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©  Energy  absorbing  joints. 

©  An  energy  absorbing  joint  for  joining  separate 
portions  of  a  structure  at  least  one  of  which  is  a 
composite  material  portion  includes  clamping  means 
located  on  a  surface  of  the  composite  portion,  fas- 
tener  means  extending  through  complementary 
holes  in  the  joint  portions  for  joining  the  clamping 
means  and  joint  portions  together  and  composite 
material  release  means  in  the  surface  of  the  clamp- 
ing  means  to  permit  the  controlled  release  of  com- 
posite  material  debris  derived  from  disintegration  of 
the  bearing  surface  of  the  hole  in  the  composite 
portion  and  caused  by  an  excess  load  on  the  joint. 
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Energy  Absorbing  Joints 

This  invention  relates  to  energy  absorbing 
joints  and  is  particularly  concerned  with  such  joints 
for  composite  material  structural  components. 

Composite  materials  have  become  widely  used 
in  the  aircraft  industry  so  it  is  not  surprising  that  5 
the  increased  emphasis  in  the  development  of 
mechanisms  and  concepts  for  absorbing  crash  en- 
ergies  in  order  to  protect  the  occupants  in  the 
event  of  a  crash  or  hard  landing  have  included 
proposals  using  such  materials.  to 

US-A-4593870  discloses  an  energy  absorbing 
composite  structure  comprising  a  thin  composite 
panel  having  a  large  angle  curved  portion  at  one 
end  which  initiates  progressive  crushing  and  local 
folding  of  the  panel  in  the  event  of  high  end  load-  15 
ing  on  the  panel. 

GB-A-2020780B  describes  a  composite  fibrous 
tube  energy  absorber  designed  particularly  for  a 
helicopter  seat  or  undercarriage  in  which  a  force 
applied  at  one  end  of  an  elongated  composite  tube  20 
causes  disintegration  of  the  tube  by  reaction  with 
an  anvil  at  its  other  end. 

These  sacrificial  uses  of  composite  materials 
have  therefore  been  shown  to  be  an  effective  en- 
ergy  absorption  mechanism;  however,  they  both  25 
rely  on  the  fragmentation  and  destruction  of  ma- 
terial  to  absorb  energy  and,  in  that  respect  they 
may  not  be  entirely  suitable  for  use  in  a  structure 
for  supporting  large  mass  items  such  as  engines 
and  transmission  systems.  In  some  installations,  30 
particularly  many  modem  helicopters,  where  the 
engines  and  transmission  systems  are  located 
above  a  cabin,  post  failure  structural  strength  and 
mass  retention  is  of  paramount  importance  in  pro- 
viding  occupant  crash  protection.  Furthermore,  the  35 
above  referenced  prior  devices  are  only  effective 
under  axial  loading  so  that  without  additional  sup- 
port  structure  off-axis  loading  may  produce  cata- 
strophic  instabilities  resulting  in  structural  collapse 
and  a  minimum  of  energy  absorption.  40 

Accordingly,  the  invention  provides  an  energy 
absorbing  joint  for  joining  separate  portions  of  a 
structure  at  least  one  of  which  is  a  composite 
material  portion,  comprising  clamping  means  for 
location  on  a  surface  of  the  composition  portion,  45 
fastener  means  extending  through  complementary 
holes  in  the  joint  portions  for  securing  the  clamping 
means  and  joint  portions  together  and  composite 
material  release  means  in  that  surface  of  the 
clamping  means  which  contacts  the  surface  of  the  so 
composite  portion  to  permit  the  controlled  release 
of  composite  material  debris  derived  from  disinte- 
gration  of  the  bearing  surface  of  the  hole  in  the 
composite  portion  and  caused  by  an  excess  load 
on  the  joint. 

In  one  form  of  the  invention  the  composite 
material  release  means  may  comprise  a  counter- 
bore  in  the  contact  surface  of  the  clamping  means 
and  concentric  of  the  fastener  means  and  in  an- 
other  form  may  comprise  at  least  one  groove  in  the 
contact  surface  of  the  clamping  means  and  extend- 
ing  between  the  fastener  means  and  an  external 
surface  of  the  clamping  means.  Preferably,  the 
width  of  the  groove  is  greater  than  a  diametral 
dimension  of  the  fastener  means. 

