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Description 

Technical  Field 

This  invention  relates  to  lightning  protection 
systems  for  aircraft  comprising  the  combination  of 
a  first  structure  with  an  external  skin  made  from  a 
plastic  material,  a  second  structure,  and  at  least 
one  fastener  for  attaching  the  first  structure  to  the 
second  structure,  said  fastener  comprising  a  shaft 
and  a  head  each  of  which  is  made  from  a  metal 
that  is  more  electrically  conductive  than  said  plastic 
material  and  that  has  sufficient  strength  to  carry 
loads  of  a  predetermined  magnitude;  a  top  portion 
of  the  head  being  covered  to  prevent  lightning 
strikes  from  attaching  to  the  fastener,  said  external 
skin  having  a  countersink  hole  therein  for  receiving 
the  covered  head  of  the  fastener;  and  said  covered 
head  along  with  the  external  surface  of  said  exter- 
nal  skin  forming  an  aerodynamic  surface  which  is 
sufficiently  continuous  to  receive  and  maintain  a 
crack-fee  coat  of  paint  having  a  uniform  thickness; 
as  well  as  to  a  method  of  attaching  an  aircraft 
structure  with  an  external  skin  of  a  plastic  material 
to  another  aircraft  structure,  and  of  preventing  light- 
ning  strikes  from  causing  internal  sparking  or  ar- 
cing  in  said  structures  said  method  comprising: 
providing  a  fastener  having  a  shaft  and  a  head 
each  of  which  is  made  from  a  metal  that  is  more 
electrically  conductive  than  said  plastic  material 
and  that  has  sufficient  strength  to  carry  loads  of  a 
predetermined  magnitude;  forming  a  countersink 
hole  in  said  external  skin;  positioning  said  fastener 
to  attach  said  structures  together,  including  posi- 
tioning  the  head  in  the  countersink  hole;  covering  a 
top  portion  of  the  head  to  prevent  lightning  strikes 
from  attaching  to  the  fastener;  and  forming,  from 
the  covered  head  and  external  surface  portions  of 
said  external  skin  surrounding  the  hole,  an  aero- 
dynamic  surface  which  is  sufficiently  continuous  to 
receive  and  maintain  a  crack-free  coat  of  paint 
having  a  uniform  thickness.  Such  a  combination 
and  method  are  known  from  US-A-4.502.092.  In 
this  document  a  fastener  is  disclosed,  the  head  of 
which  is  covered  by  a  filling  compound  or  resin,  in 
order  to  prevent  lightning  strikes  from  attaching 
thereto. 

Background  Art 

In  the  manufacture  of  aircraft  structures,  com- 
posite  materials,  such  as  graphite  fiber  reinforced 
epoxy  resins,  are  being  used  increasingly  in  place 
of  metals  such  as  aluminum.  One  of  the  major 
advantages  of  the  use  of  the  composite  materials  is 
that  they  make  it  possible  to  significantly  reduce 
the  weight  of  the  aircraft  structure  and,  therefore, 
result  in  a  more  fuel  efficient  aircraft.  The  potential 

increase  in  fuel  economy  makes  it  desirable  to 
maximize  the  use  of  composite  materials  in  the 
manufacture  of  commercial  aircraft.  One  type  of 
structure  that  may  be  at  least  partially  fabricated 

5  from  composite  materials  is  a  wing  box  structure 
which  has  an  outside  skin  that  forms  a  portion  of 
the  wing  skin  and  internal  portions  defining  a  wing 
fuel  tank.  The  wing  box  is  normally  attached  to  the 
rest  of  the  wing  structure  by  means  of  fasteners  of 

io  the  type  having  a  shaft  and  a  head  which  is  coun- 
tersunk  into  the  outer  surface  of  the  structure.  Such 
fasteners  are  generally  made  from  metal  in  order  to 
provide  a  sufficient  amount  of  structural  strength. 

The  use  of  metallic  fasteners  to  secure  com- 
75  posite  material  structures  like  wing  boxes  presents 

a  serious  problem  in  that  the  difference  in  electrical 
conductivity  between  the  composite  material  and 
the  fastener  causes  lightning  to  be  attracted  to  the 
fastener.  When  a  lightning  strike  attaches  to  the 

20  fastener  head,  the  fastener  can  conduct  current  into 
the  interior  of  the  wing  box  and  cause  internal 
arcing  or  sparks  inside  the  wing  fuel  tank.  The 
presence  of  fuel  vapors  in  the  tank  makes  such 
arcing  and  sparking  highly  dangerous.  Therefore,  it 

25  is  necessary  to  provide  some  means  of  preventing 
or  minimizing  the  chance  of  a  lightning  strike  at- 
taching  to  the  fastener. 

Another  problem  associated  with  the  use  of 
countersink  fasteners  is  that  a  normal  countersink 

30  fastener  installation  results  in  a  slight  gap  between 
the  fastener  head  and  the  portion  of  the  aircraft 
structure  forming  the  internal  walls  of  the  counter- 
sink  bore.  This  gap  is  caused  by  manufacturing 
tolerances.  The  gap  is  another  cause  of  lightning 

35  strike  attachment  to  a  metallic  fastener  securing 
composite  material  structures  and  also  can  cause 
lightning  strike  attachment  to  a  metallic  fastener 
even  when  the  structure  being  fastened  is  alu- 
minum.  In  either  case,  the  attachment  is  caused  by 

40  a  difference  in  electrical  properties  between  the 
area  at  the  outer  edge  of  the  fastener  head  and  the 
remainder  of  the  structure. 

After  the  structure  is  attached  by  means  of  the 
appropriate  number  of  fasteners,  a  coat  of  paint 

45  normally  is  applied  over  the  outer  surfaces  of  the 
fastener  heads  and  the  surrounding  structure.  The 
gap  between  a  fastener  head  and  its  counterbore 
causes  the  paint  to  thin  or  crack  around  the  outer 
edge  of  the  fastener  head.  This  thinning  or  crack- 

50  ing  of  the  paint  in  turn  causes  a  difference  in 
electrical  conductivity,  which  causes  electrical 
streamers  to  form  around  the  edges  of  the  fastener 
heads.  These  streamers  create  an  electrical  field 
and  increase  the  chance  of  a  lightning  strike  hitting 

55  a  fastener  head. 
There  have  been  a  number  of  proposals  for 

providing  protection  against  lightning  strikes  attach- 
ing  to  metallic  fasteners  in  a  composite  material 
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aircraft  structure.  One  type  of  proposal  is  the  use 
of  plastic  fasteners.  This  approach  can  be  effective 
in  the  limited  situations  in  which  plastic  fasteners 
have  sufficient  strength,  but  in  most  situations  the 
structural  requirements  of  the  aircraft  necessitate 
the  use  of  fasteners  that  are  at  least  partially  metal- 
lic.  Other  solutions  that  have  been  suggested  in- 
clude  the  use  of  dielectric  tape  or  tank  sealant  to 
cover  the  fastener  heads.  This  kind  of  approach 
has  failed  to  produce  reliable  protection  against 
lightning  strikes  and  has  proved  to  be  quite  costly. 

The  patent  literature  includes  a  number  of  ex- 
amples  of  systems  that  have  been  proposed  for 
protecting  a  composite  material  aircraft  structure 
from  lightning.  U.S.  Pat.  No.  3,906,308,  granted 
September  16,  1975,  to  Amason  et  al.,  discloses  a 
system  in  which  a  dielectric  coating  is  placed  over 
critical  components  of  the  structure  and,  for  large 
span  components,  spaced  metallic  strips  are  af- 
fixed  to  the  dielectric  outer  surface  to  provide  dwell 
points  for  the  lightning  current  channel.  U.S.  Pat. 
No.  3,989,984,  granted  November  2,  1976,  to 
Amason  et  al.,  discloses  an  outer  grounded  perfo- 
rated  metal  layer  on  the  aircraft  structure  with  a 
bonded  dielectric  layer  beneath  the  metal  layer.  At 
joints  in  the  skin  of  the  structure,  exterior  surfaces 
of  metallic  fasteners  are  exposed  and  the  con- 
ductivity  of  the  fasteners  is  enhanced  by  providing 
the  fasteners  with  suitable  coatings.  U.S.  Pat.  No. 
4,382,049,  granted  May  3,  1983,  to  Hofmeister  et 
al.,  discloses  a  dielectric  "barrier"  around  the  dome 
portion  of  a  dome  nut  fastener  that  projects  from 
the  outside  skin  of  an  aircraft  structure.  The  barrier 
is  formed  after  the  fastener  is  in  place  by  molding 
a  layer  of  dielectric  material  around  the  fastener 
dome.  The  molding  process  includes  the  use  of  a 
cap  which  forms  a  cavity  around  the  fastener  dome 
to  control  the  thickness  of  the  dielectric  barrier. 

