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US—  A—  3,328,996,  the  bending  is  performed  by 
relative  lateral  movement  of  a  pair  of  dies  which 
tend  to  deform  the  workpiece  in  a  zone  of  shear 
therebetween.  Each  of  the  above-mentioned  prior 

5  art  patents  also  disclose  the  use  of  an  incom- 
pressible  fluid,  specifically  a  liquid  medium,  con- 
fined  under  pressure  within  the  hollow  workpiece 
during  bending. 

Since  the  bending  art  as  above  characterized 
10  contemplates  no  significant  application  of  tension 

force  to  the  workpiece,  certainly  none  of  great 
enough  magnitude  to  approach  or  surpass  the 
material  yield  point  in  metal-forming  operations, 
the  differences  between  the  mechanics  of  con- 

15  ventional  bending,  and  the  mechanics  of  stretch 
forming,  are  considerable. 

US—  A—  3,739,615  discloses  a  method  of  plasti- 
cally  forming  an  elongated,  hollow  metal  member 
having  walls  capable  of  containing  a  compress- 

20  ible  fluid  under  pressure,  which  comprises  pro- 
viding  internal  support  within  the  hollow  interior 
of  the  member  by  exposing  the  hollow  interior 
thereof  to  a  compressible  fluid  medium  to  impose 
an  outwardly  directed  force  uniformly  over  the 

25  interior  periphery  thereof  said  method  involves 
coiling  a  thin-walled  tubing  in  which  the  tubing  is 
coiled  while  the  tube  contains  an  incompressible 
liquid  held  at  a  pressure  value  close  to  the  yield 
point  of  the  tubing  material. 

30  The  present  invention  provides  a  method  of 
plastically  forming  an  elongated,  hollow  metal 
member  having  walls  capable  of  containing  a 
compressible  fluid  under  pressure,  which  com- 
prises  providing  internal  support  within  the 

35  hollow  interior  of  the  member  by  exposing  the 
hollow  interior  thereof  to  a  compressible  fluid 
medium  to  impose  an  outwardly  directed  force 
uniformly  over  the  interior  periphery  thereof  at  a 
pressure  insufficient  to  cause  plastic  deformation 

40  of  the  walls  of  the  member  while  maintaining  said 
internal  support,  mechanically  gripping  opposite 
longitudinal  ends  of  the  member  and  forcibly 
pulling  said  opposite  ends  in  opposite  longi- 
tudinal  directions  to  thereby  apply  to  the  member 

45  a  longitudinal  tension  of  sufficient  magnitude  to 
exceed  the  elastic  limit  of  the  member  and  initiate 
elongation  through  plastic  deformation  thereof 
while  continuing  to  maintain  said  internal  support 
and  longitudinal  tension,  bending  the  member 

so  intermediate  of  its  ends  in  a  direction  transversely 
of  the  direction  of  the  longitudinal  tension  and 
relaxing  said  longitudinal  tension,  said  bending 
load,  and  internal  support.  The  internal  fluid 
pressure  is  maintained  at  a  relatively  low  levels, 

55  on  the  order  of  93.4  to  344.7  KPa  (1  5  to  50  psi),  for 
example,  and  in  any  event  as  noted,  lower  than 
the  magnitude  of  pressure  which  would  be 
required  to  have  any  significance  in  terms  of 
plastic  deformation  of  the  workpiece  material 

60  during  forming  thereof.  Nevertheless,  this  moder- 
ate  internal  pressure  is  sufficient  to  maintain  the 
workpiece  section  shape  during  forming.  This  is 
especially  beneficial  when  working  with  thin- 
walled  members  whose  outer  wall  might  tend  to 

65  collapse  inwardly  during  the  forming  process. 

Description 

In  the  metal-forming  arts  there  are  known  a 
variety  of  stretch-forming  techniques  in  which  a 
workpiece,  usually  an  elongated  extrusion  or  a 
sheet-form  member,  is  formed  to  the  profile  of  a 
forming  die  surface  in  conjunction  with  the 
application  to  the  workpiece  of  tension  exceeding 
its  yield  point.  The  tension  is  applied  along  a  line 
coinciding  with  a  chord  of  the  workpiece  that  is 
deformed  during  the  forming  process. 

