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©  Explosive  expansion  of  metal  tubes. 

©  In  a  method  of  explosively  expanding  a  tubular 
metal  component  into  engagement  with  a  surround- 
ing  metal  component,  an  explosive  charge  is  dis- 
posed  axially  and  fired  in  an  insert  comprising  a 
hollow  cylindrical  container  fitting  closely  within  the 
portion  of  the  tubular  metal  component  to  be  ex- 
panded  and  having  charge  holding  means,  for  exam- 
ple  an  axial  pocket,  to  accommodate  the  explosive 
charge,  the  container  being  filled  with  a  shock  wave- 
transmitting  liquid.  Compared  with  solid  inserts,  the 
novel  hollow  insert  is  cheaper  and  requires  a  smaller 
explosive  charge  for  a  given  operation.  The  method 
is  especially  advantageous  for  expanding  large  di- 
ameter  tubes. 
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EXPLOSIVE  EXPANSION  OF  METAL  TUBES 

This  invention  relates  to  a  method  of  explo- 
sively  expanding  a  metal  tube  into  engagement 
with  a  surrounding  metal  component  and  to  a 
shock  wave-transmitting  insert  for  use  in  the  said  5 
method. 

The  expansion  of  metal  tubes  into  bores  in 
surrounding  metal  components  is  well  known  and 
is  employed,  for  example,  to  expand  tubes  into 
tubeplates  in  the  manufacture  of  boilers  and  heat  w 
exchangers.  The  joint  formed  between  the  tube  and 
the  surrounding  component  may  be  a  mechanical 
or  metallurgically  bonded  joint.  In  the  expansion 
process  an  explosive  charge  is  initially  located  and 
exploded  within  the  tube  bore  at  a  position  co-  75 
incident  with  a  surrounding  component.  In  one  ar- 
rangement  which  is  favoured  for  small  diameter 
tubes  the  explosive  charge  is  initially  disposed 
axially  within  a  thick-walled  tubular  shock  wave- 
transmitting  component  which  is  generally  termed  20 
an  insert.  Usually  the  insert  is  moulded  from  a 
material  such  as  polyethylene,  rubber  or  wax.  Be- 
fore  it  is  exploded,  the  explosive  charge  is  located 
in  the  insert  to  lie  symmetrically  at  the  axis  of  the 
tube  bore.  In  an  alternative  arrangement  which  is  25 
advantageous  for  larger  diameter  tubes  the  explo- 
sive  charge  is  initially  disposed  in  the  form  of  an 
annular  charge  in  close  proximity  to  the  tube  bore. 
The  annular  charge  is  more  economical  for  large 
tubes  since  the  large  inserts,  needed  for  axially  30 
disposed  charges  in  large  diameter  tubes  are  ex- 
cessively  expensive  due  to  the  large  volume  of 
material  required  and  the  long  moulding  time  re- 
quired  in  their  manufacture  in  order  to  avoid  cavita- 
tion.  Moreover,  heavier  axial  charges  are  required  35 
since  the  thicker  wall  of  the  insert  significantly 
attenuates  the  shock  wave  and  the  attenuation 
must  be  compensated  by  an  increased  charge. 
However,  a  serious  disadvantage  of  an  annular 
charge  is  that  it  must  be  initiated  by  a  complex  40 
initiation  system  in  order  to  obtain  simultaneous 
initiation  around  the  entire  circumference.since 
single-point  initiation  gives  rise  to  tube  damage 
when  the  separate  diverging  detonation  fronts  ema- 
nating  from  the  point  of  initiation  and  travelling  45 
around  the  tube  bore  circumference  meet  at  a 
position  diametrically  opposite  the  initiation  point 
(i.e.  the  "Dautriche"  effect). 

It  is  an  object  of  this  invention  to  provide  an 
improved  method  of  explosively  expanding  a  metal  50 
tube  into  a  surrounding  metal  component  by 
means  of  an  explosive  charge  axially  disposed 
within  the  tube,  the  method  being  suitable  for  ex- 
panding  large  diameter  tubes.  In  the  improved 
method  the  thick-walled  moulded  insert  used  with 

axially  disposed  charges  is  replaced  by  a  liquid 
filled  shell  which  is  formed  to  accommodate  the 
axial  charge  and  to  fit  closely  in  the  bore  of  the 
metal  tube.  The  hollow  thin-walled  insert  is  cheaper  > 
to  make  and  the  use  of  liquid  as  the  principal 
means  of  transmitting  the  radial  shock  wave  signifi- 
cantly  reduces  the  attenuation  of  the  shock  wave 
by  comparison  with  solid  materials  thus  reducing 
the  amount  of  explosive  charge  required  for  a 
given  operation. 

