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Method  of  and  apparatus  for  forming  the  end  of  a  flat  metal  tube,  and  closing  and  sealing  the  end 
thereof. 

©  A  method  of  forming  the  end  of  a  flat  metal  tube 
(10)  includes  mechanically  forming  a  corner  region 
(10a,  10b)  of  the  flat  metal  tube,  by  forming  the 
comer  with  an  impressing  tool  (21)  having  a  corner 
forming  workface  so  that  the  corner  is  thereby  given 
a  shape  corresponding  to  all  or  part  of  the  workface. 
The  method  of  forming  the  comer  region  includes 
initiating  a  seam  by  folding  together,  or  partially 
folding  together,  the  cut  edges  of  the  flat  metal  tube 
and  forming  a  curved  vee-shape  which  is  located 
centrally  about  a  plane  parallel  to  the  flat  sides  of 
the  tube  and  with  the  apex  of  the  vee-shape  towards 
the  adjacent  tube  corner  by  using  a  lead-in  surface 
(22)  on  the  impressing  tool  (20)  which  blends  with 

^■the  corner  forming  workface  and  which  comprises  a 
^centre  line  (24)  which  describes  an  angle  (25)  great- 
^   er  than  20°  as  measured  against  the  width  of  the  flat 
i^tube  to  be  formed. 
r"  All  or  part  of  the  remaining  tube  end  is  closed 
-^■and  sealed  by  subsequent  operations.  The  invention 
^includes  apparatus  for  carrying  out  the  method  and 
^"also  provides  a  flat  metal  tube  having  at  least  one 
q   formed  corner  of  a  rounded  shape. 
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METHOD  OF,  AND  APPARATUS  FOR,  FORMING  THE  END  OF  A  FLAT  METAL  TUBE;  AND  CLOSING  AND 
SEALING  THE  END  THEREOF 

The  present  invention  relates  to  a  method  of 
and  apparatus  for  forming  the  ends  of  "flat"  metal 
tubes  and  for  closing  and  sealing  the  open  ends  of 
such  tubes.  By  "flat"  tubes  is  meant  tubes  which, 
as  viewed  end  on,  comprise  two  flat  parallel  closely 
spaced  apart  side  walls  joined  by  shorter  end 
walls.  Flat  tubes  may  be  made,  for  example,  by 
flattening  round  tubes.  Flat  tubes  have  a  large 
surface  to  volume  ratio  and  are  thus  useful  in  heat 
exchangers,  for  example  in  central  heating  radia- 
tors.  In  such  applications,  a  heat  exchange  element 
is  made  from  a  length  of  flat  tubing,  by  closing  and 
sealing  the  two  open  ends  of  the  length,  and  pro- 
viding  a  small  hole  or  holes  at  or  adjacent  each 
end  of  the  length  as  an  entry  and  exit  for  the  heat 
exchange  fluid.  The  dimensions  of  the  end  of  a  flat 
metal  tube  for  use  in  a  central  heating  radiator  may 
typically  be  60  to  70mm  by  10mm  or  11mm. 

One  aspect  of  the  invention  provides  a  method 
of  forming  the  end  of  a  flat  metal  tube  including 
mechanically  forming  a  corner  region  of  the  flat 
metal  tube,  the  method  of  forming  the  corner  re- 
gion  comprising  forming  the  comer  with  an  im- 
pressing  tool  having  a  corner  forming  workface  so 
that  the  corner  is  thereby  given  a  shape  corre- 
sponding  to  all  or  part  of  the  workface. 

Another  aspect  of  the  invention  provides  an 
apparatus  for  forming  the  end  of  a  flat  metal  tube 
including  apparatus  for  mechanically  forming  a  cor- 
ner  region  of  the  flat  metal  tube,  the  apparatus  for 
forming  the  corner  region  comprising  a  clamp  or 
positioning  device  for  holding  or  locating  a  flat 
metal  tube  and  an  impressing  tool  having  a  corner 
forming  workface,  the  impressing  tool  being  op- 
erable  to  be  applied  to  and  withdrawn  from  the 
corner  of  the  flat  metal  tube  so  as  to  mechanically 
form  the  corner  of  the  tube  to  a  shape  correspond- 
ing  to  all  or  part  of  the  workface. 

The  method  and  apparatus  of  the  invention 
allow  corners  of  a  variety  of  different  shapes  to  be 
produced,  and  in  particular  allow  rounded  corners 
to  be  produced  which  are  aesthetically  pleasing, 
both  visually  and  to  the  touch,  and  safe,  for  exam- 
ple,  in  the  event  of  a  person  accidentally  colliding 
with  the  installed  product  or  in  the  event  of  ac- 
cidental  collision  with  other  items  or  persons  during 
manufacture,  transport  and  installation  of  the  prod- 
uct. 

The  method  and  apparatus  of  the  invention 
allow  corners  of  consistent  shape  and  dimensions 
to  be  produced,  which  facilitates  subsequent  as- 
sembly  of  radiators.  Consistent  shape  and  dimen- 
sions  are  particularly  advantageous  in  the  case  of 
panel  radiators,  in  which  the  tubes  lie  edge  to 

edge,  and  any  lateral  variation  in  shape  and  dimen- 
sions  would  be  particularly  noticeable.  Rounded 
corners  have  a  further  advantage  in  the  case  of 
panel  radiators  in  that  they  will  render  less  notice- 

5  able  any  small  longitudinal  variations  in  the  relative 
positioning  of  lengths  of  the  flat  tubes  of  the  panel. 

A  further  advantage  occurs  in  the  instance  in 
which  a  tube  end  has  a  rounded  corner  which  is 
subsequently  welded.  No  edge  is  provided  which  is 

w  likely  to  be  subsequently  disfigured  on  melting  of 
metal'  during  a  welding  process. 

Additionally,  the  step  of  forming  the  corner 
region  comprises  initiating  a  seam  by  folding  to- 
gether,  or  partially  folding  together,  the  cut  edges 

75  of  the  flat  metal  tube. 
Additionally,  the  apparatus  comprises  means 

for  initiating  a  seam  by  folding  together,  or  partially 
folding  together,  the  cut  edges  of  the  flat  metal 
tube. 

20  This  facilitates  the  subsequent  closure  of  the 
adjacent  tube  end  into  a  seam  or  seams  compris- 
ing  the  cut  edges  of  the  tube,  such  that  the  formed 
corner  and  adjacent  subsequent  closure  region 
form  a  continuous  closure  seam.  Additionally,  the 

25  step  of  forming  the  corner  region  comprises  for- 
ming  a  curved  vee-shape  which  is  located  centrally 
about  a  plane  parallel  to  the  flat  sides  of  the  tube 
and  with  the  apex  of  the  vee-shape  towards  the 
adjacent  tube  corner. 

30  Additionally,  the  apparatus  comprises  means 
for  forming  a  curved  vee-shape  which  is  located 
centrally  about  a  plane  parallel  to  the  flat  sides  of 
the  tube  and  with  the  apex  of  the  vee-shape  to- 
wards  the  adjacent  tube  corner. 

35  This  allows  the  corner  and  adjacent  region  at 
the  end  of  the  tube  to  be  formed  and  closed  neatly 
and  symmetrically  about  a  plane  through  the  centre 
of  the  tube  and  parallel  to  its  flat  sides-.  This 
symmetry  further  assists  in  balancing  forces  as  the 

40  closure  seam  is  formed  and  in  ensuring  evenly 
sized  and  positioned  abutting  material  edges  in  the 
seam.  Where  two  corners  are  formed  on  the  tube 
end  it  facilitates  subsequent  closure  and  sealing  by 
providing  all  closure  seams  to  be  continuous  in  a 

45  single  plane. 
Additionally,  the  step  of  forming  the  comer 

region  comprises  forming  a  blend  region  extending 
from  the  formed  corner  where  substantial  plastic 
flow  of  the  metal  has  taken  place  to  the  open 

50  region  of  the  tube  end  which  has  been  unaffected 
by  the  corner  forming  operation,  and  where  the 
blend  region  forms  a  smooth  transformation  be- 
tween  the  formed  corner  and  open  region  of  the 
tube  end  and  comprises  material  in  which  little  or 
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as  to  minimize  rigidity  of  the  blend  region  material. 
Additionally,  the  apparatus  for  forming  the  cor- 

ner  region  comprises  means  for  avoiding  the  for- 
mation  of  an  arched  shape  in  the  material  of  the 

5  blend  region  so  as  to  minimize  rigidity  of  the  blend 
region  material. 