U.S.  Pat.  No.  3,592,100,  granted  July  13,  1971, 
to  Mackiewicz  et  al.,  discloses  a  screw  designed 
for  use  with  grouped  electrical  switches  to  prevent 
arcing  between  adjacent  screw  heads.  The  screw 
has  an  exposed  metal  shank  and  threaded  portion 
and  an  insulated  head  with  a  slot  therethrough 
which  exposes  the  base  metal. 

The  patent  literature  also  includes  a  number  of 
examples  of  plastic  or  other  corrosion  resistant 
caps  for  fasteners.  U.S.  Pat.  No.  3,425,313,  granted 
February  4,  1969,  to  J.  P.  Villo,  discloses  such  a 
cap  for  countersink  socket  head  screws.  The  cap 
includes  an  annular  skirt  portion  and  a  circular  top, 
and  is  placed  in  position  over  the  screw  head  after 
the  screw  head  has  been  positioned  in  a  counter- 
bore.  The  cap  is  forced  into  position,  such  as  by  a 
hammer  blow.  The  cap  is  provided  with  some 
resiliency  so  that  it  will  prevent  loosening  of  the 
screw  by  vibrations  and  seal  the  counterbore 
against  water  and  other  contaminants.  The  top  of 

the  cap  is  flush  with  the  surrounding  surface  when 
the  cap  is  installed.  The  socket  in  the  head  of  the 
screw  remains  unfilled  but  is  covered  by  a  portion 
of  the  top  of  the  cap  that  may  be  broken  away  to 

5  insert  a  wrench  and  remove  the  screw. 
U.S.  Pat.  No.  3,494,243,  granted  February  10, 

1970,  to  W.  H.  Kleinhenn,  discloses  a  self-sealing 
screw  with  a  coating  of  a  material  such  as  Teflon 
(trademark)  on  the  underside  of  the  head  and 

io  sometimes  also  on  the  shank  and  threads.  U.S. 
Pat.  No.  3,620,119,  granted  November  16,  1971,  to 
King,  Jr.,  et  al.,  discloses  a  method  and  apparatus 
for  making  a  fastener  with  an  anticorrosive  material 
on  the  underside  of  the  head  and  the  unthreaded 

is  shank  portion  and,  apparently,  sometimes  on  the 
top  of  the  head. 

Corrosion  resistant  caps  for  fasteners  of  a  type 
having  a  protruding  head  are  disclosed  in  U.S. 
Pats.  No.  3,470,787,  granted  October  7,  1969,  to 

20  W.  L.  Mackie;  No.  3,557,654,  granted  January  26, 
1971,  to  H.  C.  Weidner,  Jr.;  No.  3,618,444,  granted 
November  9,  1971,  to  W.  Kay  et  al.;  No.  3,693,495, 
granted  September  26,  1972,  to  D.  P.  Wagner;  No. 
3,885,492,  granted  May  27,  1975,  to  C.  E.  Gutshall; 

25  No.  3,897,712,  granted  August  5,  1975,  to  D.  A. 
Black;  No.  4,154,138,  granted  May  15,  1979,  to  R. 
R.  Melone;  No.  4,316,690,  granted  February  23, 
1982,  to  R.  L.  Voller;  and  No.  4,373,842,  granted 
February  15,  1983,  to  J.  E.  Bettini  et  al.  W.  H. 

30  Burleson  discloses,  in  U.S.  Pat.  No.  2,253,264, 
granted  August  19,  1941,  a  tubular  post-type  elec- 
tric  insulator  filled  with  a  dielectric  liquid  and  hav- 
ing  ends  capped  with  metal  and  a  dielectric. 

The  known  proposals  and  patents  discussed 
35  above  and  the  prior  art  that  is  discussed  and/or 

cited  in  the  patents  should  be  studied  for  the 
purpose  of  putting  the  present  invention  into  proper 
perspective  relative  to  the  prior  art. 

40  Disclosure  of  the  Invention 

It  is  an  object  of  the  invention  to  provide  a 
combination  as  described  in  the  preamble  of  claim 
1  ,  in  which  the  above  problems  do  not  occur.  This 

45  is  accomplished  according  to  the  invention,  in  that 
the  head  is  covered  by  a  cap  of  dielectric  material 
secured  thereto;  said  cap  being  shaped  and  dimen- 
sioned  and  having  sufficient  resilience  to  essen- 
tially  fill  gaps  between  said  top  portion  of  the  head 

50  and  inner  sidewall  portions  of  the  countersink  hole. 
The  combination  of  features  of  the  apparatus  of 

the  invention  solves  the  problems  discussed  above 
in  relation  to  the  use  of  plastic  materials,  such  as 
graphite  fiber  reinforced  epoxy  resin  composite 

55  materials,  in  aircraft  structural  components  that 
must  be  attached  by  metallic  fasteners  in  order  to 
meet  the  structural  strength  requirements  of  the 
aircraft.  The  provision  of  a  dielectric  cap  to  cover 
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the  top  portion  of  the  head  of  such  a  fastener,  and 
the  provision  of  such  cap  with  characteristics  that 
cause  it  to  fill  gaps  between  the  top  portion  of  the 
fastener  head  and  inner  sidewall  portions  of  the 
countersink  hole  into  which  the  head  and  the  cap 
are  received  effectively  protect  the  structure  and 
surrounding  structures  from  internal  arcing  and 
sparking  caused  by  lightning  strikes  attaching  to 
the  fastener.  The  shaping  and  dimensioning  of  the 
cap  to  form  an  aerodynamic  surface  with  the  exter- 
nal  surface  of  the  structure  provides  the  additional 
benefit  of  improving  the  aerodynamic  efficiency  of 
the  structure.  The  filling  of  the  gaps  between  the 
fastener  head  and  the  sidewalls  of  the  countersink 
hole,  in  combination  with  the  forming  of  an  aero- 
dynamic  surface  which  is  sufficiently  continuous  to 
receive  and  maintain  a  crack-free  coat  of  paint 
having  a  uniform  thickness,  eliminates  the  prob- 
lems  of  such  gaps  or  the  thinning  or  cracking  of 
paint  causing  differences  in  electrical  properties 
which  attract  lightning  strikes  to  the  fastener.  The 
overall  combination  of  the  apparatus  of  the  inven- 
tion  provides  reliable  and  effective  protection 
against  lightning  strikes  that  is  relatively  inexpen- 
sive  and  easy  to  install  and  maintain  and,  thus, 
makes  it  possible  to  maximize  fuel  economy  by 
maximizing  use  of  lightweight  composite  materials. 

A  preferred  feature  of  the  invention  is  a  cap 
which  has  a  top  portion  that  covers  the  top  of  the 
head  of  the  fastener  to  form  a  part  of  the  aero- 
dynamic  surface,  and  an  annular  side  portion  that 
covers  side  portions  of  the  head  and  extends  in- 
wardly  into  the  countersink  hole  from  the  top  por- 
tion  of  the  cap.  This  arrangement  ensures  that  any 
portion  of  the  fastener  which  is  exposed  to  the 
outside  environment  is  protected  by  a  dielectric 
material  and  that  the  upper  portions  of  the  gaps  are 
effectively  filled  to  eliminate  the  undesirable  elec- 
trical  properties  of  the  gaps.  The  arrangement  per- 
mits  the  cap  to  extend  only  partway  down  the  side 
surfaces  of  the  head  and  only  partially  into  the 
countersink  hole.  This  in  turn  helps  to  reduce  the 
cost  of  the  fastener  and  to  insure  easy  installation 
of  the  fastener. 