Thus  in  accordance  with  the  invention  a  meth- 
od  of  explosively  expanding  a  tubular  metal  com- 
ponent  into  engagement  with  a  surrounding  metal 
component  wherein  an  explosive  charge  is  dis- 
posed  axially  and  fired  within  a  shock  wave  trans- 
mitting  insert  located  within  the  portion  of  the  tubu- 
lar  metal  component  to  be  expanded,  is  charac- 
terised  in  that  the  shock  wave  transmitting  insert 
comprises  a  hollow  cylindrical  container  fitting 
closely  within  the  portion  of  the  tubular  metal  com- 
ponent  to  be  expanded  and  having  charge-holding 
means  to  accommodate  the  explosive  charge  and 
locate  it  axially  within  the  container,  the  container 
being  filled  with  a  shock  wave-transmitting  liquid, 
for  example  water. 

The  invention  also  includes  a  shock  wave- 
transmitting  insert  for  holding  an  explosive  charge 
axially  within  a  tubular  metal  element  to  be  ex- 
panded  and  to  transmit  the  shock  wave  from  the 
charge  to  the  tubular  metal  element  when  the 
charge  is  fired,  the  insert  comprising  a  hollow  cy- 
lindrical  container  and  charge-holding  means  to 
accommodate  an  explosive  charge  and  locate  it 
axially  within  the  container,  and  the  container  being 
adapted  in  use  to  be  filled  with  a  shock  wave- 
transmitting  liquid. 

The  charge-holding  means  conveniently  com- 
prises  a  pocket  extending  axially  into  the  container 
from  an  end-wall  of  the  container. 

The  hollow  cylindrical  container  is  preferably 
fabricated  from  synthetic  plastics  material  for  ex- 
ample,  polyethylene.  It  may  be  blow-moulded  but  a 
preferred  form  of  container  comprises  an  outer 
open-ended  cylindrical  shell  and  a  lid  for  closing   ̂
the  open  end  of  the  shell,  the  lid  having  a  pocket 
formed  therein  and  adapted  to  hold  the  explosive 
charge.  The  shell  and/or  the  lid  may,  for  example, 
be  spin-moulded  thermoplastics  material  such  as 
polyethylene. 

The  outer  shell  of  the  preferred  container  is 
advantageously  formed  with  an  external  flange  at 
its  open  end,  the  flange  being  operative  to  abut  an 
end  of  the  tubular  metal  element  which  is  to  be 
expanded  thereby  effecting  positive  axial  location 
of  the  insert  in  the  tubular  element. 
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The  joint  between  the  lid  and  the  shell  is  pref- 
erably  sealed  to  prevent  leakage  of  liquid  from  the 
interior  of  the  insert,  suitable  sealing  means  includ- 
ing  at  least  two  circumferential  inward  projections 
on  the  wall  of  the  outer  shell,  which  projections 
engage  the  periphery  of  the  lid. 

i  The  invention  is  further  illustrated  by  the  pre- 
ferred  embodiment  which  is  hereinafter  described 
with  reference  to  the  accompanying  drawing  which 
shows  in  longitudinal  medial  cross-section  an  insert 
of  the  invention  in  position  for  expanding  a  metal 
tube  into  engagement  with  a  tube  plate. 

As  shown  in  the  drawing  the  insert  10  com- 
prises  an  open-ended  cylindrical  container  11  and 
a  lid  12,  the  container  and  lid  both  being  fabricated 
from  moulded  polyethylene.  The  lid  has  an  axial 
tubular  pocket  13  formed  therein  and  is  held  in 
watertight  engagement  with  the  container  11  by 
internal  circumferential  projections  14  and  15  which 
grip  the  peripheral  edge  of  the  lid.  An  aperture  16 
is  formed  in  the  lid  12  through  which  the  interior  of 
the  insert  10  may  be  filled  with  water  17  or  excess 
water  can  be  drained  when  the  lid  is  lowered  into 
position  under  water  in  container  1  1  .  A  closure  plug 
18  is  provided  to  close  the  aperture  16  to  prevent 
water  loss  from  the  insert.  The  container  11  is 
formed  with  an  external  flange  19  at  its  open  end. 
The  pocket  13  is  filled  with  a  plastic  explosive 
charge  20.  For  firing  the  explosive  charge  20  an 
electric  detonator  21  is  inserted  into  the  outer  end 
of  the  charge. 

