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©  Composite  core  fastener. 

@  A  fastener  (10)  comprises  composite  head  and 
shank  portions  (12,  14)  having  an  encapsulating  met- 
al  sheath  (16)  thereon  that  is  electrically  isolated 
from  conductive  fibers  (24)  in  the  head  and  shank 
portions  and  from  an  exposed  surface  of  the  head 
portion. 
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COMPOSITE  CORE  FASTENER 

BACKGROUND  OF  THE  INVENTION 

Combination  metal  and  composite  fasteners 
exhibit  a  relatively  high  'strength-to-weight  ratio  that 
renders  them  usable  for  aircraft  applications,  par- 
ticularly  fastening  of  skin  panels.  However,  since  an 
aircraft  is  exposed  to  lightening  strikes  in  flight, 
precaution  must  be  taken  to  dissipate  the  electrical 
energy  of  the  lightening  strike  without  compromis- 
ing  the  structural  integrity  of  the  airframe.  This  has 
heretofore  presented  a  problem  since  composite 
materials  are  generally  less  conductive  than  the 
metallic  components  of  the  fastener.  When  elec- 
trical  continuity  across  the  exterior  surface  of  a 
composite  airfoil  is  disrupted,  an  electrical  potential 
tends  to  build  up,  often  resulting  in  an  arc  which,  in 
some  cases,  can  destroy  the  fastener. 

A  specific  problem  that  is  addressed  by  the 
instant  invention  is  the  problem  experienced  when 
an  unshielded  electrically  conductive  bolt,  rivet,  or 
the  like,  is  seated  in  an  aperture  in  a  composite 
structure.  When  lightening  strikes  the  surface  of  the 
composite  structure,  the  electrical  energy  is  con- 
ducted  by  the  carbon  filaments  thereof  until  the 
metallic  portion  of  the  bolt  or  fastener  is  reached. 
Because  the  bolt  presents  less  electrical  resistance 
than  the  carbon  fibers  of  the  composite  skin,  the 
electrical  energy  tends  to  follow  the  bolt.  However, 
because  the  conductive  path  offered  by  the  bolt  is 
discontinuous,  the  structural  integrity  thereof  is  of- 
ten  compromised  due  to  subsequent  capacitive  di- 
scharge  of  the  electrical  energy. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a.  cross-sectional  view  of  an  en- 
capsulated  bolt  in  accordance  with  one  embodi- 

5  ment  of  the  instant  invention; 
Figure  2  is  a  view  similar  to  Fig.  1  of  a 

second  embodiment  of  the  instant  invention. 
Figure  3  is  a  view  similar  to  Fig.  1  of  another 

embodiment  of  the  instant  invention;  and 
10  Figure  4  is  a  view  similar  to  Fig.  1  of  yet 

another  embodiment  of  the  instant  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
75  EMBODIMENT  OF  THE  INVENTION 

As  seen  in  Fig.  1  of  the  drawing,  a  fastener  1  0, 
in  accordance  with  a  constructed  embodiment  of 
the  present  invention,  comprises  a  composite  head 

20  portion  12,  a  composite  shank  portion  14  and  a 
metal  sheath  16.  A  lower  end  17  of  the  shank 
portion  14  and  sheath  16  is  threaded  for  the  accep- 
tance  of  a  conventional  nut  18.  The  fastener  10  is 
utilized  to  fasten  two  sheets  of  composite  material 

25  20  and  22  to  one  another. 
The  composite  head  portion  12  and  shank  por- 

tion  14  of  the  fastener  10  comprise  conductive 
carbon  fibers  24,  embedded  in  a  non-conductive 
resin  matrix  26.  It  has  been  found  that  density  of 

so  the  carbon  fibers  24  to  the  resin  26  of  70%  by 
weight  results  in  optimum  physical  characteristics. 
Because  each  of  the  carbon  fibers  -24  is  surround- 
ed  by  resin  26,  insulation  is  provided  between 
adjacent  fibers  24  and  between  the  fibers  24  and 

35  the  metal  sheath  1  6  of  the  fastener  1  0. 
It  is  to  be  noted  that  an  upper  end  portion  27 

of  the  metal  sheath  16  terminates  well  below  an 
upper  surface  28  on  the  composite  head  portion  12 
of  the  fastener  10  whereby  the  sheath  16  is  in- 

40  sulated  from  electrical  discharges,  for  example,  a 
lightening  strike,  traveling  across  an  upper  surface 
30  of  the  workpiece  20. 