The  fastener  means  may  comprise  a  bolt  lo- 
cated  tfirough  the  holes  in  the  joint  portions  and  a 
mating  hole  in  the  clamping  means. 

The  clamping  means  may  comprise  a  splice 
plate  for  joining  said  separate  portions  by  way  of  a 
butt  type  joint  or,  alternatively,  may  comprise  a 
perforated  annular  disc  for  joining  said  separate 
portions  by  way  of  a  lap  type  joint. 

The  invention  will  now  be  described  by  way  of 
example  only  and  with  reference  to  the  accom- 
panying  drawings  in  which, 

Figure  1  is  a  schematic  drawing  of  a  test 
apparatus  used  to  demonstrate  the  present  inven- 
tion, 

Figure  2  is  a  sectioned  view  taken  on  lines 
A-A  of  Figure  1  , 

Figure  3  is  a  schematic  drawing  of  the  test 
apparatus  of  Figure  1  following  a  test  procedure, 

Figure  4  is  a  sectioned  view  taken  along 
lines  B-B  of  Figure  3, 

Figures  5  and  6  are  dynamic  load/time 
curves  showing  the  results  of  tests  undertaken  to 
illustrate  features  of  the  invention, 

Figure  7  is  a  plan  view  of  a  joint  constructed 
in  accordance  with  one  embodiment  of  the  inven- 
tion, 

Figure  8  is  a  sectioned  view  taken  on  lines 
C-C  Figure  7, 

Figure  9  is  a  sectioned  view  taken  on  lines 
D-D  of  Figure  8, 

Figure  10  is  a  plan  view  of  a  joint  con- 
structed  in  accordance  with  a  further  embodiment, 

Figure  1  1  is  a  sectioned  view  taken  on  lines 
E-E  Figure  1  0, 

Figure  12  is  a  side  view  of  a  joint  con- 
structed  in  accordance  with  yet  another  embodi- 
ment,  and 

Figure  13  is  a  sectional  view  taken  on  lines 
F-Fof  Figure  12. 

In  considering  the  aforementioned  problems 
associated  with  prior  composite  material  energy 
absorption  devices  the  inventor  was  concerned  to 
investigate  the  potential  of  such  composite  material 
in  non-sacrificial  energy  absorption  applications.  A 
research  study  was  initiated  with  the  objective  of 

2 



3 0  292  222 4 

evaluating  the  energy  absorption  potential  of  the 
bearing  surface  area  of  loaded  holes  in  composite 
material. 

Several  test  coupons  were  produced  using  un- 
idirectional  carbon  fibre  material  in  an  epoxy  resin. 
The  test  coupons  were  ail  50mm  wide  and  2mm 
thick  with  various  orientations  of  the  carbon  fibres. 
These  include  ±45  degree  layups,  0/90/0  degree 
layups  and  ±45/90  degree  layup  sequences. 

Figures  1  to  4  inclusive  illustrate  schematically 
the  test  apparatus  and  procedure  used  in  the 
study.  Thus,  a  composite  material  test  coupon  21 
is  anchored  at  one  end  as  shown  at  22.  Two 
identical  perforated  annular  discs  in  the  form  of 
washers  23  are  clamped  on  opposed  faces  of  the 
coupon  21  by  a  6mm  diameter  bolt  24  extending 
through  complementary  holes  in  the  washers  23 
and  the  test  coupon  21  . 

The  internal  surface  of  both  washers  23,  i.e. 
the  surface  that  contacts  the  test  coupon,  is  pro- 
vided  with  a  composite  material  release  passage  in 
the  form  of  a  groove  25  extending  across  the  entire 
diameter  so  as  to  extend  between  the  surface  of 
the  bolt  hole  and  diametrically  opposed  surfaces  of 
the  washers  23. 

It  is  to  be  noted  that,  for  comparison,  tests 
were  also  conducted  using  plain  washers,  i.e.  with- 
out  the  composite  material  release  passages,  and 
with  washers  having  an  alternative  construction  of 
composite  material  release  passage  in  the  form  of 
a  counterbore  in  the  contacting  surface  concentric 
with  the  attachment  hole. 