This  facilitates  a  subsequent  closure  method, 
such  as  rolling,  which  operates  progressively 
across  the  remaining  open  end  of  the  tube  by 

w  minimising  rigidity  in  the  blend  region  which  would 
not  occur  further  across  the  open  end,  and  the 
overcoming  of  which  could  cause  a  discontinuity  in 
surface  shape  and  appearance  along  the  closed 
end  of  the  tube. 

75  Additionally,  the  step  of  forming  the  comer 
region  comprises  insetting  the  seam  initiation  from 
the  end  corner  of  the  flat  tube  by  the  action  of  the 
impressing  tool. 

Additionally,  the  apparatus  for  forming  the  cor- 
20  ner  region  comprises  means  for  insetting  the  seam 

initiation  from  the  end  corner  of  the  flat  tube  by  the 
action  of  the  impressing  tool. 

This  provides  several  advantages  related  to 
subsequent  closing  and  sealing  of  the  seam. 

25  Insetting  shortens  the  seam  to  be  subsequently 
sealed. 

It  moves  the  seam  to  be  sealed  away  from  the 
curved  comer  region,  thus  allowing  a  straight  line 
seam  to  be  formed  which  can  more  readily  be 

so  sealed  by  automatic  methods. 
It  also  facilitates  the  sealing  method  by  provid- 

ing  a  region  at  the  beginning  and  end  of  the  seam 
where  sealing  conditions  can  be  established  and 
tailed-off  respectively  without  injury  to  the  sealing 

35  of  the  seam  itself. 
It  improves  the  potential  appearance  of  the 

corner  region  by  dispensing  with  the  seam  and 
sealing  operation  in  that  area. 

Additionally,  the  step  of  forming  the  corner 
40  region  comprises  forming  a  land  in  the  region 

adjacent  the  seam  initiation  and  end  corner  of  the 
flat  tube  in  an  orientation  approximately  at  right 
angles  to  the  longitudinal  axis  of  the  flat  tube. 

Additionally,  the  apparatus  for  forming  the  cor- 
45  ner  region  comprises  means  for  forming  a  land  in 

the  region  adjacent  the  seam  initiation  and  end 
corner  of  the  flat  tube  in  an  orientation  approxi- 
mately  at  right  angles  to  the  longitudinal  axis  of  the 
flat  tube. 

50  This  facilitates  a  subsequent  closure  and  seal- 
ing  method  by  providing  a  region  at  the  beginning 
and  end  of  the  seam  where  sealing  conditions  can 
be  established  and  tailed-off  respectively  without 
injury  to  the  sealing  of  the  seam  itself. 

55  The  provision  of  lands  also  facilitates  the  op- 
eration  and  control  of  subsequent  closing  methods 
of  the  adjacent  open  ends  of  the  tubes,  principally 
by  ensuring  that  most  or  all  significant  plastic  for- 

no  stretching  or  upsetting  of  the  material  has  taken 
place. 

Additionally,  the  apparatus  for  forming  the  cor- 
ner  region  comprises  means  for  forming  a  blend 
region  extending  from  the  formed  corner  where 
substantial  plastic  flow  of  the  metal  has  taken  place 
to  the  open  region  of  the  tube  end  which  has  been 
unaffected  by  the  corner  forming  operation,  and 
where  the  blend  region  forms  a  smooth  transforma- 
tion  between  the  formed  comer  and  open  region  of 
the  tube  end  and  comprises  material  in  which  little 
or  no  stretching  or  upsetting  of  the  material  has 
taken  place. 

This  facilitates  the  subsequent  closure  of  the 
adjacent  tube  end  permitting  a  variety  of  closure 
methods  which  require  relatively  light  forming 
forces. 

It  also  facilitates  the  subsequent  closure  such 
that  the  formed  corner  and  subsequent  closure 
region  form  a  continuous  shape  and  surface  avoid- 
ing  wrinkling  or  bulging  of  the  material  in  the  trans- 
formation  region. 

It  also  facilitates  a  subsequent  closure  method 
which  operates  progressively  across  the  remaining 
open  end  of  the  tube  by  mimicing  that  condition  at 
the  commencement  of  the  subsequent  closure 
method  from  the  formed  comer  inwards. 

Additionally,  the  step  of  forming  the  corner 
region  includes  using  on  the  impressing  tool  a 
lead-in  surface  which  blends  with  the  corner  for- 
ming  workface  and  which  comprises  a  centre  line 
which  describes  an  angle  greater  than  200  as  mea- 
sured  against  the  width  of  the  flat  tube  to  be 
formed. 

Additionally,  the  impressing  tool  of  the  appara- 
tus  for  forming  the  comer  region  comprises  a  lead- 
in  surface  which  blends  with  the  corner  forming 
workface  and  which  comprises  a  centre  line  which 
describes  an  angle  greater  than  20°  as  measured 
against  the  width  of  the  flat  tube  to  be  formed. 

The  lead-in  surface  facilitates  the  preparatory 
formation  of  the  corner  region  in  readiness  for  the 
final  impressing  of  the  desired  shape  by  the  comer 
forming  workface,  thus  ensuring  its  success. 

A  lead-in  surface  with  an  angle  greater  than 
20°  facilitates  the  said  preparatory  formation  by 
ensuring  that  the  centre  region  of  the  corner  is  not 
formed  in  advance  of  the  side  regions  which  could 
prevent  correct  formation  of  the  seam  initiation, 
curved  vee-shape  or  blend  region. 

Finally,  the  defining  of  the  potentially  complex 
three-dimensional  lead-in  surface  in  the  relatively 
simple  terms  of  a  centre  line  angle  and  a  blend 
facilitates  the  specification,  manufacture  and  main- 
tenance  of  the  impressing  tools. 

Additionally,  the  step  of  forming  the  corner 
region  comprises  avoiding  the  formation  of  an 
arched  shape  in  the  material  of  the  blend  region  so 
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mation  of  the  tube  material  associated  with  forming 
and  closing  the  comer  regions  is  isolated  from  the 
subsequent  closure  of  the  adjacent  region  of  the 
open  tube  end,  by  regulating  the  position  of  the 
land  at  or  below  the  level  of  the  subsequent  clo- 
sure  operation. 

Additionally,  the  method  of  the  invention  further 
comprises  forming  the  corner  with  the  impressing 
tool  in  a  straight  line  in  a  direction  parallel  to  the 
plane  of  the  flat  sides  of  the  flat  tube  and  at,  or 
approximately  at,  ninety  degrees  to  the  longitudinal 
axis  of  the  flat  tube. 

Additionally,  the  apparatus  of  the  invention  fur- 
ther  comprises  means  for  forming  the  corner  with 
the  impressing  tool  in  a  straight  line  in  a  direction 
parallel  to  the  plane  of  the  flat  sides  of  the  flat  tube 
and  at,  or  approximately  at,  ninety  degrees  to  the 
longitudinal  axis  of  the  flat  tube. 

Straight  line  motion  simplifies  the  design  and 
construction  of  apparatus  to  carry  out  the  method. 