In  the  tube  expansion  operation  an  end  portion 
of  a  metal  tube  22  is  placed  in  an  aperture  of  an 
outer  metal  component  23  and  the  water-filled  in- 
sert  10  is  inserted  into  the  tube  22  until  the  flange 
19  abuts  the  tube  end.  When  the  charge  20  ex- 
plodes  the  tube  22  is  expanded  into  engagement 
with  the  outer  component  23. 

Claims 

1  .  A  method  of  explosively  expanding  a  tubular 
metal  component  into  engagement  with  a  surround- 
ing  metal  component  wherein  an  explosive  charge 
is  disposed  axially  and  fired  within  a  shock  wave- 
transmitting  insert  located  within  the  portion  of  the 
tubular  metal  component  to  be  expanded,  charac- 
terised  in  that 
the  shock  wave-transmitting  insert  comprises  a  hol- 
low  cylindrical  container  fitting  closely  within  the 
portion  of  the  tubular  metal  component  to  be  ex- 
panded  and  having  charge-holding  means  to  ac- 
commodate  the  explosive  charge  and  locate  it  ax- 
ially  within  the  container,  the  container  being  filled 
with  a  shock  wave-transmitting  liquid. 

2.  A  shock  wave-transmitting  insert  for  holding 
an  explosive  charge  axially  within  a  tubular  metal 
element  to  be  expanded  and  to  transmit  the  shock 
wave  from  the  said  charge  to  the  said  tubular  metal 

5  element  when  the  charge  is  fired,  characterised  in 
that 
the  said  insert  comprises  a  hollow  cylindrical  con- 
tainer  and  charge-holding  means  to  accommodate 
an  explosive  charge  and  locate  it  axially  within  the 

70  container,  said  container  being  adapted  in  use  to 
be  filled  with  a  shock  wave-transmitting  liquid. 

3.  An  insert  as  claimed  in  Claim  2  charac- 
terised  in  that  the  said  charge-holding  means  com- 
prises  a  pocket  extending  axially  into  the  container 

75  from  an  end  wall  of  the  container. 
4.  An  insert  as  claimed  in  Claim  2  or  Claim  3 

characterised  in  that  the  said  hollow  cylindrical 
container  is  fabricated  from  synthetic  plastics  ma- 
terial. 

20  5.  An  insert  as  claimed  in  Claim  4  charac- 
terised  in  that  the  hollow  cylindrical  container  is 
fabricated  from  polyethylene. 

6.  An  insert  as  claimed  in  any  one  of  Claims  2 
to  5  characterised  in  that  the  hollow  cylindrical 

25  container  is  a  blow  moulded  container. 
7.  An  insert  as  claimed  in  any  one  of  Claims  2 

to  5  characterised  in  that  the  hollow  cylindrical 
container  comprises 
an  outer  open-ended  cylindrical  shell  and  a  lid  for 

30  closing  the  open  end  of  said  shell,  said  lid  having  a 
pocket  formed  therein  and  adapted  to  hold  the 
explosive  charge. 

8.  An  insert  as  claimed  in  Claim  7  charac- 
terised  in  that  the  shell  and/or  the  lid  is  spin- 

35  moulded  thermoplastics  material. 
9.  An  insert  as  claimed  in  Claim  7  or  Claim  8 

characterised  in  that  the  outer  shell  is  formed  with 
an  external  flange  at  its  open  end,  said  flange 
being  operative  to  abut  an  end  of  a  tubular  metal 

40  element  which  is  to  be  expanded  thereby  effecting 
positive  axial  location  of  the  insert  in  said  tubular 
element. 

10.  An  insert  as  claimed  in  any  one  of  Claims  7 
to  9  characterised  in  that  the  wall  of  the  outer  shell 

45  has  at  least  two  circumferential  inward  projections 
which  projections  engage  the  periphery  of  the  lid  to 
seal  the  joint  between  said  lid  and  said  shell  to 
prevent  leakage  of  liquid  from  the  interior  of  the 
insert. 
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