dimensions  of  the  frustroconi- 
cal  surface  extending  therebetween,  and  the  5 
projection  further  extending  fora  portion  of  the 
circumference  of  the  cylinder; 
b.  providing  a  filament  winding  machine  posi- 
tioned  to  wind  filament  in  spool  fashion  onto 
the  mandrel  with  the  filament  being  so  wound  10 
extending  substantially  tangentially  to  the 
mandrel  cylindrical  surface; 
c.  winding  a  high  tensile  strength  filament  in 
spool  fashion  onto  the  mandrel  utilizing  the 
filament  winding  machine  such  that  the  first  15 
loop  of  filament  so  wound  extends  circumfe- 
rentially  around  the  mandrel  and  is  laid  up 
substantially  against  the  surface  of  the  frus- 
troconical  projection  which  defines  its  inner 
radius;  20 
d.  progressively  winding  the  filament  around 
the  mandrel  so  that  each  succeeding  filament 
loop  is  positioned  immediately  adjacent  the 
filament  loop  previously  laid  up  as  it  engages 
the  cylindrical  surface  of  the  mandrel  and  then  25 
passes  over  the  frustroconical  portion  at  a 
slightly  greater  radius  than  the  preceding  fila- 
ment  loop  so  wound; 
e.  continuing  to  so  wind  filament  onto  the  man- 
drel  until  the  final  loop  of  the  filament  substan-  30 
tially  engages  the  frustroconical  portion  at  its 
outer  radius; 
f.  cutting  the  filament  so  wound  along  the  axis 
of  the  mandrel  at  a  station  substantially 
diametrically  opposite  the  frustroconical  pro-  35 
jection  center  point,  and 
g.  laying  the  wound  filament  so  cut  from  the 
mandrel  on  a  flat  surface  so  that  it  forms  a 
dog-leg  ply  having  an  arcuate  center  portion 
and  two  straight  leg  portions  extending  40 
tangentially  from  the  arcuate  center  portion 
and  so  that  the  ply  consists  of  a  plurality  of 
unidirectionally  extending  filaments  extending 
for  the  full  length  of  the  ply. 

45 
The  method  according  to  Claim  1  wherein  the  fila- 
ment  being  wound  onto  the  mandrel  is  preimpreg- 
nated  with  resin. 

The  method  according  to  Claim  2  wherein  the  fila- 
ment  is  selected  from  the  group  consisting  of 
fiberglass,  carbon/graphite,  silicone  carbite, 
quartz,  aramid,  oriented  polyfilm,  aluminum 
oxide,  and  boron. 

The  method  according  to  Claim  1  including  the 
steps  of  applying  a  binder  to  the  frustroconical 
and  cylindrical  portion  of  the  mandrel  so  that  as 

50 

55 

the  filament  is  wound  thereon,  it  is  held  together 
by  the  binder,  and  including  the  additional  step  of 
impregnating  the  dog-leg  shaped  ply  so  cut  from 
the  mandrel  and  laid  out  on  a  flat  surface  with 
resin. 

5.  The  method  according  to  Claim  3  and  including 
the  step  of  curing  the  resin  impregnated  ply  ma- 
terial  after  it  is  cut  from  the  mandrel  and  laid  in  a 
flat  position  to  form  the  dog-legged  shaped  ply. 

6.  The  method  according  to  Claim  1  and  including 
the  additional  step  of  preparing  the  mandrel  prior 
to  filament  winding  thereonto  by  applying  a  bre- 
ak-away  layer  of  material  onto  the  surface  of  the 
mandrel  upon  which  the  filament  is  to  be  wound. 

7.  The  method  according  to  Claims  3  or  4  compris- 
ing  the  additional  step  of  cutting  the  dog-leg  ply 
of  composite  material  to  the  precise  desired  final 
dog-leg  shape  after  its  removal  from  the  mandrel. 

8.  A  lay-up  tool  for  use  in  the  fabrication  of  at  least 
one  dog-leg  shaped  ply  of  composite  material 
having  a  central  arcuate  section  and  two  straight 
legs  projecting  from  the  opposite  end  thereof  and 
consisting  of  a  resin  bound  plurality  of  unidirec- 
tionally  extending  high  tensile  strength  filaments 
extending  for  the  full  length  of  the  ply  comprising: 

a.  a  cylindrical  member  adapted  to  be  moun- 
ted  for  rotation  about  an  axis  of  rotation  which 
constitutes  the  centerline  of  the  cylinder; 
b.  at  least  one  frustroconical  projection 
extending  from  the  outer  surface  of  the  cylin- 
der  and  extending  circumferentially  there- 
around  fora  distance  equal  to  the  length  of  the 
arcuate  section  of  the  dog-leg  shaped  ply  to 
be  formed  and  having  a  frustroconical  ly 
shaped  surface  which  is  joined  at  its  inner 
radius  to  the  outer  surface  of  the  cylinder 
along  a  plane  extending  perpendicular  to  the 
cylindrical  member  axis  of  rotation,  which 
inner  radius  is  substantially  the  inner  radius  of 
the  arcuate  section  of  the  composite  ply  to  be 
fabricated,  and  terminating  in  a  second  plane 
perpendicular  to  the  cylinder  axis  of  rotation 
and  at  a  second  radius  which  substantially 
defines  the  outer  radius  of  the  composite  ply 
arcuate  section  to  be  formed  and  which  sec- 
ond  radius  is  selectively  greater  than  and 
spaced  axially  from  the  first  radius. 

9.  A  lay-up  tool  according  to  Claim  8  wherein  the 
frustroconical  projection  defines  a  smooth  frus- 
troconical  surface  between  its  inner  and  outer 
radii. 

10.  A  lay-up  tool  according  to  Claim  8  and  including 
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a  plurality  of  such  frustroconical  projections  posi- 
tioned  in  spaced  relationship  along  the  cylindrical 
member  axis  of  rotation  in  planes  perpendicular 
thereto. 
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