Motion  parallel  to  the  plane  of  the  flat  sides  of 
the  flat  tubes  and  at  ninety  degrees  to  the  longitu- 
dinal  axis  of  the  flat  tube  also  simplifies  the  design 
and  construction  of  the  apparatus  and  furthermore 
reduces  the  recoil  of  the  tube  away  from  the  for- 
ming  tool  in  a  direction  along  the  longitudinal  axis 
of  the  tube.  This  direction  of  motion  of  the  impress- 
ing  tool  has  also  been  found  to  facilitate  the  even 
formation  of  the  seam  initiation,  the  curved  vee- 
shape  and  blend  region  mentioned  earlier. 

Additionally,  both  corners  of  the  end  of  a  flat 
tube  are  formed  simultaneously. 

Additionally,  at  least  two  impressing  tools  form 
both  corners  of  the  end  of  a  flat  tube  simulta- 
neously. 

In  addition  to  providing  a  faster  operation  this 
facilitates  the  balance  of  forces  on  the  tube  end 
and  on  the  apparatus  and  reduces  the  possibility  of 
the  tube  end  being  marked  or  distorted  during  the 
operation. 

Additionally,  an  internal  support  die  is  inserted 
into  the  end  of  the  tube  for  use  during  comer 
formation. 

Additionally,  the  apparatus  comprises  an  inter- 
nal  support  die  which  is  insertable  into  the  end  of 
the  tube  for  use  during  corner  formation. 

This  facilitates  corner  forming  where  otherwise 
the  tube  lacks  sufficient  material  thickness  and 
ductility  to  be  formed  to  a  desired  shape  without 
collapsing  inwardly,  wrinkling  or  buckling. 

Additionally,  the  step  of  forming  the  corner  or 
corners  of  a  flat  metal  tube  is  effected  in  a  series 
of  progressive  steps. 

Additionally,  the  apparatus  comprises  means 
for  forming  the  corner  or  corners  of  a  flat  metal 
tube  in  a  series  of  progressive  steps. 

This  also  facilitates  comer  forming  where  oth- 
erwise  the  tube  lacks  sufficient  material  wall  thick- 

ness  or  ductility  to  be  formed  to  a  desired  shape 
without  collapsing  inwardly,  wrinkling  or  buckling. 

Additionally,  the  method  of  the  invention  further 
includes  a  method  of  forming  the  end  of  a  flat 

5  metal  tube  comprising  forming  one  or  both  comers 
of  the  tube  end  and  then  closing  all  or  part  of  the 
remaining  open  tube  end. 

Additionally,  the  apparatus  of  the  invention  fur- 
ther  includes  an  apparatus  for  forming  the  end  of  a 

70  flat  metal  tube  comprising  means  for  forming  one 
or  both  corners  of  the  tube  end  and  then  closing  all 
or  part  of  the  remaining  open  tube  end. 

Additionally,  closing  a  tube  end  with  two 
formed  corners  is  effected  by  a  single  roller  pass 

75  across  the  end  of  the  tube. 
Additionally,  said  closing  means  comprises  a 

roller  which  is  operable  to  pass  across  the  end  of  a 
tube  with  two  formed  corners  in  a  single  pass. 

This  has  the  advantage  of  providing  a  rapid 
20  method  using  simple  apparatus  to  close  the  re- 

maining  open  end  of  a  tube  comprising  two  formed 
corners. 

Additionally,  the  method  of  the  invention  com- 
prises  forming  both  corners  of  the  end  of  the  flat 

25  tube  but  initially  forming  the  corner  of  the  flat  tube 
at  which  the  roller  pass  exits  deeper  than  that  at 
the  entry  of  the  roller  pass  to  compensate  for 
lateral  movement  of  material,  caused  by  the  roller 
pass. 

30  Additionally,  the  apparatus  of  the  invention 
comprises  means  for  forming  both  comers  of  a  flat 
tube  said  apparatus  having  means  for  initially  for- 
ming  the  corner  of  the  flat  tube  at  which  the  roller 
pass  exits  deeper  than  that  at  the  entry  of  the  roller 

35  pass  to  compensate  for  lateral  movement  of  ma- 
terial,  caused  by  the  roller  pass. 

This  has  the  advantage  of  providing  equal  or 
very  similar  corner  shapes  on  a  tube  end  which 
has  had  its  middle  region  closed  by  a  single  roller 

40  pass  which  would  otherwise  have  caused  notice- 
ably  different  shaped  corners  to  result  from  its 
entry  onto  and  exit  off  the  tube  end. 

Alternatively,  a  tube  end  with  two  formed  cor- 
ners  is  closed  by  two  roller  passes  in  opposing 

45  directions  and  the  first  roller  pass  being  retracted 
before  the  second  roller  makes  a  complete  pass 
across  the  tube  end. 

Said  closing  means  may  comprise  two  rollers 
which  are  operable  to  pass  in  opposing  directions 

so  across  a  tube  end  with  two  formed  corners  with  the 
first  roller  being  retractable  before  the  second  roller 
makes  a  complete  pass  across  the  tube  end. 

Compared  to  use  of  a  single  roller  pass  this 
has  the  advantage  of  providing  equal  or  very  simi- 

55  lar  corners  but  without  the  need  for  different 
shaped  corner  forming  tools.  Against  this  it  has  the 
relative  disadvantages  of  taking  longer  to  perform 
the  operation,  of  requiring  more  complicated  ap- 
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paratus,  and  the  possibility  of  resulting  in  a  dis- 
continuity  on  the  tube  surface  where  the  two  roller 
passes  overlap. 

Additionally,  the  method  of  the  invention  further 
comprises  initially  forming  lands  in  the  region  at  or 
adjacent  the  corners  of  the  flat  tube  in  orientations 
approximately  at  right  angles  to  the  longitudinal 
axis  of  the  flat  tube  such  that  the  lands  are  set  at, 
or  further  into,  the  lengths  of  the  tube  than  the 
locus  of  the  contact  between  the  tube  end  and  the 
root  of  the  roller  profile,  and  subsequently  closing 
the  tube  end  by  one  or  more  roller  passes. 

Additionally,  the  apparatus  of  the  invention  fur- 
ther  comprises  means  for  initially  forming  lands  in 
the  region  at  or  adjacent  the  corners  of  the  flat  tube 
in  orientations  approximately  at  right  angles  to  the 
longitudinal  axis  of  the  flat  tube  such  that  the  lands 
are  set  at,  or  further  into,  the  lengths  of  the  tube 
than  the  locus  of  the  contact  between  the  tube  end 
and  the  root  of  the  roller  profile,  and  means  for 
subsequently  closing  the  tube  end  by  one  or  more 
roller  passes. 

As  discussed  previously,  this  facilitates  a  sub- 
sequent  sealing  method  by  providing  a  region  at 
the  beginning  and  end  of  the  seam  where  sealing 
conditions  can  be  established  and  tailed-off  respec- 
tively  without  injury  to  the  sealing  of  the  seam 
itself. 

Again  as  discussed  previously,  the  provision  of 
lands  also  facilitates  the  operation  and  control  of 
the  subsequent  closing  method  of  the  adjacent 
open  ends  of  the  tubes,  principally  by  ensuring  that 
most  or  all  significant  plastic  formation  of  the  tube 
material  associated  with  forming  and  closing  the 
corner  regions  is  isolated  from  the  subsequent 
closure  of  the  adjacent  region  of  the  open  tube 
end,  by  regulating  the  position  of  the  land  at  or 
below  the  level  of  the  subsequent  closure  opera- 
tion. 

Additionally,  the  closed  metal  tube  is  sealed  by 
autogenous  welding  or  any  suitable  sealing  tech- 
nique. 

Additionally,  means  for  sealing  the  closed  met- 
al  tube  are  provided  such  as  an  autogenous  weld- 
ing  apparatus  or  any  suitable  sealing  apparatus. 

Sealing  has  the  advantage  of  allowing  the 
closed  tube  to  be  used  where  fluid-tight  closures 
are  required,  such  as  in  central  heating  radiator 
applications. 