In  the  combination  of  the  invention,  the  fastener 
may  have  either  an  axial  tool  receiving  recess  in 
the  end  of  its  shaft  opposite  its  head,  or  a  tool 
receiving  recess  in  the  top  surface  of  its  head.  In 
the  former  case,  preferably,  the  top  surface  of  the 
head  substantially  conforms  to  the  aerodynamic 
surface,  and  the  cap  includes  a  continuous  integral 
layer  of  dielectric  material  that  covers  the  top  sur- 
face  of  the  head  and  has  an  essentially  uniform 
thickness  to  form  a  part  of  the  aerodynamic  sur- 
face.  This  arrangement  helps  to  minimize  the  cost 
of  manufacturing  the  fastener,  to  maximize  the 
smoothness  and  conformity  of  the  aerodynamic 
surface,  and  to  ensure  that  there  are  no  voids  or 

pits  in  the  top  portion  of  the  cap  which  could  affect 
its  electrical  properties. 

In  the  latter  case,  the  cap  preferably  includes  a 
layer  of  dielectric  material  of  essentially  uniform 

5  thickness  covering  the  top  surface  of  the  head  and 
surrounding  the  recess  in  such  top  surface,  and  a 
body  of  dielectric  material  that  is  shaped  to  fill  the 
recess  and  to  form,  along  with  the  layer,  a  part  of 
the  aerodynamic  surface.  This  body  of  dielectric 

io  material  is  positioned  in  the  recess  after  the  fas- 
tener  has  been  positioned  to  attach  the  structures. 
This  arrangement  has  the  advantage  of  providing 
effective  protection  against  lightning  strike  attach- 
ment  in  situations  in  which  it  is  impractical  or 

is  impossible  to  use  an  internally  wrenched  fastener; 
i.e.,  a  fastener  having  a  tool  receiving  recess  in  the 
end  of  its  shaft.  The  provision  of  the  body  of 
dielectric  material  ensures  that  there  is  lightning 
protection  over  the  entire  top  portion  of  the  fastener 

20  and  also  improves  the  aerodynamic  efficiency  of 
the  structure.  The  positioning  of  such  body  after 
the  structures  are  attached  allows  easy  installation 
of  the  fastener.  The  dielectric  material  that  fills  the 
recess  is  relatively  thick  since  it  extends  all  the 

25  way  into  the  recess,  and  the  body  of  dielectric 
material  does  not  have  to  bridge  any  interface 
between  the  fastener  and  the  structure.  Thus,  the 
body  of  dielectric  material,  along  with  the  layer  of 
dielectric  material,  forms  a  continuous  protective 

30  cap  over  the  fastener  that  is  not  subject  to  crack- 
ing. 

Another  object  of  the  invention  is  improved 
upon  a  method  of  attaching  an  aircraft  structure 
with  an  external  skin  of  a  plastic  material  to  another 

35  aircraft  structure,  and  of  preventing  lightning  strikes 
from  causing  internal  sparking  or  arcing  in  the 
structures  as  described  in  the  preamble  of  claim  7. 
According  to  the  invention,  this  is  accomplished  in 
that  the  head  is  covered  by  a  cap  of  dielectric 

40  material  secured  thereto;  and  the  fastener  is  posi- 
tioned  so  as  to  allow  the  cap  to  essentially  fill  gaps 
between  said  top  portion  of  the  head  and  inner 
sidewall  portions  of  the  countersink  hole.  The 
method  has  the  advantages  discussed  above  in 

45  connection  with  the  apparatus  of  the  invention. 
These  and  other  advantages  and  features  will  be- 
come  apparent  from  the  detailed  description  of  the 
best  modes  for  carrying  out  the  invention  that  fol- 
lows. 

50 
Brief  Description  of  the  Drawings 

In  the  drawings,  like  element  designations  refer 
to  like  parts  throughout,  and: 

55  Fig.  1  is  a  sectional  view  of  an  internally 
wrenching  fastener  in  a  prior  art  installation. 

Fig.  2  is  a  sectional  view  of  the  same  type  of 
fastener  in  another  prior  art  installation. 

4 
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Fig.  3  is  a  sectional  view  of  a  first  preferred 
embodiment  of  the  apparatus  of  the  invention. 

Fig.  4  is  an  elevational  view  of  the  fastener 
shown  in  Fig.  3. 

Fig.  5  is  a  pictorial  view  looking  toward  the 
outer  surfaces  of  the  first  structure  and  a  second 
preferred  embodiment  of  the  fastener  of  the  inven- 
tion. 

Fig.  6  is  a  sectional  view  taken  along  the  line 
6-6  in  Fig.  5. 

Fig.  7  is  an  elevational  view  of  the  head  and 
part  of  the  shaft  of  the  fastener  shown  in  Figs.  3 
and  4,  with  the  cap  shown  in  section. 

Figs.  8-11  ore  similar  to  Fig.  7,  except  that  they 
show  alternative  configurations  of  the  cap  of  the 
fastener. 

Best  Modes  for  Carrying  out  the  Invention 

The  drawings  show  apparatus  that  is  construct- 
ed  according  to  the  invention  that  also  constitutes 
the  best  modes  of  the  invention  currently  known  to 
the  applicant.  The  drawings  also  illustrate  the  best 
modes  for  carrying  out  the  method  of  the  invention 
currently  known  to  the  applicant. 

Each  of  Figs.  1-3,  5,  and  6  illustrates  a  plastic 
material  external  skin  portion  2  of  a  first  aircraft 
structure  attached  by  means  of  a  fastener  to  a 
second  aircraft  structure  4.  The  plastic  material  of 
the  external  skin  2  would  most  usually  be  a  graph- 
ite  fiber  reinforced  epoxy  resin  composite  material 
or  a  similar  composite  material.  However,  it  is 
intended  to  be  understood  that  the  term  "plastic 
material",  as  used  herein,  includes  other  plastic 
materials  having  strength  and  weight  characteristics 
appropriate  for  use  in  aircraft  as  well  as  such 
composite  materials.  The  second  structure  4  might 
be  a  flange  of  an  internal  supporting  structure  or 
some  other  type  of  structure,  depending  on  the 
requirements  of  the  particular  installation,  and 
might  be  made  from  metal,  as  shown  in  the  draw- 
ings,  or  any  other  suitable  material. 

Fig.  1  shows,  for  the  purpose  of  comparison, 
an  internally  wrenching  countersink  fastener  10  be- 
ing  used  to  attach  an  external  skin  2  of  composite 
material  to  a  metal  structure  4.  The  fastener  10  is 
of  a  known  type  and  includes  a  head  12  and  a 
shank  14.  The  head  12  is  received  into  a  counter- 
sink  hole  6  in  the  skin  2.  A  layer  of  paint  8  has 
been  applied  to  the  external  surfaces  of  skin  2  and 
head  12.  Because  of  manufacturing  tolerances, 
there  is  a  gap  16  between  the  fastener  head  12 
and  the  inner  sidewalls  of  the  countersink  hole  6. 
Reference  numeral  18  indicates  an  electric  field 
created  by  lightning  induced  streamers.  As  dis- 
cussed  above,  the  formation  of  the  streamers  and 
the  electric  field  is  a  result  of  differences  in  elec- 
trical  properties  in  the  vicinity  of  the  gap  16  caused 

by  the  gap  16  itself  and  by  cracking  20  and  thin- 
ning  22  of  the  layer  of  paint  8  in  the  area  of  the 
gap  16.  The  situation  in  Fig.  1  would,  of  course,  be 
unacceptable  in  a  commercial  aircraft  in  areas 

5  where  fuel  vapors  and  the  like  are  likely  to  be 
present  inside  the  structures  2,4. 

Fig.  2  illustrates  a  modification  of  the  apparatus 
shown  in  Fig.  1  that  includes  previously  proposed 
means  for  providing  protection  against  lightning 

io  strike  attachment  to  the  fastener  10.  The  counter- 
sink  hole  6'  In  Fig.  2  has  been  modified  to  include 
a  thin  annular  portion  26  above  the  frustoconical 
portion  that  receives  the  fastener  head  12.  After  the 
structures  2,4  have  been  secured  together  by  the 

is  fastener  10,  the  annular  portion  26  is  filled  with  a 
tank  sealant  28.  The  sealant  28  extends  over  the 
top  of  the  fastener  10  and  radially  outwardly  there- 
from.  The  layer  of  sealant  28  is  relatively  thin  and 
must  bridge  the  gap  16  between  the  fastener  head 

20  12  and  the  sidewalls  of  the  hole  6'.  These  char- 
acteristics  make  the  layer  of  sealant  28  subject  to 
cracking,  indicated  at  reference  numeral  30,  and 
thus  make  the  protection  provided  by  the  sealant 
28  ineffective  and  unreliable. 

