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Description 

BACKGROUND  OF  THE  INVENTION 

Composite  materials  exhibit  a  relatively  high 
strength-to-weight  ratio  that  renders  them  usable 
for  aircraft  applications,  particularly  skin  panels. 
However,  since  an  aircraft  is  exposed  to  lightening 
strikes  in  flight,  precautions  must  be  taken  to  effec- 
tively  ground  all  components  of  the  aircraft  relative 
to  one  another  in  order  to  dissipate  the  electrical  en- 
ergy  of  a  lightening  strike.  This  has  heretofore  pre- 
sented  a  problem  since  composite  materials  general- 
ly  contain  a  conductive  fiber,  for  example,  carbon 
fibers  that  are  insulated  from  one  another  by  a  res- 
in  matrix.  Where  the  fibers  are  continuous  the  elec- 
trical  energy  of  the  lightening  strike  is  dissipated  in- 
to  the  atmosphere.  However,  when  electrical  conti- 
nuity  is  disrupted,  the  electrical  potential  tends  to 
build  up,  resulting  in  an  arc  which,  in  some  cases, 
can  destroy  the  composite  structure  of  its  support- 
ive  structural  elements. 

A  specific  problem  that  is  addressed  by  the  in- 
stant  invention  is  the  problem  experienced  when  an 
electrically  conductive  bolt,  rivet,  or  the  like,  is 
seated  in  an  aperture  in  a  composite  material.  When 
lightening  strikes  the  composite  material,  the  elec- 
tric  energy  is  conducted  by  the  carbon  filaments  of 
the  composite  until  a  bolt  or  fastener  is  reached.  Be- 
cause  the  bolt  is  relatively  more  conductive  than 
the  carbon  fibers,  the  electrical  energy  tends  to  fol- 
low  the  bolt.  However,  because  the  conductive  path 
offered  by  the  bolt  is  discontinuous,  the  bolt  often 
melts  or  the  holding  power  thereof  is  compromised 
due  to  subsequent  arcing  of  the  electrical  energy. 

SUMMARY  OF  THE  INVENTION 

The  encapsulated  bolt  of  the  instant  invention  ad- 
dresses  the  problem  of  lightening  strike  by  provid- 
ing  for  electrical  continuity  across  the  head  of  the 
bolt  while  insulating  the  body  of  the  bolt  from  the 
surrounding  composite  matrix.  This  is  accomplished 
by  an  encapsulated  metal  bolt  comprising  a  head 
portion  at  one  end,  a  threaded  portion  at  the  other 
end,  a  shank  between  said  head  and  end  portions, 
and  a  cap  encapsulating  either  the  head  portion  only 
or  the  head  and  shank  portions  of  the  bolt  having  a 
plurality  of  conductive  fibers  therein  and  electrical- 
ly  isolated  therefrom.  The  fiber  matrix  should  have 
electrical  characteristics  similar  to  that  of  the  com- 
posite  material  in  which  the  bolt  resides.  Electrical 
energy  carried  by  the  carbon  fibers  of  the  compos- 
ite  skin  thus  has  a  path  across  the  head  of  the  bolt 
to  the  fibers  on  the  far  side  of  the  aperture  contain- 
ing  the  bolt  thus  allowing  the  energy  to  dissipate 
across  the  entire  skin  of  the  aircraft  as  opposed  to 
being  directed  laterally  and  terminating  in  the  highly 
conductive  bolt. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  cross-sectional  view  of  an  encapsu- 
lated  bolt  in  accordance  with  one  embodiment  of  the 

instant  invention. 
Figure  2  is  a  view  similar  to  Figure  1  of  a  second 

embodiment  of  the  instant  invention. 
Figure  3  is  a  view  similar  to  Figure  1  of  a  third  em- 

5  bodiment  of  the  invention. 
Figure  4  is  a  view  of  a  fourth  embodiment  of  the 

invention. 
Figure  5  is  a  view  of  a  composite  cap  prior  to  as- 

sembly  thereof  with  the  metal  portion  of  the  encap- 
10  sulated  bolt. 

Figure  6  is  a  view  taken  substantially  along  the 
line  6-6  of  Figure  4. 

Figure  7  is  a  view  taken  within  the  circle  7  of  Fig- 
ure  3. 

15  Figure  8  is  a  view  of  a  portion  of  the  manufactur- 
ing  process  of  the  bolt  of  Figure  4. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
20  EMBODIMENTS  OF  THE  INVENTION 

As  seen  in  Fig.  1  of  the  drawing,  an  encapsulated 
bolt  10  in  accordance  with  the  present  invention 
comprises  a  metal  head  portion  12,  a  shank  portion 

25  14  and  a  threaded  portion  16  for  the  acceptance  of  a 
conventional  nut  18.  The  bolt  10  is  utilized  to  fasten 
two  sheets  of  composite  material  20  and  22  to  one 
another. 