Where  fluid-tight  closures  are  not  required  but 
where  the  tube  is  to  be  subsequently  painted  or 
pretreated  for  painting  sealing  can  have  the  advan- 
tage  of  preventing  troublesome  fluids  or  contamin- 
ants  entering  or  leaving  the  unsealed  seam. 

Autogenous  welding  has  several  advantages, 
including  the  following:- 
-  It  obviates  the  need  for  additional  materials. 
-  It  is  suitable  for  automation. 

-  It  provides  a  smooth  even  finish  and  eliminates 
the  need  for  subsequent  redressing  methods  such 
as  grinding. 

A  further  aspect  of  the  invention  provides  a 
5  closed  or  partially  closed  flat  metal  tube  having 

four  corners  comprising  at  least  one  formed  corner 
of  a  rounded  shape. 

Advantageously,  said  round  shape  approxi- 
mates  to  a  quarter  sphere. 

w  The  invention  also  provides  flat  metal  tubes  the 
corners  of  which  have  been  formed  by  the  method 
or  apparatus  of  the  invention. 

The  invention  also  provides  flat  metal  tubes  the 
ends  of  which  have  been  closed  or  closed  and 

75  sealed  by  the  method,  apparatus  or  tools  of  the 
invention. 

The  invention  will  now  be  described  more  par- 
ticularly,  by  way  of  example  only,  with  reference  to  • 
the  accompanying  drawings.  In  the  drawings: 

20  Figures  1a  -  1c  each  show  an  end  view  of  a 
flat  metal  tube  after  successive  stages  of  closing 
using  a  corner  forming  method  carried  out  in  a 
single  step; 

Figures  2a  -  2c  correspond  to  Figures  1a  to 
25  1c  respectively,  but  each  show  a  sectional  eleva- 

tion  of  the  tube  end,  taken  on  I!  -  II  of  Figure  1  ; 
Figures  3a  -  3c  correspond  to  Figures  1a  to 

1c  respectively,  but  each  show  a  sectional  eleva- 
tion  of  the  end  tube,  taken  on  III  -  III  of  Figure  1; 

30  Figures  4a  and  4b  show,  in  section,  comer 
forming  tools  which  may  be  used  for  example  at  a 
corner  forming  workstation  of  the  apparatus,  Fig- 
ures  4a  illustrating  the  tools  when  withdrawn  from  a 
workpiece  and  Figure  4b  illustrating  the  tools  when 

35  engaged  with  the  workpiece; 
Figure  5  is  an  enlarged  sectional  view  of  the 

workface  of  a  comer  forming  tool  shown  in  Figures 
4a  and  4b. 

Figures  6a,  6b  and  6c  show,  in  section,  how 
40  a  roller  may  be  used  to  close  the  end  of  a  tube 

after  the  corners  have  been  formed; 
Figure  7  is  a  schematic  elevation  of  appara- 

tus  including  a  number  of  workstations,  for  convert- 
ing  flat  metal  tubes  into  radiator  elements  including 

45  workstations  for  mechanically  forming  the  corners 
and  closing  and  sealing  the  ends; 

Figures  8a  -  8e  each  show  an  end  view  of  a 
flat  metal  tube  after  successive  stages  of  closing 
using  a  corner  forming  method  carried  out  in  three 

50  steps;  and 
Figure  9  is  a  sectional  elevation  of  an  alter- 

native  workstation  for  corner  forming  in  a  single 
step  using  a  support  die. 

Referring  first  to  Figures  1a  to  1c,  2a  to  2c  and 
55  3a  to  3c,  the  method  steps  involved  in  mechani- 

cally  forming  the  comers  of  the  open  end  of  the 
tube  in  a  single  step  and  without  the  use  of  a 
support  die  and  of  subsequently  closing  and  seal- 
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ing  the  end  will  now  be  described.  Figures  1a,  2a 
and  3a  show  the  open  end  of  the  flat  metal  tube  1  0 
before  the  commencement  of  operations.  Figures 
1b,  2b  and  3b  show  the  end  of  the  tube  after  a  first 
forming  operation  has  been  carried  out  at  both 
corners  10a,  10b  simultaneously  by  a  pair  of  tools 
(not  shown  in  Figures  1,  2  and  3)  each  of  which 
approached  a  comer  at  an  angle  of  about  90  de- 
grees  to  the  axis  of  the  flat  tube  and  in  the  plane  of 
the  tube. 

It  will  be  seen  in  Figures  1b,  2b  and  3b  that  the 
corners  10a,  10b  have  each  been  shaped  into 
approximate  quarter  spheres  (and  this  shape  is 
retained  on  the  closed  tube  end  shown  in  Figures 
1c,  2c  and  3c). 

It  will  be  seen  that  a  seam  initiation  point  12a, 
12b  formed  by  the  folding  together  or  partial  fold- 
ing  together  of  the  cut  edges  of  the  flat  metal  tube, 
is  present  adjacent  each  corner  10a,  10b  respec- 
tively  and  lies  at  the  apex  of  a  curved  vee-shape 
comprising  the  cut  edges  and  adjacent  side  walls 
extending  from  the  seam  initiation  point  to  the  open 
centre  region  of  the  tube  end  respectively.  This 
shape  facilitates  the  subsequent  closure  of  the  re- 
maining  open  tube  end  into  a  single  continuous 
seam  comprising  the  abutting  cut  edges  of  the 
tube.  The  symmetry  of  the  apexes  and  seam  initi- 
ation  points  about  a  central  plane  parallel  to  the  flat 
sides  of  the  tube  facilitates  even  abutment  of  the 
cut  edges  in  the  seam  which  also  lies  in  this  plane. 

The  edges  and  side  walls  of  the  tube  10  di- 
verge  gradually  from  the  approximate  quarter 
sphere  formed  corner  region  in  the  direction  of  the 
middle  of  the  open  end  and  this  blend  region  is 
shaped  such  as  to  minimize  stretching  or  upsetting 
of  the  side  wall  material  in  order  to  facilitate  a 
subsequent  closure  operation  which  will  result  in  a 
smooth  unpuckered  surface. 

The  blend  region  is  also  shaped  such  as  to 
avoid  the  formation  of  a  rigid  arched  shape  which 
could  pucker  the  material  when  subsequently  over- 
come  by  a  roller  pass  closing  operation  across  the 
width  of  the  tube. 

It  will  be  seen  that  the  seam  initiation  is  inset 
from  the  corner  of  the  tube  and  a  land  1  3  is  formed 
in  the  region  adjacent  the  seam  initiation  points  in 
an  orientation  approximately  at  right  angles  to  the 
longitudinal  axis  of  the  tube.  These  features  pro- 
vide  several  advantages  related  to  subsequent 
closing  and  sealing  of  the  seam  and  will  be  ex- 
plained  later. 

The  corner  form  and  blend  regions  are  formed 
by  applying  to  and  withdrawing  from  the  corner  an 
impressing  tool  having  a  workface  corresponding  to 
their  required  shape,  the  motion  of  the  tool  being 
parallel  to  the  width  of  the  tube.  Advantageously, 
both  corners  of  the  tube  end  are  formed  simulta- 
neously  to  help  balance  forces  in  the  supporting 

clamp.  Further  advantage  can  be  gained  by  for- 
ming  both  ends  of  the  tube  simultaneously,  thus 
balancing  the  longitudinal  thrust  on  the  tube  in 
addition  to  obvious  productivity  benefits. 

5  Figures  4a  and  4b  depict  such  corner  formation 
in  cross-section  where  both  corners  of  the  tube  end 
are  formed  simultaneously  and  Figure  5  similarly 
shows  a  cross-section  through  one  of  the  impress- 
ing  tools. 