The  known  stretch-forming  processes  typically 
have  been  applied  in  the  forming  of  aluminum 
alloy  components  such  as  elongated  extrusion 
sections  or  thin  section  panels  like  those  often 
used  for  aircraft  fuselage  skin. 

One  known  stretch-forming  process,  for 
example,  is  often  referred  to  as  stretch  wrapping 
or  stretch-wrap  forming  and  involves  the  applica- 
tion  of  mechanical  tension  to  a  workpiece  to 
thereby  stretch  it  beyond  its  elastic  limit.  Sub- 
sequently,  while  the  tension  is  maintained,  the 
workpiece  is  wrapped  about  a  form  die.  The 
underlying  principle  of  stretch-wrap  forming  is 
that  the  tension  applied  to  the  workpiece  causes  it 
to  undergo  plastic  yield  and  the  deformation 
imposed  by  the  wrapping  on  the  form  die  thus 
results  in  desirable  modes  of  plastic  flow  of  the 
workpiece  material  whereby  the  formed  work- 
piece  retains  the  desired  formed  shape  sub- 
stantially  without  springback.  Thus,  one  advan- 
tage  of  stretch-wrap  forming  is  that  the  form  die 
profile  may  closely  duplicate  the  final  desired 
form  and  need  not  include  springback  compensa- 
tion.  Stretch-wrap  forming  is  particularly  well 
suited  for  forming  a  workpiece  to  long  sweeping 
curvatures  of  liberal  radii. 

Other  stretch-forming  techniques  include  mov- 
ing  die  arrangements,  in  which  the  gripping 
heads  are  stationary  and  the  forming  die  is 
moved  perpendicularly  into  the  workpiece. 
Another  technique  is  radial  draw  forming,  in 
which  one  gripping  head  and  the  die  are  mounted 
on  a  table-  that  rotates  to  slowly  draw  the  part 
under  tension  over  the  rotating  die. 

Other  advantages  of  stretch-forming  processes 
generally  include  elimination  of  workpiece  buckl- 
ing  and  wrinkling,  work-hardening  of  the  work- 
piece,  and  penetration  of  the  work-hardening 
throughout  the  section  thickness  of  the  work- 
piece.  Furthermore,  the  desired  results  are 
achieved  with  only  minimal  reduction  in  work- 
piece  section  thickness,  typically  not  exceeding  a 
5%  reduction. 

From  the  above,  it  will  be  appreciated  that  the 
known  stretch-forming  processes,  and  in  particu- 
lar  the  process  of  stretch-wrap  forming,  are  vastly 
different  from  conventional  bending  processes  as 
typified  by  the  following  prior  art;  U.S.  Patents 
3,105,537;  203,842;  567,518;  and  3,328,996,  all  of 
which  relate  to  conventional  bending  operations 
in  which  bending  force  is  applied  laterally  of  the 
axis  of  an  elongated  workpiece.  For  example,  in 
US—  A—  3,105,537  the  workpiece  is  bent  by  form- 
ing  thereof  over  a  die,  whereas  in 
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led  "start".  The  grippers  14  secure  the  opposite 
ends  of  workpiece  12  and  suitable  known  tension 
means  such  as  hydraulic  piston-cylinder  assemb- 
lies  (not  shown)  apply  to  the  workpiece  a  tension 

5  T  of  sufficient  magnitude  to  exceed  the  elastic 
limit  of  the  workpiece.  While  tension  T  is  main- 
tained,  the  grippers  14  are  rotated  in  suitable 
known  adjustable  mountings  (not  shown)  to  the 
position  designated  "finish"  to  form  the  work- 

10  piece  12  over  a  forming  die  16.  Throughout  the 
forming  process  the  tension  T  is  maintained  in 

-  alignment  with  a  chord  extending  longitudinally 
of  the  workpiece  12. 