The  bolt  10  is  provided  with  a  composite  cap  30 
30  comprising  chopped  conductive  fibers,  for  example 

carbon  fibers,  embedded  in  a  resin  matrix.  It  has 
been  found  that  density  of  the  carbon  fibers  to  the 
resin  of  70%  by  weight  results  in  adequate  conduc- 
tivity  across  the  head  of  the  bolt.  Because  each  of 

35  the  carbon  fibers  is  surrounded  by  resin,  insulation 
is  provided  from  the  metal  portions  12  and  14  of  the 
bolt  10.  However,  because  the  outermost  fibers  of 
the  bolt  1  0  are  in  direct  contact  with  a  machined  or 
reamed  conical  bore  32  in  the  composite  sheet  20, 

40  electrical  continuity  is  provided  across  the  compos- 
ite  sheet  20. 

As  seen  in  Fig.  2  of  the  drawings,  an  encapsulat- 
ed  bolt  40,  in  accordance  with  another  embodiment 
of  the  present  invention,  comprises  a  truncated 

45  conical  metal  head  portion  42,  a  cylindrical  shank 
portion  44  and  a  threaded  end  portion  46  for  the  ac- 
ceptance  of  a  conventional  nut  48.  The  bolt  40  is 
utilized  to  fasten  two  sheets  of  composite  material 
50  and  52  to  one  another.  The  bolt  40  is  provided 

50  with  a  composite  cap  54  comprising  chopped  con- 
ductive  fibers,  for  example  carbon  fibers,  embed- 
ded  in  a  resin  matrix.  As  in  the  bolt  10,  a  density  of 
70%  by  weight  of  the  carbon  fibers  results  in  con- 
ductivity  across  the  head  of  the  bolt  40,  roughly 

55  equivalent  to  that  of  the  surrounding  composite  ma- 
terial.  Because  each  of  the  carbon  fibers  is  sur- 
rounded  by  resin,  insulation  is  provided  between 
the  cap  54  and  the  metal  head  portion  42  of  the  bolt 
40.  However,  because  the  outermost  fibers  of  the 

60  cap  portion  54  are  in  direct  contact  with  a  machined 
or  reamed  conical  bore  56  in  the  composite  sheet 
50,  electrical  continuity  is  provided  across  the  ap- 
erture  56  in  the  composite  sheet  50. 

As  seen  in  Fig.  3  of  the  drawings,  an  encapsulat- 
es  ed  bolt  60  in  accordance  with  the  present  invention 
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comprises  a  truncated  conical  metal  head  portion 
62,  a  cylindrical  shank  portion  64  and  a  threaded 
end  portion  66  for  the  acceptance  of  a  conventional 
nut  68.  The  bolt  60  is  utilized  to  fasten  two  sheets  of 
composite  material  70  and  72  to  one  another. 

The  head  62  and  shank  64  of  the  bolt  60  is  provid- 
ed  with  a  composite  sheath  74  comprising  chopped 
conductive  fibers,  for  example  carbon  fibers,  em- 
bedded  in  a  resin  matrix.  The  density  of  the  carbon 
fibers  in  the  resin  should  be  at  least  70%  by  weight. 
Because  each  of  the  carbon  fibers  is  surrounded 
by  resin,  insulation  is  provided  between  the  fibers 
and  the  metal  portions  62  and  64  of  the  bolt  60.  How- 
ever,  because  the  outermost  fibers  of  the  bolt  60 
are  abraided  and  are  in  direct  contact  with  a  ma- 
chined  or  reamed  conical  bore  76  in  the  composite 
sheet  70,  electrical  continuity  is  provided  across 
the  composite  sheet  70. 

As  seen  in  Fig.  4  of  the  drawings,  an  encapsulat- 
ed  bolt  80  in  accordance  with  yet  another  embodi- 
ment  of  the  present  invention  comprises  a  truncat- 
ed  conical  metal  head  portion  82,  a  shank  portion  84 
and  a  threaded  portion  86  for  the  acceptance  of  a 
conventional  nut  88.  The  bolt  80  is  utilized  to  fasten 
two  sheets  of  composite  material  90  and  92  to  one 
another. 

The  bolt  80  is  provided  with  a  composite  cap  94 
comprising  sandwiched  layers  of  parallel  conduc- 
tive  fibers,  for  example  carbon  fibers,  embedded  in 
a  resin  matrix.  The  density  of  the  carbon  fibers  in 
the  resin  is  not  as  critical  as  in  the  aforesaid  em- 
bodiments  of  the  invention.  Because  each  of  the 
carbon  fibers  is  surrounded  by  resin,  insulation  is 
provided  between  the  cap  94  and  the  metal  head  82 
of  the  bolt  80.  However,  because  the  outermost  fib- 
ers  of  the  cap  94  are  abraided  and  are  in  direct  con- 
tact  with  a  machined  or  reamed  conical  bore  96  in 
the  composite  sheet  90,  electrical  continuity  is  pro- 
vided  across  the  composite  sheet  90. 