Static  and  dynamic  loads  were  then  applied  to 
various  of  the  test  coupons  as  illustrated  schemati- 
cally  by  arrows  26  in  Figures  1  and  2. 

The  results  of  the  tests,  which  will  be  dis- 
cussed  in  more  detail  hereinafter,  are  shown  sche- 
matically  for  convenience  in  Figures  3  and  4. 

Thus  a  load  applied  to  the  bolt  24  as  indicated 
by  arrows  26  eventually  caused  a  failure  at  the 
bearing  surface  area  of  the  hole  through  the  cou- 
pon  21  resulting  in  a  disintegration  of  the  bearing 
surface.  Composite  material  debris  derived  from 
this  surface  disintegration  is  automatically  released 
through  the  grooves  25  as  indicated  at  27  so  that 
undamaged  material  is  continuously  exposed  to  the 
loading  surface  of  the  bolt  24  to  enable  the  failure 
to  progress  in  a  controlled  manner  as  indicated  by 
the  resulting  elongated  shape  28  of  the  hole 
through  test  coupon  21  . 

The  graphs  of  Figures  5  and  6  are  dynamic 
load  (kN)/time  (ms)  curves  for  test  coupons  having 
a  ±45  degree  lay  up  (Figure  5)  ad  a  0,  ±45,  90 
degree  lay  up  (Figure  6). 

Testing  was  accomplished  with  an  input  energy 
of  137Nm  applied  at  9.5  metres/second  and  tests 
were  carried  out  using  plain  washers  (Figures  5a 
and  6a)  and  grooved  washers  (Figures  5b  and  6b). 

As  shown  in  Figure  5a  an  initial  steep  rise  in 
the  applied  load  caused  a  failure  at  point  33  after 
about  0.5ms  which  was  followed  by  catastrophic 
failure  at  point  34  after  about  2ms  and  an  overall 

5  extension  of  the  test  coupon  indicated  at  35  of 
about  5mm.  Comparing  now  the  results  shown  in 
Figure  5b  an  initial  failure  at  point  36  after  about 
0.5ms  is  followed  by  a  period  37  of  fairly  uniform 
loading  until  all  input  energy  is  absorbed  as  in- 

to  dicated  at  point  38.  This  occurred  in  a  time  of 
about  3.5ms  and  an  extension  indicated  at  39  of 
about  16mm. 

Generally  similar  results  were  obtained  with  the 
0,±45,  degree  lay  up  test  coupon  shown  in  Figure  6 

15  and  like  reference  numerals  are  used  to  indicate 
similar  criteria.  In  this  case  however,  the  extension 
35  before  catastrophic  failure  of  the  test  with  plain 
washers  (Figure  6a)  was  about  9mm. 

Further  tests  were  conducted  using  test  cou- 
20  pons  having  other  fibre  lay-up  orientations  with 

generally  similar  results.  Thus,  it  was  noted  that  all 
tests  using  plain  washers  resulted  either  in  cata- 
strophic  failure  of  the  test  coupon  or  extremely 
high  loadings,  whereas  in  the  comparable  tests 

25  with  the  grooved  washers,  no  catastrophic  failures 
were  noted  and  the  applied  loads  were  reduced. 

These  tests  therefore  showed  clearly  that  post 
bearing  surface  failure  characteristics  of  composite 
materials  are  highly  dependent  on  clamping  con- 

30  ditions.  Thus  the  tests  with  plain  washers  illustrated 
in  Figures  5a,  and  6a,  showed  that  the  respective 
test  coupons  were  not  capable  of  sustaining  bear- 
ing  surface  failures  over  extensions  greater  than 
about  9mm  without  catastrophic  tensile  or  shear 

35  failures,  and  this  is  thought  to  be  due  to  crushed 
material  binding  up  ahead  of  the  bolt  and  effec- 
tively  increasing  the  loaded  area.  This  results  in  a 
rapid  increase  in  supported  load  and  clearly  cata- 
strophic  failure. 