Figures  2  through  5  are  illustrative  of  some  of 
15  the  differences  between  conventional  stretch- 

wrap  forming  as  above  characterized,  and  con- 
ventional  bending.  When  a  pure  bending  load  is 
applied  to  a  workpiece,  the  material  on  the 
radially  inner  side  of  the  neutral  chord  or  axis  is 

20  placed  in  mechanical  compression  while  the 
material  on  the  opposite  or  radially  outer  side  of 
the  neutral  axis  is  placed  in  mechanical  tension  as 
shown  in  Figure  2.  With  sufficient  bending  load, 
the  tensile  and  compressive  stresses  will  at  cer- 

25  tain  locations  exceed  the  elastic  limit  of  the 
workpiece  material  and  plastic  deformation  will 
occur.  Upon  release  of  the  bending  load,  the 
workpiece  will  incrementally  resile  or  spring  back 
to  thereby  establish  a  condition  of  stress  equilib- 

30  rium  in  which  residual,  balanced  tensile  and 
compressive  stresses  are  retained  within  the 
workpiece  on  both  sides  of  a  neutral  chord  as 
shown  in  Figure  3.  In  conjunction  with  the  spring- 
back,  the  radially  outer  surface  will  shorten  incre- 

35  mentally  upon  relaxation  of  the  bending  load 
while  the  radially  inner  surface  will  elongate  upon 
relaxation  of  the  load.  The  magnitude  of  spring- 
back  is  related  to  the  elastic  limit  of  the  material 
being  formed. 

40  From  Figures  4  and  5,  it  will  be  seen  that  the 
stress  loading  imposed  on  a  workpiece  during 
conventional  stretch-wrap  forming  differs  mar- 
kedly  from  that  occurring  during  a  pure  bending 
operation.  Specifically,  as  shown  in  Figure  4 

45  stretch-wrap  forming  imposes  pure  tension 
across  the  cross  section  of  the  workpiece,  with  the 
stress  lines  following  the  curvature  of  the  work- 
piece  as  it  is  progressively  formed  over  the 
forming  die.  Accordingly,  when  the  tension  load 

50  exceeds  the  elastic  limit  and  the  material  enters 
the  plastic  range,  the  workpiece  elongates  plasti- 
cally  across  its  entire  cross  section.  Thus,  when 
the  forming  loads  are  removed,  most  springback 
is  tangential  and  very  little  change  in  radius 

55  occurs  as  a  result.  Furthermore,  the  residual 
stresses  are  considerably  simpler  than  for  pure 
bending,  as  a  comparison  of  Figures  3  and  5 
shows. 

This  invention  relates  to  a  process  for  stretch 
so  forming  an  elongated,  hollow  workpiece  such  as 

an  aluminum  extrusion  by  pressurizing  the 
interior  of  the  workpiece  with  a  pressure  fluid 
medium,  preferably  a  compressible  gaseous 
medium  such  as  air,  and  maintaining  the  internal 

65  pressure  as  an  internal  support  for  the  workpiece 

Preferably,  the  pressure  fluid  is  air  or  other 
suitably  compressible  gaseous  medium  which  is 
admitted  under  pressure  into  the  interior  of  the 
workpiece  via  a  port  formed  in  one  of  a  pair  of 
plugs  that  seal  the  open  ends  of  the  workpiece. 

The  use  of  air  provides  fast  and  efficient 
development  of  internal  workpiece  support  and 
ease  of  pressure  fluid  disposal  after  the  forming 
operation  is  completed.  Furthermore,  the  advan- 
tages  of  light  weight  and  utilization  of  existing 
resources  (most  plants  have  pressurized  air  capa- 
bility  in  place)  are  realized.  The  advantages  over 
prior  internal  supports  (e.g.,  solid  support  pro- 
vided  by  articulated  mandrels)  thus  are  con- 
siderable. 

Accordingly,  it  is  one  general  object  of  this 
invention  to  provide  a  novel  and  improved 
method  of  metal-forming. 

A  more  specific  object  of  the  invention  is  to 
provide  a  novel  process  for  forming  of  elongated, 
hollow  workpieces  such  as  extrusions  in  which  a 
fluid  pressure  of  sufficient  magnitude  to  maintain 
the  section  shape  of  the  extrusion  is  provided 
within  the  extrusion  and  is  maintained  therein 
during  a  stretch  forming  operation. 