70  Figure  4a  shows  the  tube  end  prior  to  the 
forming  operation.  The  tube  end  is  firmly  gripped 
between  two  clamps  20,  one  of  which  is  shown  in 
Figures  4a  and  4b  behind  the  tube  end.  The 
clamps  20  serve  to  locate  the  tube  end  in  the 

15  correct  position  relative  to  the  forming  tools  and  to 
prevent  movement  of  the  tube  end  during  the  for- 
ming  operation.  In  addition  to  holding  arid  locating 
the  tube  end,  the  clamps  20  also  contain  the  tube 
end  and  thereby  restrict  outward  bulging  or  distor- 

20  tion  of  the  side  walls  of  the  tube  taking  place 
during  the  forming  operation.  To  assist  this  contain- 
ment,  the  clamps  20  are  provided  with  an  exten- 
sion  20a  in  the  region  of  the  centre  of  the  tube  end. 
To  restrict  inward  bulging  or  distortion  of  the  side 

25  walls  in  the  region  of  the  centre  of  the  open  end,  a 
.  tongue  piece  (not  shown)  may  be  inserted  into  the 

open  end  of  the  tube. 
The  tools  21  describe  a  straight  line  movement 

at  90°  to  the  tube  length,  Figure  4a  showing  the 
30  retracted  tool  position  and  Figure  4b  showing  the 

impressed  tool  position. 
The  forming  tools  21  each  comprise  a  cavity 

21a  whose  shape  corresponds  to  the  shape  de- 
scribed  on  the  tube  corner  after  the  forming  opera- 

35  tion.  Allowance  is  made  for  the  resilience  of  the 
tube  material.  The  cavity  21a  is  made  from  har- 
dened  material  to  reduce  tool  wear  and  distortion. 
Figure  4b  shows  the  cavity  21  a  in  engagement  with 
the  tube  corner  on  completion  of  the  forming  of  the 

40  corner. 
Making  reference  to  Figure  5,  the  workface  of 

the  impressing  tool  comprises  a  corner  region  23 
approximately  in  the  shape  of  a  quarter  sphere,  a 
blend  region  comprising  a  small  land  26  and  a 

45  lead-in  surface  22  which  blends  smoothly  into  the 
land  26  and  corner  region  23.  The  centre  line  24  of 
the  lead-in  surface  22  should  describe  an  angle  25 
greater  than  20°  as  measured  against  the  width  of 
the  tube,  to  ensure  correct  formation  of  the  seam 

50  initiation,  curved  vee-shape  and  blend  regions.  An 
angle  of  30°  -40°  has  been  found  satisfactory  in 
practice.  Too  great  an  angle  should  be  avoided 
where  the  centre  region  is  to  be  subsequently 
closed  by  a  rolling  operation,  as  the  resulting  steep 

55  blend  region  may  result  in  a  discontinuity  of  the 
tube  surface  following  rolling. 

The  rear  surface  of  the  tool  is  shaped  to  match 
the  desired  contour  of  the  tube  end  where  contact 
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pass  across  the  tube  end.  This  has  the  advantage 
of  employing  equal  rolling  conditions  at  each  cor- 
ner  and  allowing  use  of  equal  shaped  comers  in 
the  first  operation,  but  has  the  disadvantages  of 

5  requiring  more  complex  apparatus  and  the  possibil- 
ity  of  resulting  in  a  discontinuity  on  the  tube  sur- 
face  where  the  two  roller  passes  overlap. 

After  closure  of  the  middle  part  there  remains  a 
single  straight  line  seam  12c,  shown  in  Figures  1c 

io  to  2c,  between  the  abutting  edges  of  the  flat  side 
walls.  The  seam  12c  may  be  sealed  by  various 
methods  but  preferably  by  an  autogenous  method 
such  as  tungsten  inert  gas  (TIG)  welding,  or  alter- 
natively  by,  for  example,  other  types  of  welding, 

75  brazing,  soldering  or  by  means  of  an  adhesive  or 
sealing  compound. 

As  previously  mentioned,  the  seam  12c  is  inset 
from  the  corners  of  the  tube  end  which  facilitates 
the  sealing  operation  in  several  ways.  Firstly,  it 

20  shortens  the  length  of  seam  to  be  sealed.  Sec- 
ondly,  it  moves  the  seam  to  be  sealed  away  from 
the  curved  corner  region,  thus  providing  a  straight 
seam  which  is  ideal  for  automation.  Thirdly,  it  im- 
proves  the  potential  appearance  of  the  corner  re- 

25  gion  by  removing  the  seam  from  that  region.  Four- 
thly,  together  with  the  feature  whereby  lands  13  are 
created  adjacent  the  seam  initiation  points,  it  pro- 
vides  a  region  at  the  beginning  and  end  of  the 
seam  where  sealing  conditions  can  be  safely  es- 

30  tablished  and  tailed-off  respectively  without  risk  to 
the  integrity  of  the  seal  itself. 

The  preferred  sealing  method  is  autogenous 
welding  and  more  particularly  tungsten  inert  gas 
(TIG)  welding.  This  has  various  advantages  includ- 

35  ing  the  following.  It  requires  no  additional  materials 
and  is  suitable  for  automation.  It  provides  a  smooth 
even  finish  and  eliminates  the  need  for  redressing 
methods  such  as  grinding. 

Referring  now  to  Figure  7  an  automatic  appara- 
40  tus  for  use  in  converting  flat  metal  tubes  into  radia- 

tor  elements  by  the  method  in  which  corner  for- 
ming  is  carried  out  in  a  single  step  without  the  use 
of  an  internal  support  die  will  now  be  described  in 
general  terms.  Figure  7  is  a  side  elevation  of  the 

45  apparatus,  showing  flat  tubes  10,  viewed  end  on, 
passing  from  left  to  right  (as  seen  in  the  drawing) 
through  a  series  of  workstations  for  performing 
different  operations.  It  should  be  appreciated  that 
the  apparatus  includes  a  second  series  of  work- 

50  stations  (not  shown)  for  performing  corresponding 
operations  on  the  other  ends  of  the  tubes.  The  two 
sets  of  workstations  are  mounted  on  a  machine 
frame  so  as  to  be  relatively  movable  towards  or 
away  from  one  another,  so  that  radiator  elements  of 

55  different  lengths  can  be  made  in  the  apparatus. 
Thus  a  length  of  flat  metal  tubing  enters  from  the 
left  and  emerges  as  a  radiator  element  on  the  right. 
In  the  step  by  step  description  which  follows  refer- 

takes  place.  The  centre  line  27  of  the  rear  surface 
is  made  parallel  to  the  length  of  the  tube  in  the 
instance  where  the  middle  region  of  the  tube  is  to 
be  subsequently  closed  by  a  roller  pass  entering 
the  tube  end  at  that  corner  and  is  made  to  describe 
an  angle  28  of  about  5°  to  the  length  of  the  tube 
where  the  middle  region  is  to  be  subsequently 
closed  by  a  roller  pass  which  exits  the  tube  end  at 
that  corner. 

Closure  of  the  middle  part  may  be  effected  by 
means  of,  for  example,  a  single  pass  of  a  flanged 
roller  30  as  shown  in  Figure  6,  two  opposing 
passes  of  flanged  rollers  or  by  impressing  tools  in 
similar  manner  to  the  corners. 