25  In  the  apparatus  combination  of  the  invention, 
the  fastener  comprises  a  shaft  and  a  head  similar 
to  the  shaft  1  4  and  head  1  2  of  the  known  fasteners 
shown  in  Figs.  1  and  2,  and  a  cap  of  dielectric 
material.  The  shaft  and  head  are  made  from  a 

30  metal  that  has  sufficient  strength  to  carry  loads  of  a 
predetermined  magnitude,  which  is  determined  on 
the  basis  of  the  structural  requirements  of  the  par- 
ticular  installation.  The  metal  is  more  electrically 
conductive  than  the  plastic  or  composite  material 

35  which  forms  the  external  skin  2  of  the  first  structure 
being  attached  by  the  fastener.  The  cap  is  secured 
to  and  covers  a  top  portion  of  the  fastener  head  to 
prevent  lightning  strikes  from  attaching  to  the  fas- 
tener.  The  external  skin  2  has  a  countersink  hole  6 

40  therein  for  receiving  the  head  and  the  cap  of  the 
fastener.  The  cap  is  shaped  and  dimensioned  and 
has  sufficient  resilience  to  essentially  fill  the  gap  16 
between  the  top  portion  of  the  head  and  the  inner 
sidewall  of  the  countersink  hole  6.  The  shaping  and 

45  dimensioning  and  the  resilience  of  the  cap  also 
enable  it  to  form,  along  with  the  external  surface  of 
skin  2,  an  aerodynamic  surface  which  is  sufficiently 
continuous  to  receive  and  maintain  a  crack-free 
coat  of  paint  having  a  uniform  thickness. 

50  Figs.  3,  4,  and  7  illustrate  a  first  preferred 
embodiment  of  the  fastener  of  the  invention.  The 
fastener  36  is  of  the  internally  wrenching  type  and 
includes  a  metal  head  44  and  a  metal  shaft  38.  The 
outer  end  of  the  shaft  38  opposite  the  head  44  has 

55  threads  or  lockbolt  pull  grooves  40  on  its  circum- 
ferential  surface  and  a  tool  receiving  socket  or 
recess  42  extending  axially  inwardly  from  its  radial 
end  surface.  See  Fig.  4.  The  head  44  is  generally 

5 
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frustoconical  in  shape  with  a  cylindrical  portion  46 
at  its  top  end  of  relatively  small  axial  dimension. 
This  cylindrical  portion  46  is  most  clearly  shown  in 
Fig.  7. 

The  dielectric  cap  50  of  the  fastener  36  shown 
in  Figs.  3,  4,  and  7  has  a  top  portion  52  which 
covers  the  top  of  the  metal  head  44,  and  an  an- 
nular  side  portion  54  which  covers  side  portions  of 
the  head  44.  Preferably,  the  top  portion  52  and  the 
side  portion  54  are  integrally  formed  in  a  single 
molding  operation.  The  frustoconical  side  surface 
of  the  cap  50  extends  inwardly  from  the  top  sur- 
face  into  the  countersink  hole  6  essentially  parallel 
to  the  sidewalls  of  the  hole  6.  The  covered  side 
portions  of  head  44  include  the  outer  circumferen- 
tial  surface  of  the  cylindrical  portion  46  and  a 
portion  of  the  frustoconical  outer  surface  adjacent 
to  cylindrical  portion  46.  The  cap  50  extends  down 
the  frustoconical  surface  of  the  head  44  an  amount 
sufficient  to  ensure  secure  attachment  between  the 
metal  head  44  and  the  cap  50  and  to  ensure  that 
the  top  of  the  gap  16  is  completely  filled.  The  inner 
radial  surface  of  the  cap  50  is  substantially  parallel 
to  the  outer  top  surface.  Some  advantages  of  the 
configuration  of  cap  50  are  that  it  is  relatively 
simple  and  it  positively  locks  onto  head  44. 

As  can  be  seen  in  Figs.  3,  4,  and  7,  the  top 
surface  of  the  head  44  substantially  conforms  to 
the  external  surface  of  skin  2.  The  top  portion  52  of 
the  cap  50  is  formed  by  a  continuous  integral  layer 
of  dielectric  material  that  has  an  essentially  uniform 
thickness.  The  top  or  outer  surface  of  cap  portion 
52  generally  conforms  to  the  external  surface  of 
skin  2  to  form  therewith  an  aerodynamic  surface. 
As  can  be  seen  in  Fig.  3,  the  cap  50  effectively  fills 
the  upper  portion  of  the  gap  16  so  that  the  coat  of 
paint  8  applied  over  the  skin  2  and  cap  50  may  be 
made  of  essentially  uniform  thickness  and  be  main- 
tained  crack-free. 

Figs.  5  and  6  illustrate  a  second  preferred 
embodiment  of  the  fastener  of  the  invention  which 
is  of  the  externally  wrenching  type.  The  fastener  58 
has  a  shaft  60  with  threads  (not  shown)  similar  to 
the  threads  40  of  fastener  36,  and  a  head  62  with  a 
tool  receiving  recess  66.  The  recess  66  shown  in 
Figs.  5  and  6  is  designed  for  receiving  a  Phillips 
head  screw  driver,  but  it  is  of  course  to  be  under- 
stood  that  other  types  of  recesses,  such  as  an  alien 
wrench  recess  might  also  be  provided.  The  cap  70 
of  fastener  58  is  similar  to  the  cap  50  of  fastener 
36  except  that  the  top  portion  72  of  the  cap  70  is 
formed  differently  to  accommodate  the  recess  66 
in  the  head  62.  The  top  portion  72  includes  a  layer 
of  dielectric  material  of  essentially  uniform  thick- 
ness  covering  the  top  surface  of  the  head  62  and 
surrounding  the  recess  66.  The  top  portion  72  also 
includes  a  body  of  dielectric  material  74  that  is 
shaped  to  fill  the  recess  66  and  to  form,  along  with 

the  surrounding  layer  of  dielectric  material,  a  part 
of  the  aerodynamic  surface.  This  body  74  of  di- 
electric  material  is  positioned  in  the  recess  66  after 
the  fastener  58  has  been  positioned  to  attach  struc- 

5  tures  2,4.  The  body  74  may  be  formed  by  a 
premolded  plastic  insert  that  is  shaped  and  dimen- 
sioned  to  fill  the  recess  66  and  is  bonded  to  the 
recess  with  a  suitable  sealant.  Alternatively,  the 
body  74  may  be  formed  by  filling  the  recess  66 

io  with  any  suitable  liquid  dielectric  filler  or  sealant 
and  allowing  the  recess  66  to  act  as  a  mold  for  the 
filler  or  sealant. 

Each  of  Figs.  8-11  shows  an  alternative  em- 
bodiment  of  the  fastener  of  the  invention.  Each  of 

is  these  fasteners  76,84,95,99  is  of  the  internally 
wrenching  type  and,  like  the  fastener  36  shown  in 
Figs.  3,  4,  and  7,  has  a  head  44,86  with  a  top 
surface  that  substantially  conforms  to  the  aero- 
dynamic  surface  and  a  cap  78,90,96,100  with  a  top 

20  portion  formed  by  a  continuous,  integral  layer  of 
dielectric  material  of  essentially  uniform  thickness. 
The  side  portions  80,92,98,102  of  the  caps 
78,90,96,100,  however,  have  alternative  configura- 
tions.  It  is  of  course  to  be  understood  that  such 

25  alternative  configurations  and  other  alternative  con- 
figurations  may  also  be  provided  in  conjunction 
with  a  top  portion  modified  in  the  manner  shown  in 
Figs.  5  and  6  to  accommodate  an  external  tool 
receiving  recess. 

30  In  the  fasteners  76,95,99  shown  in  Figs.  8,  10, 
and  11,  the  head  44  and  shaft  38  are  the  same  as 
the  head  44  and  shaft  38  of  the  fastener  36  shown 
in  Figs.  3,  4,  and  7,  with  the  only  difference  be- 
tween  such  fasteners  76,95,99  and  fastener  36 

35  being  the  configuration  of  the  side  portion  of  the 
dielectric  cap.  In  cap  78  shown  in  Fig.  6,  the  outer 
surface  of  side  portion  80  extends  parallel  to  the 
axis  of  the  fastener  76  to  form  a  cylindrical  portion 
of  such  surface,  then  extends  generally  parallel  to 

40  the  frustoconical  side  surface  of  the  head  44,  and 
then  extends  from  the  frustoconical  portion  to  the 
head  44  in  a  direction  generally  perpendicular  to 
the  frustoconical  portion.  The  length  X  of  the  per- 
pendicular  surface  portion  is  dimensioned  to  en- 

45  sure  that  the  upper  portion  of  the  gap  16  is  com- 
pletely  filled  by  the  cap  78. 