These  and  other  objects  and  further  advantages 
of  the  invention  will  be  more  readily  understood 
upon  consideration  of  the  following  detailed 
description  and  the  accompanying  drawings,  in 
which: 

Figure  1  is  a  generally  schematic  view  of  a 
conventional  stretch-wrap  forming  process  and 
apparatus; 

Figure  2  is  a  simplified  stress  diagram  of  the 
stresses  imposed  on  a  workpiece  in  a  conven- 
tional  bending  process; 

Figure  3  is  a  simplified  stress  diagram  showing 
the  residual  stresses  in  a  formed  workpiece  after 
conventional  bending; 

Figure  4  is  a  simplified  stress  diagram  of  the 
stresses  imposed  on  a  workpiece  during  conven- 
tional  stretch-wrapping; 

Figure  5  is  a  simplified  stress  diagram  showing 
the  residual  stresses  in  a  formed  workpiece  after 
conventional  stretch-wrap  forming; 

Figure  6  is  a  simplified  schematic  illustration  of 
an  apparatus  for  performing  the  novel  stretch- 
wrap  forming  process  of  this  invention  on  a 
hollow,  elongated  workpiece;  and 

Figure  7  is  a  partially  sectioned  side  elevation  of 
an  end  plug  for  use  in  conjunction  with  the 
apparatus  of  Figure  6  to  seal  the  open  ends  of 
such  a  hollow,  elongated  workpiece. 

There  is  generally  indicated  at  10  in  Figure  1  a 
fragmentary  portion  of  a  conventional  prior  art 
stretch-wrap  forming  apparatus  which  is  utilized 
to  form  an  elongated  workpiece  12  to  a  desired 
shape.  The  invention,  however,  is  also  employ- 
able  in  moving  die  and  rotating  table  types  of 
systems. 

For  purposes  of  simplification  and  clarity, 
apparatus  10  is  shown  in  schematic  form. 
Apparatus  10  comprises  a  pair  of  spaced-apart 
grippers  14  which  are  initially  aligned  in  the 
position  designated  by  phantom  lines  and  label- 



EP  0 1 9 9   246  B1 

of  workpiece  24  when  the  plug  30  is  installed  in 
the  open  end  thereof.  Bore  66  is  prepared,  as  by 
suitable  internal  threads  67  for  pressure-tight 
connection  to  one  of  conduits  42  or  54. 

By  use  of  such  apparatus  as  above  specified, 
the  improved  forming  process  may  be  practiced 
as  follows.  First,  plugs  30  corresponding  to  the 
interior  cross-sectional  profile  of  a  selected  work- 
piece  24  are  installed  on  gripper  assemblies  20. 
The  workpiece  24  is  then  positioned  with  plugs  30 
received  within  the  opposite  ends  thereof  and  the 
jaws  22  of  grippers  20  are  actuated  to  grab  the 
respective  workpiece  ends. 

With  bleed  valve  56  closed,  the  air  supply 
system  is  actuated  to  provide  pressurized  air  to 
the  interior  of  workpiece  24,  for  example  a 
pressure  in  the  range  of  15  to  30  psi.  While  the 
interior  air  pressure  is  maintained,  the  gripper 
carriers,  shown  as  hydraulic  ram  pistons  26,  are 
actuated  to  impose  on  workpiece  24  an  axial 
tension  of  sufficient  magnitude  to  initiate  plastic 
elongation  of  the  workpiece.  While  both  the  inter- 
nal  air  pressure  and  the  mechanically-applied 
longitudinal  tension  are  maintained,  the  mount- 
ings  for  grippers  20  are  suitably  adjusted  to  form 
workpiece  24  over  the  forming  die  28.  The  longi- 
tudinal  tension  imposed  on  workpiece  24  pro- 
vides  for  enhanced  stress  patterns  while  the 
contained  air  pressure  provides  flexible  interior 
support  which  helps  to  ensure  maintenance  of  a 
uniform  cross-sectional  profile  throughout  the 
length  of  the  workpiece. 

More  specifically,  the  internal  pressure  imposes 
radially-outwardly  directed  restraining  forces  on 
the  interior  periphery  of  the  workpiece.  This 
results  in  a  predetermined  level  of  circumferential 
tension  as  well  as  limited  longitudinal  tension  in 
the  workpiece.  The  pressure  is  sufficient  to  main- 
tain  a  uniform  cross-sectional  profile  during  form- 
ing,  but  is  insignificant  as  a  source  of  stress  to 
produce  bending  loads.  The  mechanically-applied 
tension  imposed  through  load  grippers  20 
imposes  longitudinal  tension  uniformly  over  the 
entire  cross  section  of  the  workpiece,  while  the 
bending  load  imposes  stress  varying  from  ten- 
sion  to  compression  across  the  neutral  axis  of  the 
workpiece.  These  three  modes  of  stress  are 
superimposed  in  the  forming  operation  to  pro- 
vide  a  novel  and  improved  forming  process.  The 
method  of  the  invention  thus  provides  for 
improved  ease,  efficiency  and  reliability  in  a 
stretch  forming  operation  as  applied  to  hollow, 
elongated  workpieces. 