The  corner  forms  shown  in  Figure  1b,  2b  and 
3b  are  well  suited  to  closure  of  the  middle  part  by 
a  flanged  roller  pass.  In  this  instance  the  depth  of 
the  lands  13,  in  a  direction  parallel  to  the  length  of 
the  tube,  is  made  equal  to  or  greater  than  the 
depth  of  the  locus  of  the  contact  between  the  tube 
end  and  the  root  of  the  roller  profile  14.  This 
ensures  that  most  or  all  significant  plastic  formation 
of  the  tube  material  associated  with  forming  and 
closing  the  corner  regions  is  isolated  from  the  roller 
pass  operation.  Otherwise  the  roljer  pass  would 
carry  out  significant  plastic  deformation  in  the  cor- 
ner  region  but  not  so  in  the  middle  region  of  the 
tube.  In  addition  to  the  possibility  of  spoiling  the 
impressed  corner  shape,  this  variation  in  forming 
by  the  roller  pass  would  lead  to  it  being  heavily 
loaded  in  the  corner  region  and  much  more  lightly 
loaded  in  the  middle  region.  Inevitable  flexing  of 
the  workpiece  and  apparatus  would  be  likely  to 
cause  this  variation  in  load  to  result  in  an  uneven 
closure  of  the  tube  end.  Where  the  middle  region 
is  closed  by  a  single  roller  pass,  as  shown  in 
Figure  6,  it  will  be  found  that  if  equal  formed 
corners  are  created  in  the  first  operation,  the  roller 
pass  operation  will  tend  to  slightly  distort  the  ma- 
terial  in  the  region  of  the  corner  where  the  roller 
exits  the  tube  end  laterally  outwards  in  a  manner 
which  does  not  occur  at  the  corner  where  the  roller 
enters  the  tube  end.  This  potential  problem  can  be 
readily  overcome  by  both  cradling  the  tube  with  a 
support  block  32  extending  as  far  as  possible  into  . 
the  throat  of  the  roller  and  by  forming  a  deeper 
corner  on  the  exit  side  in  the  first  operation  as 
described  earlier.  Satisfactory  forms  have  been 
achieved  by  forming  the  corner  inwards  by  an 
amount  equal  to  the  outward  distortion  which  would 
otherwise  occur  and  which  can  be  observed  by 
simple  trial  and  error.  Arranging  the  centre  line  27 
of  the  rear  surface  of  the  impressing  tool  at  an 
angle  28  of  about  5  °  to  the  length  of  the  tube  has 
been  found  satisfactory  in  practice. 

An  alternative  solution  is  to  employ  two  roller 
passes  from  opposite  directions  with  the  first  roller 
pass  being  retracted  before  making  a  complete 
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ence  will  be  made  to  one  end  only  of  the  tube,  but 
it  will  be  understood  that  a  corresponding  operation 
is  taking  place  at  the  other  end  of  the  tube.  The 
separation  of  the  two  sets  of  workstations  can  be 
set  using  a  tube  from  a  batch  of  tubes  which  are  to 
be  converted  into  radiator  elements. 

Still  referring  to  Figure  7,  the  operation  of  the 
apparatus  will  now  be  described  step  by  step. 

The  first  step  is  an  optional  aperture  punching 
step.  A  first  flat  metal  tube  10  from  a  stack  110  is 
conveyed  to  a  first  aperture  punching  workstation 
111  which  provides  apertures  which  will  enable  the 
finished  radiator  element  to  be  used  as  part  of  a 
panel  radiator.  These  apertures  are  intended  to 
serve  as  water  entry  or  exit  holes  for  water  entering 
or  leaving  a  radiator  header.  A  die  (not  shown)  is 
automatically  inserted  into  the  end  of  the  tube 
before  the  punching  operation  and  automatically 
retracted  after  the  punching  operation.  The  flat 
metal  tube  then  moves  onto  a  conveying  chain  112 
which  takes  the  tube  stepwise  through  successive 
workstations  113,  113a  and  113b  at  which  no  oper- 
ations  are  performed  until  the  tube  reaches  a  for- 
ming  workstation  114.  At  this  forming  workstation 
114  a  forming  operation,  the  results  of  which  are 
illustrated  in  Figures  1b,  2b  and  3b,  is  carried  out. 
It  will  be  noted  that  the  tube  is  oriented  so  that  its 
side  walls  lie  in  the  vertical  plane.  This  vertical 
orientation  helps  to  prevent  any  distortion  due  to 
gravity  taking  place  while  the  tube  is  subjected  to 
the  significant  compression  forces  involved  in  the 
forming  operation. 

Two  corner  forming  tools  21  are  simultaneously 
impressed,  one  on  each  of  the  two  corners  at  the 
end  of  the  tube.  Simultaneous  impression  of  these 
two  tools  21,  together  with  the  two  tools  at  the 
other  end  (not  shown)  of  the  tube,  assists  in  bal- 
ancing  forces  and  preventing  movement  of  the 
tube  during  the  forming  operation.  The  tools  21 
describe  a  straight  line  movement  at  90°  to  the 
tube  length.  The  forming  tools  21  are  powered  by 
hydraulic  rams  (not  shown).  The  forming  tools  21 
are  guided  in  their  straight  line  movement  by  heavy 
duty  guides  (not  shown)  capable  of  withstanding 
the  side  forces  generated  during  the  forming  op- 
eration. 

Referring  back  to  Figure  7,  after  the  forming 
operation  the  next  step  is  a  rolling  step.  The  tube  is 
conveyed  to  a  rolling  workstation  130.  The  tube  is 
positioned  and  held  by  a  fixed  rest  underneath  (not 
shown)  and  a  powered  movable  forked  clamp  (not 
shown)  which  descends  on  the  tube  from  above. 
The  roller  131,  which  is  free  to  rotate,  is  mounted 
in  a  carriage  132  which  is  constrained  to  move  in  a 
vertical  direction  only  and  is  powered  down  and  up 
by  means  of  a  hydraulic  ram  133  or  a  mechanical 
screw.  The  roller  131  makes  a  single  pass  along 
the  end  of  the  tube  and  is  then  withdrawn.  The 

roller  131  has  a  profile  very  similar  to  that  desired 
on  the  finished  closed  tube  end,  but  a  tapered 
clearance  is  desirable  between  the  tube  side  walls 
and  the  side  cheeks  of  the  roller  131  to  prevent 

5  rubbing  between  them,  and  to  allow  easy  access  of 
the  roller  131  onto  the  tube  end.  The  diameter  of 
the  roller  131  is  also  important  in  producing  a  good 
finish.  Too  large  a  diameter  will  produce  too  much 
downward  pressure  lengthwise  to  the  tube  under 

io  the  roller  131  relative  to  the  necessary  forward 
widthwise  pressure  and  may  cause  collapse  of  the 
tube  side  walls.  A  roller  diameter  of  25mm  has 
been  found  suitable  for  the  mild  steel  tube  profile 
which  has  been  described.  In  the  example  of  the 

75  mild  steel  tube  and  roller  under  discussion,  a  suit- 
able  distance  between  roller  paths,  when  both  ends 
of  the  tube  are  rolled  simultaneously,  has  been 
found  to  exist  where,  as  a  result  of  the  simulta- 
neous  rolling  operations,  the  lengths  of  the  tube  is 

20  reduced  by  between  about  5.0  and  6.0mm  in 
length.  A  rolling  operation  is  illustrated  in  Figure  6. 

After  rolling,  the  tube  is  conveyed  to  an  op- 
tional  second  aperture  workstation  140  which  is 
intended  to  provide  apertures  which  will  enable  the 

25  finished  radiator  element  to  be  used  in  a  column 
radiator.  The  second  aperture  punching  workstation 
140  operates  to  produce  a  single  aperture  for  fluid 
entry  or  exit,  near  the  end  of  the  curved  wall  of  the 
tube.  The  aperture  is  at  least  5  mm  in  diameter 

30  and  may  be  produced  by  drilling  or  by  punching. 
After  the  second  optional  aperture  step,  the 

next  step  is  welding  which  takes  place  on  every 
third  cycle  of  the  machine.  The  tubes  advance  to 
welding  workstations  150,  151  and  152  until  a  tube 

35  is  located  in  each  workstation.  The  apparatus  now 
operates  such  that  the  closed  ends  of  the  three 
tubes  in  the  three  welding  workstations 
150,151,152  are  sealed  simultaneously  by  TIG 
welding.  Meanwhile  the  apparatus  performs  the 

40  mechanical  operations  on  the  following  tubes  in  the 
other  workstations.  The  reason  for  having  three 
welding  workstations  150,151,152  is  that  the  weld- 
ing  operation  takes  much  longer  than  the  mechani- 
cal  operations.  By  employing  three  welding  work- 

45  stations  150,151,152,  only  every  third  cycle  of  the 
apparatus  needs  to  last  as  long  as  it  takes  to 
perform  a  welding  operation.  The  other  two  cycles 
take  only  as  long  as  is  required  to  perform  the 
mechanical  operations.  Movement  of  the  TIG  weld- 

50  ing  torches  of  the  welding  workstations 
150,151,152  is  effected  by  means  of  linear  move- 
ment  devices.  The  tubes  are  clamped  in  a  similar 
manner  to  those  in  the"  rolling  workstation  130.  It 
will  be  noted  that  the  tubes  in  the  welding  work- 

55  stations  150,151,152  are  oriented  so  that  their  side 
walls  are  horizontal.  Horizontal  welding  has  the 
advantage  that  the  seam  weld  is  less  likely  to  be 
effected  by  gravity  and  will  thus  be  neater  and 
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more  even,  whereas  vertical  welding  may  exhibit  a 
slight  bulging  at  the  lower  end  of  the  weld.  The 
horizontal  welding  method  is  particularly  suitable 
for  elements  used  in  panel  radiators,  where  the 
elements  lie  one  against  the  other  and  even  a 
small  unevenness  would  be  noticeable.  The  heat 
exchange  elements  are  now  complete  and  are  dis- 
charged  from  the  apparatus. 