As  seen  in  Fig.  5  of  the  drawings,  the  cap  94  com- 
prises  composite  preform  100  in  the  form  of  a  cup  of 
composite  material  for  the  acceptance  of  the  head 
portion  82  of  the  bolt  80.  The  cup  100  is  molded 
about  the  bolt  head  82  to  form  the  cap  94  discussed 
hereinbefore  which  is  thereafter  ground,  machined 
or  otherwise  abraided  to  remove  resin  from  the  out- 
ermost  carbon  fibers  to  facilitate  the  necessary 
electrical  contact  with  the  complementary  aperture 
96. 

As  seen  in  Fig.  6  of  the  drawings,  continuity  of 
the  carbon  fibers  102  in  the  uppermost  composite 
layer  90  is  interrupted  by  the  chamfered  bolt  hole  96 
drilled  therethrough.  However,  since  the  cap  94  on 
the  bolt  80  effectively  bridges  the  interrupted  car- 
bon  fibers,  electrical  continuity  is  maintained 
across  the  skin  of  the  composite  layer  90. 

Fig.  7  illustrates  the  electrical  engagement  be- 
tween  carbon  fibers  of  the  encapsulating  cap  por- 
tion  94  of  the  bolt  80  and  the  surrounding  bolt  hole 
96  in  the  composite  layer  90.  The  fibers  of  the  en- 
capsulated  bolt  80  are  exposed  or,  in  other  words, 
the  resin  surrounding  the  fibers  is  removed  by 
grinding,  abraiding,  etc.,  while  the  resin  surround- 
ing  the  carbon  fibers  1  02  in  the  composite  layer  90  is 
removed  incident  to  drilling  of  the  hole  96. 

Fig.  8  illustrates  one  method  of  abraiding  the  out- 
ermost  surface  of  the  encapsulating  cap  94  of  the 
bolt  80  in  order  to  expose  the  electrically  conduc- 
tive  reinforcing  fibers  thereof.  A  grinding  wheel  110 

5  is  rotated  about  an  axis  1  1  2  thereof  while  the  bolt  80 
is  rotated  about  its  axis  114. 

Claims 

10  1.  An  encapsulated  metal  bolt  comprising  a  head 
portion  at  one  end,  a  threaded  portion  at  the  other 
end,  a  shank  between  said  head  and  end  portions, 
and  a  cap  encapsulating  either  the  head  portion  only 
or  the  head  and  shank  portions  of  said  bolt  having  a 

15  plurality  of  conductive  fibers  therein  and  electrical- 
ly  isolated  therefrom. 

2.  An  encapsulated  bolt  in  accordance  with  claim  1 
wherein  the  radially  outermost  fibers  of  said  cap 
are  exposed  to  facilitate  electrical  contact  with  the 

20  fibers  intersecting  the  surface  of  a  complementary 
aperture. 

Patentanspriiche 

25  1  .  Eingekapselte  Befestigungsschraube  mit  einem 
Kopfabschnitt  an  einem  Ende,  einem  Gewindeab- 
schnitt  am  anderen  Ende  und  einem  Schaft  zwi- 
schen  Kopf-  und  Gewindeabschnitt  und  mit  einer 
Kappe,  die  entweder  nur  den  Kopfabschnitt  oder 

30  Kopfabschnitt  und  Schaft  der  Schraube  einkapselt 
und  eine  Vielzahl  leitender  Fasern  enthalt  sowie  ge- 
gen  die  Schraube  elektrisch  isoliert  ist. 

2.  Eingekapselte  Schraube  nach  Anspruch  1,  bei 
der  die  radial  auBersten  Fasern  der  Kappe  freilie- 

35  gen,  urn  elektrischen  Kontakt  mit  Fasern  zu  erleich- 
tern,  welche  die  Oberflache  einer  komplementaren 
Offnung  schneiden. 

Revendications 
40 

1  .  Boulon  metallique  encapsule  comprenant  une  te- 
te  a  une  extremite,  une  partie  filetee  a  I'autre  extre- 
mite,  une  tige  entre  ladite  tete  et  iadite  autre  extremi- 
te,  et  un  chapeau  encapsulant,  soit  seulement  la  te- 

45  te,  soit  la  tete  et  la  tige  dudit  boulon,  ayant  une 
pluralite  de  fibres  conductrices  a  Pinterieur  et  elec- 
triquement  isolees. 

2.  Boulon  encapsule  selon  la  revendication  1, 
dans  lequel  les  fibres  les  plus  exterieures  radiale- 

50  ment  dudit  chapeau  sont  degagees  pour  faciliter  le 
contact  ilectrique  avec  les  fibres  intersectant  la 
surface  d'une  ouverture  complSmentaire. 
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