Claims 

1.  A  method  of  plastically  forming  an  elonga- 
ted,  hollow  metal  member  (24)  having  walls 
capable  of  containing  a  compressible  fluid  under 
pressure,  which  comprises 

providing  internal  support  within  the  hollow 
interior  of  the  member  (24)  by  exposing  the 
hollow  interior  thereof  to  a  compressible  fluid 
medium  to  impose  an  outwardly  directed  force 
uniformly  over  the  interior  periphery  thereof  at  a 

during  stretch  forming  thereof  to  ensure  uniform 
forming  over  the  die  without  collapse  or  other 
irregular  deformation  of  the  workpiece  cross- 
sectional  profile.  The  invention  is  most  advan- 
tageous  for  forming  relatively  thin-walled  hollow  5 
extrusions  and  for  extrusions  of  irregular  cross- 
sectional  shape. 

Accordingly,  in  Figure  6  there  is  schematically 
shown  a  stretch-wrap  forming  apparatus  18  com- 
prised  of  a  pair  of  adjustably  mounted  gripper  w 
assemblies  20  having  jaws  22  which  are  adapted 
to  selectively  grip  the  respective  opposite  ends  of 
an  elongated,  hollow  workpiece  24.  Gripper 
assemblies  20  are  mounted  on  suitably  adjustable 
and  well-known  carriers,  shown  partially  at  26  as  is 
the  outer  ends  of  piston  rod  portions  of  hydraulic 
cylinder  assemblies  (not  shown).  The  cylinder 
assemblies  carry  the  grippers  20,  and  in  turn  are 
carried  by  well-known  adjustable  mountings  (not 
shown)  to  permit  rotary  movement  thereof  with  20 
respect  to  a  forming  die  28. 

The  piston  rods  26  cooperate  with  the  cylinders 
(not  shown)  to  impose  a  tension  load  of  a  selected 
magnitude  upon  workpiece  24  while  rotary  move- 
ment  of  the  grippers  20  and  their  supports  as  25 
indicated  by  arrows  A  forms  the  workpiece  24 
over  the  forming  die  28. 

Each  gripper  assembly  20  incorporates  a  plug 
member  30  which  is  of  a  cross-sectional  form  and 
size  to  be  sealingly  interengaged  with  the  30 
respective  open  end  of  workpiece  24.  An  air  inlet 
port  32  in  one  plug  30  cooperates  with  a  pressure 
air  supply  system  34  to  provide  for  internal 
pressurization  of  the  workpiece  24  and  an  exhaust 
port  36  in  the  other  plug  30  cooperates  with  an  air  35 
bleed  line  38  to  exhaust  pressurized  air  from 
workpiece  24. 

Both  the  air  supply  system  34  and  exhaust 
system  38  may  be  of  entirely  conventional  con- 
struction.  For  example,  air  supply  system  34  40 
comprises  a  source  40  such  as  a  compressor 
which  is  connected  via  a  conduit  42  with  inlet  port 
32.  Interposed  serially  in  the  flow  path  defined  by 
conduit  42  are  such  requisite  conventional  flow 
directing  and  control  elements  as  a  stop  valve  44,  45 
an  adjustable  self-clamping  flow  control  valve  46, 
a  pressure  gauge  48,  a  moisture  trap  50  and  a 
one-way  (non-backflow)  check  valve  52.  Exhaust 
line  38  may  be  comprised  of  a  conduit  54  having 
interposed  therein  a  manually-operable  pressure  so 
bleed  valve  56,  for  example. 

Figure  7  depicts  one  of  plugs  30  as  an  elongated 
rigid  body  member  58  having  a  cross-sectional 
form  which  permits  the  plug  30  to  be  sealingly 
received  within  one  open  end  of  workpiece  24.  55 
One  or  more  O-rings  60  reside  within  suitable 
encompassing  grooves  62  to  provide  pressure 
sealing  engagement  with  the  interior  periphery  of 
the  workpiece  24. 