Figures  6a,  6b  and  6c  show  how  the  middle 
part  of  the  end  of  a  tube  may  be  closed  using  a 
roller  30.  The  corners  have  already  been  formed 
by  any  of  the  method  elsewhere  described.  The 
roller  30  makes  a  single  pass.  Figure  6a  shows  the 
roller  30  before  the  pass  commences.  Figure  6b 
shows  the  roller  30  during  the  pass.  Figure  6c 
shows  the  roller  30  after  the  pass  has  been  com- 
pleted. 

Various  considerations  involved  in  selecting  the 
arrangement  of  steps  and  of  tools  will  now  be 
described.  The  use  of  a  number  of  forming  steps 
to  form  the  corners  allows  more  control  of  the 
movement  of  the  material  and  reduces  the  effect  of 
uneven  tool  wear.  The  number  of  steps  required  is 
generally  less  for  more  ductile  material,  thicker 
walls,  less  rounded  corners  and  the  more  the  walls 
are  supported  against  bulging  or  distortion  during 
forming.  The  use  of  different  angles  of  approach  , 
which  are  chosen  to  minimize  relative  movement  of 
the  tools  and  the  material  being  formed,  facilitates 
formation  and  reduces  tool  wear.  Where  closing  of 
the  middle  part  is  done  by  impressing  tools,  the 
corners  and  the  middle  part  may  be  formed  si- 
multaneously  in  a  manner  similar  to  that  described 
above  for  forming  the  corners  only.  Pairs  of  tools 
are  again  applied  in  sequence.  Each  tool  of  a  pair, 
however,  extends  from  a  corner  along  the  middle 
part  of  the  open  end,  so  that  the  pair  of  tools 
together  form  material  along  the  open  end.  To  give 
a  good  finish,  each  pair  of  tools  may  meet  at  a 
different  location  along  the  same  open  end,  instead 
of  each  pair  meeting  at  the  same  location. 

Figures  8a  to  8e  give  an  example  of  how  the 
corner  forming  operation  on  a  tube  end  may  be 
performed  in  three  steps. 

The  use  of  an  internal  support  tool  also  permits 
more  control  of  the  movement  of  material  during 
corner  forming  and  may  be  used  in  either  single  or 
multiple  stage  operations  where  the  tube  lacks 
sufficient  material  thickness  and  ductility  to  be 
formed  to  a  desired  shape.  The  internal  support  die 
achieves  this  by  preventing  inward  collapse,  wrin- 
kling  or  buckling  of  the  material  in  the  corner 
region. 

Figure  9  diagrammatically  illustrates  an  ar- 
rangement  of  tool  90  and  support  die  91  ,  useful  for 
example  in  manual  production  of  small  volumes  of 
radiators.  In  this  case,  the  support  die  91  is  fixed. 
The  end  of  the  tube  10  is  fitted  over  the  support 

die  91  manually.  A  semicylindrical  stop  92  on  the 
die  91  engages  the  end  edges  of  the  tube  10  to 
ensure  correct  relative  location  of  the  tube  1  0  and 
die  91.  The  tool  90  is  then  impressed  to  form  one 

5  corner  and  is  retracted.  The  tube  10  is  then  re- 
moved.  The  operation  is  then  repeated  for  each  of 
the  other  three  corners. 

10  Claims 

1  .  A  method  of  forming  the  end  of  a  flat  metal 
tube  including  mechanically  forming  a  corner  re- 
gion  of  the  flat  metal  tube,  the  method  of  forming 

75  the  corner  region  comprising  forming  the  corner 
with  an  impressing  tool  having  a  comer  forming 
workface  so  that  the  corner  is  thereby  given  a 
shape  corresponding  to  all  or  part  of  the  workface. 

2.  A  method  according  to  Claim  1,  whereby  the 
20  step  of  forming  the  corner  region  comprises  initiat- 

ing  a  seam  by  folding  together,  or  partially  folding 
together,  the  cut  edges  of  the  flat  metal  tube. 

3.  A  method  according  to  Claim  1  or  2,  where- 
by  the  step  of  forming  the  corner  region  comprises 

25  forming  a  curved  vee-shape  which  is  located  cen- 
trally  about  a  plane  parallel  to  the  flat  sides  of  the 
tube  and  with  the  apex  of  the  vee-shape  towards 
the  adjacent  tube  comer. 

4.  A  method  according  to  any  one  of  Claims  1, 
30  2  or  3,  whereby  the  step  of  forming  the  corner 

region  comprises  forming  a  blend  region  extending 
from  the  formed  corner  where  substantial  plastic 
flow  of  the  metal  has  taken  place  to  the  open 
region  of  the  tube  end  which  has  been  unaffected 

35  by  the  corner  forming  operation,  and  where  the 
blend  region  forms  a  smooth  transformation  be- 
tween  the  formed  corner  and  open  region  of  the 
tube  end  and  comprises  material  in  which  little  or 
no  stretching  or  upsetting  of  the  material  has  taken 

40  place. 
5.  A  method  according  to  Claim  4,  whereby  the 

impressing  tool  comprises  a  lead-in  surface  (A) 
which  blends  with  the  corner  forming  workface  (B) 
and  which  comprises  a  centre  line  (C)  which  de- 

45  scribes  an  angle  (D)  greater  than  20°  as  measured 
against  the  width  of  the  flat  tube  to  be  formed. 

6.  A  method  according  to  Claim  4  or  5,  where- 
by  forming  the  corner  region  comprises  avoiding 
the  formation  of  an  arched  shape  in  the  material  of 

50  the  blend  region  so  as  to  minimize  rigidity  of  the 
blend  region  material. 

7.  A  method  according  to  any  one  of  Claims  2 
to  6,  whereby  the  step  of  forming  the  corner  region 
comprises  insetting  the  seam  initiation  from  the 

55  end  corner  of  the  flat  tube  by  the  action  of  the 
impressing  tool. 

8.  A  method  according  to  any  one  of  Claims  2 
to  7,  whereby  the  step  of  forming  the  corner  region 
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comprises  forming  a  land  in  the  region  adjacent  the 
seam  initiation  and  end  corner  of  the  flat  tube  in  an 
orientation  approximately  at  right  angles  to  the  lon- 
gitudinal  axis  of  the  flat  tube. 

9.  A  method  according  to  any  one  of  the  pre- 
ceding  claims  comprising  forming  the  corner  with 
the  impressing  tool  in  a  straight  line  in  a  direction 
parallel  to  the  plane  of  the  flat  sides  of  the  flat  tube 
and  at,  or  approximately  at,  ninety  degrees  to  the 
longitudinal  axis  of  the  flat  tube. 

10.  A  method  according  to  any  one  of  the 
preceding  claims,  comprising  forming  both  corners 
of  the  end  of  a  flat  tube  simultaneously. 