The  side  portion  98  of  the  cap  96  shown  in  Fig. 
10  is  similar  to  the  side  portion  54  of  the  cap  50 
shown  in  Figs.  3,  4,  and  7,  with  the  major  dif- 

50  ference  being  the  configuration  of  the  outer  surface 
of  the  side  portion.  Such  outer  surface  of  side 
portion  98  curves  inwardly,  then  outwardly,  and 
then  inwardly  rather  than  extending  in  a  straight 
line  from  the  outer  top  surface  of  the  cap.  The  side 

55  portion  102  of  cap  100  shown  in  Fig.  11  differs 
from  the  side  portion  54  in  that  it  does  not  extend 
inwardly  beyond  the  cylindrical  portion  46  of  head 
44  and  that  it  is  formed  by  a  jagged  rather  than  a 

6 
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straight  line.  The  outer  side  surface  of  side  portion 
102  is  generally  frustoconical  with  two  annular  pro- 
jections  thereon  of  triangular  cross-section. 

In  the  fastener  84  shown  in  Fig.  9,  the  head  86, 
as  well  as  the  side  portion  92  of  the  cap  90,  is 
modified.  At  the  top  of  the  head  86,  there  is  a  thin 
cylindrical  portion,  then  a  bevelled  portion,  and 
then  an  annular  curved  groove  88.  Below  the 
groove  88  is  a  frustoconical  surface  that  extends 
down  to  the  shaft  38.  The  cap  90  has  an  upper 
cylindrical  portion  like  the  cap  78  shown  in  Fig.  8 
from  which  it  extends  inwardly  parallel  to  the 
frustoconical  surface  of  the  head  86.  From  the 
inner  end  of  its  frustoconical  surface,  the  cap  90 
curves  inwardly  toward  the  fastener  84  to  form  a 
curved  portion  94  that  mates  with  the  groove  88  on 
fastener  head  86.  After  curving,  the  surface  of  the 
cap  90  extends  parallel  to  the  frustoconical  surface 
to  mate  with  the  bevelled  portion  of  the  head  86 
and  extends  up  to  the  top  portion  52  of  the  cap  90. 
The  outer  frustoconical  surface  of  the  cap  90  is 
spaced  a  distance  Y  from  the  frustoconical  surface 
of  the  head  86.  The  distance  Y  is  dimensioned  to 
ensure  complete  filling  of  the  upper  portion  of  the 
gap  16.  A  major  advantage  of  the  configuration 
shown  in  Fig.  9  is  that  it  provides  a  positive  locking 
of  the  cap  90  onto  the  head  86. 

The  various  configurations  of  the  fastener 
shown  in  the  drawings  and  other  variations  thereof 
consistent  with  the  scope  of  the  invention,  as  set 
forth  in  the  claims,  each  have  their  own  advan- 
tages.  Some  of  these  advantages  are  discussed 
above.  Other  advantages  will  become  apparent 
when  further  testing  of  the  fastener  of  the  invention 
is  carried  out.  The  choice  of  what  configuration  is 
to  be  used  in  a  particular  situation  will  depend  on 
the  specific  requirements  of  such  situation  and  the 
particular  material  used  to  form  the  cap.  Such 
material  may  be  of  a  variety  of  known  types  of 
material,  such  as  epoxy  resins,  having  suitable 
dielectric,  bonding,  and  molding  characteristics. 

The  method  of  the  invention  provides  a  means 
of  attaching  an  aircraft  structure  with  an  external 
skin  2  of  a  plastic  material  to  another  aircraft  struc- 
ture  4  and  of  preventing  lightning  strikes  from 
causing  internal  sparking  or  arcing  in  the  structures 
2,4.  The  carrying  out  of  the  method  includes  pro- 
viding  a  fastener  of  the  type  described  in  detail 
above,  and  forming  a  countersink  hole  6  in  the 
external  skin  2  for  receiving  the  fastener  head  and 
dielectric  cap.  The  fastener  is  positioned  to  attach 
the  structures  2,4  together.  During  the  attaching  of 
the  structures  2,4,  the  head  and  cap  of  the  fastener 
are  positioned  in  the  countersink  hole  6  and  the 
fastener  is  turned  so  that  the  threads  40  on  the 
fastener  engage  corresponding  threads  in  the  sec- 
ond  structure  4  or  a  nut  or  collar  internal  to  second 
structure  4.  The  turning  of  the  fastener  is  accom- 

plished  by  inserting  an  appropriate  tool  into  the  tool 
receiving  recess  42,66  and  turning  the  tool  or  the 
nut  or  collar  in  the  usual  manner.  The  positioning  of 
the  fastener  automatically  causes  the  cap  to  essen- 

5  tially  fill  the  gap  16  between  the  top  portion  of  the 
fastener  head  and  the  sidewalls  of  the  countersink 
hole  6.  The  method  also  includes  forming  an  aero- 
dynamic  surface  from  the  cap  and  external  surface 
portions  of  the  external  skin  2  surrounding  the  hole 

io  6.  Since  the  cap  fills  the  gap  16  and  the  hole  6  is 
dimensioned  to  receive  the  head  and  cap  of  the 
fastener,  the  aerodynamic  surface  is  sufficiently 
continuous  to  receive  and  maintain  a  crack-free 
coat  of  paint  having  a  uniform  thickness. 

is  In  embodiments  of  the  fastener  which  are  inter- 
nally  wrenching,  the  step  of  forming  the  aerody- 
namic  surface  is  accomplished  by  positioning  the 
fastener  and  allowing  the  cap  to  fill  the  gap  16. 
When  the  fastener  is  of  the  externally  wrenching 

20  type,  preferably  the  aerodynamic  surface  is  formed 
by  positioning  the  fastener  58,  allowing  the  cap  70 
to  fill  the  gap  16,  and  filling  the  tool  receiving 
recess  66  in  the  top  of  the  head  62  with  a  dielectric 
material  74  after  the  structures  2,4  have  been  at- 

25  tached  by  means  of  the  fastener  58.  It  is  antici- 
pated  that  the  primary  use  for  the  fasteners  of  the 
invention  will  be  to  close  out  a  wing  box.  Since  this 
procedure  is  normally  carried  out  only  once  in  the 
lifetime  of  the  aircraft,  it  is  unlikely  that  the  body  of 

30  dielectric  material  74  in  recess  66  will  ever  need  to 
be  disturbed.  However,  if  removal  of  the  fastener 
58  is  for  some  reason  required,  the  material  74 
may  be  removed  mechanically  or  melted  out  with  a 
heated  screwdriver. 

35 
Claims 

1.  In  an  aircraft,  the  combination  of: 
a  first  structure  with  an  external  skin  (2) 

40  made  from  a  plastic  material; 
a  second  structure  (4);  and 
at  least  one  fastener  (36;58)  for  attaching 

the  first  structure  (2)  to  the  second  structure 
(4); 

45  said  fastener  (36;58)  comprising  a  shaft 
(38;60)  and  a  head  (44;62)  each  of  which  is 
made  from  a  metal  that  is  more  electrically 
conductive  than  said  plastic  material  and  that 
has  sufficient  strength  to  carry  loads  of  a  pre- 

50  determined  magnitude;  a  top  portion  of  the 
head  (44;62)  being  covered  to  prevent  light- 
ning  strikes  from  attaching  to  the  fastener 
(36;58); 

said  external  skin  (2)  having  a  countersink 
55  hole  (6)  therein  for  receiving  the  covered  head 

(44;62)  of  the  fastener  (36;58);  and 
said  covered  head  (44;62)  along  with  the 

external  surface  of  said  external  skin  (2)  for- 
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ming  an  aerodynamic  surface  which  is  suffi- 
ciently  continuous  to  receive  and  maintain  a 
crack-fee  coat  of  paint  (8)  having  a  uniform 
thickness; 
characterized  in  that  the  head  (44;62)  is  cov-  5 
ered  by  a  cap  (50;70)  of  dielectric  material 
secured  thereto; 

said  cap  (50;70)  being  shaped  and  dimen- 
sioned  and  having  sufficient  resilience  to  es- 
sentially  fill  gaps  between  said  top  portion  of  10 
the  head  (44;62)  and  inner  side-wall  portions  of 
the  countersink  hole  (6). 