A  threaded  blind  bore  64  receives  a  stud  60 
member  (not  shown)  carried  by  gripper  assembly 
20  to  thereby  secure  plug  30  with  respect  to 
gripper  20,  and  a  pair  of  partially-intersecting, 
mutually-perpendicular  blind  bores  65,  66  provide 
a  flow  path  between  the  interior  and  the  exterior  65 
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eine  Entlastung  von  dem  Langszug,  der  Biege- 
belastung  und  der  Innenabstiitzung  vorgenom- 
men  wird. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
5  zeichnet,  dalS  das  kompressible  fluide  Medium 

Druckluft  ist. 
3.  Verfahren  nach  Anspruch  1  oder  2,  in  dem 

zum  Abdichten  des  Innern  des  Korpers  (24)  in 
dessen  offenen  Enden  Dichtstopselmittel  (30) 

10  angeordnet  werden. 
4.  Verfahren  nach  Anspruch  3,  dadurch  gekenn- 

zeichnet,  daS  das  kompressible  fluide  Medium 
durch  in  den  Dichtstopselmitteln  (30)  vorgese- 
hene  Anschlufcmittel  (33)  eingeleitet  wird. 

15  5.  Verfahren  nach  Anspruch  3  oder  4,  in  dem 
das  mechanische  Einspannen  der  entgegenge- 
setzten  Enden  des  Korpers  (24)  durch  Einspann- 
mittel  (20)  erfolgt,  die  an  den  Enden  des  Korpers 
im  Bereich  der  Stopselmittel  (30)  angreifen,  und 

20  daB  zum  Biegen  des  Korpers  diese  Einspannmit- 
tel  quer  zu  der  Richtung  des  Langszuges  derart 
bewegt  werden,  dalS  der  Korper  seitwarts  in 
Ubermafcberuhrung  mit  einem  Formwerkzeug 
(28)  gebracht  wird. 

25 
Revendications 

1.  Procede  de  formage  par  deformation  plasti- 
que,  d'une  piece  creuse  allongee  (24)  comportant 

30  des  parois  capables  de  contenir  un  fluide  com- 
pressible  sous  pression,  dans  lequel: 

on  menage  un  support  interne  dans  la  cavite 
interieure  de  la  piece  (24)  en  introduisant  dans  la 
cavite  interieure  de  celle-ci,  un  milieu  fluide  com- 

35  pressible  pour  exercer  uniformement  sur  la  peri- 
pherie  interieure  de  la  piece,  une  force  dirigee 
vers  I'exterieur  avec  une  pression  insuffisante 
pour  entramer  la  deformation  plastique  des 
parois  de  la  piece  (24); 

40  tout  en  maintenant  le  support  interne,  on  serre 
par  des  moyens  mecaniques,  les  extremites  lon- 
gitudinales  opposees  de  la  piece  (24),  et  on  tire  a 
force  ces  extremites  opposees  dans  des  direc- 
tions  longitudinales  opposees  pour  exercer  de 

45  cette  facon  sur  la  piece  (24),  une  tension  longitu- 
dinale  d'une  ampleur  suffisante  pour  depasser  la 
limite  elastique  de  la  piece  (24)  et  entramer  son 
allongement  par  deformation  plastique  de  celle- 
ci; 

so  tout  en  continuant  a  maintenir  le  support 
interne  et  la  tension  longitudinale,  on  cintre  la 
piece  (24)  entre  ses  extremites,  dans  une  direction 
transversale  a  la  direction  de  la  tension  longitudi- 
nale;  et 

55  on  supprime  la  tension  longitudinale,  la  charge 
de  cintrage  ainsi  que  le  support  interne. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
le  milieu  fluide  compressible  et  de  I'air  sous 
pression. 

60  3.  Procede  selon  la  revendication  1  ou  2,  dans 
lequel  on  prevoit  des  moyens  d'obturation 
etanche  (30)  dans  les  ouvertures  d'extremite  de  la 
piece  (24)  afin  de  fermer  hermetiquement  I'inte- 
rieur  de  la  piece. 