11.  A  method  according  to  any  one  of  the 
preceding  claims,  comprising  inserting  into  the  end 
of  the  tube  an  internal  support  die  for  use  during 
corner  formation. 

12.  A  method  according  to  any  one  of  the 
preceding  claims,  whereby  the  step  of  forming  the 
corner  or  corners  of  a  flat  metal  tube  is  effected  in 
a  series  of  progressive  steps. 

13.  A  method  of  forming  the  end  of  a  flat  metal 
tube  according  to  any  one  of  the  preceding  claims, 
and  additionally  including  closing  all  or  part  of  the 
remaining  open  tube  end. 

14.  A  method  according  to  Claim  13,  compris- 
ing  forming  both  corners  of  an  end  of  a  flat  tube 
and  closing  the  tube  end  by  a  single  roller  pass 
across  the  end  of  the  tube. 

15.  A  method  according  to  Claim  14,  compris- 
ing  initially  forming  the  corner  of  the  flat  tube  at 
which  the  roller  pass  exits  deeper  than  that  at  the 
entry  of  the  roller  pass  to  compensate  for  lateral 
movement  of  material,  caused  by  the  roller  pass. 

16.  A  method  according  to  Claim  13,  compris- 
ing  closing  a  tube  end  with  two  formed  corners  by 
two  roller  passes  in  opposing  directions  and  retrac- 
ting  the  first  roller  pass  before  making  a  complete 
pass  across  the  tube  end. 

17.  A  method  according  to  any  one  of  Claims 
13  to  16,  comprising  initially  forming  lands  in  the 
region  at  or  adjacent  the  corners  of  the  flat  tube  in 
orientations  approximately  at  right  angles  to  the 
longitudinal  axis  of  the  flat  tube  such  that  the  lands 
are  set  at,  or  further  into,  the  lengths  of  the  tube 
than  the  locus  of  the  contact  between  the  tube  end 
and  the  root  of  the  roller  profile,  and  subsequently 
closing  the  tube  end  by  one  or  more  roller  passes. 

18.  A  method  according  to  any  one  of  Claims 
13  to  17,  comprising  sealing  the  closed  metal  tube 
by  autogenous  welding  or  any  suitable  sealing 
technique. 

19.  Apparatus  for  forming  the  end  of  a  flat 
metal  tube  including  apparatus  for  mechanically 
forming  a  corner  region  of  the  flat  metal  tube,  the 
apparatus  for  forming  the  corner  region  comprising 
a  clamp  or  positioning  device  for  holding  or  locat- 
ing  a  flat  metal  tube  and  an  impressing  tool  having 

a  corner  forming  workface,  the  impressing  tool 
being  operable  to  be  applied  to  and  withdrawn 
from  the  corner  of  the  flat  metal  tube  so  as  to 
mechanically  form  the  corner  of  the  tube  to  a 

5  shape  corresponding  to  all  or  part  of  the  workface. 
20.  Apparatus  according  to  Claim  19,  compris- 

ing: 
means  for  initiating  a  seam  by  folding  together,  or 
partially  folding  together,  the  cut  edges  of  the  flat 

w  metal  tube; 
means  for  forming  a  curved  vee-shape  which  is 
located  centrally  about  a  plane  parallel  to  the  flat 
sides  of  the  tube  and  with  the  apex  of  the  vee- 
shape  towards  the  adjacent  tube  corner; 

75  means  for  forming  a  blend  region  extending  from 
the  formed  corner  where  substantial  plastic  flow  of 
the  metal  has  taken  place  to  the  open  region  of  the 
tube  end  which  has  been  unaffected  by  the  corner 
forming  operation,  and  where  the  blend  region 

20  forms  a  smooth  transformation  between  the  formed 
corner  and  open  region  of  the  tube  end  and  com- 
prises  material  in  which  little  or  no  stretching  or 
upsetting  of  the  material  has  taken  place; 
means  for  avoiding  the  formation  of  an  arched 

25  shape  in  the  material  of  the  blend  region  so  as  to 
minimize  rigidity  of  the  blend  region  material; 
means  for  insetting  the  seam  initiation  from  the  end 
corner  of  the  flat  tube  by  the  action  of  the  impress- 
ing  tool; 

30  means  for  forming  a  land  in  the  region  adjacent  the 
seam  initiation  and  end  corner  of  the  flat  tube  in  an 
orientation  approximately  at  right  angles  to  the  lon- 
gitudinal  axis  of  the  flat  tube; 
means  for  forming  the  corner  with  the  impressing 

35  tool  in  a  straight  line  in  a  direction  parallel  to  the 
plane  of  the  flat  sides  of  the  flat  tube  and  at,  or 
approximately  at,  ninety  degrees  to  the  longitudinal 
axis  of  the  flat  tube;  and  in  which 
the  impressing  tool  comprises  a  lead-in  surface 

40  which  blends  with  the  corner  forming  workface  and 
which  comprises  a  centre  line  which  describes  an 
angle  greater  than  20°  as  measured  against  the 
width  of  the  flat  tube  to  be  formed. 

21.  Apparatus  according  to  any  one  of  Claims 
45  19  or  20,  comprising  at  least  two  impressing  tools 

for  forming  both  corners  of  the  end  of  a  flat  tube 
simultaneously. 

22.  Apparatus  according  to  any  one  of  Claims 
19  to  21,  comprising  an  internal  support  die  which 

50  is  insertable  into  the  end  of  the  tube  for  use  during 
corner  formation. 

23.  Apparatus  according  to  any  one  of  claims 
19  to  22,  comprising  means  for  forming  the  corner 
or  corners  of  a  flat  metal  tube  in  a  series  of 

55  progressive  steps. 
24.  Apparatus  for  forming  the  end  of  a  flat 

metal  tube  according  to  any  one  of  Claims  19  to  23 
and  additionally  including  means  for  closing  all  or 

10 
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part  of  the  remaining  open  tube  end. 
25.  Apparatus  according  to  Claim  24,  in  which 

said  closing  means  comprises  a  roller  which  is 
operable  to  pass  across  the  end  of  a  tube  with  two 
formed  corners  in  a  single  pass.  5 

26.  Apparatus  according  to  Claim  25,  compris- 
ing  means  for  initially  forming  the  corner  of  the  flat 
tube  at  which  the  roller  pass  exits  deeper  than  that 
at  the  entry  of  the  roller  pass  to  compensate  for 
lateral  movement  of  material,  caused  by  the  roller  w 
pass. 

27.  Apparatus  according  to  Claim  24,  in  which 
said  closing  means  comprises  two  rollers  which  are 
operable  to  pass  in  opposing  directions  across  a 
tube  end  with  two  formed  corners  with  the  first  75 
roller  being  retractable  before  the  second  roller 
makes  a  complete  pass  across  the  tube  end. 

28.  Apparatus  according  to  any  one  of  Claims 
24  to  27,  comprising  means  for  initially  forming 
lands  in  the  region  at  or  adjacent  the  corners  of  the  20 
flat  tube  in  orientations  approximately  at  right  an- 
gles  to  the  longitudinal  axis  of  the  flat  tube  such 
that  the  lands  are  set  at,  or  further  into,  the  lengths 
of  the  tube  than  the  locus  of  the  contact  between 
the  tube  end  and  the  root  of  the  roller  profile,  and  25 
means  for  subsequently  closing  the  tube  end  by 
one  or  more  roller  passes. 

29.  Apparatus  according  to  any  one  of  Claims 
24  to  28,  comprising  means  for  sealing  the  closed 
metal  tube  such  as  an  autogenous  welding  appara-  ao 
tus  or  any  suitable  sealing  apparatus. 

30.  A  closed  or  partially  closed  flat  .metal  tube 
having  four  corners  comprising  at  least  one  formed 
corner  of  a  rounded  shape  or  a  shape  approximat- 
ing  to  a  quarter  sphere.  35 
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