The  combination  described  in  claim  1,  char- 
acterized  in  that  the  cap  (50;70)  has  a  top  75 
portion  (52;72)  which  covers  the  top  of  the 
head  (44;62)  to  form  a  part  of  said  aerody- 
namic  surface,  and  an  annular  side  portion 
(54)  which  covers  side  portions  of  the  head 
(44;62)  and  extends  inwardly  into  the  counter-  20 
sink  hole  (6)  from  said  top  portion  (52;72)  of 
the  cap  (50;70). 

The  combination  described  in  claim  1,  in  which 
the  top  surface  of  the  head  (44)  substantially  25 
conforms  to  said  aerodynamic  surface,  the 
shaft  (38)  has  an  axial  tool  receiving  recess 
(42)  in  its  end  opposite  the  head  (44),  and  the 
cap  (50)  includes  a  continuous  integral  layer 
(52)  of  dielectric  material  that  covers  the  top  30 
surface  of  the  head  (44)  and  has  an  essentially 
uniform  thickness  to  form  a  part  of  said  aero- 
dynamic  surface. 

The  combination  described  in  claim  2,  char-  35 
acterized  in  that  the  top  surface  of  the  head 
(44)  substantially  conforms  to  said  aerodynam- 
ic  surface,  the  shaft  (38)  has  an  axial  tool 
receiving  recess  (42)  in  its  end  opposite  the 
head  (44),  and  the  top  portion  (52)  of  the  cap  40 
(50)  is  formed  by  a  continuous,  integral  layer 
of  dielectric  material  of  essentially  uniform 
thickness. 

The  combination  described  in  claim  1,  char-  45 
acterized  in  that  the  top  surface  of  the  head 
(62)  has  a  tool  receiving  recess  (66)  therein; 
and  the  cap  (70)  includes  a  layer  (72)  of  di- 
electric  material  of  essentially  uniform  thick- 
ness  covering  said  top  surface  and  surround-  50 
ing  the  recess  (66)  and  a  body  (74)  of  dielec- 
tric  material  that  is  shaped  to  fill  the  recess 
(66)  and  to  form,  along  with  said  layer  (72)  a 
part  of  said  aerodynamic  surface,  and  that  is 
positioned  in  the  recess  (66)  after  the  fastener  55 
(58)  has  been  positioned  to  attach  said  struc- 
tures  (2,4). 

6.  The  combination  described  in  claim  2,  char- 
acterized  in  that  the  top  surface  of  the  head 
(62)  has  a  tool  receiving  recess  (66)  therein; 
and  the  top  portion  (72)  of  the  cap  (70)  com- 
prises  a  layer  of  dielectric  material  of  essen- 
tially  uniform  thickness  covering  said  top  sur- 
face  and  surrounding  the  recess  (66),  and  a 
body  (74)  of  dielectric  material  that  is  shaped 
to  fill  the  recess  (66)  and  to  form,  along  with 
said  layer,  said  part  of  said  aerodynamic  sur- 
face,  and  that  is  positioned  in  the  recess  (66) 
after  the  fastener  (58)  has  been  positioned  to 
attach  said  structures  (2,4). 

7.  A  method  of  attaching  an  aircraft  structure  with 
an  external  skin  (2)  of  a  plastic  material  to 
another  aircraft  structure  (4),  and  of  preventing 
lightning  strikes  from  causing  internal  sparking 
or  arcing  in  said  structures  (2,4)  said  method 
comprising: 

providing  a  fastener  (36;58)  having  a  shaft 
(38;60)  and  a  head  (44,62)  each  of  which  is 
made  from  a  metal  that  is  more  electrically 
conductive  than  said  plastic  material  and  that 
has  sufficient  strength  to  carry  loads  of  a  pre- 
determined  magnitude; 

forming  a  countersink  hole  (6)  in  said  ex- 
ternal  skin  (2); 

positioning  said  fastener  (36;58)  to  attach 
said  structures  (2,4)  together,  including  posi- 
tioning  the  head  (44;62)  in  the  countersink 
hole; 

covering  a  top  portion  of  the  head  (44;62) 
to  prevent  lightning  strikes  from  attaching  to 
the  fastener  (36;58);  and 

forming,  from  the  covered  head  (44,62) 
and  external  surface  portions  of  said  external 
skin  (2)  surrounding  the  hole  (6),  an  aero- 
dynamic  surface  which  is  sufficiently  continu- 
ous  to  receive  and  maintain  a  crack-free  coat 
of  paint  (8)  having  a  uniform  thickness; 
characterized  in  that  the  head  (44;62)  is  cov- 
ered  by  a  cap  (50,70)  of  dielectric  material 
secured  thereto;  and 

the  fastener  (36;58)  is  positioned  so  as  to 
allow  the  cap  (50;70)  to  essentially  fill  gaps 
between  said  top  portion  of  the  head  (44,62) 
and  inner  sidewall  portions  of  the  countersink 
hole  (6). 

8.  A  method  as  described  in  claim  7,  character- 
ized  in  that  the  step  of  forming  said  aero- 
dynamic  surface  comprises  filling  a  tool  receiv- 
ing  recess  (66)  in  the  top  of  the  head  (62)  with 
a  dielectric  material  (74)  after  positioning  the 
fastener  (58)  to  attach  said  structures  (2,4) 
together. 
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Revendicatlons 

1.  Dans  un  aeronef,  la  combinaison  comprenant 
une  premiere  structure  ayant  un  revete- 

ment  externe  (2)  forme  d'une  matiere  plasti- 
que, 

une  seconde  structure  (4),  et 
au  moins  un  organe  de  fixation  (36  ;  58) 

destine  a  fixer  la  premiere  structure  (2)  a  la 
seconde  structure  (4), 

I'organe  de  fixation  (36  ;  58)  ayant  une  tige 
(38,  60)  et  une  tete  (44  ;  62)  formees  chacune 
d'un  metal  qui  est  plus  conducteur  de  I'electri- 
cite  que  la  matiere  plastique  et  qui  a  une 
resistance  mecanique  suffisante  pour  encais- 
ser  des  charges  d'amplitude  predeterminee, 
une  partie  superieure  de  la  tete  (44  ;  62)  etant 
recouverte  de  maniere  que  la  foudre  ne  puisse 
pas  se  fixer  a  I'organe  de  fixation  (36  ;  58), 

le  revetement  externe  (2)  ayant  un  trou 
fraise  (6)  forme  afin  qu'il  loge  la  tete  recouver- 
te  (44  ;  62)  de  I'organe  de  fixation  (36  ;  58),  et 

la  tete  recouverte  (44  ;  62)  et  la  surface 
externe  du  revetement  externe  (2)  formant  une 
surface  aerodynamique  qui  est  suffisamment 
continue  pour  qu'elle  regoive  et  retienne  une 
couche  de  peinture  (8)  sans  fissures,  ayant 
une  epaisseur  uniforme, 

caracterisee  en  ce  que  la  tete  (44  ;  62)  est 
recouverte  d'un  capuchon  (50  ;  70)  d'une  ma- 
tiere  dielectrique  qui  lui  est  fixee, 

le  capuchon  (50  ;  70)  ayant  une  configura- 
tion,  des  dimensions  et  une  elasticite  suffisan- 
tes  pour  que  les  espaces  formes  entre  la  par- 
tie  superieure  de  la  tete  (44  ;  62)  et  les  parties 
de  paroi  laterale  interne  du  trou  fraise  (6) 
soient  pratiquement  remplies. 

2.  Combinaison  selon  la  revendication  1  ,  caracte- 
risee  en  ce  que  le  capuchon  (50  ;  70)  a  une 
partie  superieure  (52  ;  72)  qui  recouvre  la 
partie  superieure  de  la  tete  (44  ;  62)  afin  qu'il 
forme  une  partie  de  la  surface  aerodynamique, 
et  une  partie  laterale  annulaire  (54)  qui  recou- 
vre  les  parties  laterales  de  la  tete  (44  ;  62)  et 
est  dirigee  vers  I'interieur  dans  le  trou  fraise 
(6)  depuis  la  partie  superieure  (52  ;  72)  du 
capuchon  (50  ;  70). 