40  In  comparison,  the  tests  illustrated  in  Figures 
5b,  and  6b,  showed  that  by  providing  for  the  con- 
trolled  release  of  composite  material  debris  derived 
from  the  disintegration  of  the  bearing  surface  area, 
catastrophic  failure  could  be  prevented  or  at  least 

45  significantly  delayed.  Furthermore  it  is  noted  that 
the  sustained  failure  loads  remained  more  constant 
and  were  not  dependent  on  a  particular  laminate 
lay-up  sequence  or  fibre  orientation,  and  these 
features  are  due  to  the  removal  of  debris  from  the 

so  disintegration  of  the  bearing  surface  which  contin- 
ually  exposed  undamaged  material  to  the  loading 
surface. 

In  other  words,  it  had  been  shown  that  the 
shape  of  post  failure  deflection  curves  could  con- 

55  trolled  by  the  removal  of  damaged  material  from 
the  failure  surface  to  provide  a  mechanism  of  en- 
ergy  absorption  with  minimum  impact  on  post  fail- 
ure  structural  properties.  The  device  operates 
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equally  efficiently  under  either  tensile  or  compres- 
sive  loading  and  since  it  is  independent  of  laminate 
ply  orientation,  can  also  be  used  as  a  load  limiting 
rotary  joint  or  hinge. 

Figures  7  to  13  inclusive  illustrate  some  exem- 
plary  joint  configurations  constructed  in  accordance 
with  the  invention. 

Referring  first  to  Figures  7  to  9  inclusive,  two 
composite  material  portions  40  and  41  of  a  com- 
posite  structure  42  are  joined  through  a  butt  type 
joint  by  clamping  means  comprising  two  splice 
plates  43  and  44  attached  to  the  respective  por- 
tions  by  fastener  means  in  the  form  of  bolts  45 
extending  through  complementary  holes.  Compos- 
ite  material  release  means  are  provided  in  the  form 
of  grooves  46  in  the  surface  of  the  splice  plates  43 
and  44  which  contact  the  surfaces  of  the  composite 
portions  40  and  41  .  The  grooves  46  extend  across 
the  width  of  the  splice  plates  43  and  44  in  the 
vicinity  of  the  holes  so  as  to  provide  a  passageway 
between  the  holes  and  the  external  surfaces.  The 
width  of  grooves  46  is  greater  than  a  diametral 
dimension  of  the  bolts  45. 

Figures  10  and  11  illustrate  a  lap  type  joint  for 
joining  flat  composite  portions  47  and  48  utilising 
perforated  annular  disc  type  clamping  means  in  the 
form  of  washers  49  and  50  secured  by  a  bolt  51  . 
The  washers  49  and  50  each  have  a  composite 
material  release  groove  52  extending  diametrically 
across  its  inner  surface,  again  having  a  width  di- 
mension  greater  than  a  diametral  dimension  of  the 
bolts  51  . 

Figures  12  and  13  illustrate  a  lap  type  joint 
used  to  join  tubular  composite  portions  53  and  54 
according  to  the  invention.  The  portions  are  again 
secured  using  a  clamping  means  in  the  form  of 
washers  55  and  56  secured  by  bolts  57.  The  wash- 
ers  are  grooved  on  their  inner  surface  as  shown  at 
58  (Figure  13)  to  effect  release  of  composite  ma- 
terial  in  the  event  of  overloading  of  the  joint  and  in 
the  manner  hereinbefore  described. 

It  will  be  apparent  that  in  all  embodiment  an 
amount  of  overlap  of  the  components  of  the  joint  is 
necessary  to  facilitate  the  described  process  of 
energy  absorption,  and  that  the  amount  of  overlap 
will  determine  the  absorption  achieved  before  fail- 
ure  occurs  in  a  particular  joint. 