As  seen  in  Fig.  2  of  the  drawings,  an  encap- 
sulated  fastener  40,  in  accordance  with  another 

<5  embodiment  of  the  present  invention,  comprises  a 
composite,  truncated  conical  head  portion  42,  and 
a  cylindrical  shank  portion  44.  The  shank  portion 
44  is  encased  in  a  metal  sleeve  46  having  a 
threaded  end  portion  48  for  the  acceptance  of  a 

50  conventional  nut  50.  The  fastener  40  is  utilized  to 
fasten  two  sheets  of  composite  material  52  and  54 
to  one  another.  The  head  and  shank  portion  42  and 
44  comprise  carbon  fibers  56  embedded  in  an 
insulating  resin  matrix  58. 

SUMMARY  OF  THE  INVENTION 

The  fastener  of  the  instant  invention  addresses 
the  problem  of  lightening  strike  by  insulating  the 
metallic  portion  thereof  from  the  surface  of  a  com-  40 
posite  structure.  This  is  accomplished  by  terminat- 
ing  the  metallic  portion  of  the  fastener  short  of  the 
outer  surface  of  a  composite  head  portion  thereof. 
Electrical  energy  conducted  by  the  carbon  fibres  of 
the  composite  structure  thus  have  a  path  across  45 
the  composite  head  of  the  bolt  to  the  fibers  on  the 
far  side  of  the  aperture  containing  the  bolt  thus 
allowing  energy  to  dissipate  across  the  entire  skin 
of  the  aircraft  as  opposed  to  being  directed  lat- 
erally  into  the  highly  conductive  metallic  portion  of  50 
the  bolt. 
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ii  louiauui  i  is  pruvioea  Deiween  xne  snarm  44 
and  metal  sleeve  46  by  a  nonconductive  composite 
sheath  60  made  from,  for  example,  Kevlar  fibers,  in 
a  resin  matrix.  The  .sheath  60  provides  electrical 
insulation  between  an  upper  surface  62  on  the 
head  portion  42  of  the  fastener  40  and  the  metal 
sleeve  46. 

As  seen  in  Fig.  3  of  the  drawing,  a  fastener  70, 
in  accordance  with  another  embodiment  of  the 
present  invention,  comprises  a  composite  head 
portion  72,  a  composite  shank  portion  74  and  a 
metal  sheath  76.  A  lower  end  78  of  the  sheath  76 
is  threaded  for  the  acceptance  of  a  conventional 
nut  80.  The  fastener  70  is  utilized  to  fasten  two 
sheets  of  composite  material  82  and  84  to  one 
another. 

The  composite  head  portion  72  and  shank  por- 
tion  74  of  the  fastener  70  contain  conductive  car- 
bon  fibers  86,  embedded  in  a  nonconductive  resin 
matrix  88.  It  has  been  found  that  density  of  the 
sarbon  fibers  86  to  the  resin  88  of  70%  by  weight 
results  in  optimum  physical  characteristics.  Be- 
cause  each  of  the  carbon  fibers  86  is  surrounded 
ay  resin  88,  insulation  is  provided  between  adja- 
cent  fibers  86  and  between  the  fibers  86  and  the 
Tietal  sheath  76  of  the  fastener  70. 

An  upper  end  portion  90  of  the  metal  sheath  76 
:erminates  well  below  an  upper  surface  92  on  the 
lead  portion  72  of  the  fastener  70  whereby  the 
netal  sheath  76  is  insulated  from  electrical  di- 
scharges,  for  example,  a  lightening  strike,  traveling 
across  an  upper  surface  94  of  the  workpiece  82. 

To  provide  further  insulation,  an  insulating 
sleeve  100  is  provided  between  the  composite 
shank  74  and  metal  sleeve  76  made  from,  for 
jxample,  Kevlar. 

In  accordance  with  this  embodiment  of  the 
nvention,  another  nonconductive  sheath  110  of,  for 
sxample,  Kevlar  composite,  extends  exteriorly  of 
he  metal  sleeve  76  from  a  point  on  the  head  72  of 
he  fastener  70  adjacent  the  upper  end  of  the 
ileeve  100  to  the  lower  surface  of  the  workpiece 
54.  An  insulating  washer  112  completes  electrical 
solation  of  the  metal  sheath  from  the  workpieces 
J2  and  84. 