3.  Combinaison  selon  la  revendication  1,  dans 
laquelle  la  surface  superieure  de  la  tete  (44) 
correspond  pratiquement  a  la  surface  aerody- 
namique,  la  tige  (38)  a  une  cavite  axiale  (42) 
de  logement  d'outil  a  son  extremite  opposee  a 
la  tete  (44),  et  le  capuchon  (50)  comporte  une 
couche  continue  et  solidaire  (52)  d'une  matiere 
dielectrique  qui  recouvre  la  surface  superieure 
de  la  tete  (44)  et  a  une  epaisseur  pratiquement 

uniforme  afin  qu'elle  fasse  partie  de  la  surface 
aerodynamique. 

4.  Combinaison  selon  la  revendication  2,  caracte- 
5  risee  en  ce  que  la  surface  superieure  de  la 

tete  (44)  correspond  pratiquement  a  la  surface 
aerodynamique,  la  tige  (38)  a  une  cavite  axiale 
(42)  de  logement  d'outil  a  son  extremite  oppo- 
see  a  la  tete  (44),  et  la  partie  superieure  (52) 

io  du  capuchon  (50)  est  formee  par  une  couche 
continue  en  une  seule  piece  d'une  matiere 
dielectrique  ayant  une  epaisseur  pratiquement 
uniforme. 

is  5.  Combinaison  selon  la  revendication  1  ,  caracte- 
risee  en  ce  que  la  surface  superieure  de  la 
tete  (62)  a  une  cavite  (66)  de  logement  d'outil, 
et  le  capuchon  (70)  a  une  couche  (72)  de 
matiere  dielectrique  d'epaisseur  pratiquement 

20  uniforme  qui  recouvre  la  surface  superieure  et 
entoure  la  cavite  (66),  et  un  corps  (74)  de 
matiere  dielectrique  ayant  une  configuration 
telle  qu'il  remplit  la  cavite  (66)  et  forme,  avec 
ladite  couche  (72),  une  partie  de  la  surface 

25  aerodynamique,  et  qui  est  place  dans  la  cavite 
(66)  apres  que  I'organe  de  fixation  (58)  a  ete 
positionne  pour  la  fixation  des  structures  (2,  4). 

6.  Combinaison  selon  la  revendication  2,  caracte- 
30  risee  en  ce  que  la  surface  superieure  de  la 

tete  (62)  a  une  cavite  (66)  de  logement  d'outil, 
et  la  partie  superieure  (72)  du  capuchon  (70) 
est  une  couche  de  matiere  dielectrique 
d'epaisseur  pratiquement  uniforme  recouvrant 

35  la  surface  superieure  et  entourant  la  cavite 
(66),  et  un  corps  (74)  d'une  matiere  dielectri- 
que  ayant  une  configuration  telle  qu'il  remplit 
la  cavite  (66)  et  forme,  avec  la  couche,  la 
partie  de  surface  aerodynamique,  et  qui  est 

40  place  dans  la  cavite  (66)  apres  que  I'organe  de 
fixation  (58)  a  ete  positionne  pour  la  fixation 
des  structures  (2,  4). 

7.  Procede  de  fixation  d'une  structure  d'aeronef 
45  ayant  un  revetement  externe  (2)  d'une  matiere 

plastique  sur  une  autre  structure  (4)  d'aeronef, 
destine  a  empecher  la  formation  d'arcs  ou 
d'etincelles  internes  dans  les  structures  (2,  4) 
sous  Taction  de  la  foudre,  le  procede  compre- 

50  nant  les  etapes  suivantes  : 
la  disposition  d'un  organe  de  fixation  (36  ; 

58)  ayant  une  tige  (38  ;  60)  et  une  tete  (44, 
62),  formees  chacune  d'un  metal  qui  est  plus 
conducteur  de  I'electricite  que  la  matiere  plas- 

55  tique  et  qui  a  une  resistance  mecanique  suffi- 
sante  pour  encaisser  des  charges  d'amplitude 
predeterminee, 

la  formation  d'un  trou  fraise  (6)  dans  le 
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revetement  externe  (2), 
le  positionnement  de  I'organe  de  fixation 

(36  ;  58)  afin  qu'il  fixe  les  structures  (2,  4)  I'une 
a  I'autre,  y  compris  le  positionnement  de  la 
tete  (44  ;  62)  dans  le  trou  fraise, 

le  recouvrement  de  la  Partie  superieure  de 
la  tete  (44  ;  62)  afin  que  la  foudre  ne  puisse 
pas  se  fixer  a  I'organe  de  fixation  (36  ;  58),  et 

la  formation,  avec  la  tete  recouverte  (44, 
62)  et  les  parties  externes  de  surface  du  reve- 
tement  externe  (2)  entourant  le  trou  (6),  d'une 
surface  aerodynamique  qui  est  suffisamment 
continue  pour  recevoir  et  retenir  une  couche 
de  peinture  (8)  pratiquement  sans  fissures, 
ayant  une  epaisseur  uniforme, 

caracterise  en  ce  que  la  tete  (44  ;  62)  est 
recouverte  d'un  capuchon  (50,  70)  de  matiere 
dielectrique  qui  lui  est  fixe,  et 

I'organe  de  fixation  (36  ;  58)  est  dispose 
afin  qu'il  permette  au  capuchon  (50  ;  70)  de 
remplir  pratiquement  les  espaces  formes  entre 
la  partie  superieure  de  la  tete  (44,  62)  et  les 
parties  internes  de  paroi  laterale  du  trou  fraise 
(6). 

8.  Procede  selon  la  revendication  7,  caracterise 
en  ce  que  I'etape  de  formation  de  la  surface 
aerodynamique  comprend  le  remplissage 
d'une  cavite  (66)  de  logement  d'un  outil  realise 
a  la  partie  superieure  de  la  tete  (62)  par  une 
matiere  dielectrique  (74)  apres  positionnement 
de  I'organe  de  fixation  (58)  de  maniere  que  les 
structures  (2,  4)  soient  fixees  I'une  a  I'autre. 

Patentanspruche 

1.  In  einem  Flugzeug  die  Kombination  von: 

einer  ersten  Struktur  mit  einer  au/Seren  Haut 
(2),  die  aus  einem  Kunststoffmaterial  herge- 
stellt  ist; 

eine  zweite  Struktur  (4);  und 

wenigstens  ein  Befestigungselement  (36;  58) 
zum  Befestigen  der  ersten  Struktur  (2)  an  der 
zweiten  Struktur  (4); 

wobei  das  Befestigungselement  (36;  58)  einen 
Schaft  (38;  60)  und  einen  Kopf  (44;  62)  umfafit, 
von  denen  jeder  aus  einem  Metall  hergestellt 
ist,  das  elektrisch  leitfahiger  als  das  Kunststoff- 
material  ist  und  das  genugend  Festigkeit  zum 
Tragen  von  Lasten  einer  vorbestimmten  Gro/Se 
hat;  wobei  ein  oberer  Teil  des  Kopfs  (44;  62) 
abgedeckt  ist,  urn  zu  verhindern,  da/S  sich 
Blitzschlage  an  das  Befestigungselement  (36; 
58)  anheften; 

wobei  sich  in  der  au/Seren  Haut  (2)  ein  Sen- 
kloch  (6)  zum  Aufnehmen  des  abgedeckten 
Kopfs  (44;  62)  des  Befestigungselements  (36; 

5  58)  befindet;  und 

wobei  der  abgedeckte  Kopf  (44;  62)  zusam- 
men  mit  der  au/Seren  Oberflache  der  au/Seren 
Haut  (2)  eine  aerodynamische  Oberflache  bil- 

io  det,  welche  genugend  kontinuierlich  ist,  urn 
einen  ri/Sfreien  Anstrich  (8),  der  eine  gleichfor- 
mige  Dicke  hat,  aufzunehmen  und  aufrechtzu- 
erhalten; 

15  dadurch  gekennzeichnet,  da/S  der  Kopf  (44; 
62)  mittels  einer  Kappe  (50;  70)  aus  dielektri- 
schem  Material,  die  daran  befestigt  ist,  abge- 
deckt  ist; 

20  die  Kappe  (50;  70)  so  geformt  und  dimensio- 
niert  ist  und  genugend  Elastizitat  hat,  urn  im 
wesentlichen  Spalte  zwischen  dem  oberen  Teil 
des  Kopfs  (44;  62)  und  inneren  Seitenwandtei- 
len  des  Senklochs  (6)  zu  fullen. 