In  further  unillustrated  embodiments  the  wash- 
ers  of  Figures  10  to  13  can  comprise  continuous 
drilled  plates  grooved  on  their  inner  faces  at  all  bolt 
hole  locations  in  order  to  provide,  additionally,  local 
reinforcement  of  the  joint.  In  some  applications,  the 
composite  material  release  means  may  comprise  a 
counterbore  located  concentrically  around  the  fas- 
tener  means;  however,  it  is  not  considered  that 
such  an  embodiment  could  provide  the  full  advan- 
tages  of  the  grooves  since  tests  showed  that  the 
limited  volume  counterbore  would  eventually  be 

filled  up  with  material  from  the  disintegrating  sur- 
face  with  a  subsequent  rapid  increase  in  loading 
and,  consequently,  failure  of  the  joint.  A  load  limit- 
ing  rotary  joint  or  hinge  according  to  the  invention 

5  could  have  a  mechanical  pivot  about  which  rotary 
movement  occurs  during  overloading  with  a  plural- 
ity  of  the  energy  absorbing  joints  of  this  invention 
spaced  concentrically  around  the  pivot  so  that  the 
controlled  failure  of  the  composite  portion  take 

70  place  along  a  circular  path  centred  at  the  pivot. 
Whilst  several  embodiments  of  the  invention 

have  been  described  and  illustrated  it  will  be  un- 
derstood  that  many  modifications  may  be  made 
without  departing  from  the  scope  of  the  invention 

75  as  defined  in  the  appended  claims.  For  example 
the  clamping  means  with  the  composite  material 
release  passageway  may  be  provided  on  one  sur- 
face  only  of  the  joint  and  the  invention  can  there- 
fore  be  utilised  in  a  joint  between  a  composite 

20  portion  and  a  non-composite  (e.g.  metallic)  portion 
in  which  the  clamping  means  is  used  on  the  sur- 
face  of  the  composite  portion.  The  fastener  means 
such  as  the  bolts  51  of  the  embodiment  of  Figures 
10  and  11  could  be  formed  integral  with  the 

25  grooved  washers  49  in  which  case  the  circum- 
ference  of  the  washers  49  could  be  provided  with 
opposed  flat  portions  to  prevent  rotation  during 
clamping  of  portions  47  and  48.  Alternative  re- 
inforcing  materials  may  be  used  such  as  glass  or 

30  boron  fibres. 

Claims 

35  1  .  An  energy  absorbing  joint  for  joining  sepa- 
rate  portions  of  a  structure  at  least  one  of  which  is 
a  composite  material  portion,  characterised  by 
clamping  means  for  location  on  a  surface  of  the 
composite  portion,  fastener  means  extending 

40  through  complementary  holes  in  the  joint  portions 
for  securing  the  clamping  means  and  joint  portions 
together  and  composite  material  release  means  in 
that  surface  of  the  clamping  means  which  contacts 
the  surface  of  the  composite  portion  to  permit  the 

45  controlled  release  of  composite  material  debris  de- 
rived  from  disintegration  of  the  bearing  surface  of 
the  hole  in  the  composite  portion  and  caused  by  an 
excess  load  on  the  joint. 

2.  A  joint  as  claimed  in  Claim  1,  further  charac- 
50  terised  in  that  the  composite  material  release 

means  comprise  a  counterbore  concentric  of  said 
fastener  means. 

3.  A  joint  as  claimed  in  Claim  1  ,  further  charac- 
terised  in  that  the  composite  material  release 

55  means  comprise  at  least  one  groove  extending 
between  the  fastener  means  and  an  external  sur- 
face  of  the  clamping  means. 

4 
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4.  A  joint  as  claimed  in  Claim  3,  further  charac- 
terised  in  that  the  width  of  the  groove  is  greater 
than  a  diametral  dimension  of  the  fastener  means. 

5.  A  joint  as  claimed  in  any  preceding  claim, 
further  characterised  in  that  the  clamping  means  5 
comprise  a  splice  plate  for  joining  said  separate 
portions  by  way  of  a  butt  type  joint. 

6.  A  joint  as  claimed  in  any  preceding  claim, 
further  characterised  in  that  the  clamping  means 
comprise  a  perforated  annular  disc  for  joining  said  w 
separate  portions  by  way  of  a  lap  type  joint. 

7.  A  joint  as  claimed  in  any  preceding  claim, 
further  characterised  in  that  said  fastener  means 
comprises  a  bolt  located  through  the  holes  in  the 
joint  portions  and  a  mating  hole  in  the  clamping  15 
means. 
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