65  4.  Procede  selon  la  revendication  3,  dans  lequel 

pressure  insufficient  to  cause  plastic  deformation 
of  the  walls  of  the  member  (24); 

while  maintaining  said  internal  support,  mecha- 
nically  gripping  opposite  longitudinal  ends  of  the 
member  (24)  and  forcibly  pulling  said  opposite 
ends  in  opposite  longitudinal  directions  to  the- 
reby  apply  to  the  member  (24)  a  longitudinal 
tension  of  sufficient  magnitude  to  exceed  the 
elastic  limit  of  the  member  (24)  and  initiate 
elongation  through  plastic  deformation  thereof; 

while  continuing  to  maintain  said  internal  sup- 
port  and  longitudinal  tension,  bending  the  mem- 
ber  (24)  intermediate  of  its  ends  in  a  direction 
transversely  of  the  direction  of  the  longitudinal 
tension;  and 

relaxing  said  longitudinal  tension,  said  bending 
load,  and  internal  support. 

2.  A  method  according  to  claim  1,  wherein  the 
compressible  fluid  medium  is  pressurized  air. 

3.  A  method  according  to  claim  1  or  2,  which 
includes  disposing  sealing  plug  means  (30)  within 
the  open  ends  of  the  member  (24)  to  seal  the 
interior  of  the  member. 

4.  A  method  according  to  claim  3,  wherein  the 
compressible  fluid  medium  is  provided  via  port 
means  (32)  in  the  sealing  plug  means  (30). 

5.  A  method  according  to  claim  3  or  4,  in  which 
the  mechanical  gripping  of  the  opposite  ends  of 
the  member  (24)  is  by  gripping  means  (20)  enga- 
ging  the  ends  of  the  member  adjacent  the  plug 
means  (30),  and  the  member  is  bent  by  moving 
said  gripping  means  transversely  of  the  direction 
of  the  longitudinal  pulling  in  a  manner  to  move 
the  member  laterally  into  interfering  contact  with 
a  forming  die  (28). 

Patentanspriiche 

1.  Verfahren  zum  plastischen  Formen  eines 
langgestreckten  Hohlkorpers  (24)  aus  Metall  mit 
Wanden,  die  geeignet  sind,  ein  kompressibles 
Fluid  unter  Druck  zu  halten,  in  dem 

in  dem  Hohlraum  im  Innern  des  Korpers  (24) 
eine  Innenabstutzung  geschaffen  wird,  indem  der 
im  Innern  vorhandene  Hohlraum  einem  kompres- 
siblen  fluiden  Medium  ausgesetzt  wird,  so  dafJ 
auf  die  Innenumfangswandung  eine  auswartsge- 
richtete  Kraft  unter  einem  Druck  ausgeubt  wird, 
der  nicht  zur  plastischen  Verformung  der  Wande 
des  Korpers  (24)  geniigt, 

unter  Aufrechterhaltung  der  Innenabstutzung 
einander  entgegengesetzte  Enden  des  Korpers 
(24)  mechanisch  eingespannt  werden  und  diese 
entgegengesetzten  Enden  unter  Krafteinwirkung 
in  einander  entgegengesetzten  Langsrichtungen 
gezogen  werden,  so  da(S  auf  den  Korper  (24)  ein 
Langszug  ausgeubt  wird,  der  so  stark  ist,  dalS  er 
die  Elastizitatsgrenze  des  Korpers  (24)  ubersteigt 
und  durch  dessen  durch  plastische  Verformung 
bewirkte  Langung  eingeleitet  wird, 

unter  Aufrechterhaltung  der  Innenabstutzung 
und  des  Langszuges  der  Korper  (24)  zwischen 
seinen  Enden  in  einer  Richtung  gebogen  wird,  die 
quer  zu  der  Richtung  des  Langszuges  verlauft, 
und 



EP  0 1 9 9   246  B1 10 

les  extremites  de  la  piece  au  voisinage  des 
moyens  d'obturation  (30),  et  on  cintre  la  piece  en 
deplagant  les  moyens  de  serrage  tranversalement 
par  rapport  a  la  direction  de  la  traction  longitudi- 
naie,  de  fagon  a  venir  la  faire  buter,  par  deplace- 
ment  lateral,  contre  une  matrice  de  formage  (28). 

le  milieu  fluide  compressible  estfourni  par  I'inter- 
mediaire  d'orifices  (32)  menages  dans  les  moyens 
d'obturation  etanche  (30). 

5.  Procede  selon  la  revendication  3  ou  la  reven- 
dication  4,  dans  lequel  la  serrage  mecanique  des 
extremites  opposees  de  la  piece  (24)  est  effectue  a 
I'aide  de  moyens  de  serrage  (20)  cooperant  avec 
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