25 
2.  Die  Kombination,  die  im  Anspruch  1  beschrie- 

ben  ist, 
dadurch  gekennzeichnet,  da/S  die  Kappe  (50; 
70)  einen  oberen  Teil  (52;  72)  hat,  welcher  die 

30  Oberseite  des  Kopfs  (44;  62)  abdeckt,  urn  ei- 
nen  Teil  der  aerodynamischen  Oberflache  zu 
bilden,  und  einen  ringformigen  Seitenteil  (54), 
welcher  Seitenteile  des  Kopfs  (44;  62)  abdeckt 
und  sich  von  dem  oberen  Teil  (52;  72)  der 

35  Kappe  (50;  70)  nach  einwarts  in  das  Senkloch 
(6)  erstreckt. 

3.  Die  Kombination,  die  im  Anspruch  1,  beschrie- 
ben  ist, 

40  in  welcher  die  obere  Oberflache  des  Kopfs 
(44)  im  wesentlichen  mit  der  aerodynamischen 
Oberflache  ubereinstimmt,  wobei  der  Schaft 
(38)  ein  axiale  Werkzeugaufnahmeausnehmung 
(42)  in  seinem  dem  Kopf  (44)  entgegengesetz- 

45  ten  Ende  hat,  und  wobei  die  Kappe  (50)  eine 
kontinuierliche  integrale  Schicht  (52)  aus  die- 
lektrischem  Material  aufweist,  welche  die  obere 
Oberflache  des  Kopfs  (44)  abdeckt  und  eine 
im  wesentlichen  gleichformige  Dicke  hat,  so 

50  da/S  sie  einen  Teil  der  aerodynamischen  Ober- 
flache  bildet. 

4.  Die  Kombination,  die  im  Anspruch  2  beschrie- 
ben  ist, 

55  dadurch  gekennzeichnet,  da/S  die  obere 
Oberflache  des  Kopfs  (44)  im  wesentlichen  mit 
der  aerodynamischen  Oberflache  uberein- 
stimmt,  der  Schaft  (38)  eine  axiale  Werkzeug- 
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aufnahmeausnehmung  (42)  in  seinem  dem 
Kopf  (44)  entgegengesetzten  Ende  hat,  und 
der  obere  Teil  (52)  der  Kappe  (50)  von  einer 
kontinuierlichen,  integralen  Schicht  von  dielek- 
trischem  Material  von  im  wesentlichen  gleich- 
formiger  Dicke  gebildet  ist. 

5.  Die  Kombination,  die  im  Anspruch  1  beschrie- 
ben  ist, 
dadurch  gekennzeichnet,  da/S  in  der  oberen 
Oberflache  des  Kopfs  (62)  eine  Werkzeugauf- 
nahmeausnehmung  (66)  vorhanden  ist;  und  die 
Kappe  (70)  eine  Schicht  (72)  aus  dielektri- 
schem  Material  von  im  wesentlichen  gleichfor- 
miger  Dicke  umfa/St,  welche  die  obere  Oberfla- 
che  bedeckt  und  die  Ausnehmung  (66)  und 
einen  Korper  (74)  aus  dielektrischem  Material 
umgibt,  der  so  geformt  ist,  da/S  er  die  Ausneh- 
mung  (66)  f  u  lit  und  zusammen  mit  der  Schicht 
(72)  einen  Teil  der  aerodynamischen  Oberfla- 
che  bildet,  und  der  in  der  Ausnehmung  (66) 
positioniert  wird,  nachdem  das  Befestigungs- 
element  (58)  zum  Befestigen  der  Strukturen  (,2 
4)  positioniert  worden  ist. 

6.  Die  Kombination,  die  im  Anspruch  2  beschrie- 
ben  ist, 
dadurch  gekennzeichnet,  da/S  in  der  oberen 
Oberflache  des  Kopfs  (62)  eine  Werkzeugauf- 
nahmeausnehmung  (66)  vorhanden  ist;  und  der 
obere  Teil  (72)  der  Kappe  (70)  eine  Schicht 
von  dielektrischem  Material  von  im  wesentli- 
chen  gleichformiger  Dicke  umfa/St,  welche  die 
obere  Oberflache  bedeckt  und  die  Ausneh- 
mung  (66)  umgibt,  und  einen  Korper  (74)  aus 
dielektrischem  Material,  der  so  geformt  ist,  da/S 
er  die  Ausnehmung  (66)  f  u  lit  und  zusammen 
mit  der  Schicht  den  Teil  der  aerodynamischen 
Oberflache  bildet,  und  der  in  der  Ausnehmung 
(66)  positioniert  wird,  nachdem  das  Befesti- 
gungselement  (58)  zum  Befestigen  der  Struk- 
turen  (2,  4)  positioniert  worden  ist. 

7.  Verfahren  zum  Befestigen  einer  Flugzeugstruk- 
tur  mit  einer  au/Seren  Haut  (2)  aus  einem 
Kunststoffmaterial  an  einer  anderen  Flugzeug- 
struktur  (4)  und  zum  Verhindern,  da/S  Blitz- 
schlage  eine  innere  Funkenbildung  oder  Bo- 
genbildung  in  den  Strukturen  (2,  4)  bewirken, 
wobei  das  Verfahren  folgendes  umfa/St: 

Ausbilden  eines  Senklochs  (6)  in  der  au/Seren 
Haut  (2); 

5  Positionieren  des  Befestigungselements  (36; 
58)  zum  Befestigen  der  Strukturen  (2,  4)  anein- 
ander,  umfassend  das  Positionieren  des  Kopfs 
(44;  62)  in  dem  Senkloch; 

io  Bedecken  eines  oberen  Teils  des  Kopfs  (44; 
62),  urn  zu  verhindern,  da/S  sich  Blitzschlage 
an  das  Befestigungselement  (36;  58)  anheften; 
und 

is  Ausbilden  einer  aerodynamischen  Oberflache 
aus  dem  bedeckten  Kopf  (44,  62)  und  au/Seren 
Oberflachenteilen  der  au/Seren  Haut  (2),  die 
das  Loch  umgibt,  welche  aerodynamische 
Oberflache  genugend  kontinuierlich  zum  Auf- 

20  nehmen  und  Aufrechterhalten  eines  ri/Sfreien 
Anstrichs  (8)  ist,  der  eine  gleichformige  Dicke 
hat; 

dadurch  gekennzeichnet,  da/S  der  Kopf  (44; 
25  62)  mittels  einer  Kappe  (50,  70)  aus  dielektri- 

schem  Material,  die  daran  befestigt  wird,  be- 
deckt  wird;  und 

das  Befestigungselement  (36;  58)  so  positio- 
30  niert  wird,  da/S  es  ermoglicht  wird,  da/S  die 

Kappe  (50;  70)  im  wesentlichen  Spalte  zwi- 
schen  dem  oberen  Teil  des  Kopfs  (44,  62)  und 
inneren  Seitenwandteilen  des  Senklochs  (6) 
fullt. 

35 
8.  Verfahren,  wie  im  Anspruch  7  beschrieben, 

dadurch  gekennzeichnet,  da/S  der  Schritt  des 
Ausbildens  der  aerodynamischen  Oberflache 
das  Fullen  einer  Werkzeugaufnahmeausneh- 

40  mung  (66)  in  der  Oberseite  des  Kopfs  (62)  mit 
einem  dielektrischen  Material  (74)  nach  dem 
Positionieren  des  Befestigungselements  (58) 
zum  Befestigen  der  Strukturen  (2,  4)  aneinan- 
der  umfa/St. 

45 

50 

Vorsehen  eines  Befestigungselements  (36;  58), 
das  einen  Schaft  (38;  60)  und  einen  Kopf  (42, 
62)  hat,  von  denen  jeder  aus  einem  Metall 
hergestellt  ist,  welches  elektrisch  leitfahiger  als  55 
das  Kunststoffmaterial  ist  und  das  genugend 
Festigkeit  zum  Tragen  von  Lasten  einer  vorbe- 
stimmten  Gro/Se  hat; 
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