As  seen  in  Fig.  4  of  the  drawings,  an  encap- 
:ulated  fastener  140,  in  accordance  with  another 
jmbodiment  of  the  present  invention,  comprises  a 
:omposite,  truncated  conical  head  portion  142,  and 
1  cylindrical  shank  portion  144.  The  shank  portion 
44  is  encased  in  a  metal  sleeve  146  having  a 
hreaded  end  portion  148  for  the  acceptance  of  a 
onventional  nut  150.  The  fastener  140  is  utilized  to 
asten  two  sheets  of  composite  material  152  and 
54  to  one  another.  The  head  and  shank  portion 
42  and  144  may  comprise  conductive  carbon  fi- 
lers  156  embedded  in  an  insulating  resin  matrix 
58. 

insulation  is  provided  between  the  shank  144 
and  metal  sleeve  1  46  by  a  nonconductive  compos- 
ite  sheath  60  made  from,  for  example,  Kevlar.  In 
this,  embodiment,  an  external  nonconductive  sheath 

5  170  is  provided  for  the  entire  metal  sheath  146  and 
head  portion  142  of  the  fastener  140  to  provide  an 
extra  measure  of  electrical  insulation  to  the  metal 
element  146.  A  washer  172  electrically  isolates  the 
metal  sheath  146  and  nut  150  from  the  workpieces 

w  152  and  154. 
While  the  preferred  embodiment  of  the  inven- 

tion  has  been  disclosed,  it  should  be  appreciated 
that  the  invention  is  susceptible  of  modification 
without  departing  from  the  scope  of  the  following 

15  claims. 

Claims 

20  1.  A  fastener  comprising  a  composite  core 
having  an  enlarged  head  portion  at  one  end  and  a 
shank  portion  at  the  other  end,  and  a  metal  sleeve 
encapsulating  the  shank  portion  of  said  core  and  a 
portion  of  the  head  portion,  said  metal  sleeve  being 

?5  spaced  axially  from  an  axial  end  face  of  the  head 
portion  whereby  said  metal  sleeve  is  electrically 
isolated  from  the  end  surface  on  the  head  portion 
of  said  fastener. 

2.  A  composite  core  fastener  in  accordance 
!o  with  claim  1  wherein  an  outer  surface  of  said 

sleeve  is  threaded  for  the  acceptance  of  a  nut. 
3.  A  composite  core  fastener  in  accordance 

with  claim  1  wherein  said  core  comprises  a  plural- 
ity  of  electrically  conductive  fibers  electrically  iso- 

15  lated  from  one  another  and  from  said  metal  sleeve 
by  a  non-conductive  resin  matrix. 

4.  A  composite  core  fastener  comprising  an 
enlarged  head  portion  at  one  end  and  a  shank 
portion  at  the  other  end,  a  metal  sleeve  encapsulat- 

'@0  ing  the  shank  portion  of  said  fastener  and  a  portion 
of  the  head  portion  thereof,  said  metal  sleeve  ter- 
minating  below  an  upper  end  surface  of  the  head 
portion  of  said  fastener,  and  a  nonconductive 
sheath  interposed  between  the  composite  shank 

5  portion  and  metal  sleeve  of  said  fastener  to  further 
electrically  isolate  said  metal  sleeve  from  the  upper 
end  surface  on  the  head  portion  of  said  fastener. 

5.  A  composite  core  fastener  for  a  composite 
workpiece,  said  fastener  comprising  an  enlarged 

0  head  portion  at  one  end  and  a  shank  portion  at  the 
other  end,  a  metal  sleeve  encapsulating  the  shank 
portion  of  said  fastener  and  a  portion  of  the  head 
portion  thereof,  said  metal  sleeve  terminating  below 
an  upper  end  surface  of  the  head  portion  of  said 

5  fastener,  a  nonconductive  sheath  interposed  be- 
tween  the  composite  shank  portion  and  metal 
sleeve  of  said  fastener  to  electrically  isolate  said 
metal  sleeve  from  the  upper  end  surface  on  the 
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head  portion  of  said  fastener  and  a  nonconductive 
sheath  surrounding  the  exterior  of  said  metal 
sleeve  to  electrically  isolate  said  metal  sleeve  from 
said  composite  workpiece. 

'6.  A  composite  core  fastener  in  accordance  5 
with  claim  5  wherein  the  nonconductive  sheath 
surrounding  said  metal  sleeve  envelops  the  entire 
axially  extending  surface  of  the  head  portion  of 
said  fastener. 
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